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ON THE COMPLEX INORGANIC ACIDS.

By Wolcott Gibbs, M. D.

In a letter addressed to Prof, Dana, printed in the American

Journal of Science and Arts, and in another which appeared in

the " Berichte " of the German Chemical Society, I have given a

preliminary statement of my results in the study of the com-

plex inorganic acids. The present notice is simplj' a report of

further progress, and, like those Avhich have alreadj^ appeared,

is to be regarded as provisional and subject to correction.

I had proceeded but a little way in my investigations when
I found it absolutely necessary to make a thorough study of

the alkaline tungstates, which, as every chemist knows, are

very numerous and varied in constitution. As the general

result of my own study of the salts themselves and of the work
of Scheibler, Marignac, Lotz, Forcher, Laurent, Lefort and

other chemists who preceded me, I have arrived at a new
classification and arrangement, which may be briefly stated

as follows: There ai'e two series of alkaline tungstates, the

normal and the metatungstic series. To the normal series

belong the salts respectively represented by the following

formulas, which may be regarded as typical

:

^<\: S'o
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WOs.Na.O + 2 aq.

2W03.Na,0 + 6 aq. (Lefort.)

SWOg.Na.O + 4 aq.

To the metatungstic series belong the following

:

4W03.Na20 + 10 aq. (Scheibler.)

• 6W03.2BaO + 12 aq.

8W03.3(NH,),0 + 8 aq. (Marignac.)

10WO3.4Na,O + 23 aq.

12W035Na,0 + 28 aq. (Laurent, Marignac.)

14W036Na.,0 + 42 aq. (Marignac.)

It will be seen that I have doubled several of the formulas

M'hich are usually received, and that in this way all the alkaline

tungstates, the compositions of which have been well ascer-

tained, are brought into simple and natural relations.

The antiquated mode of writing the formulas which I have

employed presents the composition of the different salts in a

clear point of view for the sake of comparison, and will there-

fore I hope be excused. I believe that it will be found that

the alkaline molybdates admit of a similar classification, only

the salts which we should naturally assign to the normal series

are much more numerous, unless we consider some of those

which belong apparently to this series to be acid. It

may also be a question whether tungstates belonging to the

type 6WO3.2E2O exist, since, if we admit the existence of

tri-salts like that of Lciort, 3 W03.Na20 + 4 aq., we should have

a case of isomerism. Besides the tungstates above referred to

and assumed as types, I have repeatedly obtained a double

salt of sodium, the analyses of which conform very closely to

the formula,

10WO3.4Na,O + I2WO3 5Na.,0 + 51 aq.

This may be written 22W03.9Na20 + 51 aq, and the progress

of science, which tends constantly to show that the structure

of inorganic molecules is more complex than we formerly

supposed, may possibly oblige us to again double the formulas

of the alkaline tungstates and introduce the 22-atom salt as a

special term.

My published results as regards the complex inorganic acids

and their salts require correction in a few particulars. Thus

I have no salt of phosphotiingstic acid containing more than

6 atoms of base, the 7 and 8-atom salts proving to bo either
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mixtures or salts of other scries. The slightly soluble am-
monium salts which I have obtained are represented by the

formulas :

40WO3.2P,O,.5(NH,),O + 40 aq.

60WO3.3PA-8(^^H,),O + 37 aq.

80WO3.4PA.ll(NH,),O + 96 aq.

I regard all these as double salts, and have prepared barium

salts corresponding to the two first mentioned. For the acid

I find the formula,

20WO3.P,O5.6H,O + 38 aq.

considering it provisionally as six-basic. Two very well de-

fined alkaline salts have respectively the formulas,

2OWO3.PA.2Xa2O.4H2O -f 18 aq.

2OWO3.PA 2K,0.4H30 + 12 aq.

The ratio of 20 atoms of WO3 to 1 of P2O5 is that which here

represents the analyses, but I have some evidence of the ex-

istence of salts in which the ratio is 24 to 1 and 18 to 1. Thus

the analyses of a sodium salt agree well with the formula,

24WO3.P2O5.Xa2O.5H2O + 27 aq.

Debray found the ratio of M0O3 to P2O5 in one series of

phospho-molybdates 20 to 1. Eummelsberg has much more

recently found the ratio 22 to 1, and finally' Finkener con-

siders it to be 24 to 1. I am disposed to think that all three

ratios exist among the phospho-tungstates, and that there ma}"-

be three corresponding classes of phospho-molybdates. I

shall discuss this question carefully in my paper. Meantime I

may remark that all known methods of determining phos-

phoric oxide P2O5 in the phospho-tungstates give results which

are usually a little too low, as may easily be proved by qualita-

tive tests. In consequence of the veiy high atomic weight of

WO3 the determination of the P2O5 must be extremely accurate

to permit of much use of the method of computed ratios in

assigning correct formulas.

My expectations as regards the possibility of generalizing

results just obtained have been fully realized. Thus I have

obtained finely crystallized antimouio-tungstates, and also

untimonio-molybdates of sodium, potassium and ammonium.

The analyses of the corresponding manganese salts agree well

with the formulas,

GWOa-SSbA-i^inO + aq.

6Mo03.3Sb.A.4MnO + 30 aq.
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but these must be regarded as provisional only. Quanti-

tative separations of tungsten and molybdenum from arsenic,

antimony, vanadium, &c., present wholly new problems in

analytical chemistry, and I have spent much time in eifecting

their solution. In like manner I have obtained splendidly

crystallized vanadio-tungstates and vanadio-molybdates of po-

tassium, sodium and ammonium. These salts have a fine

orange color and are i-eadily soluble in water, crystallizing

only from syrupj^ solutions. I have, to saj^ the least, reason to

believe in the existence of similar salts containing SnO.^, TiOz,

ZrOj, Nb-^Oj and Ta^Os, but in all these cases, as well as with the

compounds of PtO^, IrOa, &c., the chief difficulty consists in

obtaining saturated salts, that is, salts in which WO3 or M0O3

have taken up all the deutoxide or pentoxide necessary to

form a saturated compound. Add to this analytical and other

difficulties and the task becomes a very formidable one, for

which much time, labor and patience will be necessar}".

Cambridge, March 5th, 1879.

ON NITROGEN IODIDE.

By J. W. Mallet.

The various researches upon the highly explosive black sub-

stance formed by the action of iodine upon ammonia have, as

is well known, led to different views of its composition. That

first put forward by Colin and Gay Lussac, namely that it is

nitrogen tri-iodide, appeared to have been set aside by the ex-

periments of Serullas,* Miilon,| Bineau,| Glad8tone,§ Playfair,

and Bunsen,|l all of whom found hydrogen to be a constituent,

*Ann. Ch. Phys. [2] 42; 200 (1829).

+ Ann. Ch. Phys. [2] 69; 78 (1838).

tAnn. Ch. Phys. [2] 70; 270 (1838) and [3] 15; 71 (1845).

gChem. Soc. Q. Jour. 4; 34 (1851),

II
Aun. Ch. Pharm. 84 ; 1 (1852).
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but in varying amount, the formulse NHIj—NHJ—NHs.NIj

—

and NH3.4NI3 having been assigned to the products obtained

by somewhat different processes, until more recently Stahl-

scbmidt* has revived the statement that under certain condi-

tions at least the simple tri-iodide is formed.

One source of error in the analysis of this instable compound

seems to have received insufficient attention from some of

those who have examined it, and somewhat aifects the conclu-

sions drawn from the experiments of others. The substance,

obtained as a black powder by the action of iodine on am-

monia, decomposes gradually in contact with water, nitrogen

gas being slowly evolved, iodine liberated, and iodic and hj'dri-

odic acids or ammonium salts formed. This decomposition

takes place to no inconsiderable extent during the drying of

the powder at ordinary teinperatui-e, and may be readily

proved to have occurred by treating the dry residue with any

of the solvents for iodine, as for instance alcohol, chloroform,

or carbon di-sulphide, which at once form deeply coloured solu-

tions. Hence the air-dried powder is really a mixture of the

original substance or substances with various decomposition

products, and so is unsuited for accurate analysis. On the

other hand it might be doubted in regard to the analyses

made of freshly prepared and still moist iodide, whether the

results apply to a substance capable of being obtained in the

dry state without decomposition.

Millon and Bineau, it is true, seem to have aimed at guard-

ing against this difficulty by drying the material, side by side

with solid potash, under a jar of gaseous ammonia. Bineau

remarks that some of the gas is at first absorbed by the water

moistening the powder, but that as the drying proceeds the gas

recovers (" k peu prbs ") its original volume, and that so mois-

ture is gotten rid of without the iodide being decomposed.

But, without qualitative examination of the gas, or a very ac-

curate determination of its volume, this does not afford satis-

factory proof that the dry substance is unchanged. I have

observed continuous, though slow, evolution of little bubbles

of nitrogen from the freshly prepared powder when kept under

strong aqueous ammonia, though in this case no free iodine can

be found, since as fast as it is liberated it reacts with the ex-

*Pogg. Ann. 119; 421 (1808).
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cess of ammonia, reproducing the nitrogen iodide, and forming

more ammonium iodide, which latter therefore tends to accu-

mulate in the liquid, and is thus to bo found in the residue

from drj-ing up a moist mass of the powder in an atmosphere

ofammonia.

I have applied a different method, which is often useful

under other circumstances, for quickl}^ getting rid of water,

namely, repeated and rapid washing with absolute alcohol,

followed by ether, and final evaporation of the last-named

volatile liquid.

20 or 30 grms. of iodine was dissolved in a minimum of 95

per cent, alcohol, and precipitated by pouring into a large

volume of cold water. The finely divided iodine was washed

several times by decantation, then gently triturated for several

minutes in a porcelain mortar with a large excess of the

strongest liquid ammonia kept at or below 0° C. by a freezing

mixture, the liquid poured off from the easily subsiding black

powder, and replaced two or three times by fresh solution of

ammonia. The powder was then at once transferred to a

corked flask, and shaken up repeatedly, first with alcohol of

95 per cent., then with absolute alcohol, and finally with an-

hydrous ether, all of these liquids being artificially cooled.

Most of the last portion of ether, which, as well as several of

the preceding washings, was perfectly colourless, having been

decanted off, the fluid black mud was turned out upon a filter,

drained in a few moments, and the remains of the ether swept

away as vapour by placing the filter and contents under a re-

ceiver and drawing cold dry air through in a rapid stream.

This use of alcohol and ether to remove water from the iodide

after its formation is not to be confounded with the employ-

ment by several expei'imenters of alcoholic solutions of iodine

or ammonia, or both, in making the substance in the first

instance.

The product thus obtained was explosive in the highest de-

gree, yielding to very slight friction upon paper, frequently

producing a crackling sound from little partial explosions

when it was gently rubbed under water, and in two instances

exploding in some quantity under water, with much violence

and complete shattering of the vessel.

The relative quantities of nitrogen and iodine were ascer-
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tained by decomposing an unweighed parcel of the substance

by a moderately strong aqueous solution of sodium sulphite,

neutralized by dilute sodium hj-drate, and determining, in equal

volumes of the liquid, the nitrogen as ammonia (expelled by

boiling with excess of soda, and collected in sulphuric acid

of standard strength), and the iodine as silver iodide.

A—In three experiments were obtained,
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and finally dried after washing out with absolute alcohol and

ether, as above described, gave
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It "will be seen that the figures of the formula now proposed

differ less from those of Bunsen's formula than the latter do

from the results of experiment.

In view of the general fact that the compounds of niti'ogen

in which this element behaves as a pentad ai'e those in which

instabilitj" is chiefly observable, and noticing the various pro-

portions in which iodine and hydrogen have been found

together united with it, it seems fixirly probable that the

molecule of each of these explosive compounds contains two

pentad nitrogen atoms; and reviewing all that has been pub-

lished on the subject, with attention to the sources of error

connected with the vai-ious methods used, we seem to have

established the existence of the following series of substituted

products, beginning with the tri-iodide:

I\ /^ ) Experiments of Stahlschmidt (using aqueous
I—N = N^—I >- ammonia), and those now reported (A).

1/ \l)
1\ /H ) Experiments of Bunsen (second product),

I^N = N— I y and above result (B).

1/ \I)
1\ /H H\ /H ) Experiments of Bi-

I-^X =N—H or, I_1N = N^I C neau, Stahlschmidt,

1/ \l l/ \l ) Gladstone (using al-

coholic solutions of ammonia and iodine), and above
result (C).

I\ /R H\ yH^ Experiments of Bun-
I-^N =N^H or, I—^N =N^H[ sen (first product,

l/ \H I/ nIJ using auhydi-oiis al-

coholic solutions of ammonia and iodine). He himself

assigned the formula NH3.NI3.

It is much more doubtful whether we should add,

H\ /H H\ /H^ Experiments of MiU
I_^Nr=:N^H or, H—1N = N^H[ Ion (in 1838). The
ly/ \H. 1 y/ \l3 pi'oduct dried under

a receiver filled with gaseous ammonia, had lost its extreme
explosiveness, and no doubt contained ammonium iodide.

It appears that, not only may these different products be

obtained b}' varying the conditions under which the forma-

tion of the explosive substance is effected, but during its decom-

position by water, certainly involving more than a single

series of reactions, one of these products may be more or less

converted into others.

University of Yirginia, Feb. 21, 1879.

2
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DISCUSSION OF THE WORKING HYPOTHESIS
THAT THE SO-CALLED ELEMENTS

ARE COMPOUND BODIES.*

By J. Norman Lockyer, F. R. S.

The author has been engaged for the last four j^ears m pre-

paring a map of the solar spectrum on a large scale, the work

including a comparison of the Frauenhofer lines with those

visible in the spectrum of the vapor of each of the metallic

elements in the electric arc.

The first thing to be accomplished was the purification of

the spectra, that is, the determination of which lines properly

belonged to the spectrum of any given element and which

ones were really due to impurities. When, for instance, an

impurity of manganese was searched for in iron, if the longest

line of manganese was absent the short lines must also be

absent, on the hypothesis that the elements are elementary;

if the longest line was present then the impurity was traced

down to the shortest line present.

In the case of iron the final reduction showed coincidences

between the short lines of the spectrum of this element and

the short lines of a laro-c number of other elements. Among;

these elements arc vanadium, uranium, zirconium, yltrium,

platinum, &c. In a table given in the original article it is

shown that the line 3906 of the iron spectrum coincides with

a line of uranium, yttrium and zirconium. There are also tv;o

other lines of uranium, viz, 3934 and 3954; two of jatrium,

viz. 3947 and 3962 ; and one of zirconium, viz, 3965, all of

which coincide with known short iron lines. So also in the

case of titanium coincidences are noticed between the lines of

this element and those of zirconium, manganese, cerium, didym-

ium, &c.

The final reduction of the spectra of all the metallic elements

in the region 39-40 showed that the hypothesis that identical

lines in different spectra are duo to impurities is not sufiicient.

*Absfractof a paper read before the Koyal Society, Dec. 12, 1878 (Amer. Jour. Sci.,
vol. xvii. p. 93).
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For WG find short-line coincidences between many metals the
impurities of which have been eliminated, or in which the

freedom from mutual impurity has been demonstrated by the

absence of the longest lines.

The author had previously been led, through considerations

in solar and stellar physics, to the hypothesis that the elements

themselves, or at all events some of them, are compound bodies;

and now as the old hypothesis that the elements are elemen-

tary led only to confusion, it was determined to try the appli-

cation of the new one to the facts observed.

Obviously the first thing to be done was to inquire whether
the hypothesis would explain these short-line coincidences.

Calling, for sake of simplicity, the short lines common to

many spectra basic lines, the new hypothesis, to be of any

value, should present us with a state of things in which basic

molecules rej^resenting bases of the so-called elements should

give us their lines, varying in intensity from one condition to

another, the conditions representing various compoundings.

Suppose A (nickel, let us say) to contain E (cobalt) as an

impurity, and as an element, what will be the difference in the

spectroscopic result?

A in both eases will have a spectrum of its own.

B as an impurity will add its lines according to the amount
of impurity, as has been shown in previous papers.

B as an element will add its lines accoi'ding to the amount

of dissociation, as has also been shown.

The difference in the phenomena, therefore, will be that,

with gradually increasing temperature, the spectrum of A will

fade, if it be a compound body, as it will be increasingly dis-

sociated, and it loill not fade if it be a simple one.

Again, on the hypothesis that A is a compound body, that

is, one^compounded of at least two similar or dissimilar mole-

cular groupings, then the longest lines at one temperature

will not be the longest at another, the whole fabric of "im-

pui-ity elimination," based upon the assumed single molecular

grouping, falls to pieces, and the origin of the basic lines is at

once evident.

Now to apply this reasoning to the dissociation of a known

compound body'into its elements.

A compound body, such as a salt of calcium, has as definite
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a spectrnm as a simple one ; but while the spectrum of the

metal itself consists of lines, the number and thickness of some

of which increase with increased quantity, the spectrum of the

compound consists in the main of channelled spaces and bands

which increase in like manner.

In short, the molecules of a simple body and a compound

one arc aifected in the same manner by quantity in so far as

their spectra are concerned; in other tvords, both spectra have

their long and short lines, the lines in the spectrum of the ele-

ment being represented bj' bands or fluted lines in the spec-

trum of the compound ; and in each case the greatest

simplicity of the spectrum depends upon the smallest quantity,

and the greatest complexity (a continuous spectrum) upon the

greatest.

The heat required to act upon such a compound as a salt of

calcium so as to render its spectrum visible, dissociates the

compound according to its volatility; the number of true

metallic lines which thus appear is a measure of the quantity

of the metal resulting from the dissociation, and as the metal

lines increase in number the compound bands thin out.

It has been shown in previous papers how we have been led

to the conclusion that binary compounds have spectra of

their own, and how this idea has been established by con-

siderations having for a basis the observations of the long and

short lines.

It is absolutel}^ similar observations and similar reasoning

which will be brought forward in discussing the compound
nature of the chemical elements themselves.

The author now discusses certain phenomena observed in

connection with the element calcium which show that the

spectrum of this element undergoes changes under the influ-

ence of rising temperature, and that these changes are similar

to those which the spectrum of a salt of calcium undergoes

under similar conditions. As this case is fully considered in

the following article,* it is unnecessary to take it up here.

The spectrum of iron may be described as a very complicated

spectrum, so far as the number of lines is concerned, in com-
parison with such bodies as sodium and potassium, lead, thal-

lium, and the like, but unlike them again it contains no one

* p. 15.
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line which is clearly and unmistakably reversed on all occa-

sions. Compared, however, with the spectrum of such bodies

as cerium and uranium the spectrum is simplicity itself. Only
a Yerj small part of the spectrum is here considered, viz. the

portion between H and Gr. Among the lines there are two
triplets, two sets of three lines each ; and the facts indicate

that these two triplets are not due to the vibration of the same
molecular grouping which gives rise to most of the other lines.

The facts are as follows : In many photographs in which iron

has been compared with other bodies, and in others again in

which iron has been photographed as existing in different de-

grees of impurity in other bodies, these triplets have been seen

almost alone, and the relative intensity of them, as compared

with the few remaining lines, is greatly changed.

Further, in solar storms, as is well known, the iron lines

sometimes make their appearance in the chromosphere. Now,

if we were dealing here with one molecular grouping, we
should expect the lines to make their appearance in the order

of their lengths, and we should expect the shortest lines to

occur less frequently than the longest ones. But precisely the

opposite is the fact, as has been shown by Young in his ob-

servation of the chromospheric lines, made at Sherman, in the

Rocky Mountains.

The question next arises, are the triplets produced by one

molecular grouping or by two ? The facts also help us to

answer this question. It may be stated by way of reminder

that in the spark photograph the more refrangible triplet is

barely visible, while the one near G is very strong. Now, if

one molecular grouping alone were in question this relative

intensity would alwaj^s be preserved, however much the abso-

lute intensity of the compound system might vary; but if it is

a question of two molecules, we might expect that in some of

the regions open to our observations we should get evidence

of cases in which the relative intensity is I'eversed or the two

intensities are assimilated. What might happen does happen :

the relative intensity of the two triplets in the spark photo-

graph is grandly reversed in the spectrum of the sun. The

lines barely visible in the spark photograph are among the

most prominent in the solar spectrum, while the triplet which

is strong in that photograph is represented by Frauenhofer
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lines not half so thick. Indeed, while the hj'pothesis that the

iron lines in the region referred to are produced by the vibra-

tion of one molecule does not include ail the fiicts, the hj^po-

thesis that the vibrations are produced by at least three dis-

tinct molecules includes all the phenomena in a most satis-

factory manner.

Changes in the lithium spectrum have also been observed

by Frankland and Tyndall, It has been shown that a blue

line occurs in this spectrum at high tempcratui'es and that its

intensity increases as the temperature rises. In a postscript

to a letter written by Frankland to Tyndall in 1861, the fol-

lowing passage is found: "I have just made some further

experiments on the lithium spectrum, and they conclusively

prove that the appearance of the blue line depends entirely

on the temperature. The spectrum of lithium chloride,

ignited in a Bunsen's burner flume, does not disclose the

faintest trace of the blue line; replace the Bunsen's burner by

a jet of hydrogen (the temperature of which is higher than

that of the Bunsen's burner) and the blue lino appears, faint,

it is true, but sharp and quite unmistakable. If oxj^gen now

be slowly turned into the jet, the brilliancy of the blue line

increases until the temperature of the flame rises high enough

'to fuse the platinum, and thus put an end to the experiment."

Taking up, finally, the case of hydrogen, the author re-

marks that all the phenomena of variability and inversion in

the order of intensity presented to us in the case of calcium

can be paralleled by reference to the knowledge already ac-

quired regarding the spectrum of hydrogen. Ho and Frank-

land showed that the whole complicated spectrum of hydrogen

can be I'educed to one line in the green, corresponding to F in

the solar spectrum. The observations made during eclipses

have shown that at the time when the hydrogen lines

were most brilliant in the corona, the calcium lines were

not detected; next, when, the hydrogen lines being still bril-

liant, the A line was not present (a condition of things which,

in all probability, indicated a reduction of temperature), cal-

cium began to make itself unmistakably visible; and finally,

when the hydrogen lines are absent, they become striking ob-

jects in the spectrum of the corona. In regai'd to the h line

Frankland and the author showed in 1869 that it only made
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its appearance when a high tension was employed. It was
absent from among the hydrogen lines during the eclipse of

1875. And now this evidence is strengthened by the remark
that it is always the shortest line of hydrogen in the chromo-
sphere.

Assuming then that the spectra of the elements change in

the manner described, under the influence of rising tempera-

ture, a perfect continuity of phenomena is established on the

hypothesis of successive dissociations, analogous to those ob-

served in the cases of undoubted compounds.

ON LOCKYER'S "HYPOTHESIS THAT THE SO-
CALLED ELEMENTS ARE COMPOUND

BODIES."*

By C. S. Hastings,

Assistant Professor of Physics, Johns Hoxikins University.

This paper is a discussion of certain phenomena observed

in the course of a long investigation of the solar spectrum

and the spectra of the various elements. In the discussion,

the writer is led to the conclusion that the facts observed are

only reconcilable on the assumption that, at the highest

attainable temperatures, the bodies known to the chemist as

elementary are dissociated into other forms of matter less

complex j and, as all elements are supjjoscd to undergo this

degradation at sufficiently high temjjeratures, the inference is,

that the chemical elements themselves bear the same relation

to some simpler form or forms of matter, that chemical com-

pounds do to these elements.

The idea of such a relation is by no means new, but, as this

is the first bit of experimental proof offered, it is of the

*Am. Jour. Sci. Vol. XVII. p. 93 ; see alrfo preceding article.
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highest interest. We shall here examine the nature of this

evidence.

The argument is founded on two classes of phenomena :

Ist. Numerous coincidences in lines of iron and of titanium

with those of many other elements, the metals mentioned

being assumed as spectroscopically pure.

2d. Analogies between the character of spectra of the same

vapor under varying circumstances, and the spectra of vapors

known to be compound.

Clearly the vulnerable point in the deduction from the first

class of phenomena is the assumption that the iron, for

example, is spectroscopically free fi'om the impurity which

would yield the lines in question. Before any weight can be

attached to the argument, this assumption must be justified.

Lockyer's proof of this essential purity is the absence of the

" long " lines which are asserted to be characteristic of the

spectrum of the impurity under all circumstances. To
thoroughly understand the significance of this reasoning we
must define the term long line.

If we examine spectroscopically a limited volume of incan-,

descent vapor, not uniformly luminous in all parts, we shall

find a certain number of lines in the most brilliant portion

"which grows progressively less as we approach the less

brilliant portion. If the image of this vapor be projected

upon the slit of the collimator, and of such a size as not to

entirely cover it, certain lines will be traced nearer the limit

of the duller portion than others. These are the longer lines.

Pi'actically we can secure these conditions best by means of

the electrical discharge between terminals of the suWstance,

the spectrum of which we wish to study. These lines are

almost always the most brilliant in the spectrum, the first to

appear and the last to disappear under any modification of

the experiment. Are they long simply because they are the

more intense ? i. e. do the short lines disappear in decreasing

the intensity of the light merely because they fall below the

value necessary to stimulate the retina or impress the sensi-

tive plate ? or, on the other hand, is there besides this evident

difference of degree a physical difference of kind ? If the

first, Luckyer's proof is complete ; if the second, the proof is

defective and with it the conclusion.
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If we examine the spectrum of incandescent hydrogen,

sufficiently brilliant, we see three or four lines, by far the

most prominent being the line in the i*ed corresponding to

the C line of the solar spectrum, and that in the blue-green of

the same refrangibility as the F lino : of these two the C line

is much the more conspicuous. If this advantage in favor of

C be due to its greater subjective intensity, we know from
Fechnei*'8 law that it will be more apparent with diminution

of the intensity of the source. We may readily subject this

conclusion to the test of experiment, either by observing the

light after reflection from some white screen, such as paper or

plaster, which exerts no selective absorption, or better, by
throwing an image of the electric discharge through hydrogen

on the slit of the collimator by a lens, the aperture of which

may be reduced at will. Clearly, by neither of these pro-

cesses do we modify the nature of our light; but by either

process we find that the F line alone survives after consider-

able diminution and is consequently'' the brighter line. But, if

the relative lengths of any two spectral lines are determined

beyond cavil they are these very two. As hydrogen is the

characteristic and ever-present element in the chi'omosphere,

it has been studied from the time that the spectroscope was
first applied to the examination of this phenomenon, and from

that time it has been recognized that the C line is the longer.

This experiment* then proves that an element may be jjresent,

giving a spectrum, but without its longest line. As a still

more important deduction we see that a line may be " long,"

as defined above, fi'om two different reasons; one, on account

of greater intensity, the other a less evident cause which we
shall discuss further on. As a matter of convenience we will

6ij]e the former persistent lines and the latter the long lines

pi'oper. Evidently the -persistent lino does not always retain

this pi'operty, but th« long line, distinguished -by a physical

difference, is always long; e. g. F is the persistent line in our

vacuum tube and probably at the base of the chromosphere; C
is the persistent line higher up in the chromosphere and the

long line everywhere. As Lockyer's method does not distin-

*The experiment is but a less objectionable form of proof of what Huggins an-

nounced long ago when studying the spectra of nebulae, though its significance seems
to have been overlooked. The " certain conditions of temperature and pressure " of

Frankland and Lockyer which give F alone are simply such as give sufldciently small
intensity of light.
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guish between these two kinds of lines, but practically elimi-

nates impurities only until those which were the persistent

lines, under the conditions governing his observations of the

impurity in question, have disappeared, his conclusions are

unwarrantable.

We shall see farther on other instances of the distinction

explained above, not less clear.

There remains one point in what precedes worthy of a

moment's explanation. The C line is recognized as the most

conspicuous in the hydrogen spectrum, but is proved not the

most brilliant. This is no contradiction. This line occupies

a place in that portion of the spectrum which alone is nearly

saturated ; the F line on the contrary falls very near that

region which, by virtue of the properties of the retina, appears

least saturated, whereas the more refrangible portion is lowered

in saturation by the fluorescence of the media of the eye.

Of the phenomena of the second class, the only set complete

in itself and in the discussion of which the reasoning is suc-

cinct and consecutive, is that relating to calcium. The accom-

panying figure with its description, taken from Lockyer's

The blue end of the spectrum of calcium under different conditions. 1.

Calcium is combined with chlorine (CaClz). When the temperature is

low the compound molecule vibrates as a whole, the spectrum is at the
red end and no lines of calcium are seen. 2. The line of the metal seen
when the compound molecule is dissociated to a slight extent with an
induced current. 3. The spectrum of metallic calcium in the electric

arc with a small number of cells. 4. The same when the number of
cells is increased. 5. The spectrum when a coil and small jar are em-
ployed. 6. The spectrum when a large coil and large jar are used. 7.

The absorption of the calcium vapor in the sun.
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paper, almost interprets itself. The author supposes up
to 6 inclusive, that the only changes in appearance are

due to change in temperature. Cleax-ly, 2 is derived from
1 by a partial dissociation of the chloride, the former still

exhibiting, it may be, the lines which were alone present

in the latter. By analog}^, Lockyer supposes 3 derived

from 2 by partial dissociation of the element calcium. Here,

doubtless, all the lines belonging to the chloride have

disappeared, a result attained by simple increase of tempera-

ture. If the former reasoning is true we have only to

increase our temperature until the element calcium is com-

pletely dissociated, when the line in 2 will vanish just as and

for the same reason that the lines in 1 have vanished. This

expectation we find justified in 6. Here we have, in our

opinion, the strongest evidence which Lock3''er has offered in

favor of his hypothesis.

The- phenomena, as far as discussed, are certainly explained

by it, and in a simple manner. But let us see what points it

leaves unexplained. In 3 we find one line reversed, the other

two simple, while in 4 all are reversed. In 6 we find a tem-

pei-ature so high that the compound (calcium) cannot exist,

but 7 asserts the existence of this compound in the sun, hence

a lower temperature. That the temperature of the sun is

below that of any artificial source is surprising, and was cer-

tainly heretofore thought improbable.

It is in the necessary deductions from this hypothesis, how-

ever, that we find its strongest objections. If the pair of lines

to the left in the cut belong to a product of dissociation, then

each one belongs to a difl'ei'ent product, since they ai*e sepa-

rated occasionally in the chromosphere and always in the spec-

trum of Sirius. In the case of iron, even in the limited region

39-40, we must assume, accoi'ding to Lockyer, three distinct

products of dissociation. In hydrogen, by the same logical

process we must, if we correctly apprehend the argument,

assume not less than five products resulting from successive

increase of temperature. Nor is there any indication that we

are approaching an ultimate elementary form of matter which

will put an end to indefinite complication, for none of these

lines thus derived have the same refrangibility. But when

we recognize that on this hypothesis we must count as many
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distinct products as we can detect differentiations in spectral

lines, the prospect is appalling, for this is only limited by the

delicacy of our methods and the total number of lines in the

spectra of all the elements.

Loekyer's explanation of the peculiarities of the calcium

spectra is tenable only under the assumption that the essential

differences are due solely to differences of temperature. May
this assumption be granted ? We think not. There is an all-

important distinction between the discharge from an induction

coil unmodified and when used with a condenser. To under-

stand this distinction we must make clear to ourselves the pro-

cess of discharge. The iron core of the coil is magnetized by

the pi-imaiy current ; this current being arrested, the magne-

tism falls in intensity, not instantaneously, but the process occu-

pies an appreciable time. The disappearance of the magnetism

produces a difference of potential in the two termini of the

coil proportional to the rapidity of the fall, which i's most

sudden at its beginning; if the termini are within striking

distance a spark will pass, heating the insulating medium and

thus lowering its resistance, so that the electro-motive force

arising from the later and less rapid fall of magnetism in the

core is still sufficient to overcome the lessened resistance.

Thus the discharge occupies a large part of the considerable

time necessary for the core to lose its magnetism. With a jar

the process is quite different. Here a large amount of elec-

tricity must flow into the condenser before the potentials of

the termini differ enough to disrupt the insulating m-edium,

and Avhen this condition is attained the core has lost the

greater part of its magnetism, so the first discharge is not

followed by a protracted, though decreasing current, as in the

first case. Since the total amount of electricity passing in

both cases is practically the same, and the heat evolved

depends on the amount of electricity and the resistance,

the temperature in the second case will clearly be much
higher than in the first. Thus much is recognized and acted

upon by spectroscopists. But suppose that besides heating

intensely the medium through which the electricity passes, it

be required to vaporize the material of the terminals, is there

then no difference but temperature in the two cases? Most
assuredly. The vaporizing of a metal is a process requiring
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time as well as high temperature, and as the metal is hardly

heated except at its point of contact with the heated gases of

the spark, we must anticipate a much more copious evolution

of vapor in the first case of slow discharge though of lower

temperature. The characteristic envelope of metallic vapor

about the spark of the ummodified discharge, absent or far

less prominent in the condensed spark, is a familiar proof of

this conclusion.

This long exposition of the nature of the electric discharge

would be wholly unwarrantable did not the writer whose
work we are examining, as well as other spectroscopists, seem

to quite overlook its significance. Then too, we must make
use of its conclusion in our reasoning.

We see then that G, in the figure borrowed from Lockycr,

represents the spectrum of calcium vapor, not only at a higher

temperature than 2, but also at a less density, probably far

less. It is not unlikely that the true cause of difference may
be found in the latter fact.

Is it possible to explain all the phenomena cited by Lockyer,

without introducing any hypothesis not rendered highly pro-

bable on other than spectroscopic grounds ? Distinctly except-

ing the assumption that the line D3 of the chromosphere and

the line 1474 of the corona are due to hydrogen, it is.

As the foundation of this explanation we suppose granted

:

1st. The essential truth of the kinetic theory of gases.

2d. That molecules are practically elastic bodies caj^able of

vibrating in several distinct periods, and imprinting oscillations

of the same period on the luminiferous ether. This neces-

sarily implies that vibrations in the luminiferous ether of

these periods may set such molecules in oscillation.

Besides this we make the sole assumption that the "damp-

ing " of these vibrations varies in the different periods, i. e. that

the time necessar}- to impart all the energy of vibration to the

luminiferous ether varies with the different periods. This as-

sumption can hardly be objected to ; it is quite in keeping with

the conduct of other elastic bodies which are more readily

studied. A tuning-fork struck by a hard body ma}' give out

a non-harmonic overtone of greater subjective intensity than

the fundamental tone, but left to itself the fundamental tone

survives ; a cord plucked by a sharp point gives a sound, the
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quality of which changes speedily by the more rapid damping

of certain of its partial tones.

According to the kinetic theory, a molecule of the vapor

moves onward in an essentially straight line with a velocity

proportional to the square root of the absolute temperature,

until it comes into collision with another, when, in general,

the velocity and direction of motion are changed, and a certain

portion of the energy of motion is converted into vibratory

motion within the molecule. The violence of the collisions,

and consequently of the intermolecular disturbance, depends

upon the average velocity of the molecules, that is upon the

tempei-ature ; the frequency of collision depends upon the

temperature and the density of the gas.

To fix our ideas, let us suppose a simple case of a gas whose

molecules are capable of vibrating in two periods a and /?.

Suppose again that the energy expressed in the vibrations of

period a is much more quickly imparted to the ether than that

embodied in the jjeriod /?, e. g. that a would have its amplitude

reduced to ^V ^^ ^ unit of time, while /S would suffer a reduction

to y^^ only. Now conceive this gas at such a temperature and

pressure that the average interval of collision be this unit of

time, the molecule would, on an average, yield 99 per cent,

of its energy contained in the a period to the ether, but only

20 per cent, of that in the /S period. This proportion would

obtain generally, for the energy in the /5 period clearly could

not be cumulative, a collision tending to change the sign of

vibratory motion nearly as often as to simply increase the

amplitude. Seen in the spectroscope the line corresponding

to a would be by far the more intense ; it would be the per-

sistent line.

Imagine now, the temperature remaining the same, the

density of the gas be so reduced that the average interval of

collision be increased very many times. In this case the in-

crease of energy of the a form imparted to the ether is at best

but one per cent., whereas the increase in that of the /S form is

very great. If now the gas be spcctroscopically examined
(supposing the volume of gas so arranged that as many mole-

cules send light to the collimator as before), a appears as before,

but it has lost its position as the persistent line, for /S is

equally bright.
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So much under the tacit assumption that the vibratory

energy in a and ,3 are equal. Suppose, however, which, be it

noted, is not mechanically improbable, that the energy in /3 is

the greater ; then by continuing the process of rarification we
have the following phenomena : first, a is the strong line, and

tested as we tested hydrogen would prove the persistent line
;

second, a and jS would be equally intense, and, tested as before,

neither would be called relatively persistent ; finally /5 would

be the more intense and also the persistent line. At all times

/? is the long line. On the other hand, if a contains the

greatest amount of energy it is always the most persistent as

well as longest line.

Here we have derived a physical definition of a long line

which may be thus stated :

The longer spectral line is that representing one of a mole-

cule's possible vibrations which, on the average, corresponds

to the greater energy.

As we have said above, Lockyer's method only determines

the persistent lines under the limited range of conditions as

regards temperature and pressure at his command. If to de-

termine the long lines, the pressure be greatly reduced, the

volume of the gas must be so inordinately increased, in order

to secure sufficient intensity of light, that the experiment may
be impossible. There is one case, however, in which we may
have incandescent gases of extreme tenuity and enormous

volume, namely, in the chromosphere of the sun. The relative

distance, then, to which lines may be traced from the base of

the chromosphere is a true expression of their relative lengths,

provided that they are in the same region of the spectrum.

Clearly this modification is necessary, for we may have a

vibration of enormous energy to which the retina is not

sensitive.

It Avill be seen from our point of view follows a ready ex-

planation of the well known fact that the spectral lines increase

in breadth with increased density in the gas, a phenomenon

not easily explained, we think, on any other theory. Pi-obably

the period of molecular vibration, like that in other elastic

bodies, is not independent of the amplitude of vibration. As

the amplitude of vibration must depend on the violence of

molecular collision, we should anticipate a greater proportion
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of false light about a line with increased temperature. This

asserts nothing about pressure. But if we recognize that the

relative value of these false vibrations, since they would be

rapidly damped, increases with the decrease of the mean

interval of collision, the phenomenon observed follows as a

necessity.

We will now as briefly as possible discuss the phenomena

presented by Lockyer in the light of the preceding expla-

nation.

The coincidences in the spectra of iron and titanium are due

to impurities betrayed by long lines in the highly diluted

vapors, which are not the persistent lines in tha much denser

vapors observed in the study of these impurities.

Calcium.

Referring to the cut, 1 and 2 are as explained ; in 3 we-

have a large amount of vapor of considerable density, of

which the centre is at a much higher temperature than the

surrounding portion. At this density and temperature much
of the light of the lower refrangibility is false in the sense de-

fined above ; but the colder molecules in the neighborhood

readily take up the definite vibrations from the ether, and the

line is reversed. The more refrangible lines are not reversed

because the false light, though present, does not approach the

lines in brilliancy, and thus though the lines are diminished in

intensitj^ by absorption, they are still relatively brilliant. In

4 however, by increased density of the vapor, and perhaps also

by increased temperature, the lines are so widened and the

colder vapor-envelope so increased in thickness that these lines

are reversed in the centre. 5 requires no discussion. In

6 we have the vapor at a very high temperature, and at

the same time very rare, from the nature of the discharge

as explained above j the lines shown ai*e the longest lines

of the metal. Of these two the less refrangible has been

proved by Young to be the longest. The observation of

Huggins, which indicates that this is the only line in the

spectrum of Sirius, is a proof that this vapor, copious in that

star, is still extremely rare. Were these two lines due to dif-

ferent compounds, according to Lockyer, there is no more
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reason why we should find H, the less refrangible, alone, than

K, the more refrangible, but we may safely predict that the

former may be found alone, or the two together, but K alone

never.

Iron.

All the phenomena here discussed are explained in the sim-

plest manner by the principles above announced. The lines

observed in the chromosphere are really the long lines of the

metal, at least the longest of that region of the spectrum, lines

that are faint in the much denser gases studied by Lockyer

because the molecule yields its energy, belonging to these

periods, but slowly. If our author is driven, by the critical

study of five lines, to the conclusion that ii*on vapor consists

of no less than three elements or compounds, what may we
expect when all the lines are as carefully studied ?

Lithium.

As yet we have been able to find no difference between the

blue and red lines of this metal, either by the discussion of the

published observations, or of our own, except of luminous in-

tensity ; unless indeed one be reversed in the solar spectrum,

which is more than doubtful. This difference in intensity be-

comes less marked at high temperatures in accordance with

Fechner's law. The violet line is distinctly the longest, while

the orange line is longer than the red. Yielding its vibrations

more slowly to the ether, however, it becomes relatively

prominent only at a very low vapor tension. The conditions

required to make the latter line strong seem to have been met

by the use of a coil and condenser.

In the cut illustrating the spectra of this metal there is

probably a mistake in omitting the red and orange lines in

the arc spectrum.

Hydrgqen.

The peculiarities of the F line have already been explained.

The h line doubtless becomes relatively prominent only with

extreme tenuity and high temijerature. In the alloy of indium

and this element, the compound being poor in hydrogen, we

4
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expect, from Lockyer's researches on such bodies, that the

relative density of the hydrogen vapor will be very small.

On the principles here expounded we find the origin of the

numberless lines in the solar spectrum, not in unknown ele-

ments which are yet to be discovered, but in the long lines of

known elements which are never the persistent lines in the

conditions of density and limited volume at our command.

One more point with reference to the evidence of the stars.

The hotter stars are probably less advanced in evolution,

hence, probably have a greater equatorial velocity than our

sun. In the sun the spectrum from the approaching side is

more deflected, from the receding side less deviated ;
if we ex-

amine the spectrum from the whole surface at once with a high

dispersive power, which practically we never do, the eifect

would be a widening of all the lines of the spectrum with a

decreasing intensity in each, in other words, quite analogous

to optical confusion as produced by spherical aberration.

Hence the more delicate lines would disappear. In a star we
can only observe the spectrum from the whole surface. As-

suming a greater equatorial velocity in Sirius, and that its axis

of revolution is not directed towards us, even if its spectrum

closely i-eserables that of the sun it would appear as it does.

This assumption explains the greater width of the hydrogen

lines, which must otherwise be explained on assumed greater

pressure, certainly not more probable. But we will not \n\r-

sue this speculation further, though we might emphasize the

fact that hydrogen, that element which, according to Lockyer,

even at the limited means at our disposal, is readily split up

into five or six diiferent constituents, there, even at a tempera-

ture which, according to the same authority, destroys almost

all other elements as we know them, still preserves the sim-

plest form in which we know it in our laboratory and in the

chromosphere I

March 10th, 1879.
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ON A NEW VOLUMETRIC METHOD OF DETER-
MINING FLUORINE.

By Samuel L. Penfield,

Assistant in the Sheffield Laboratory.

I have made the vvellknowu reaction 3SiF^ + 2H2O =^

2H2SiF6 + SiOj the basis of a vohimetric determination o^

fluorine, estimating the quantity of hj'drofluosilicic acid formed

from a given weight of a fluoride by means of a standard alkali

solution.

It is impossible to titrate the hydrofluosilicic acid directly,

because as soon as an alkaline reaction is reached the silico-

fluoride is decomposed and an acid reaction is indicated, which

change goes on slowly. But when barium chloride and an

equal volume of alcohol are added to the solution, barium

silicofluoride is precipitated from the solution, and an equiva-

lent amount of hj'drochloric acid is liberated, which can be

titrated ; by this means, using litmus as an indicator, I was

enabled to get some very satisfactory results, but the turbidity

caused by the barium silicofluoride interfered with the change

of color of the litmus, and cochineal I was not able to use at all.

On further experimenting I found that potassium chloride

possessed some advantages over barium chloride. On adding

potassium chloride and an equal volume of alcohol, potassium

silicofluoride is precipitated from the solution, and an equiva-

lent of hydrochloric acid is liberated, but the potassium silico-

fluoride is a very transparent precipitate, and does not

interfere with the change of color of the indicators. It is

necessary that alcohol shall make up at least one-half the

volume of the liquid to be titrated, so as to precipitate the

potassium silicofluoride as completely as possible.

The apparatus needed is very simple, and consists of a

gasometer of ten or more litres capacity, a few flasks of about

150 c. c. capacit}^ a few large plain U-tubes 18 centimeters

long and 2i centimeters diameter, made without any narrow-

ing in the bend, and a heavy iron plate supported properly so

that it may be heated with a lamp.
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The fluoride is weighed out accurately into one of the flasks
;

unless it is a silicate, ten grams of powdered and ignited quartz

are added, and two or three pieces of quartz about the size of

kidney beans. These last facilitate mixing up the powder

when the flask is shaken. The contents of the flask are then

drenched with from 30 to 40 c. c. of sulphuric acid which has

been previously heated and allowed to cool. The flask is

tightly closed with a doubly perforated cork ; from the gas-

ometer dry air is passed into the flask by means of a glass

tube which reaches nearly to the bottom. The silicon fluoride

mixed with air jjasses from the decomposing flask first through

a small U-tube, made from ordinary glass tubing, 5 millimeters

in diameter, and kept cool by being placed in a beaker of

cold water, then into one of the large U-tubes intended for

decomposing the silicon fluoride and absorbing the hydrofluo-

silicic acid. The U-tube contains a solution of potassium

chloride mixed with an equal volume of alcohol ,• the escaping

gas is made to bubble through this, and to insure complete

decomposition a second smaller u-tube is attached to the first

:

the first tube absorbs nearly all the acid, the second contains

only traces. The decomposing flask is supported on the iron

plate ; by its side is placed a second flask containing sulphuric

acid and a thermometer supported so that its bulb dips into

the acid ; the lamp heating the plate is placed midway
between the flasks, and the heat is regulated so that the

temperature of the acid remains between 150° and 160° C.

The decomposition is continued two hours in ordinary cases,

and during that time a continuous current of air is forced

through the apparatus, amounting to from five to six litres for

the two hours, while the contents of the decomposing flask

are frequently agitated by shaking.

After the decomposition and aspiration are completed the

contents of the U-tubes are titrated: for this purpose they

may be transferred to a beaker, the tubes being rinsed with

alcohol and water, or better, the acid may be titrated directly

in the U-tubes. In order that the alcohol may make up one

half the volume of the liquid after the titration is completed,

add a few cubic centimeters of alcohol before titrating, or

where fifteen or more cubic centimeters are to be added use a

standard alkali one half of whose volume is alcohol. As the



On a new Method of determining Fluorine 29

separated silicic acid sticks to the sides of the U-tube, it is

necessary to have prepared a glass rod bent a little at one end

to scrape off and break up this silica.

I have found by experiment that a simple dry U-tube between

the decomposing flask and absorbing tube is sufficient to con-

dense an}' sulphuric acid that may go over from the heated acid.

When fluorine is to be determined in a mineral containing

chlorine as in the case of an apatite, substitute for the empty
U-tube one filled with fragments of pumice impregnated with

perfectly anhydrous sulphate of copper. This will inter-

cept any hydrochloric acid, and will also serve to condense

any sulphuric acid vapor that may go over from the heated

acid. The calculation is very simple. Every one equivalent

of sodium carbonate equals one equivalent of hydrofluosilic

acid or six of fluorine, hence the proportion :

Mol. wt. Na^COs. Mol. wt. 6 F. Amt. of Na^COs. Amt. of F.

106 : 114 : : : x

Below will be found some results which I have obtained from

pure [_fluorspai\ The time of conducting the operation in

every case was two hours, the amount of aspiration varied

from four and one-half to six and one-half litres, and the indi-

cator used was cochineal.

The first six were titrated with a dilute solution of am-

monia, one cubic centimeter of which equalled .01242 grams

of fluorine, the last four with a solution twice as strong and

one-half of whose volume was alcohol.

Corresponding

Weiglitof

Fluorspar. Fluorine.

.2464 .1200
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PRELIMINARY NOTICE OF AN INVESTIGATION
ON "PETROCENE," A PRODUCT OF THE

DESTRUCTIVE DISTILLATION OF
PETROLEUM.*

Bt Samuel P. Sadtler and H. G. McCabter.

In the number of Comptes Rendus for 16th December last

(tome 87, p. 991), which has just come to our notice, appears

an article bj MM. L, Prunier and R. David, entitled, ''sur la

nature de certains produits cristallises, obtenus accessoirement

dans le tvaitement industriel des peLroles de Pennsylvanie."

In this article the authors announce that they have begun

an investigation of "Petrocene," a solid i-esidue from petroleum,

Avhich they obtained from Dr. H. Tweddle, of Pittsburg,

Pennsylvania. They give some general statements as to the

sevei'al hydrocarbons, the presence of which they consider to

have been indicated by the determinations they made of fusing

points, boiling points, solubilities, together with crystalliza-

tions gotten with picric acid, and with binitroanthracene.

Judging in this way, they state that anthracene, phenanthreue,

chrysenc, chrysogen and other hydrocarbons are present.

They give no specific figures of analyses, but say merely that

the percentage of carbon varied in their different analyses

from 88 to 96 per cent, in 100. After propounding some in-

teresting theories, based upon these indications, they close

by promising to communicate the results obtained from a

farther study of the subject, if, as they hoped, these should be

new.

This same material has been the subject of our Investigation

for several months past, and we have obtained results which,

while not as yet complete, are so far advanced as to be beyond

the point of Messi's. Prunier and David's work, as it is stated

in their article. We would thei-efore claim equal right to the

field as scientific workers, and shall continue our studies, and

hope to push them to an early completion.

* Read before the American Philosophical Society, February Tth, 1879. Comnnmi-
cated by authors,
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The material we have operated on consists of a full set of

Dr. Tweddle's preparations, as described by him in the Frank-

lin Institute Journal, Vol. 72, p. 204, which was given to one of

us some two years ago, by Dr. F. A. Genth, and a bottle of

the crude distillate before treatment with petroleum benzine,

given to us by Dr. G. F. Barker.

Some weeks of study had indeed been given to these pro-

ducts in the summer of 1877, by one of us in conjunction with

Dr. E. F. Smith, of the University of Pennsylvania, which

work was interrupted and only resumed as stated, a few

months ago.

The following is a brief and general statement of the ground

covered by our work. The conclusions are all subject to revi-

sion as the examination of purer products may demand.

We found that the method of breaking up the compound by

treatment with solvents did not suffice to give us pure products

of constant compositions. "We therefore availed ourselves of

the method of forming double crystallizations with picric acid

from solution in alcohol and benzol. We obtained what ap-

peared to be three distinct crystallizations here, two of deep

red crystals and one of bi'own plates. These were picked

apart as they crystallized together, using a hand lens, and

exercising great care, and were then submitted to recrystalli-

zations until quite pure and distinct. On breaking up these

picric acid compounds with dilute ammonia, we obtained at

least two well-marked and distinctly different hydrocarbons.

With regard to the hydrocarbon from the third set of ci'ystals

we are still in doubt.

Of the two hydrocarbons, one fuses constant at 280'^ C, and

the other at 178° C. We are not able to identify them cei*-

tainly with any of the known hydrocarbons.

Of both of these hydrocarbons, quinones have been made,

and of one of them the alizarine, acting upon the quinone with

strong sulphuric acid with heat, and then fusing the dried

residue with solid potassium hydrate. The quinone from the

hydrocarbon, fusing at 280°, dissolves in sulphuric acid with

a dark purple color, and when the nearly black residue of di-

Bulphoquinonic acid and potassium hydrate are fused together,

a dark yellowish-brown color is obtained. From the solution

of this, hydrochloric acid precipitates the alizarine as a dark

brown flocculent mass.
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Several analyses of this quinone and of the alizarine were

made. As we hold the whole subject still open to revision, we

will not quote them, but merely say that both the quinone and

the alizarine derived from the hydrocarbon, fusing at 280° C,
indicate a probable composition of Ois H^ for the hydrocarbon.

This would be a dimethyl-anthracene, yet the hydrocarbon

does not agree with the dimethyl-anthracene discovered by

Yan Dorp, and studied by Wachendorff and Zincke.

The analysis of the other quinone gives results approxi-

mating what would be demanded by raono-methyl-anthra-

quinone.

Undoubtedly both hydrocarbons are slightly contaminated

with chrysene or some similar hydrocarbon of higher carbon

percentage, from which it is exceedingly difficult to free them.

With this brief mention of the work done, we will defer any

further discussion until our results are sufficiently advanced to

be presented as a whole. We are now engaged upon the

work, and will push it promptly to completion.

ON THE OXIDATION OF SUBSTITUTION PRO^
DUCTS OF AROMATIC HYDROCARBONS.

I.-INTRODUCTION.

By Ira Remsen.

A few years ago, in the course of an investigation on para-

sulphobenzoic acid,* I made some observations on the action

of potassium pyrochromate and sulphuric acid on orthotoluene-

Bulphonic acid and orthotoluenesulphamide, and on the cor-

responding compounds of the para-series, which led to the

belief that the ortho-compounds are influenced by the oxidiz-

ing mixture less readily than the para-compounds. An exper-

Amer. Jour. 8ci., VoU V., 179, 274, 354 ; and Annalen der Chemie, 178, 275.
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iment was made with a mixture of the two isomeric sulphonic

acids, and it was shown that, after treating this mixture for a

long time with an excess of the oxidizing agent, a product

was obtained which, on being fused with potassium hydroxide,

yielded a considerable quantity of salicylic acid ; and the longer

the oxidation was continued the lai'ger seemed to be the pro-

portion of salicylic acid obtained from the product by treating

it with potassium hydroxide. After proving that no ortho-

sulphobenzoic acid is formed in the experiment just referred

to, the statement is made: "It seems indeed from this and

a subsequent experiment that the ortho-acid is acted upon

with much less energy than the para-acid, if acted upon

at all."

The "subsequent experiment" may be described in the

words of the article in question :
" That the ortho-compound

in the special case under consideration is acted upon less en-

ergeticaliy than the para-compound was also shown in a rough

way by the following expei'iment. The potassium salts of

the two sulphotoluenic acids wei'e separated very neai'ly by
means of crystallization. The pure para-salt was introduced

into the oxidizing mixture, and the reaction that ensued care-

fully observed. The same quantity of ortho-salt, still con-

taining some of the para-salt, was afterward introduced into

the same quantity of the oxidizing mixture as was employed

in the former case, and the reaction compared with the former

one. A striking difference was observed. Whereas the re-

action commenced very quickly with the para-salt, and a

strong evolution of gas took place j with the ortho-salt it was
necessary to apply heat for a longer time before the reaction

fairlj' began, and then the process was markedly more
sluggish, a very slow evolution of gas continuing for a long

time."

Again in the study of the two toluenesulphamides a similar

difference was observed. The special experiment indicating

this difference was described thus: "Orthotoluenesulphamide

still containing some of the paramide, was subjected to oxida-

tion. It was immediately noticed that, as in connection with

the sulpho-acids, the action in this case was not as violent as

in the case of the para-compound. After heating for some

time the product Was examined. The parasulphaminebenzoic

5
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acid formed was filtered off and the filtrate extracted with

ether. The ethereal extract, on being distilled, left behind a

residue consisting of orthotoluenesulphamide with a very little

parasulphaminebenzoic acid. The latter can be readily re-

moved by redissolving the whole in water, adding a little

alkali to the solution, and then extracting with ether. In

this way absolutely pure ortho-amide can be obtained. This

was again subjected to oxidation, and, after treating for a

length of time, no new product could be discovered in the

liquid—a portion of the substance only having been destroyed.

Thus we see that the conduct of the ortho-amide is exactly

analogous to that of the corresponding sulpho-acid."

The results of the experiments just described led to the

general inquiry whether the influence of a substituting-group,

situated in the ortho-position with reference to a hydrocarbon

residue, is such as always, either wholly or partially, to pre-

vent the transformation of the residue into carboxyl by the

chromic acid mixture. There are some cases on record which

seem well adapted to throwing light upon this question. It

has been shown, for instance, by Bcilstein and Kreusler* that,

when nitroxylene obtained from ordinary xylene from coal-

tar is oxidised, it yields a monobasic acid, nitro-toluic acid.

This acid seems to have been obtained in a pure condition.

At all events the fact was established very positively that this

monobasic acid is not converted into a bibasic acid by further

oxidation. The authors say : "Aus obigen Versuchen ergiebt

sich unzweifelhaft, dass die Einwirkung der Chromsffiure auf

Nitroxylol auf eine Methylgruppe beschrajnkt bleibt. Ob-

gleich Toluylsseure durch Chromsseure mit dor grcessten Leich-

tigkeit kein Terephtalsasure uebergeht, widerstcht die p-Nitro-

toluylsaeure diesor Einwirkung sehr krseftig. ... In kcincm

Falle wird auch das zweite Moth}'! dos Nitroxylols angegriifen.

Die Bildung einer Sseure von der Formel der NiLro-Torophtul-

sseure haben wir nicht beobachtet. Offenbar bewirkt der

Eintritt negativer Elemente oder Eadicale in den Kohleuwas-

serstoff, dass derselbe widerstandsfa3higcr gegen Oxydations-

mittel wird. Aehnliche Erscheinungen finden sich hseufig.

So wird das Dlnitrotoluol von Chromsteure nur seusserst wenig

angegriffen, wsehrcnd Nitrotoluol dadurch leicht in p-^itroben-

* Annalen der Chemie, 144, 168.
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zoesaeure ueber-geht. Im ^ylol werden beide Methylgruppen
leicht oxydirt. Aber Nitroxylol und Chlorxylol liefern mit

Chromsaeure wwv p-Nitro- und p-Clilortoluyhceure, und Trichlor-

xylol widersteht, uach den Versuchen des Herrn Vollrath der

Einwirkuug der Chromsajure auf das Vollsteendigste."

Vollrath's experiments are described* a little later, and

they show that parachiorxylene yields by oxidation para-

chlortoluic acid, and no bibasic acid ; conducting itself just

like the nitro-derivative.

Still later, Fittig, Ahrens and Mattheides in studying

broraxylene showedf that it conducts itself towards chromic

acid like the chlorine- and nitro-derivatives. They obtained

a bromtoluic acid which, by further treatment with the

oxidizing mixture, could not be converted into the correspond-

ing bibasic acid.

It is perfectly clear from the examples referred to that the

entrance of a substituting-group into xylene causes, at least

sometimes, a remarkable change in the conduct of the sub-

stance towards the chromic acid mixture. One of the methyl-

groups of the xylene is protected by the substituting-group

against oxidation, while the other is apparently uninfluenced;

and now the question would naturally arise: What position

does the protecting group hold with reference to the protected

methyl ?

The results of my experiments on the sulpho-dei'ivatives of

toluene, as described above, would suggest that it is probably

the methyl-group situated in the ortho-position which is

protected in the compound, but before these experiments were

performed there was nothing known that could lead to this

suggestion, and no attempt indeed was made to offer any
explanation of the phenomena under discussion, or to show
any connection between all the cases on record in which a

part of a molecule is protected from oxidation by the intro-

duction of a negative group or groups.

After V. Meyer'sJ experiments had thrown light upon the

compounds of the ortho-series, and had shown that many
compounds, which had previously been considered as belong-

ing to the meta-series, in reality belonged to the ortho-series,

*Annalen der Chemie, 144, 266. + Ibid. 147, 32. % Ibid. 156, 265.
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Pittig* called attention to certain peculiarities of the ortho-

compounds, the most important one being the fact that " alle

Ortho-verbindungen beim Behandeln mit ehromsam-em Kalium
und Schwef'elsseure nieht die fuer die Meta- und Paraverbin-

dungen characteristischen Oxydationsprodnkte liefern, sondern

ganz zerstoert werden." He says :
" Yor Allcm interessant

aber scheinen mir die Versuche von Bcilstein zu sein, der

gefunden hat, dass auch die Orthosubstitutionsproducte des

Toluols, das Orthochlortoluol, das Orthojodtoluol und das

Orthonitrotoluol, welche von ihm noch als Metaverbindungen

aufgefasBt und beschrieben sind, beim Behandeln mit chrom-

gaurem Kalium und Schwefelsseure keine substituirte Benzoe-

8£euren liefern, sondern verbrannt werden." Eeference is also

made in this article to the conduct of salicylic acid as illustrat-

ing the conduct of ortho-compounds, but I showodf subse-

quently that not only salicylic acid but its isomeres, oxybonzoic

and paraoxybenzoic acids conduct themselves exactly like

salicylic acid, and, further, that instability towards chromic

acid is a characteristic of a number of aromatic oxyacids—in

fact of all that were examined by me.

The impression conveyed by Pittig's article is that ortho-

compounds are less stable than the compounds of the other

series, and, hence, his interesting observation does not assist

us in explaining the cases above described in which increased

stability is the result to be explained.

It will thus be seen that the subject of the influence exerted

by substituting-groups upon hydrocarbon residues contained

in the same compound, as indicated by the conduct of the

compounds toward oxidizing agents, was, at the time the

investigations now to be described M'^ere begun, almost entirely

unexamined. And it was with the distinct object of showing

whether, in those cases in which a part of a molecule is pro-

tected by the presence of a negative group, a common cause

could be discovered, that the investigations were undertaken.

The results thus far reached all agree, and they make the

conclusion extremely probable that, in all cases now on record

in which hydrocarbon residues are shown to be protected, from

oxidation by the presence of negative groups, the latter are in the

*Zeitschrift fUr Chemie, N. F. VII, 179.

tin tbe article on parasulphobenzoic acid above referred to.
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ortho-position loith reference to the former; whereas oxidizahJe

residues, situated either in the meta- or para-position with reference

to the negative groups, are, under the same circumstances, trans-

formed, just as if the negative groups were not present.

The oxidizing agent used, and the only one in connection

with which the above conclusion holds good, is the common
mixture of potassium pyvochromate, sulphuric acid and watei*.

Other agents, such as nitric acid and potassium permanganate,

act in an entirely different way, as is Well known,

It is proposed then to present the results of the investiga-

tions which have led to the discovery of the principle em-

bodied in the conclusion just stated; and, after these results

have been presented, the connection between them, and their

bearing upon the general subject under examination, will bo

discussed.

II.—ON THE OXIDATION OF XYLENESULPHAMIDES.

By Iba Remsen and M. W, Iles,

The first example selected for study was that afforded by

the substitution-products of xylene. Instead of taking deriva-

tives which had already been prepared, as the nitro-, chloro-, or

bromo-derivatives, we selected, as probably better adapted to

our purpose, the sulpho-compounds. As one of us had already

shown that the amide of the eulphonic acid of toluene is readily

oxidized, yielding a product which can be easily sepai*ated

from the oxidizing mixture, and easily purified, it was thought

probable that the sulphamides of xylene would be convenient

substances to work with, and hence our attention was con-

fined to these.

Preparation and Oxidation of the Amides.

The specimen of xylene from which we started was obtained

by us from coal-tar oil by careful fractional distillation. It

was found to consist mainly of metaxylene—the proportion

of the para-compound contained in it being much smaller than

is common in crude xylene. The hydrocarbon was completely

converted into sulphonic acids by gently heating it on the

water-bath with concentrated sulphuric acid. The solution of
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the sulphonic acids in water was converted into potassium

salts, by first neutralizing with finely powdered chalk, filtering

from precipitated calcium sulphate, adding a solution of potas-

sium carbonate until a precipitate was no longer formed, then

filtering again, and evaporating to dryness. The perfectly dry

potassium salts were then treated with an equal weight of.

phosphorus pentachloride, the mass being kept cool during the

operation. After the action of the chloride had ceased, strong

aqueous ammonia was added, and, after cooling, the precipi-

tated amides were filtered off.

As was anticipated, it proved to be an extremely difficult

and tedious operation to obtain perfectly pure substances from

this mixture. Nevertheless, we finally succeeded in proving

that there were three distinct amides contained in it, two of

which were derived from metaxylene^ and the third from para-

xylene. No special descrij^tion of the details of the process

of separation is necessary, as it simply consisted in successive

recrystallizations. On first heating the mixture with water, a

portion of it was converted into an oily looking liquid, while

a larger portion passed into solution. The solution was filtered

off, and the solidified oil again treated with hot water. Thus

more of the solid amide was extracted from the liquid ; and

this was again filtered off and allowed to crj^stallize. The

crj'stallized portions were together treated with hot water, and

a further separation of the oily liquid obtained. Thus gradu-

ally the whole mixtui*e was divided into two portions, one of

which dissolved in hot water without first fusing, while the

other passed into the liquid condition before the boiling point

of water was reached, and then dissolved, though with diffi-

culty, in the boiling water. By repeated crystallizations of

these two portions, two comparatively pure products were ob-

tained. The principal portion fused in pure condition at 137°

(uncorr.) and the other portion at 96-97° (uncorr.)

Both of these substances had already been obtained by

Jacobsen,* and he had also shown that they are both derived

from metaxylene. To show this, he heated them separately

in sealed tubes with concentrated hydrochloric acid. Thus

the sulphamide-group was removed and the hydrocarbon re-

generated. By oxidizing this it was converted into isophthalic

Annalen der Chemie, 184, 1T9; and Berichte d. deutsch. chem. Geeell. X, 1009.
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acid, and its nature thus determined. We performed the same

experiments with the same results. There can hence be no

doubt that two sulphamides can be obtained from metaxylene,

one of them fusing at 137° and the other at 96-97°, and that

the one with the higher fusing point is formed in much larger

quantity than the other. For convenience, we may designate

the former compound as a-xylenesulphamide, and the latter as

^-xylenesulphamide.

We mentioned above the presence of a third amide in the

crude mixture. This substance was not formed in large quan-

tity, and we did not succeed in preparing it in pure condition.

It was found in the last mother-liquors from the crystalliza-

tions already described, and made its appearance in the form

of verrucous masses without distinct crystalline structure. It

fused at 143°, while according to Jacobsen* the sulphamide of

paraxylene fuses at nearly 148°. Although this amide was

not pi-epared pure by us, we succeeded in showing beyond any

doubt that it is in reality derived from paraxylene. By an

indirect method, which will be described later, we transformed

it into paratoluic and terephthalic acids, and showed that it

can be completely changed into these bodies.

The above description refers to our main series of experi-

ments. It must be remarked, however, that we experimented

upon different specimens of xylene, and, while we always

found the three amides mentioned, we also obtained in more

than one instance a compound which differed from these three.

This we believe to have been an amide from orthoxylene, as

its fusing point corresponded very nearly to that given by

Jacobsen for orthoxylenesulphamide. As we only desired to

study the conduct of the amides towards the oxidizing mix-

ture, we satisfied ourselves with the preparation of the three

principal ones, and then subjected them to oxidation.

vSome preliminarj' experiments were made with the impure

amides for the purpose of determining whether they yielded

acids by oxidation. The mixtures at first employed consisted

almost entirely of the a- and /3-amides in varying proportions.

Those portions which contained the largest proportions of the

a-amide Avere oxidized much more readily than those in which

the i?-araide was the principal constituent, in some cases the

* lierichte d. deuUch. cbem. tiesell. X, 1009.
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oxidation took place with a violent evolution of gas, so that

the vessel in which the operation was performed had to be

cooled. In all these cases the^oxidation was continued until

the oil from the fused /J-amide had disappeared from the sur-

face of the oxidizing mixture. As a result of these preliminary

experiments we found that a crystallized product is obtained

by the oxidation of the mixtures, and that the quantity of this

product varied according to the composition of the mixture.

It was filtered off from the colored liquid, and washed out

until ^the wash-water was colorless. It then appeared as a

colorless, lustrous, crystallized body. It dissolved with evolu-

tion of carbon dioxide when treated with potassium carbonate,

and was at least partially reprecipitated when the alkaline

solution was acidified.

The formation of an acid or acids being thus established, it

remained to show whether each of the amides had yielded an

acid, or only one. The entire product was dissolved in dilute

potassium "carbonatej^filtered and evaporated down to a com-

paratively small volume. Thus, if anj^ of the amides should

have remained unoxydized, they would crystallize out on cool-

ing, while the sodium salt or salts, being presumably much
more'easily soluble than the amides, would remain in solution.

In fact some amide did crystallize out. This was sepai'ated

from the solution and was found to be nearly pure a-amide.

The solution of the sodium salt was then acidified and the pre-

cipitated acid carefully examined. It was soon found that it

consisted of but one substance which could be recrystallized

from'water and from alcohol. Its fusing point was found to

be 247.5°-248°; and repeated crystallizations failed to change

the fusing point. As will be shown below, this substance is a

monobasic acid.

Some further experiments for the purpose of determining

from which mixtures the largest yield of acid was produced.

The 3'ield was found to vary considerabl}^ even with the same
mixture, but in general it Avas found that those mixtures which

contained the largest proportions of /S-amide yielded the largest

quantity of the acid. This, taken in connection with the fact

that, in a few cases in which a mixture containing a very large

proportion of a-amide was oxidized, scarcely any of the acid

was obtained, led to the conclusion that the acid is derived
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from the /9-amide. The conclusion, however, was an erroneous

one, as we subsequently discovered.

On subjecting perfectly pure a-amide to the action of the

oxidizing mixture, it was found to yield the monobasic acid

which fuses at 247.5°-248°. The /9-amide, on the other hand,

is oxidized with much more difficulty, and its oxidation seems

to take place in a different manner. Jacobscn mentions* an

acid which he obtained in very small quantity from the

/9-amide. In one experiment we also succeeded in obtaining

a small quantity probably of the same acid. Its quantity,

however, was so small as to make a careful examination of it

out of the question. From the experiments performed by us

we are inclined to the opinion that if the /5-amide yields a

monobasic acid by oxidation with chromic acid, this acid

breaks up very easily under the further influence of the oxid-

izing agent. Unless this is so, it is difficult to explain the

facts observed by us. How shall we, for instance, explain the

fact, repeatedly established by our experiments, that a mixture

containing a much larger quantity of /9-amide than a-amido

yields by oxidation almost entirely, if not entirely, the acid

of fusing point 247.5-248°? If the acid formed by oxidation

of the /?-amide corresponds in its properties to that formed by

oxidation of the a-amide, if it is stable towai'ds the oxidizing

mixture, then we must inevitably have obtained it in consid-

erable quantities in the course of our investigations ; for,

from first to last, lai'ge quantities of the amides have been

oxidized by us, and in many of our first experiments we used

comparatively pure /5-amide. We are hence compelled to

reject the conclusion of Jacobsen that the oxidation of the

two amides of metaxylene takes place in essentially the same

way. We believe that there are fundamental differences

between the two cases; and we believe that continued and

more careful investigation will hence only serve to make these

differences more apparent.

Sulphaminemetatohdc Acid.

Having shown that from a mixture of the two amides one

acid is produced, and that this acid can be readily obtained in

* Berichte d. dentsch. chem. Geeell., XL, 893.
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pure conditioD, we prepared the new product in considerable

quantity, and subjected it to careful study. Our method of

procedure was this : The mixtures of amides were recrystal-

lized a few times until, as already described, they were sepa-

rated into a portion which fused under water, and a portion

which did not liquefy on being heated under water. The por-

tions of lower fusing point were first oxidized. The propor-

tions used were : 22 grams amide, 106 grams potassium pyro-

chromate, and 160 grams concentrated sulphuric acid, diluted

with three times its volume of water. This mixture is intro-

duced into a flask connected with an inverted condenser, and

then gently heated upon a sand-bath. In a short time an agi-

tation is noticed on the surface of the liquid ; now the flame is

removed. The activity of the reaction inci'eases, and proceeds

for some time without the ai)plication of heat. When the

liquid becomes quiet, heat is again applied, and the whole kept

in gentle boiling for about twelve hours. The amount of time

necessary to complete the oxidation varies with the composi-

tion of the mixture, so that no general directions can be given

in regard to the time. In each case, it is safe to continue to

apply heat until all the oil resulting from the fusion of the

/?-amide has disappeared from the surface of the oxidizing

mixture.

After the process is completed, and the mixtures have cooled

down, the product will be found in crystallized form. It

is now filtered off and separated from unoxidized amides,

by the method above described. It is dissolved in dilute so-

dium carbonate, filtered and evaporated down to a compara-

tively small volume. On cooling, the unchanged amide crys-

tallizes out. Usually very little is obtained. The solution of

the sodium salt of the acid is acidified with hj-drochloric acid.

The precipitated acid filtered and carefully washed with cold

water, and then recrystallized from water.

After the oxidizing mixtures are filtered off, they still con-

tain some of the new acid. A considerable quantity of this

can be obtained by allowing the solutions to evaporate some-

what on the water-bath, when, on cooling, the acid will be

deposited. There is still contained a small quantity of another

acid in the concentrated oxidizing mixtures. This is not, how-

ever, as has been indicated, isomeric with the acid now specially
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under consideration. As will be shown further on, it is a re-

sult of further oxidation of the first product.

After one or two crystallizations from water the new acid

is perfectly pure. Its analysis showed it to have the composi-

tion, CgHjSNO,.

I.—0.231 grams of the acid fused with potassium hydi'oxide

and then treated with bromine water according to the method
recently described by Fahlberg and lies* gave 0.252 grams

BaSO, = 0.0345996 grams S.

II.—0.28475 grams of the acid treated in the same way gave

0.30822 grams BaSO« = 0.042318 grams S.

III.—0.2865 grams of the acid treated, according toLiebig's

directions, with potassium hydroxide and saltpeter, gave 0.31497

grams BaSO, = 0.043245 grams S.

IV".—0.44905 grams substance gave 27.2 cc. N at 759.5 mm.
pressure, and 24° C.

V.—0,59615 grams substance gave 35 cc. N at 761.5 mm.
pressure, and 19° C.
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Sulphaminemetatoluic acid is comparatively easily soluble

in hot water, but diflScultly soluble in cold water. In hot

alcohol it is easily soluble, in cold less readily, but still not dif-

ficultly. It is nearly insoluble in ether, both warm and cold.

In cold chloroform it is insoluble, in warm but slightly.

Finally in both warm and cold carbon bisulphide it is insoluble.

From the solution in hot water it crystallizes on cooling in

peculiar, thick, pointed, prismatic crystals which occasionally

attain a considerable size. Sometimes it ciystallizes in very

long, lustrous, thick needles, but the two forms have exactly

the same fusing point. The fusing point is 247.5-248° uncor-

rected, and 254.5-255° corrected.

A lai'ge quantity of the acid was prepared by us in perfectly

pure condition. We took everj^ precaution to insure its purity,

and always carefully tested every portion used for different

experiments. In order to characterize the acid a number of

its salts were prepared and analyzed.

Barium sulphaminemetatoluate, (C6ll3.SO.^NIl2.CH3.COO)3Ba

+ 5H2O, was prepared by boiling the free acid with pure

barium carbonate. It is very easil}' soluble, but from the con-

centrated solutions it separates in a compact mass which

consists of very fine silken needles. The crystals dried in the

air were analyzed.

1.—0.3865 grams dried salt gave 0.158 grams BaS04 =
0.092904 grams Ba.

II.—0.157 grams dried salt gave 0.06475 grams BaSO^ =
0.03807 grams Ba.

III.—0.1815 grams salt lost 0.025 grams H^O at 200°.

IV.—0.1360 grams salt lost 0.01888 grams H^O at 180°.

Ba
5 H,0

Calculated.
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and crystallizes in small concentrically arranged needles. After

drying in the aii', it was analyzed.

I.—0.3620 grams salt lost 0.0195 grams HjO at 200°, and gave

0.101 grams CaSO,.

IL—0.3145 grams salt lost 0.0170 grams H,0 at 195°, and

gave 0.0875 grams CaSO^.

Calculated.
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taken to determine the temperature at which the decomposi-

tion takes place. If the substance is not heated above 130°,

the acid separates unchanged on cooling. If heated up to 140°

decomposition takes place. It was not possible to obtain

metatoluic acid from it by this means. Experiments with

dilute hydrochloric acid gave similar results ; no metatoluic

acid could be obtained. It will be seen later that this conduct

is entirely different from that shown by an isomeric acid, sul-

phamineparatoluic acid.

Stnicfiire of Sulphaminemetatoluic Acid.

For the purpose of this investigation it was of the first impor-

tance for us to determine, by the application of all ofthe methods

at our command, the structure of the new acid. The method of

formation leaves no doubt in regard to the relative positions

of the methyl and carboxyl groups with reference to each

other. The}' are in the position designated as meta. It re-

mains, however, to decide in what relation the sulphamine-

group stands to the two other groups in the benzene-nucleus.

According to the commonly accepted hypothesis in regard to

the nature of benzene-derivatives, four isomeric sulphamine-

metatoluic acids are possible. These may be conveniently

represented by the following schemes

:

n. m.

CH,
SO.NH,

CO,H

SO,NH,

CO,H CO,H

SO.NH,

SO.NH CO,H

It must be borne in mind that the facts expressed by these

formulas might be expressed equally well in ordinary lan-

guage, and that the only object in using them here is for the

sake of brevity. The proofs which will be offered for the

structure of the^acid under discussion are not dependent for
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their validity upon the acceptance of any'hypothesis. They
would be equally valid no matter what hypothesis we might

hold in regard to the nature of benzene and its derivatives.

On examining the formulas given, it will be seen that, in

the first, the sulphamine-group is represented as occupying the

same position with reference to both the other groups, and, as

the carboxyl-gi'oup has undoubtedly been formed by direct

oxidation of the original second methyl-group of the amide,

in the latter compound the sulpharaine-group must have

occupied the same position with reference to both methyl-

groups. The same statement holds true in regard to formula

IV., and the original amide of the acid represented by it. It

would seem probable that, if oxidation of either methyl should

take place readily in these two amides, the second methyl

would also be oxidized, and that in both cases the chief

product of the oxidation would be a bibasie acid, while, of

course, as an intermediate product, some of the monobasic

acid resulting from oxidation of only one of the methyl-groups

would probably be obtained. It is difficult, however, to specu-

late upon this subject. It is possible that the process would

take place in an entirely' different way. Possibly one of the

methyl-groups might be oxidized completely at first, and then

by its presence in the molecule prevent the further oxidation.

There are some focts known which seem to point to this

latter as the true view of the matter; but there are not

enough facts known to warrant us in expressing anything

like a decided opinion at present.

As regards formulas II. and III., the acids represented by

them are derived from the same amide. If II. represents our

acid, then the ortho-methyl group must have been oxidized

and the para-methyl protected. But this would not be at all

in harmony with the facts discussed in the introduction to this

memoir. There is no case known in which a para-methyl

group is protected from oxidation ; and, further, when these

investigations were begun there was no case known in which
an ortho-methyl-group was oxidized by the chromic acid

mixture. If, on the other hand, our acid has the structure

represented by formula III., then the ortho-methyl has been

protected and the para-methyl oxidized ; and this would be

in accordance with known facts. It will be shown that this

formula actually represents the structure of our acid.
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Transformation of Sulphaminemetatoluic Acid into Oxytoluic

Acid (Orthohomoparaoxybenzoic Acid).

The conversion of the sulpharaine-group, SO2NH2, into

hydroxy! can be effected very readily. Indeed it seems to

take place better than the same conversion of the sulpho-

group. The potassium salt of sulphaminemetatoluic acid was

made, and its solution evaporated nearly to dryness, so that,

on cooling, it formed a pasty mass. This was then gradually

added to about twenty parts fused potassium hydroxide, con-

tained in a large silver crucible. The mass was kept in fusion

by the aid of a small flame until ammonia ceased to be

evolved, and during this time it was continually stirred with

a silver spatula. After cooling, the contents of the crucible

were dissolved in a relatively small amount of water, and the

solution, which was almost colorless, acidified with dilute

hydrochloric acid. A voluminous white precipitate was im-

mediately: formed, and sulphur-dioxide escaped. The pre-

cipitate, after being filtered off and carefully washed out with

cold water, was dissolved in hot water in which it is quite

easily soluble. On cooling, this solution deposited the new
acid in beautiful, long, lustrous needles, which, in their general

appearance, suggest salicylic acid. The acid exhibited tjje

properties of a pure substance, such as crystalline form, con-

stant fusing point, &c., and, hence, it was at once analyzed. On
drying at 100'' it was found to become opaque, and this change

was shown to be due to the escape of water of crystallization.

0.2925 grams substance lost 0.0172 grams H^O at 130°.

Calculated. Found.

CsHsOs 152 94.41

^HjO 9 5.59 5.88

161 100.00

0.1605 grams substance, dried at 100°, gave 0.07925 grams

HjO ; and 0.3700 grams CO,.

Calculated. Found.

Cs
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The analyses thus show that the substance has the composi-

tion of an oxytoluic acid containing half a molecule of water
of crystallization in its molecule. It is CaHgOj + ^HjO.

The acid is difficultly soluble in cold water, but easily in hot

water. The solution is not colored by ferric chloride. It is

easily soluble in alcohol and ether; insoluble in carbon bisul-

phide, cold as well as hot; insoluble in cold chloroform,

difficultly in boiling chloroform. It crystallizes from water in

long, beautiful, very fine needles with a silken luster. With
its water of crystallization it melts at 146.5°-147° (uncorr.)

After the loss of its water, its fusing point is 170.5°-171° (un-

corr.), or 174°-175° corrected. The acid, after the water of

crystallization is driven off, is brittle and without luster. It

is not volatile with water vapor. It sublimes easily, and is

deposited in the form of interlaced needles. These fuse at

165°-166°. The low fusing point indicates a slight decomposi-

tion under the influence of the heat.

Calcium oxytoluate, (C9H3.0H.CH3.COO)2Ca + 3H,0, was pre-

pared by boiling the acid with finely powdered Iceland spar.

It is easily soluble in watei-, and crystallizes from a concen-

trated solution in small, spherical masses which are composed

of microscopic needles.

I.—0.16825 grams salt lost 0.02307 grams HjO at 130°
; and

gave 0.581 grams CaSO^.

II.—01177 grams salt lost 0.01605 grams H^O at 130°
; and

gave 0.0404 grams CaSOi.
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II.—0.1604 grams salt gave 0.07585 grams BaSO^.

III.—0.14275 grams salt lost 0.1525 grams H^O at 120°.

IV.—0.235 grams salt lost 0.026 grams H^O at 155°,

Calculated. Found.

I. II. in. IV.

(CgHAX 302 61.26

Ba 137 27.79 27.87 27.81

3H,0 54 10.95 10.67 ... 10.68 11.06

493 100.00

The barium'salt is decomposed at 160°.

Manganese oxytoluate, (C6H3.0H.CH3.COO)Mn -f 2II2O, was

prepai-ed by boiling the free acid in water with manganese

carbonate. It is very easily soluble in water, and crystallizes

in small, compact prisms of a light brown color.

I.—0.19765 grams salt lost 0.01825 grams H^O at 160°; and

gave 0.0391 grams MngO^.

II._0.220 grams salt lost 0.02085 grams H^O at 160°
; and

gave 0.04325 grams MusOi.

Calculated. Found.

(CsHA), 302 76.85

Mn 55 13.99 14.25 14.16

2H,0 36 9.16 9.23 9.48

393 100.00

Copper oxytoluate, (CeHa.OH.CHa.COOjCu -j- l^HjO, was pre-

pared by adding a solution of copper nitrate to a solution of

barium oxytoluate. A flocculent, blue precipitate separates

immediately. This precipitate dissolves in hot water, and, on

cooling, the solution deposits beautiful, dark green, compact

prisms. Sometimes by slow crystallization from a dilute solu-

tion, large groups of compact prisms are formed. The salt is

difficultly soluble in water. It is the most charactei'istic of

the salts of oxytoluic acid examined by us.

I.—0.143 grams salt lost 0.0102 grams HjO on being heated

up to nearly 200°.

II.—0.1113 grams dried salt gave 0.02265 grams CuO.

Ill,—0.1113 grams dried salt deposited 0.0184 grams metallic

copper by the electrolytic method.
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REVIEWS AND REPORTS.

On an Applicatton of the new Atomic Theoky to the Graphical
Representation op the Invariants and Covariants of Binary
QuANTics. By J. J. Sylvester. American Jourual of Mathematics,
Vol. I. p. 64.

There is a conviction in the minds of chemists, that at some
future time, when the theory- of chemistry shall have been

developed, the intricate phenomena of the science will become
expressible in the perfect language of mathematics, just as at

present it is possible thus to express the phenomena of elec-

tricity, of light, of heat.

Hence any indication of the possibility of applying mathe-
matics to the discussion of the problems of chemistry must be

hailed with delight bj^ those who are accustomed to think

upon these problems.

As an indication of this kind we call attention to the ex-

tremeh" interesting article the title of which is given above.

It is true the author does not himself propose to apply mathe-
matics to chemistry, but, strange as it may sound, he proposes

to make use of the common chemical formulas to express

mathematical truths. The fact that this latter application is

possible indicates, however, that there exists an analogy be-

tween certain facts which the mathematician desires to ex-

press and those which the chemist has to deal with.

The author's own language will more forcibly convey the

idea which he has in mind than anything we can say :
—" Im-

pressed as 1 had long been with a feeling of affinit}', if not of

identity, of object between the inquiry into compound radicals

and the search for ' Grundformen ' or irreducible invariants, I

was agreeably surprised to find, of a sudden, distinctly pictured

on my mental retina a chemico-gvaphical imago serving to

embody and illustrate the relations of these derived algebraical

forms to their primitives and to each other."

While we cannot pretend to a knowledge of the branch of
mathematics to which reference is here made, we may by
means of a few quotations make clear the character of the

analogy thus discovered.
'* Any binary quantic," says Professor Sylvester, " may be

denoted by a single letter with a number attached correspond-

ing to its degree, and may therefore be adumbrated by a
chemical symbol, with corresponding valence. Thus hydro-
gen, chlorine, bromine, or potassium, will serve to denote so
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many distinct binary linear forms ; oxygen, zinc, magnesium,
etc., binarj^ quadrics; boron, gold, thallium, cubics ; carbon,
lead, silicon, tin, quantics; nitrogen, phosphorus, arsenic, an-

timony, etc., quintics; sulphur, iron, cobalt, nickel, etc.,

sextics.
" The factors of any algebraical form may be regarded as in

some sense the analogues of the rays of atomicity in the equi-

valent chemical atom—these rays being what Di\ Frankland,
according to his nomenclature, would have to designate as

free bonds ; such rftys between two consecutive atoms in a
molecule are conceived as blending in some manner so as to

represent some unknown kind of special relation existing be-

tween them ; they may then with propriety be called bonds
or lines of connexion.

"An invariant of a form or system of algebraical forms
must thus represent a saturated system of atoms in which
the rays of all ihe atoms are connected into bonds. Thus
e. g. O2 ' . . will represent a quadratic invariant of a quadric.

. , . Potash, . . . having for its graph K—O—H, will repre-

sent the invariant to a system of one quadratic and two linear

forms which is linear in each set of coefficients."

The author illustrates the analogy by a number of ex-

amples. In speaking of the formula benzol, he says :
—"As,

however, the question is one purely of colligation or linkage

in the abstract, it is sufficiently described as a hexagon in

which the three pairs of opposite angles are joined ; or, if wo
please, as two triangles, in which each angle of one is con-

nected with a corresponding angle of the other. In regard of

the atomicity theor}^ all these modes of colligation are identi-

cal, and the supposition that there is any real difference be-

tween them, or that figures in space are distinguishable from
figures in a plane (as I heard suggested might be the case by
a high authority, at a meeting of the British Association for

the Advancement of Science, where 1 happened to be present)

is a departure from the cautious philosophical views embodied
in the theory as it came from the hands of its illustrious

authors, and continued to be maintained by their sober-

minded successors and coadjutors, and affords an instructive

instance of the tendency of the human mind to the worship,

as if of self-subsistent realities, of the symbols of its OAvn

creation."

This passage serves to show that Professor Sj'lvester has a

much clearer idea of the scope and real meaning of the so-

called structural formulas, or, as he well calls them, "chemico-
graphs," than many chemists have. The words :

" The
question is one purely of colligation or linkage in the

abstract," should be used with emphasis whenever the dan-

gerous task is undertaken of explaining to beginners the

meaning and use of the formulas. Misapprehension in regard
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to this point is really the cause of most of the objection that

is raised to structural formulas by persons who have not very

thoroughly familiarized themselves with the process of evolu-

tion which has led very naturally to the conceptions at

present held by the leading chemists of the world. Indeed

some of the most telling objections raised have been based

in a vague sort of way upon the idea that the formulas did

violence to certain (undefined) mathematical truths. It is,

hence, doubly interesting to find a mathematician using the

language which we have above quoted.

in another passage the same idea is expressed in a different

way :
" Chemical graphs, at all events for the present, ai*e to be

regarded as mere translations into geometrical forms of trains

of priorities and sequences having their proper habitat in the

sphere of order and existing quite outside the world of space."

The conception of variable valence which causes so much
difficulty for chemists finds no analogy in algebra, but Prof.

Sylvester recognizes this difficult}^ and proposes an hypothesis

for the purpose of explaining the variability. This hypo-
thesis is certainly much more satisfactory than any that has

thus far been proposed ; though it is well to bear in mind that

those hitherto proposed scarcely deserve the name of hypo-
thesis. "It is this: leaving undisturbed the univalent atoms,

let every other n-valent atom be regarded as constituted of an
n-ad of trivalent atomicules arranged along the apices of a
polygon of 71 sides. Thus sextivalent, quinquivalent and quad-
rivalent atoms in

their maximum
valence will be

represented by
the adjoining fig-

ures where the

letters denote
trivalent atomicules. When the valence is reduced by two we
need only conceive any one of the side loops doubled or a
new loop as formed by the coalescence of a pair of free

bonds or tails. . . . We iiave thus a conceivable and con-
formable-to-analogy method of accounting for the vari-

ability in question. So likewise, a trivalent atom with
maximum state of valence will be repi'esented by

and when univalent by figure 2

This hypothesis of atomicules, if

unobjectionable on other grounds,
would not be open to the charge
of having any tendency to disturb

or complicate the existing graph-
ology; for we should still be at

perfect liberty to substitute for the graphs (a) of the sub-

joined figures the abridged notation (b), and should naturally

figure 1
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(a)

i

T

(b)

:i»

(a) (b)

c c

c c

do so when considering the relations of atoms to each other.
The beautiful theory of atomicity has its home in the attrac-

tive, but somewhat migty, borderland \y\ug between fancy
and reality, and cannot, I think, suffer from any not absolutely
irrational guess which may assist the chemical enquirer to

rise to a higher level of contemplation of the possibilities of
his subject."

In a letter to Prof Sylvester, by Dr. Frankland, published
in the Avier. Journ. Mathematics, Vol. I. p. 345, reference is

made to the hypothesis just described in the following words :

" It seems to me that your conception of the constitution of
atoms may prove of great value, not in its application to

variation of atomicity, but in furnishing an explanation of the
behavior of certain atoms which has long puzzled me and
doubtless also other chemists. Carbon affords the best ex-

ample of what I mean. The strong affinity of cai'bon for car-

bon is a quality upon which depends the very existence of
nearly every organic compound, and sharply distinguishes

these compounds from the almost equally complex siliceous

minerals, in which the atoms of silicon are, in no single in-

stance, combined with each other. The most obvious expla-
nation would be that the bonds of carbon are + and — to each
other, whilst those of silicon are identical or endowed with
energ}'- of the same kind and intensity. But it is a remarkable
fact that hitherto, with very few and dubious exceptions, all at-

tempts to establish a dif- ference between the four
bonds ofthe carbon atom -fb have failed. Thus, if an
atom of carbon be com-

|
bined with four atoms or

monad groups, a, b, c, d,—c —C— a+ of which a and b are +
and c and d — , it does

|

in what order these —

d

the carbon atom ; for

be replaced by a neg- +b

not matter apparently
bodies are introduced to

instance, if the body +a
ative body —e, and

—c by a + body
|

-ff; and if then in

another molecule of—c —C— a+,—c be replaced by —

e

and "ha by +f, the two
|

new molecules are iden-

tical and not isomeric —

d

as might be expected.
But if, according to your conception, each bond
is tripartite, it could, of course, exert either + or — energy
according to the quality of the atom or group presented to it."

We must confess that to us there is something very attrac-

tive in this hypothesis of " atomicules." Not that it gives ^a

full and satisfactory explanation of the numerous puzzling
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facts known to chemists, which have always interfered with
the acceptance of the idea of valence; but it approaches more
nearly to a working hypothesis than any idea that has as yet
been proposed. It seems possible that experimental methods
now in use may, if properly applied, enable us to test the ac-

curacy of the hypothesis.

Some such possibilit}^ is suggested by the remarks* of Prof.

Mallet on the paper under consideration. In these remarks,
attention is called to the fact that the conversion of ozone into

ordinary oxygen is accompanied by an evolution of

heat. The ordinary graphs for oxygen and ozone O O
do not offer any explanation of this fact, for the

number of bonds for each atom and the average dis-

tance between it and the other atoms with which
it is connected is just the same in 0^=0 and in O

(Ordinary Oxygen) (Ozone.)

On the other hand, by moans of the graphs of Professor

Sylvester, a possible reason for the observed thermal relutiont*

can be discovered. For *' the average distance between the

atoms, as also between the atomicules, is increased in passing

from the ordinary form of oxygen to ozone ; or, in other
words, the production of ozone from oxygen gas is an act of

partial chemical decomposition,f not resulting in the detach-

ment of the constituent atoms from each other; on the con-

trary', leaving them in a state of definite chemical combination,

but removed further apart than they were in the more stable

form of the element; hence, as in complete, so in this which I

have called partial decomposition, extraneous energy is neces-

sary ; while the reverse change, from ozone back to ordinary
oxygen, is an act of more intimate chemical union, resulting

in closer approximation of the constituent parts of the mole-
cule, and hence attended with evolution of energy, as in the

form of heat."

Similar observations in connection with the allotropic forms
of phosphorus, and possibly also with the diiferent varieties of
sulphur, might throw some light, though it v/ould be but faint,

upon the hypothesis of "atomicules." It is not probable,

however, that any vqyj satisfactory experimental evidence,

either for or against the existence of atomicules, can be given.

Whether, after almost infinitely more is known than is at

present known, in regard to the conduct of substances towards
one another under the most varied circumstances, it will be
possible by mathematical reasoning to pierce the veil which
now hides from us the structure of matter, is a question which
cannot be positively answered. But the attempt to answer it

will necessarily reveal to us very clearly our present position.

Editor.
Aaier. Jonrnal Mathematics, Vol. I. p. 277.

t The word deformation has been suggested to as to express this idea.—Ed.
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Lectuke Notes on Chemical Physiology and Pathology. By
Victor C. Vaugbau, M. D., Ph. D. Pp. 315. Ann Arbor Printing
and Publishing Company.

This book is an unusually good one of its kind. Of course
a treatise on physiological chemistry which almost entirely

avoids the consideration of the chemical processes going on in

the living bod}' (containing, for instance, hardly any reference

to such important questions as the sources of animal fats and
of glycogen), is very incomplete. But we imagine that practi-

cally no one will be deceived by the title. It has somehow come
to pass that the stud}- of the proximate and ultimate constituents

of the dead body, the composition of the secretions of the living

body, and some account of the chemistry of digestion, are con-

sidered the end and aim of physiological chemistry, and on
such points the information given by the author is tolerably

full and more accurate than common. The selection of topics

has no doubt been largely influenced by their fitness for prac-

tical study in the laboratory and to a certain extent by their

importance to the medical practitioner: thus more than half

the book is devoted to the consideration of the urine. But on
any principle of selection we find it hard to account for the
absence of even a brief account of the gaseous interchanges
occurring in respiration ; since in the hands of Pettenkofer
and Yoit and others they have thrown more light than any
other material exchanges between the living animal and its

environment, upon the chemical processes in the body in rest

or work and on difterent diets. At least rough quantitative

examination of the inspired and expired air could be carried

on by most students; and we think the more advanced might
well be taught something of the mode of examining the blood
gases.

The great bulk of the work is of course a compilation, but
in several subjects the author records experiments made on
himself or on his students with their co-operation. Those on
the relationship of the daily urea excretion to the kind of

food eaten and to muscular work, although they give no new
results, are especially welcome now, when under the powerful
influence of Flint there seems some danger in this country of

a revival of Liebig's erroneous views. The concise critical

statement of the question given by the author will also be

useful, and under present circumstances we would have been
glad to see it expanded.
Of errors we have detected but few. One is the statement

that Kuhne has proposed the terms antipeptone and hemi-
peptoue as equivalent to the parapeptone and peptone of

Meissner, In fact Kiihne strives to show that parapeptone is

not a product of normal digestion at all, but that under the

influence of the gastric secretion two groups, which he calls

the anti and hemi groups, are produced by the splitting up,

8
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with hydration probably, of albuminous bodies, which latter

he considers to contain anti- and heini- residues. If this view
be correct; it is of such importance as giving the first clue to

the constitution of this class of bodies, that we think some
space might well have been devoted to an account of it.

It will, however, be so much of a novelty to have a physio-

logical chemistry of manageable size and general accuracy, to

place in the hands of students as a guide in their laboratory

work, that we have no doubt Dr. Vaughan's book, in spite of

its faults, (which are nearly all of the easily condonable type
of sins of omission) will be welcome wherever there is a

physiological laboratory.

H. Newell Martin.

Bkief Review op the most important Chakges in the Industrial
Applications op Chemistry within the last pew Years. By
J. W. Mallet.

A thoughtful survey of the varying uses made by man of

the forms of matter which surround him, and of the different

methods by which he works these materials and fits them to

his service, is always interesting. The ample and valuable

reports upon the progress of industrial chemistry which
appear nowadays at frequent intervals are not simply useful

to the manufacturer engaged in each special bi-anch of indus-

try, but may be read with pleasure and profit by the student

of scientific chemistry, who can look beyond the mere results

of experience and trace the history of principles side by side

with that of their application ; and by the well educated
general reader, who may see spread before him one field, and
that not a small one, of our expanding domain over external

nature, the domain which constitutes our material civilization.

The very thoroughness, however, with which the best

reports of this kind are prepared makes it somewhat difficult

to obtain from them a broad, general picture of the condition

of chemical industry from time to time. One's attention is

.taken up and one's memory wearied by the multitude of

details, a large proportion of which are of subordinate or

temporary importance, while the transition from one great

phase of a manufacture to another is thus rendered less

noticeable
;
just as, when one becomes entangled in the

movement of a great army, the impression of endlessly suc-

ceeding men and hoi-ses and individual commands makes it

far from easy to obtain any general idea of the main direction

taken or the changes in the positions taken up. It may,
therefore, be worth while to attempt a short, condensed
sketch of the principal changes which the last few years have
brought about in the condition of the manufactures most
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dependent upon chemistry, overlooking the slow and often
uncertain steps by which results have been reached, and the
smaller details of improvement in the results themselves. Such
a sketch must of necessit}^ include matters for the most part
familiar to all those whose attention has been given to this
class of subjects, but need not on that account bo without
interest even for such.

It is not easy, nor is it necessaiy, to define with exactness
what is meant by thus speaking of the "last few years."
DiflFerent industries do not advance pari passu, and the
position in which one is found at present may be essentially

that Avhich it assumed twenty or twenty-five years ago, while
another may have undergone an important change within
two or three or ten years, and a third may be now in the very
act of transformation. It best answers the purpose aimed at

to note for each the chief features of its present condition and
most recent changes of importance. In some directions little

or nothing is to be observed of really noteworthy progress,

the histor}' of a manufacture for a long time past involving
either merely improvements in small though perhaps useful

details, or attempts at new processes tried for a while and
then allowed to pass out of use as unfit to replace older

methods.
In such a general survey as is proposed, the salient points

most attracting attention may be classified somewhat as

follows :

I.—Improvements in the attainment of old results ; depend-
ing on :

1. New soui-ces of supply of long known materials.

2. Introduction of new materials.

3. New processes involving either new principles or modi-
fications in the application of old ones.

4. ISTew mechanical appliances.

II.—Attainment of new results arising from:
1. New means of production.

2. New demands from consumers.
III.—Disposition made of:

1. Old and
2. New secondary products or waste materials.

lY.—New and special conditions of work, as :

1. Changes in labor market.
2. Changes in legislation, taxation, tariffs, &c.

3. Exceptional demands for particular products, as under
stress of war, blockade, &c.

V.—Problems

:

1. Long outstanding.

2. Eecently suggesting themselves, which still await solu-

tion.

As regards the several departments of industry which may
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be claimed as chemical, or closely related to chemistry, they
will be run over pretty nearly in the order in which the
writer has been in the habit of discussing them in annual
lectures to one of his classes of students.

Fuel, and Arrangements for the artificial Production of Heat.

Under this head we may fairly place foremost in importance
among still recent improvements the admirable gas furnace of

Siemens. The inveniion, in its practical shape, involves two
distinct ideas. First, the production by simple, readily con-

trolled meanSj and from cheap, even refuse forms of combus-
tible matter of a purely gaseous fuel, the supply of which to

the furnace can be regulated as easily as by turning a stop-

cock, while all injury to the material heated arising from
soot, ashes and un burnt particles of solid fuel is completely
obviated; secondly, the ai'rangoment of a hearth in which
this gas ma}^ be burned in admixture with air after both have
been separately raised to a high temperature by passage
through heated chambers filled with loosel}' piled fire-brick,

while the heating of a second pair of such chambers, through
which the gas and air may be turned after the others have
cooled down, is accomplished b}' leading through them on the

way to the chimney the products of combustion from the

other end of the hearth. By shifting the dampers or valves

at intervals the air and gas supply is transferred from one
end of the hearth to the other, one pair of fire-brick chambers
being al\va3's engaged in storing up heat which otherwise
would go to waste with the draft up the chimney, while from
the other pair such accumulated heat is taken up by the

gaseous fuel and air on their way to the hearth. In fact we
have here essentially the principles of the " oxyhj^drogen blow-

pipe " and the "hot blast" combined and applied in simple

form and upon a grand scale. As to the temperature so

producible, it may be said that its practical limit is found in

the difficulty of getting material infusible enough for the

hearth lining, while the actual temperature at which the

furnace is Avorked may be regulated by simply turning on or

off the valves which control the admission of gas and air, and
with a precision far beyond that which depends upon any
mechanical stoking of solid fuel. And, most difficult object of

all to attain with any of the older forms of furnace, and of

great importance often from the chemical point of view—the

relative supplies of combustible gas and air may be easily so

adjusted by using the respective valves independently as to

jneld in the hearth an oxidizing, a reducing, or a perfectly

neutral atmosphere.
Whether in connection with the "regenerator" gas furnace

or the old-fashioned reverberatory, a most useful labor-saving
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appliance of comparatively recent years is the rotating hearth,

a cylindrical or barrel-shaped vessel of iron lined with
infusible material which is slowly revolved about its axis of
figure by gearing on the outside, while through it from end
to end passes the flame on its way to the chimney; the mate-
rial to be heated being turned over and over, its different

parts mixed, and fresh surfaces exjx)sed to the flame, without
the necessity for severe manual labor on the part of workmen
with iron bars, and without the exposure to air which the

introduction of these bars entails.

The simplicity and economy with which combustible mate-
rial, otherwise of small value, may be converted into gaseous
fuel in the " generator" of Siemens' invention, and the advan-
tages which attend the use of fuel in this form, apart from its

employment in his furnaces, suggest a probably much wider
field for its use in the future in connection with various

branches of chemical manufacture. " Water-gas," essentially

a mixture in various proportions of hydrogen, carbon monox-
ide, carbon dioxide, and atmospheric nitrogen, obtained by
bringing water in contact with glowing carbon, whose com-
bustion is properly regulated, seems to have first been dis-

tinctly noticed by Fontana in 1780, and has repeatedly since

then attracted attention, but no arrangement for its ready
production at will hiis combined so many practical advantages
as the Siemens generator.

To some extent the immense natural supplies of combustible
gas—chiefly methane and ethane—obtainable in portions of

the petroleum region of Pennsylvania, Ohio and West Virginia,

have been utilized as fuel, but the merely local character of

such supply must alwaj^s very much limit its importance.

The great loss of heat, amounting to about two-thirds of

that producible from, the fuel used, which is involved in

allowing the formation in a furnace of carbon monoxide, and its

escape unburnt or burned only to waste,* has come to be pretty

generallj'^ understood ; and especially from blast furnaces used

in making pig-iron, is this gas now very commonly collected

h^^ means of suitable flues from the upper part of the furnace,

and made use of not on\j for purposes connected with the

working of the furnace itself, as raising steam for the engine

and heating the blast, but occasionally as the means of pro-

ducing heat for other objects, as burning lime, bricks, common
pottery, &c. The time is not far back when this portion of

the fuel was almost always wasted.

For certain purposes, though not most prominently for

chemical manufactures, the use of liquid fuel claims serious

attention ; but the most valuable material of this kind which

*0 burned to CO2 evolves 96.960 heat units (obtained by complete combustion).
CO •> '• COz " 67.284 •' " (lost by escape of 00).

C escaping as CO " 29.676 " "
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we possess, crude petroleum, distinguished by its great heat-

producing power, its abundance and cheapness, still awaits a

satisfactory solution of the problem of its application.

When lower temperatures than those directly resulting

from combustion are required, steam becomes invaluable as

the means of transmitting, distributing and regulating the
supply of heat, and both at the boiling point and superheated,

both at ordinary and high pressure, it plays a more and more
important part in the arrangement of chemical factories, the
water resulting from its condensation being at pleasure

allowed to mingle with or excluded from the material heated,

while the escape of steam itself is sometimes available as the
means of producing mechanical agitation.

It may not be unworthy of mention that the "slag-wool "

now produced upon a fairly large scale by blowing a jet of
steam or air forcibly over the surface of furnace slag in a
state of fusion, affords an excellent material for jacketting
boilers, steam-pipes, hot-air flues, &c., in order to greatly
diminish, by its low conducting power, the loss of heat in

transmission, while danger from fire and annoyance from
rotting or mouldering of organic substances, are obviated by
the unalterable character of this mineral material.

Metallurgy— Iron.

The grand fact in the history of iron for the last twenty
years has been the gradual but pretty rapid substitution of

the softer varieties of steel to a very large extent for wrought
iron. The earlier experiments of Bessemer and some others

who worked at about the same time, were directed to the
production of this latter material by a quicker and easier

process than "puddling" for the removal of the carbon of

cast-iron. These experiments were unsuccessful so far as the
complete removal of carbon and production of thoi'oughly

soft, pure iron was concerned ; but they proved the feasibilit}''

of manufacturing steel directly from cast-iron with far less

expenditure of time, fuel and labor than older methods, suyh
as " cementation," involved, in which carbon had first to be
removed, producing wi"ought iron, and subsequentl}^ added
again slowly and in restricted amount. The new processes,

moreover, carried with them the great advantage of opera-
tion at so high a temperature that the metal was completely
fused, and hence much more uniform in character than when
masses were consolidated by welding only from parts varj'ing

in the amount of carbon, and hence in phj'sical properties, and
retaining also in the case of bar-iron more or less remains of
slag. It did not take long to show that these characteristi-

cally new processes were not destined to replace the older

ones for the manufacture of wrought iron, projierly so-called,
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but it was not so quickly perceived that neither vvei-e they
fitted for the production of the best steel, of such kinds as the
name had previously been most connected with, and for such
uses as it had previously been most largely applied to.

Gradually it became apparent that the true function of the
newly invented methods was mainly the production of a new
material, containing carbon in relatively small amount, com-
bining the toughness and workable qualities of wrought iron
with the great tensile sti-ongth, rigidity, some of the hardness,
and especially the homogeneity due to practicable fusibility,

of steel. The "mild steel" which is the essential result of the
recent processes of manufacture, is not the " tool steel " which
not many years ago was pictured in every one's mind in connec-
tion with the name steel, but it is a substance available for a
far wider range of uses and applicable upon a far greater scale.

Of the various individual processes which have been pro-
posed and tried for the rapid production of mild steel, deci-

dedly the most successful have been those of Bessemer and
Siemens

;
the former consisting essentially in forcing a blast of

air under high pressure into molten cast-iron in a suitable
" converting vessel," thus rapidly burning out the carbon and
silicon, mixing with the fluid metal a determined amount of
separately fused cast-iron containing a known amount of car-

bon, and casting the product into ingot moulds; while the
latter brings into play the admirable peculiarities of the gas
furnace, by fusing together at the extremely high temperature
which it atfords, and in the entirely controllable chemical at-

mosphere of its hearth, pig-iron and scrap wrought-iron, as
suggested by Martin, or pig-iron and iron ore (an oxide) on
the plan of Uchatius, but on a much greater scale in either
case, so apportioning the carbon and iron left together in the
fused product that steel of the required character shall be ob-

tained. In a sense it may be said that the invention of
Siemens, leading to the manufacture of "Siemens-Martin"
and "Landon-Siemens " steel, has supplemented the Bessemer
converter, and by providing a way for profitably using up vast
stores of old wrought-iron already on hand, has permitted the
more rapid substitution of steel manufactui-ed by both methods.
By these two processes, within the last two or three years an
annual product of more than 2,500,000 tons for the world at
large has been turned out.

During the period in which so much attention has been
concentrated upon steel, much has been learned in reference

to the effect in its production and upon its properties of even
very small quantities of other elements than iron, though
much still remains to be ascertained in this direction.* The

*An important paper by V. Deshayes has recently been published (Bull, de la Soc.
Chim. de Paris—20 Fev. & 5 Mars, 1S79), giving the reaalts of an extensive exami-
nation of the influence upon the physical properties of steel of its various minor
constituents—phosphorus, silicon, manganese, <S;c.
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most important points which have been ascertained are those
in regard to the benefit derivable in the manufacture, particu-

larly of Bessemer steel, from the presence in the iron of man-
ganese and silicon; the chief function of the former being the
removal, to some extent, of sulphur, phosphorus and oxj-gen,

which, if allowed to remain, greatly impair the mechanical
excellence of the product, while they exhibit a stronger ten-

dency to combine with manganese than with iron, and thus get

carried off into the slag; silicon, on the other hand, aiding by its

combustion to keep up the high temperature in the converter
which maintains the fluidity of the metal, and uniting when
burned with the basic oxides to form and separate from the

metal a removable form of fluid slag. The observed benefit

arising from the presence of these two substances has stimu-

lated the production, for use in connection with steel-making,

of cast-iron rich in silicon, of crystalline "spiegel-eisen," con-

taining a larife and uniform amount of carbon along with
manganese, and lately of alloys of iron and manganese—the

so-called ferro-manganese—containing, as in the product of

the French Terre-Noire works, up to 65, and even 85, per
cent, of the latter metal. Another point, and of unexpected
character, has but lately been ascertained—namely, that if the

percentage of carbon in steel be reduced, phosphorus may be

admitted to an extent which would be seriously injurious if the

normal amount of carbon for the kind of steel required had
been present. Some remarkable specimens of steel from works
on the Siemens-Martin plan, in ISTew Jersey, in the possession

of the writei-, illustrate this distinctly. Notwithstanding the

numerous attempts, too often reported on by interested

parties, to produce valuable alloyed forms of iron or steel by
addition of other metals, most of which attempts have led to

no permanent results of real importance, it remains much to

be desired that a systematic examination should be made by
impartial hands of the alloys of iron, with and without the

presence of carbon, trustworthy analyses being made of the

products, and at the same time their physical characters sub-

mitted to well-defined tests. Up to this time the only two of

the more refractory metals which seem to have proved them-
Belves capable of influencing in any useful way the properties

of steel are tungsten and chromium, which give hardness, ac-

companied however by increased brittleness. The increase

of retentive capacity for magnetism which tungsten is reported

as producing may perhaps prove valuable in the construction

of dynamo-electric machines.

As regards wrought-iron, whose day for many purposes can

by no means be considered as gone by, the most notable manu-
facturing improvement has undoubtedly been the introduc-

tion of mechanical puddling as a substitute for the more
laborious and less uniform hand-work. After many previous
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attempts, success in this direction has come with the applica-

tion of the rotating hearth, of which the Danks furnace
arrangement deserves to be taken as the type. The more
general use of currents of water through double furnace-walls
as the means of allowing the highest temperatures within,
with diminished risk of injury to the walls themselves, is an
extension of the long-used water-backs of the refinery furnace.

For cast-iron^fcside from the marked increase in the size of
many of the furnaces built, and in some hands the use of a
blast of considerably higher temperature than was usual a few
3'ears ago, the question of most interest has been that of the
elimination from the metal of phosphorus and sulphur, partic-

ularly the former, with a view to the supply of metal to the
steel-makers suited in this respect to their requirements, since

the modern methods of steel manufacture do not tend to

remove phosphorus if present, the Bessemer process even rela-

tively increasing its amount, and its i-etention in the steel to

any large extent being ordinarily in the highest degree objec-

tionable. The comparative scarcity and therefore cost of ores

originally free, or nearly so, from phosphorus, while others
are abundant against which the presence of this element can
alone be urged in objection, renders the problem one of great
importance.* Of the many plans pi'oposed for getting rid of
the undesirable element, two seem most to deserve notice. It

has been found that in Cleveland ironstone from Yorkshire in

England, and the same is probably true of many other ores,

the phosphorus exists mainly, if not solely, as calcium phos-
phate, and that by washing the ore with a solution of sul-

phurous acid, obtained by passing the sulphur dioxide from
burning pyrites into water, a large proportion, up to even 90
per cent, of the phosphorus, may be dissolved out and removed.
It has been urged against this process as a fatal objection that
the ore must be in fine powder to allow sufficiently thorough
contact with the liquid acid, while the pulverulent condition
unfits it for smelting in the ordinary way. While this is true

as regards after use in the blast furnace, it seems quite pos-

sible that ore in powder might be managed in the Siemens
furnace for the production of *' Landon " steel, and, in the
absence of material naturally pure enough, this process of pre-

paratory washing may yet find application to a certain extent.

The other plan to be mentioned has more extensive claims to

attention, if the facts upon which it rests are fully confirmed
by further experience, and if it can be brought into practically

workable shape. Mr. Lowthian Bell, to whose intelligently

* It seems possible that one of the main features of Beaton's process for making
steel from cast-iron rich in phosphorus — viz. oxidation by sodium nitrate at the
bottom of a converting vessel — may be revived in perhaps a more permanently
successful form. M. Gruner asserts of late (Bull, de la Soc. d'Kocourag. pour
I'Indust. Nation. Jan. 1879) that phosphorus may be removed in either the Besse-
mer converter or the Siemens furnace if a refractory basic lining be substituted
for one of siliceous material.

9
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directed researches we owe much important information in

regard to the chemistry of iron-smelting, believes he has as*

certaiued that phosphorus may be in large measure removed
from melted cast-iron by oxidation at a temperature lower
than that suited for puddling, the oxygen being derived from
a bath of molten oxide of iron or slag very rich in such oxide

;

though at a higher temperature, at all approaching that of the

Bessemer converter, phosphorus would be talfen up again by
the iron from the very same slag. It is proposed that the

iron shall be brought rapidly into contact with the rich

slag by running it from the furnace into a circular converting

vessel, revolving about its axis and containing the slag already

in a state of fusion. In one experiment it was found that the

phosphorus in iron from Cleveland ore could by such treat-

ment be brought down to .055 per cent., while continued con-

tact, at full puddling heat, with the puddling furnace slag

which had served as the means of purification, raised the pro-

portion of phosphorus again to .153 per cent, in 65 minutes,

and to .365 per cent, in three hours. These experiments are

suggestive and full of promise that a solution of this impor-
tant problem will yet be found, though as yet it cannot be
said to have been reached in a practically useful and gener-

ally applicable form.

In noting the chemical aspects of the iron and steel in-

dustry, as developed in the last quarter of a century, we can

not overlook the magnificent scale upon which the mechanical
appliances used in working the metal have outgrown their

former dimensions,

A visit to such works as those of Creuzot in France,
Krupp's establishment at Essen, in Germany, the heavy gun
factories at Chatham and the armor-plate mills at Shefiield, in

England, or even to several of the works which have grown
up in this country, presents a truly impressive picture of me-
chanical power directed and controlled by human brains.

Such a single tool as the great Creuzot steam-hammer, with
its 75 or 80 tons of iron falling 18 feet upon an anvil of nearly

900 tons, and capable of forging masses of steel of 120 tons or

more, represents a marvellous advance upon the means at the

command of the iron-workers of fifty or even twent}- years ago.

Yet the very source of the demand for these mighty machine-
tools, the growth of the manufacture of iron, and yet more
steel, has in the improved character of the material produced
opened up a still wider field and enlarged possibilities for the
employment of mechanical energy upon the grandest scale.

{To be continued.)
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NOTES.

Material for Standard Weights and Measures.

Fried. Mohr suggests that a block of uncrystalline, black
marble be used for the standard meter. The block should
have the dimensions: 111 cm. in length; 20 cm. in height
and breadth ; i. e. it should be a parallelepipedon of 44,000
cc. The specific gravity being 2.7, the weight of the block
would be 118.8 kilograms, or nearly 3 J cwt. These dimensions
afford sufficient protection against, 1, breaking; 2, distortion

;

3, sudden action of heat; 4, theft; and further they admit of
the possibility of determining the temperature of the block

exactly, as a thermometer can be sunk into a hole reaching to

the middle of the block. The coeflRcient of expansion of

black marble is 0.0000045 for 1° C. As the meter has 1000
mm., Y^ViS" nira- = 1 millionth part of a meter. 4.5 thou-

sandths of a millimeter =:-5^^ mm., a distance which cannot
be seen without the microscope.

The author considers rock-crystal the best material for

weights, but as such weights would necessarily be very dear,

he suggests the use of solid glass containing a large propor-
tion of silicic acid. The conditions to be satisfied are: 1st.

That all the weights should be made from materials of the

same density ; 2d. That the specific gravity of the pieces used
should approach nearly to that of the substances commonly
weighed ; and 3d. That the weights should have a certain

hardness to protect them from wear.

—

{Atmaleji der Chemie,

194, 1.)

Nitrous Oxide as an Anaesthetic Agent.

P. Bert has made some experiments on animals which indi-

cate the possibility of employing nitrous oxide as an ansesthetic

agent in the cases of operations requiring considerable time.

The use of the gas is dangerous because it must be inhaled in

pure condition, and hence suffocation soon follows in conse-

quence of a lack of oxygen. The fact that the gas must be
inhaled in pure condition signifies simply that its tension must
be equal to one atmosphere in order that enough shall enter

into the system. If, however, the patient is placed in an
appai'atus in which the pressure is increased to two atmo-
spheres, then a mixture of 50 per cent, nitrous oxide and 50
per cent, air ma}^ be employed. The anesthesia will be

eflfected, while at the same time the normal quantity of oxygen
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finds its way into the blood, and normal conditions of respira-

tion are preserved. The author's experiments on animals

showed the correctness of the above reasoning. Unconscious-

ness was reached while normal respiration continued, and this

condition could be maintained for an hour. On removing the

bag which contained the mixture of gases the animal i-eturned

to its normal condition after two or three inhalations of fresh

air. During the action of the anesthetic, the animal showed
no signs of pain even when nerves laid bare for the purpose

were subjected to pressure or when its limbs were amputated.

No bad after-effects were observed.

—

(Comptes rendus, 87, 728.)

Purification of Mercury.

J. W. Bruehl recommends the use of chromic acid for the

purification of mercury. Twenty -five kilograms of mercury
which contained a considerable quantity of Wood's metal were
perfectl}'' freed from the foreign substance in about two hours.

To 1 liter water are added 5 gr. potassium bichromate and a

few cubic centimetres sulphuric acid, and an equal volume of

mercury is well shaken with this mixture. The metal breaks

up into globules, while a verj- small quantit}^ is transformed
temporarily into red chromate. The flask is shaken until the

red powder has disappeared, and the aqueous solution becomes
pure green from the chromium sulphate formed. A strong

current of water is now passed into the flask, and a fine gray
powder which lies upon the surface of the mercury and
between the globules, and consists of the oxides of the metals,

is thus washed away. According to the degree of impurity

this pi-ocess is repeated once or twice more, and finally the

whole is shaken with distilled water until no more gray
powder is washed away, and the water remains perfeciiy clear.

This method was tested with a large quantity of wa.sie mer-

cury that had accumulated in the author's laboratoi-y in con-

sequence of the amalgamation of the zinc plates of :i battery.

Much of this mercury contained so much zinc, copper and lead

that it was solid. In the course of an afternoon it was puri-

fied so completely that Avheu shaken in a porcelain dish it did

not leave a trace of a mark upon the porcelain.

—

{Ber. deutsch.

chem. Gesell. XII. 205.)

On the Preparation of Hydrogen Sulphide in Chemico-Legal
Examinations.

Formerly hydrogen sulphide for chemico-legal examina-

tions was unhesitatingly prepared from crude materials, gen-

erally from commercial iron sulphide with crude sulphuric

or hydrochloric acid, probably because it was thought that

the formation of arsine in a liquid in which hydrogen sul-
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phide is being evolved was impossible. In 1869 J. Otto
found that arsine was contained in hydrogen sulphide from im-
pure materials. Myers found later that arsine and hydrogen
sulphide can exist in each other's presence at ordinary tempera-
tures. Myers is of the opinion that the formation of arsine is

duo to the presence of arsenic in the acids and not in the iron

sulphide. The author states that his own experiments serve
in general to confirm the opinion of Myers, but he adds that the
iron sulphide may also play a role in the formation of arsine.

Whatever the origin of the arsine may be, it is plain that
hydrogen sulphide containing this impurity is not fit for use.

It is hence absolutely necessary to make the hydrogen sulphide used

in forensic examinations from pure materials, free from arsenic,

DragendorflF recommends that the iron sulphide emploj-ed be
made from Avashed flowers of sulphur and pure wrought iron,

and that the first part of the distillate obtained in rectifying

sulphuric acid be used for decomposing the suljDhide, R.

Otto recommends the use of calcium sulphide, which can be

easily prepared by igniting gypsum with charcoal, and this ho
decomposes Avith pure hydrochloric acid. If the acid is

allowed to drop slowly upon the calcium sulphide underwater,
the sulphide being broken up in coarse pieces, a quiet and
regular current of pure hydrogen sulphide is obtained.

—

(^Ber,

deutsch. ch. Gesell. XII. 215.)

Notes on " Uranine.^^

The substance to which the trade name "Uranine" has been
given is now to be found in the hands of dealers in coal tar

dye-stufts, and has of late been made the subject of various
newspaper notices, drawing attention, sometimes in rather a
fanciful way, to the remarkable fluorescence of its solution.

The material ai)pcars as a red powder of somewhat the tint of
cuprous oxide, directly soluble in water, the solution having
an orange color by transmitted light, exhibiting vivid green
fluorescence, and directly dyeing animal fabrics a bright
golden yelhnv.

1. Qualitative examination shows that this coloring mate-
rial is sodium-fluoresceine, readily developing by bromination
the beautiful aurora red tints of cosine. Traces of the potas-

sium and calcium compounds are also detectable by means of

the spectroscope, but they are accidentally present only.

2. When the substance in the dry state is heated over a
lamp flame, it undergoes partial fusion and rapid charring,

producing a very voluminous coal, from the interior of which
the fused and decomposing mass is rapidly pushed out in oddly
contorted, worm-like cylinders, reproducing the appearance of

the " Pharaoh's serpents " (of sulpho-eyanate of mercury) which
were sold as toys a few years ago. This effect is most readily
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observed with a little of the powder taken up on a loop at the
end of a small platinum wire.

3. The fluorescence, which persists in extraordinarily dilute

solutions, is not observable in those of more than a certain

degree of conccnti'ation. In order to determine approximately
what degree of dilution is needed to produce the phenomenon,
1 grm. of the powder was dissolved in 10 ec. of water at
15° C, and more water gradually added. Witli 40 cc. fluo-

rescence began to be faintly seen ; the eflfect was not well

marked until about 100 cc. had been used, and it became
notably more brilliant up to a dilution of about 1 : 2000.

This effect of dilution is suggestive of partial dissociation of

the alkaline compound under the influence of the "mass " of

the water, for on preparing a cold solution of a strength just

too great to show fluorescence and applying heat, the green
light became perceptible, while heating to an equal extent did

not develop fluorescence if a lump of solid sodium hydrate had
previously been dropped in and dissolved.

4. " Uranine" may be used as a distinctive test for bromine,

the change from yellow to eosine-red being well marked, and
the reaction producible with a small enough quantity to give

it practical value. Thus, on d3'eing a bit of white silk with a
solution of 1 grm. uranine in 100 cc. of water and letting the
fabric dry, .0005 grm. of bromine in (saturated) bromine
water directly applied produced a minute rose-colored spot

;

.005 grm. of potassium bromide, representing .0033 grm.
bromine, was placed in a very small test-tube with a few milli-

grammes each of manganese dioxide and sulphuric acid; a bit

of white silk, 20 mm. by 4 mm., having a spot of 5 mm.
by 2^ mm. dyed yellow with uranine, dried, and one half the

surface of the spot slightly remoistcned, was placed in the

upper part of the tube, and the bottom was gently warmed, a
fairly recognizable change from yellow to red of the moistened
surface was produced. The change of color is not brought
about by chlorine, iodine, or the lower oxides of nitrogen.

Much chlorine along with bromine bleaches the fabric, but

even then careful observation during the progress of the action

will show the rosy tint around the edges of the spot which
has been dj'ed.

Univ. of Va., Feb. 24, 1879. J. W. Mallett.

The Amalgams of Chromium, Manganese, Iron, Cobalt and Nickel,

and a new Process for the Preparation of

Metallic Chromium.

H. MoissAU states that when a concentrated solution of

protochloride of chromium is shaken with sodium-amalgam,

part of the latter decomposes water, and oxide of chromium is

precipitated. Another part produces, by double decomposition,

chloride of sodium and an amalgam of chromium. This freed
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from sodium by boiling water is less liquid than mercury,
becomes covered with a black layer of oxide on exposure
to air, and is slowly decomposed in presence of dry air,

more quickly in presence of water. Heated in hydi'Ogen

to 350° it leaves a residue of metallic chromium in the

form of black, amorphous powder, which becomes suddenly
incandescent when heated to red heat on platinum foil, and is

converted into the green sesquioxido. The metallic chromium
thus obtained is not attacked by boiling sulphuric acid nor

by nitric acid, and only slowly by hot hj^drochloric acid.

This method of obtaining the amalgam is applicable to man-
ganese, iron, cobalt and nickel. Schoenbein obtained in this

way amalgams of iron and manganese, and Damour those of

nickel and cobalt, by zinc amalgam. The author also obtained

an amalgam of manganese by electrolysis of the protochloride,

using a negative electrode of mercury. He was able in this

way to obtain a crystallized pi-oduct, which when distilled at

4:4:6° left manganese in the form of powder. This when
touched with a drop of strong nitric acid became incandescent.

It also decomposes water slowly at ordinary temperatures,

more rapidly at 100". Electrolysis also gave amalgams of

nickel and cobalt, which were quite quickly oxidized by con-

tact with water. The amalgams thus obtained were less rich

than those of sodium, which fact the author attributes to op-

posing currents produced by the action of the amalgam upon
the liquids in contact with it.— (Comptes rendus, 88, 180.)

Jjead in Crystals of Potassium Iodide.

E. ScHERiNG calls attention to the fact that concentrated
solutions of potassium iodide take up lead iodide. This is of

special importance, inasmuch as the iodine employed in the

manufacture of potassium iodide sometimes contains load. In
concentrated solutions of potassium iodide which contain

lead, hydrogen sulphide at first causes a precipitate, but all the

lead cannot be precipitated by this means ; for the clear

filtrate when further evaporated yields crystals containing

lead. In order to remove all the lead from the jDOtassium

iodide it is necessary to dilute the solution greatly, and then
precipitate by means of hydrogen sulphide.

—

{Ber. deutsch.

ehem. GeselL XII. 156.)

Photographic Observations of the Spectrum of Oxygen.

Hermann W. Yogel has photographed the spectrum of pure
oxygen, using for the purpose the gelatine bromide of silver

plates prepared by Wratten and VVainwright in England.
These plates, which have only recently been introduced, are

fifteen times more sensitive than the most sensitive known wet



72 Noies

plates. The photographs will be published in the '' Beriehte

der kgl. Akademie der Wissenschaften in Berlin."

The photograph of the spectrum of hydrogen (obtained by

electrolysis and by heating potassium formate) has also been

taken successfully. In this, not only the three known lines in

the blue and violet are shown excellently, but also the red line

Ha, coincident with the C line of the sun, and a number of

other lines, of which some belong to mercury, and others still

remain to be determined. The author further states, that the

fourth hydrogen line (coincident with "A" of the sun) could

always be observed by Paalzowand himself with the naked eye,

using the simple induction current, notwithstanding the asser-

tion of Lockyer, that this line is visible only at a very high

temperature, such as is produced by interposing a Leyden jar.

The photographic observation of the spectra of the most

important gases will be continued by the author together with

Paalzow.

—

{Ber. deutsch. chem. Gesell. XII. 332.)

A New Chemical Industry established by M. Camille Vincent.

In countries where sugar is made from the beet the molasses

has for a long time been employed to yield alcohol by fermen-

tation, Thejuice of the beet, as well as that of the sugar-

cane, contains, in addition to the sugar, a large quantity of

extractive and nitrogenous matters, together with consider-

able quantities of alkaline salts. The waste liquids or spent-

wash irom the still—called vinasses in French—are wastefully

and ignorantly thrown away instead of being returned to the

land as a fertilizer.

In France where the liquids (vinasses) are evaporated to

dryness and calcined in order to save the alkaline salts, it is

now shown by M. Vincent that the volatile matter given off

in the process of calcination may be utilized. Among the pro-

ducts obtained is trimethylamine. When the hydrochloric

acid salt of this base in heated to 260° it yields ammonia, free

trimethylamine and chloride of methyl :

3N(CH3)3HC1 = 2N(CH3)3 + NH3 + 3CH3 CI.

Large quantities of methyl chloride are thus produced, and
this can be used in producing cold, and in preparing certain

methylated djQB. Thus a new branch of chemical industry is

opened. The subject Avill be treated more fully in a later

number of this journal.

—

{Nature,Yo\. 19, p. 308; and Dinglefs

poiytect. Journal, Vol. 230.)

Kolbe's Criticism of Baeyefs Address.

Last year Baeyer gave an address before the Roj^al Academy
of Sciences at Munich, which Kolbe has recently made the

subject of a scathing criticism of a novel character. After a
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few introductoiy remarks of a decidedly uncomplimentary
nature, and quite characteristic of the writer, he reprints in his

own journal* Baej'er's address in full in very heavy t^'pe, adding
here and there a sharp footnote, or an expressive word or two
in parenthesis. The address is called a dream because, ac-

cording to Kolbe, it could not have been the result of thought.
Much of the criticism is expressed by means of interrogation

and exclamation points, employed either separately or together;
while the words '' nonsense," "phrase," "style," "logic," are

•emploj'cd extensively in order to call the reader's attention to

the particular kind of error which the writer of the address
has committed. We quote some of the longer footnotes in order
to give a fairer idea of the criticism. At the beginning of his

address Baeyer alludes to Woehler's discovery of the artificial

formation of urea and uses the words, "Considered b}' itself

{it is) only of secondary interest." To this Kolbo remarks:
" Woehler's discoverj'^ . . . was considered from the beginning,

and is still considered to be one of the most important
discoveries which have been made in this centurj'' in the de-

partment lying between organic and inorganic chemistry, and
not only, as Baej-er sa3"S, because it formed an epoch in the
history of human knowledge, but also because the change
which takes place in the transformation of ammonium cj^anate

into urea by a rearrangement of the atoms in the molecule of

the former, considered by itself \a of the greatest interest even
at the present day, when the opinions of chemists in regard to

the nature of this change still differ widely." "It is impos-
sible to see what Baeyer had in mind when he wrote the pass-

iigc and what standard he employs when he characterizes

AVoehler's discovery of the artificial formation of urea as one
which, considered by itself, is only of secondary importance."
Again when Baeyer says, ** Woehler's discovery appearing in

the most modest garb," Kolbe remarks :
" The modesty of

the German chemists in the classical period of chemistry, to-

day arrests attention and occasions surprise—a characteristijc

of the present."

In referring to Baeyer's discussion in regard to the size of
molecules and their number in a given space, the critic says :

*' Nothing is simpler, and at the same time more thankless and
worthless, than to make such calculations, in which particu-

larly para-physicists take pleasure. In contradistinction to

the real, experimenting physicists, the ortho-physicists, who by
further experiments test the conclusions which they draw from
their experimental investigations, I call those para-physicists

who by preference use the experimental investigations of
others for the purpose of setting up hypotheses, but neglect to

test their hypotheses by means of their own, new experiments.
It is again particularly the modern chemists who are impressed

Journal fur prak. Ch. N. F. 18, 433.

10
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by these hypotheses. The third class of physicists, the meta-
physicists, believe that they can entirely dispense with the
experimental foundation in their i)hantasie8 in natural philo-

sophy."
The article, with all its curious additions, is certainly inter-

.esting and instructive reading.

Monument to Liehig.

The last report of the committee of German chemists on th&
Liobig monument was given by Hofmann at the last general

meeting of the German Chemical Society. A prize was first

offered for models, the competition being oj^en to artists of all

nations. About twenty models were sent in. These wer©
exhibited in Berlin for three weeks and then sent to Munich,
where they were again placed on exhibition. A jury consist-

ing of well-known chemists from different countries, and of

artists and other persons of acknowledged critical ability,

passed judgment upon the models exhibited, and after con-

sidering the matter for two days, awarded the first prize to

Professor Mich. Wagmueller of Munich. The Monument Com-
mittee then decided to enter into negotiations with Prof.

Wagmueller, and obtained from him an estimate of the cost of
the monument. The estimate was 107,000 marks ($26,000).

It was finally decided b}^ a vote of 3 to 2 to have the statue

for Munich made of marble, and that for Giessen of bronze.

Professor Hofmann was opposed to the use of marble, and in

his remarks before the German Chemical Society he said : "I
must confess that my feelings of objection to the erection of a
marble statue in Munich are not fully removed ; at the same
time, the erection of the same statue in marble and in bronze
under nearly the same conditions as regards climate, may
be regarded as an interesting experiment, the results of
which may furnish the chemists of the next century with
important points for a decision of the disputed question, bronze

vs. marble.'^

Death of Heinrich Geissler.

A loss which all chemists feel is occasioned by the death of
Heinrich Geissler of Bonn. In a quiet way this man has done
a groat deal to advance the physical sciences by devising and
perfecting many pieces of glass apparatus in daily use in la-

boratories. His skill in delicate glass-blowing is too well

known to require a word of notice here. His name is perhaps
most frequently connected with the so-called Geissler tubes for

studying different kinds of electi'ic discharge in rarefied gasea
or vapors. Besides his well-known mechanical labors, Geissler-

was engaged in some investigations of a purely scientific

character, particularly such as depended for their success-

upon the construction of peculiarly delicate pieces of appa-
ratus. He died on the 24th of January, at Bonn.
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DETERMINATION OF NITROGEN IN THE
ANALYSIS OF AGRICULTURAL

PRODUCTS.*

By S. W. Johnson and E. H. Jenkins.

In 1872, one of us foundf that the mixture of caustic soda

and caustic lime known as "soda-lime," and used in chemical

analysis to determine nitrogen quantitative!}', might be re-

placed by a much more easil}' prepared mixture of equal

volumes of dry sodium carbonate and shiked lime. There is

some difficulty in obtaining sodium carbonate suitable for this

use. The super-carbonate, which can be readily dried, often

contains nitrogen, and the crystals of sal-soda that, after

washing, are I'ree fi'om nitrogen, cannot be quickly dried to a

fine powder. After various trials, the following process of

preparing an effective soda-lime was devised:

Equal weights of sal-soda, in clean (washed) large crystals,

and of good white and promptly-slaking quick-lime, are sepa-

rately so far pulverized as to pass holes of ^V '"ch, then well

mixed together, placed in an iron pot, which should not be

more than half filled, and gently heated, at first without

* From the Kcport of the Counecticut Agricultural Experiment Station for ISTS

Oomnuuiicated by the Authors,

t Amer. Chemist, vol. iii, p. Itil.
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stirring. The lime soon begins to combine with the crystal

water of the sodium curboniite, the whole mass heats strongly,

swells up, and in a short time jnelds a fine powder,

which may then be stirred to effect intimate mixture and to

dry off" the excess of water, so far that the mass is not percep-

tibly moist and yet short of the point at which it rises in dust

on handling. When cold it is secured in well-closed bottles or

fruit-jars, and is read}' for use.

During the past yQnv a large number of comparative an-

alyses have been made on bone-dust, dried blood, fish-scraps,

guano, maize-meal, zein or maize-fibrin, and egg-albumin,

using soda-lime obtained as above described, and soda-lime

either prepared by ourselves according to the directions of

Varrentrap and Will, obtained by purchase (Merck's) or

kindly supplied by W. M. Ilabirshaw, Esq., Chemist to the New
York State Agricultural Society. These analyses have proved

that the new soda-lime gives perfectly satisfactory results in all

cases when soda-lime can be employed, or, at least, results

perfectly agreeing with those obtained by the help of the soda-

lime as usuall}' prepared. It is not needful to adduce analyses

here in support of this statement, since its truth will appear

from the soda-lime combustions to be shortly given, all of

which were made with this new mixture.

This soda-lime is to be recommended for the reasons that

the materials lor making it, sodium monocarbonate and quick-

lime, are everywhere procurable in a state of purity, the pre-

paration of many pounds of the mixture ma}' be accomplished

in an hour or two with little trouble, and the resultini; soda-

lime is extremely convenient to use, not absorbing moisture in

the mixing, and never swelling in the tube to obstruct it on

application of heat.

The controversy that has been so actively prosecuted of

late years as to the applicability of the soda-lime method of

determining nitrogen to the analj'sis of albuminoid matters,

has led us to review the entire subject as far as possible. It is

well known to chemists that a number of experimenters, viz.

Nowack, Seegen, Nencke, Liebermann, Voelcker, and Musso,

have failed to obtain with the soda-lime method as high

results on flesh, milk, and similar substances, as by the use of

the so-called absolute method, in which the organic body is
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burned with copper oxide and its nitrogen directly measured
in the state of gas. Even Ritthauscn, who has stoutly main-

tained the correctness of the soda-lime method, having em-
ployed it in his elaborate researches on the vegetable albumi-

noids, has very recently admitted that it fails to give all the

nitrogen of some of this class of bodies, and has fallen back on

the absolute method as the only one to be depended upon.

Since it is a matter of high impoi-tance in agricultural and

physiological work to use the most exact and especially the

most trustworth}^ methods, we have endeavored to investigate

the correctness of both modes of analysis, to stud}' the sources

of error to which they arc severally subject, and to learn what
is essential to bring out the greatest accuracy the}' are sus-

ceptible of.

We have been led to the conclusion that with the substances

above named, both methods when properly worked give

nearly accordant results. Dried blood, dried white of egg and

maize-fibrin (crude, obtained by liitthausen's methods) con-

taining 12 or more per cent, of nitrogen, have yielded us from

one to two-tenths of a per cent, less of nitrogen by the soda-

lime combustion than by the absolute method. Our observa-

tions satisfy us, moreover, that this discrepancy is no more due

to any fault of the soda-lime process than to the errors of the

absolute method ; errors caused, probably, by the impossibility

of removing the last traces of common air from the mixture,

either by long-continued transmission of pure carbonic gas or

by exhaustion with the Sprengel mercury pump, or by both

conjointly.

The following results of analyses by both methods are

offered to sustain our assertions. We have not selected these

analyses to establish the point, but give all the results we have

obtained since learning the best mode of conducting the ana-

lytical processes, and they fairly represent what the two

methods can accomplish when applied with suitable precau-

tions:

By the Absolute By Soda lime. Average
MeUiod. dlflerence.

f 12.54 per cent. 12.34 per cent.

I
1'-* 51 " 12 36 "

Egg Albumin, -{ 12.56 " 12 38 " .17 per cent.

I

12 44

L 12.59



80 Johnson and Jenhins.



Determination of Nitrogen. 81

ferred to the receiver by the pump, brought to a constant

temperature by a stream of hj^drant water and measured iu

the usual manner. The mercury pump employed is a veiy
effective one, of simple and easy construction, devised for use

in this kind of analysis.

\Yith regard to the handling of the soda-lime method the

following results have been arrived at:

1. C'ontrar}' to what is commonly stated, fine pulverization

of the substance to be analyzed is not necessary. If the sub-

stance will pass holes of one millimeter in diameter it is fine

enouii-h.

A sample of dried blood which passed through a sieve with

meshes one millimeter in diameter gave 7.58 per cent, of nitro-

gen. A portion of the same, ground extremely fine with sand,

gave 7.64 per cent.

Fish-scrap passed through the same sieve gave 8.98 percent,

of nitrogen
; when ground with sand, 8.95 per cent. A second

sample of fish sifted as above gave 8.69 per cent, nitrogen. By
the absolute method it yielded 8.79 per cent.

2. ]S"either the highest heat possible to obtain in an Erlen-

meyer gas combustion furnace, nor a long layer of strongly

heated soda-lime, nor these two conditions united, occasion

any appreciable dissociation of the ammonia formed in com-

bustion.

A sample of dried blood gave 11.42 per cent, of nitrogen

when the combustion was made in a tube 14 inches long at a

dull red heat.

The same sample yielded 11.56 per cent, when determined in

a tube 30 inches long, the mixture occupying 12 inches, and

the rinsings and clear soda-lime 16 inches, using as high a heat

as possible.

The same experiment was tried with egg-albumin. In a

tube 14 inches long it j'ielded 12.25 per cent.; in one 30

inches long, filled as above, 12.34 per cent.

A superphosphate containing animal matter yielded 3.02

per cent, of nitrogen when the heat was kept quite low, 3.04

per cent, when the heat during combustion was very bright

red.

3. The use of pure sugar or of oxalic acid as a diluent does

not in any way affect the result.
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Dried Blood, 0.5 grams, gave. 10.33 per cent, nitrogen.
" " with 0.5 grams sugar gave 10.29

" "

" 1.0
" " 10 08* "

Dried Blood, " gave 11.56
"

0.37 grams with 1 gram sugar gave. .11.53
" "

Egg Albumin, 0.5 " gave 12.51
" 0.4 " will) 0.5 grams sugar gave 12.41 " "

0.46 " " " "' 12.50
"

0.3 " " ' " 12.54
" "

Experiments with oxalic acid gave similar results.

4. Iron tubes of proper length may be substituted for glass.

The results are as satisfactory, but more time is required to

make the combustion.

The iron tubes used in the following trials were 22 inches

long. They were closed at the rear, and at the end of the

combustion were cleared of ammonia b^' heating a mixture of

oxalic acid or sugar and soda-lime, which was kept cool in the

rear of the tube till needed for this purpose.

In glass. In iron.

Egg Albumin 12.36 12.25 per cent nitrogen.

Dried Blood 11.42 11.56

Fish Scrap 9.01 8.99

8.71 8.68

8.66 8.72

Ammouiated Superphosphate 2.69 2.61 " "

2.71 2.68

In the Station Keport for 1877 it was stated that combus-

tions in iron tubes yielded 0.2 to 0.5 per cent, less than those

in glass. This deficiency was occasioned simply by using too

short an anterior layer of soda-lime, the tubes being but 14

inches long. Since iron is a good heat-conductor, these tubes

had an effective length much less than glass tubes of the same

dimensions would have.

5. A suitable length of the anterior layer of soda-lime must

be secured in order to get a good result. With 0.5 gram of

substances, such as are encountered in agricultural chemistry,

containing less than 8 per cent, of nitrogen, a glass tube of 12

to 14 inches is long enough. As the content of nitrogen in-

creases to 10 per cent, or over, we make the tubes several

inches longer. In the combustion of dried blood or egg-

a'bumin \\ a prefer ix tube 25 to 30 inches long, and the mixture

of soda-lime and substance should occupy rather less than half

*In this analysis the combustion was not couapletc, owing to the larj,'c amount of
eugar being mixed with iusufficieut soda-limu.
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the tube, a layer of pure soda-lime of 12 or more inches long

being essential for perfectly destroying the volatile organic

matters.

6. The long anterior layer of pure soda-lime must be brought

to a/w/Z red heat before heating the mixture, and must be so

kept throughout the combustion.

7. No fumes or tarry matters, indicative of incomplete com-

bustion, should appear in bulb-tube or receiver.

8. When the combustion proper is begun under the condi-

tions above described, it can be carried on quite rapidly until

completed. The contents of the tubes then show no sign of

un burned carbon.

9. We get equally good results whether the mixture is made
intimately in a mortar, or more roughly by stirring with a

spatula in a capsule or scoop, or by mixing in the tube with a

wire.

10. We usually allow the glass tube to cool somewhat be-

fore aspirating with air to sweep out the ammonia, but have

not as 3'et decided whether this precaution is essential.

11. We receive the ammonia of the combustion in a bulb-

tube or flask containing standarded hydi'ochloric acid, and we
measure the excess of acid bj^ a standard ammonia solution,

using tincture of cochineal as the indicator.

In conclusion, we recall the fact that some careful experi-

menters, Eitthauscn, Ma.n-cker, Petersen, Ivreusler, have re-

peatedly obtained results nearly as accordant as ours in the

use of the two methods. Such results could scarcely be acci-

dental, and we express our conviction that the discrepancies

observed by others have been due to imperfect working of the

processes. We have had great experience with both modes of

determining nitrogen (one of us for twenty-five years), and not

until recently have we learned how to be fairly certain of our

results on all the classes of substances we have had occasion

to analyze, either with the soda-lime process or by the abso-

lute method. The purity and uniformly satisfactory qualities

of the new soda-lime have greatly facilitated our work. The

use of cochineal as an indicator we consider very favorable to

exact titration.
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ON A METHOD FOR THE DETERMINATION
OF PHOSPHORIC ACID.*

By S. W. Johnson and E. H. Jenkins.

Otto long Jigo proposed a method for the separation of phos-

phoric acid from iron and aluminum which was based on the

fact that ammonium tartrate will prevent the precipitation of

the hydrates and phosphates of these metals in alkaline

solutions, but does not prevent the precipitation of ammonio-

magnesium phosphate.

W. Mayerf has shown that unless a large amount of

ammonium salts is present in solution, basic magnesium

tartrate will also be precipitated Avith the phosphate. He
prepared a solution for use in the determination of phos-

phoric acid in which the amounts of magnesium and

ammonium salts were in such relation that a precipitation

of basic mau'nesium tartrate was not to be ieared. Such

a solution cannot be used, however, for the direct gravi-

metric determination of phosphoric acid iu the presence of

much lime, because neutral calcium tartrate is apt to be

precipitated with the ammoiiio-magnesium phosphate.

F. StolbaJ has shown that pure ainmonio-magiiesium phos-

phate can be determined by titration as well as b}' Aveighing,

one molecule of the pure salt requiririg two molecules of

hydrochloric acid to destro}'^ its alkaline reaction. Advan-

tage has been taken of these observations in devising a

plan of operating which should meet the want felt for a

rapid and accurate method of determining phosphoric acid

in commercial fertilizers. The standard acid used in other

volumetric work answers perfectly for this. A strong,

nearly saturated, solution of ammonium tartrate, free from

carbonic acid, and a solution of some magnesium salt, are also

necessary. The latter is prepared by dissolving 70 grams of

* From the Report of tlie Counecticnt Agricultural Experiment Station for 1878.

Communicated by the AiithorB.

+ Ann. Chem. Pharm. 101, 1(14.

ifZeitschr. Chemie, xvi, 100.
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magnesium sulphate and 195 grams ammonium chloride in 1

liter of water. 10 cubic centimeters of this solution contain

twice the amount of magnesium necessary to precipitate 0.1

gram phosphoric acid (P2O5). A suitable amount of the

phosphate (in most cases 1 gram is a convenient quantity)

is dissolved in hydrochloric acid, the solution nearly neutral-

ized with ammonia, and ammonium tartrate solution is added,

10 cubic centimeters at a time, till the solution remains

perfectly clear when slightly alkaline. Add a suitable quantity

of the magnesium mixture, and eiLher stir vigorously with a

rod, or, if the precipitation is made in an assaj^-flask, as it can

be ver}'- convenientl}', shake occasionally. When the precip-

itation is nearly complete add enough ammonia to make it

very strongly alkaline, and let it stand 6-12 hours. It can

then be filtered, preferably on the pump, and washed with

equal parts of strong alcohol, 85-90 per cent., and water. No
pains are taken to detach the pi-ecipitate from the glass.

When the dish and precipitate are washed until the washings

no longer react alkaline, the filter and precipitate are brought

back into the beaker or flask, a little water and a few drops of

cochineal tincture are added, and it is titrated. This is best

done by adding an excess of standard acid at once, stirring so

that all the precipitate shall be wetted with it, and after it

has stood a few minutes, measuring back with standard alkali.

The results given below (mostly duplicated) indicate the

degree of accuracy to be expected.

Determiued by Detenniued by
use of ammonium the method just

molybdate. described.

Superphosphates, soluble phosphoric acid, 8.92-8.96 8.83-8.91
" " 8.31 8 33

11.89-11.95 11.83-11.95
5.14-5.08 5.07-5.11

6 78 .... 6.08-6.84

5 63-5.65 5.61-5 63
9.21-9.28 9.23-932

10.70-10.72 10.76-10.87
16.66-16.66 16 55-16.65
13.94 .... 13.90-14.05

2.33 .... 2.19 ....

21.90-21.90 21.87-31.75
13.31-13.40 13.19-13.33
23.57-33.62 23.57-33.76

" 21.90-31.90 31.87-21.75

6.17-6.37 017-6.38

* Navassa superphosphates containing soluble iron and aluminum phosphates.

12
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Calculated.

Tricalcic phosphate with 6.44 per cent, water, 42.85 42.79

The above (0.5 gram) with 0.23 gram iron in

form of ferric chloride .... 42.85 42.79

In the case of a few phosphatic materials rich in phosphoric

acid, larger discrepancies than any above given have been

occasionally encountered, and it is proposed to give them

further attention, although it is our impression that thej-

were accidental and do not invalidate the accuracy of the

method.

This process requires less than half the time and labor

necessary for the molybdic method, is scarcely less accurate

and appears to be generally applicable.

Some investigations, not completed as yet, lead us to hope

that ammonium tartrate may be successfully substituted for

ammonium citrate for bringing precipitated or reverted

phosphates into solution. This step would still further

simplify the analyses of superphosphates, since the entire

phosphoric acid, soluble, reverted and insoluble, could be

quickly estimated in a single portion.

Our investigations have also demonstrated that while

ammonio-magnesium phosphate is totally insoluble in a large

excess of ammonium tartrate, it is soluble in excess of

ammonium citrate, and hence all methods based on the use of

citric acid arc faulty.

It is a fact also that ammonio-magnesium phosphate is

largely soluble in ferric and aluminic solutions, containing

insufficient ammonium tartrate.

It is therefore necessary in presence of iron to add ammo-

nium tartrate more than enough to produce a reddish-yellow

solution, enough in fact to make a grecnish-j'^ellow solution, as

Otto has indicated. A similar excess of ammonium tartrate

is also requisite in presence of aluminum, and while there is

no color-indication of the suitable quantity, a largo excess

does not appear to retain ammonio-magnesium phosphate in

solution, unless the liquids are too concentrated.
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EXAMINATION OF THE NORTH CAROLINA
URANIUM MINERALS.

By F. a. Genth.

Prof. W. C. Kerr describes the occurrence of uranium
minerals in Mitchell County, North Carolina, as follows:*

"A new locality, the Flat Rock mine, recently visited, has

yielded the following in immediate association, viz. uraninite,

gummite, uraconite, and, as incrustations on the outside of

the latter, and of the fragments of rock adjacent, torbernite

and autunite. These minerals occur only in one part of the

mica-bearing portion of a very large granite vein, and are

found in irregular nodules and rounded masses, some with a

nucleus of uraninite of J to f inch, enveloped with a heavy

layer of gummite, outside of which is a pale, yellow, earthy

coating from \ to i of an inch thick, which is uranochre or

uraconite. One lump, the largest, weighs just a pound, and

in all, I obtained between 3 and 4 pounds. The quantity of

pitchblende, remaining unaltered is very small, and by far the

greater part of the mass of the nodules, probably nine-tenths,

is gummite
J
and the smaller ones are nearly or entirely

changed to uraconite."

Through the kindness of Prof. Kerr I have I'ccently come
into possession of specimens of this highly interesting occur-

rence, which fully agree with the description above quoted.

As his minei'alogical determinations, however, were not sup-

ported by chemical analysis, and, especially as the composition

of gummite is very doubtful, I thought that an investigation

of the uranium minerals from this locality would be desirable.

I regret that of -the uraninite no material for analysis could

be obtained. One of my specimens of gummite, however,

still contains one or two small fragments of uraninite; the

larger one has a brownish black color, on the margin chang-

ing into brownish and, by degrees, into the pure gummite. It

is also penetrated by small veins, showing the gradual altera-

tion of the uraninite.

* Am. Joiiru. Sc. [3] xiv, 496.
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Uranotil.—E. Boricky.

The analysis of the pale yellow coating surrounding the

gummite shows that it is a variety of uranotil^ and not uran-

ochre or uranoconite. The original uranotil has been found in

cavities of quartz, associated with fluorite at Woelsendorf in

Bavaria, in lemon-yellow, rhombic needles of a specific gravity

of 3.95. For comparison I will give below Boricky's analysis

of it.

The North Carolina variety is apparently amorphous;

massive, compact. H = 2.5. Sp. gr. = 3.834. Lustre waxy
to dull ; color from pale straw-yellow to lemon-yellow ; streak

pale straw-yellow ; opaque; fracture uneven,

B. B. in a tube yields water and becomes brownish yellow

;

with fluxes the uranium reactions. Easily soluble in chlorhy-

dric acid; on evaporation yields a jelly of silicic acid.

The analj'ses gave, after deducting a small quantity of

quartz, mica and feldspar :

Mean. Boricky. Calculated.

SiO, = 13.55 ... 13.88 ... 13.72 ... 13.78 ... 13.95

AljOs & FcjOg = traces ... traces ... traces ... 0.51

TJO3 = 66.76 ... 66.59 ... 66.67 .... 66.75 ... 66.98

PbO ,= 0.74... 0.45... 0.60

BaO = 0.28) 0.28

SrO = 0.13)
" ^'^^

0.13

CaO = 6.23 ., 7.11 ... 6.67 ... 5.27 ... 6.51

PA = not det'd 0.29 ... 0.29 ... 0.45

H,0 = not det'd 12.02 ... 12.02 ... 12.67 ... 12.56

100.82 100.38 99.43 100.00

Eammclsberg* gives for uranotil the formula G'a2(U02)oSi50,8

+ I5H2O. My analyses agree far better with the following

formula Ca3(UO.,)6Si602i + I8H2O, as will be seen from the above

calculated anal^'sis. It forms an incrustation upon gummite

and results from its alteration, sometimes (as has been observed

by Prof, Kerr) changing the entire mass of the latter and

j-ielding nodules of pure uranotil ; mostly, however, converting

not only the outside of the gummite into uranotil, but pene-

trating its whole mass, so that even the purest particles con-

tain already a large percentage of it, as will be seen from the

analyses of the gummite.

* Mineralchemie, 692.
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Gummite.

The orange-colored mineral from the Flat Eoek mine has

been called gummite, from its resemblance to that from

European localities. It occurs in amorphous, compact, nodular

masses. H:=3. Sp. gr. = 4.840. Lustre faintly resinous to

dull ; color reddish yellow to deep orange red ; streak orange

yellow; opaque; fracture subconchoidal to uneven,

B. B. yields water and turns reddish brown ; upon charcoal

with sodium carbonate j-iclds metallic lead, with fluxes gives

the reactions of uranium. Easilj^ soluble in acetic acid.

Below I give the analyses of the purest, deep orange red

material, after deducting a minute quantity of quartz, feldspar

and mica. For comparison I add the only analysis which is

known of gummite, that from Johann-Georgenstadt in Saxony,

by Kersten :

Johanu-Gcorf,'en-
Meau. gtadt. Kersten.

SiO,
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t

found, even uraninite, as definite compounds of the formula:

4RO,Si02 + 4(4RA,Si02) + mH^O + nX. The accessory mole-

cule X being wanting in pittinite, and in the other species rep-

resented by E(AsS) in uranochalcite, by 4RO,U203 in uraninite,

by CaO,C02 in eliasito, by 3CaO,P205 in phosphor-gummite,

and by 3CaO,(PV)203 in vanadin-gnmmite. Hermann's views

are as untenable as those of the others. Nearest to the truth,

in my opinion, comes Patera, who holds that silicic acid and

phosphoric acid are not essential, and that gummite is princi-

pally a lime-uranate, CaO,2U203 + GHjO, analogous in com-

position to the artificial uran-yellow.

Gummite is the result of an alteration of uraninite, and it

seems to me that both pittinite and eliasite are intermediate

between the two, containing more or less of either. But I

have already pointed out the fact that the gummite from

North Carolina is a mechanical mixture, and that uranotil

penetrates the whole mass. The gradual change from

gummite into uranotil can be observed on every specimen

from this locality.

If we calculate from the SiOi in the gummite the requisite

constituents of uranotil, making up the minute deficiency of

CaO by its equivalent of BaO, we get:

SiO^ = 4.63

CaO =. 2.05

BaO = 0.30

H^O = 4.17

33.38 per cent, of uranotil.

The PbO and BaO ma}' be most rationall}' considered as

being present in the form of \l(\]0.^.,Oi-'r Q]1.,0 ; we get

therefore

PbO = 5.57

UO, = 14.39

H,0 = 2.70

22.66 per cent, of lead-uranate ; and

BaO = 0.78

UO3 = 2.93

H,0 = 0.55

4.26 per cent, of barium-uranate.
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There remain 35.65 per cent, of UO3, which is evidently

present as uranic hj'drate, requiring 4.45 per cent, of water.

The gummite from the Fh\t Rock mine is therefoi'e a

mechanical mixture of:

Uranic hydrate = H,(UO,)0, + H,0 = 40.10 %
IJranotil = Ca3(U6,)eSiAi + 18H,0 = 33.38

Lead-uranate = Pb(UO,)203 + 6H,0 = 22.6G

Bariiim-uranate = Ba(UO,).A + 6H,0 = 4.2G

100.40

The analyses of pittinite and eliasite admit of no calculation

as they appear to have too many foreign substances present,

and as the amount of uranous oxide which they evidently

contain has not been determined ; if we take the analysis of

gummite from Johann-Georgensl^adt, we find it probably to be

a mixture of calcium-uranate, with uranotil, a uranium-phos-

phate (phosphuranylite) and uranic hydrate. These calcula-

tions give the following amounts: •

SiO, = 4.26

VO, = 20.45

CaO = 1.99

H„0 = 3.84

30.54 per cent, of uranotil.

CaO = 4.01

UO3 = 41.25

H,0 = 7.73

52.99 per cent, of calcium-uranate.

PA = 2.30

UO3 = 4.68

H.,0 = 1.75

8.73 per cent, of phosphuranylite.

UO3 = 5.62

H^O = 0.70

6.32 per cent, of uranic hj'drate.



92 Gmth.

The gummite from Jobann-Georgenatadt has therefore

probably the following composition, corresponding with Kers-

ten's analysis;

Uranic hydrate = H,(UO,)0, + H,0 = 6.32 %
Uranotil = Ca3(u6,),SiAi + 18H,0 = 30.54

Phosphuranyllte =: (U0,)3PA + 6tL0 ^ 8.73

Calciiim-uranate = Ca(UO,)A + 6H,0 = 52.99

98.58

, Phosphuranyllte.—A new species.

Ehombie (?). Under the microscope very minute rectangu-

lar scales with pearly lustre can be distinguished. In pulveru-

lent incrustations upon quartz, feldspar and mica. Color

deep lemon-yellow.

B. B. in the tube yields water and becomes reddish brown

while hot, brownish yellow after cooling ; readily soluble in

nitric acid, yielding with ammonium molybdate a yellow

precipitate; contains no arsenic acid.

!is this mineral is very rare, only a very minute quantity

could be obtained which was free from autunite; this being in

the form of a thin coating upon quartz, both together had to

be taken as material for anal^'sis.

0.6705 grams contained 0.5617 grams quartz— the analysis

was therefore made with 0.1088 grams of material. This was

slightly mixed probably with cerussite, which was visible

under the microscope in the form of very small colorless

particles. In the first column I give the results of the

analysis, in the second the percentage of the phosphate,

excluding the lead oxide, and in the third the calculated

percentage, corresponding to the formula given below.



Benzyl Compounds. 93

the composition of phosphuranylite may be expressed by a

formula analogous to that of troegerite, but containing only

half the amount of water :

Phosphuranylite = (UO,)3P,08 + 6H,0
Troegerite = (UO.OjAs.Og + 12H,,0.

Prof. Kerr mentions torbernite as one of the uranium
minerals from the Flat Rock mine, and he sent me some
uranite, which had a deep green color and resembled it very

closel}'; but the chemical examination of one of the darkest

green crystals showed that it contained only lime, and not a

trace of copper ox^de, and that the uranite from this locality

is therefore only autunite.

University of Pennsylvania, W. Philadelphia, A2»'U12, 1879.

CONTRIBUTIONS FROM THE CHEMICAL
LABORATORY OF HARVARD

COLLEGE.

No. I.

RESEARCHES ON THE SUBSTITUTED BENZYL
COMPOUNDS.*

By C. Loring Jackson.

INTRODUCTION.

The existence of the benz^'l compounds was first established

by Cannizaro,f in 1853 ; for, although Liebig and Woehler,J in

their classical research on the benzojd compounds, obtained

benzylalcohol as a secondary product from the action of

potassic hj^drate on benzaldehyde, they merely spoke of it as

an oily liquid, and did not determine its composition or pro-

perties. It was also Cannizaro who, in 1855, § showed that

* Presented to tlie Auievicau Academy of Arts and Sciences. Communicated by the
author.

t Ann. der Chemie, 88, p. 129. t lb., y, p. H'J. § lb., 9t!, p. 246.
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toluole, when treated with chlorine, yielded a substance iden-

tical with the benzylchloride prepared from benzylalcohol by

means of hydrochloric acid. The nature of the action of

chlorine on toluole was not, however, thoroughly understood

until Bcilstein and Geitner,* in 1866, found that chlorine con-

verted cold toluole into chlortoluole, but yielded benz^dchloride

with boiling toluole. In the same paper the}- predicted that

pure chlorbenzylchloride could be prepared by the action of

chlorine either on hot chlortoluole or on cold benzylchloride.

Both these methods were tried successfully byNeuhoff in the

same year, but the chlorbenzylchloride thus obtained was not

the first substituted benzyl compound known, as Beilstein |

had already obtained the chlorbenzylmercaptan, and Naquet §

the chloi-benzylethylether, from the mixture of dichlortoluoles

made by acting upon toluole with chlorine. Immediately after

the preparation of chlorbenzylchloride by Neuhof, many of its

derivatives were studied by Beilstein and Kuhlberg and

Neuhof;|l and the two former extended their investigations

to the chlorbenzyl compounds containing more than one atom

of chlorine attached to the benzole ring. Since that time, but

little attention has been given to this class of compounds ; the

only researches being those of Boehler,^ and later, Vogt and

Henninger,** on the sulphoacids, of Berlin, j-j' who obtained

some curious results from the animes, of Sinteni8,|| who inves-

tigated the ethers, and of Paul}^ on the sulphide.§§

Besides these chlorbenzyl compounds, only two other classes

of substances lying within the range of this paper have been

studied, the nitrobenzyl compounds—the first of which, nitro-

benzylchloride, was described by Beilstein and Geitner in

1866, in the papers already referred to
;||||

its derivatives

were further studied by Grimaux,^^ Beilstein, and Kuhl-

* Beilsteiu and Geitner, Ann. cler Chemic, 189, p. 331.

tNeuhof, Zeitschr. der Chem., IStiC, p. 053.

X Beilstein, Ann. der Chemle, 110, p. 340.

§ Naquet, ib.. Sup. 2, p. 250. Compt. rcud., 50, p. 129.

II Beilstein, Kulilberg, Neuhof, Ann. der Cheniie, 147, p. 339; ib., 150, p. 280; ib.,

140, p. 319.

^ Boeliler, Ann. der Clieraie, 154, p. 50.

** Vogt, Ileiiuiuger, Ann. Cliim. Pbys. ft], 27, p. 130: Ann. der Chemio, 105, p. 302.

+t Berlin, Ann der Chemie, 151, p. 137.

X% Sintenis, ib., Kil, p, 329.

ggPauly, ib.,107, p. 187.

III Beilstein and Geitner, Ann. dor L'lifiiiio, i:)9, p. 331.

nGrimanx, Compt. rend., Ixv., p. 211 ; Ann. der (heniie, 145, p. 40.
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berg,* Boeblcr,f Slra,kosch,| Czuinpclik',§ Kadziszewski,||

Henry,^ and Jackson ;** and a few amidobenzyl compounds,

the cyanide prejiared by Cziinipelik,|f and the unimcs by
Strakosch.|];

All these substances belonged to the para series, and no

isomeric chlor- or nitrobenzyl compounds were known with

the exception, perhaps, of the monochlorbenzylsulphosalts de-

scribed by Vogt and Henninger,§§ and the isomeric nitro-

benzylalcohol obtained b}'' Grimauxl||| from nitrobcnzaldehyde,

until 1876, when the meta- and orthobrombenzylbromides were

described in a preliminary notice ^^ of a portion of the work
contained in these papers. In 1877 Wachendorff published a

very interesting paper*** upon the nitrobenzylchlorides and

bromides, in which he described the metanitrobenzylbromide,

and called attention to the striking facts that metanitroben-

zj'lchloride could not be obtained under conditions which gave

without difficulty the paranitrobenzylchloride, and he had not

as yet succeeded in obtaining the ortho compounds under any

of the conditions which furnished their isomeres.

ON CERTAIN SUBSTITUTED BENZYLBROMIDES.
i>

Parahromhenzylbromide {C^IIiBr.CH.,Br.). — Preparation.

First Method. Ten grams of pure parabromtoluole, melting

point 28.5°, (either from the factory of Kahlbaum in Berlin, or

of Schuchardt in Goerlitz) were heated in a paraffinc-bath to

the boiling-point of parabromtoluole in a small flask, through

whose cork passed a return-cooler and the stem of a drop-

funnel containing 10 grams of bromine, the end of which

within the flask was less than a centimeter above the surface

of the bromtoluole ; the bromine was allowed to flow in at such

*Beilstein, Kuhlberg, Nenhof, Aim. der Chemie, 147, p. 339; ib., 150, p. 280; ib.,

146, p. 319.

tBoehler, Ann. der Chemie, 154, p. 55.

X Strakosch, Ber. d. chera. Gesell., 1S72, p. 092.

§ Czumpelik, ib. , 1870, p. 473.

![ Eadziszewski, ib.. 1870, p. 198.

^Henry, ib., 1869, p. 6.37.

** Jackson, ib., 1875, p. 321.

tt Czumpelik, ib., 1870, p. 473.

XX Strakosch, ib., 1872, p. 693.

§§ Vogt, Henningcr, Ann. Chim. Phys. [4], 27, p. 139; Ann. der Chemie, 165, p. 362.

liiGrimaux, Compt. rendus, Ixv., p. 211 ; Ann. dei- Chemie, 145, p. 46.

^•[Jackson, Ber. d. chem. Gesell., 1876, p. 931.

*** Wachendorff, Ann. der Chemie, 185, p. 259.
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a rate that it was completely decolorized at a short distance

from the end of the tube. If these precautions were observed,

the liquid solidified almost completely on cooling, and the sub-

stance was easily purified by pressing the crystals thus ob-

tained between filter-paper and recrystallizing once or twice

from hot alcohol. The average yield fi-om ten grams of pai'a-

bromtoluole was ten grams of parabrombenzj'ibromide, that is

about sixty-eight per cent, of the theoretical amount ; as the

method of purification given above is attended with some loss

from the formation of an ethylether it is better, if large quan-

tities of the substance are needed, to distil the product of the

reaction with the vapor from an aqueous solution of hydro-

bromic acid, which gives, after pressing on filter-paper, a pro-

duct pure enough for ordinary preparation work.

The substance was also obtained from the mixture of para-

and orthobromtoluole,* prepared by treating cold toluole with

bromine. On cooling the product of the action of bromine on

the hot mixture with ice and salt, some parabrombenzylbro-

mide separated out, and more was obtained by distilling off" a

part of the oil with hj^drobromic acid and steam, as the ortho-

brombenzylbromide distils over more easily than the para

compound. This method is not to be recommended, however.

Second Method. Benzylbromide was treated in the cold

with an equal weight of bromine, to which a little iodine had

been added ; on freezing the j^roduct of the reaction, a quantity

of parabrombenzylbromide separated out. This method is de-

cidedly inferior to that with pure parabromtoluole, as it not

only gives a smaller yield, but also there is a possibility that

orthobrombenzylbromide may be formed.

The composition of the parabrombenzylbromide was estab-

lished by the following*analy8es :

0.5934 gr. of substance gave 0.7377 gr. 00^ and 0.1378 gr.HA
0.5679 gr. of substance gave, after ignition with CaO, 0.8579

gr. AgBr.

Carbon
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Properties.—Crystallized from alcohol, it forms thick color-

less needles, with a bi'illiant lustre ; from the oily mother-

liquor formed in its preparation or from benzole, it separates

on slow evaporation in well-formed prisms, apparently of the

orthorhombic system, often a centimeter or more long and two

to four millimeters thick, which have the consistency of sub-

limed sal-ammoniac. Its odor is agreeable and aromatic, but

its vapor attacks the mucous membrane with very great vio-

lence, causing tears, and running at the nose ; it was observed,

however, by all who were exposed continual!}^ to its action

that the}' became much less sensitive to it after a few days.

When brought upon the more delicate parts of the skin it

causes a sharp, stinging pain, but produces no such effect on

the hands ; the taste is extremely biting, causing great pain to

the tongue for several minutes; it melts at 61|°, can be dis-

tilled with steam, sublimes in needles, and burns with a lumi-

nous green-bordered flame. It is almost insoluble in water,

although it imparts its odor to it; (the flat needles, mentioned

in a preliminar}^ paper* as separating from water by sponta-

neous evaporation, were undoubtedly the more soluble para-

brombenzylalcohol) ; it is but slightly soluble in cold, freely in

hot alcohol, very readily in ether, benzole, carbonic disulphide,

and glacial acetic acid. On one occasion it was oxidized very

rapidly by a mixture of potassic dichromate and dilute sul-

phuric acid, the action being attended by flashes of light visible

even in diffused daylight, the product was an acid melting in

the crude state at 239° to 240°, Avhich must therefore be para-

brombenzoic acid.

It seems highly probable that this parabrombenzylbromide

is the substance obtained, but not purified or studied by Lauth

and Grimaux,f in 1866, in the residue from the distillation of

bromtoluole; since they described it as crystallizing in needles,

and in the highest degree irritating to the eyes.
m

Metahromhenzylbromide {C^HiBr.GH^Br') Avas made from

metabromtoluole, prepared by Wroblevsky'sJ method (com-

pare also Grete§), as follows : 30 gr. of the mixture of para- and

orthoacettoluid, obtained as a secondary product in Wroblev-

* Ber. d. chem. Gesell., IStG, p. 931.

t Lanth and Grimaux, Uull. Soc. chim. [2], v. p. 347.

% Wroblevsky, Anu. der Chemie, 168, p. 153.

§Grete, ib.,nT, p. 231.
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skj^'s process for purifying orthotoluidine, previously reduced

to a granular condition by crystallization from boiling water,

were suspended in cold water, and 45 gr. of bromine dissolved

in water added in small portions at a time, shaking until the

yellow color disappeared after each addition ; the acetyl group

was removed from the metabromacettoluid thus obtained by
boiling with fuming hydrochloric acid in a flask with a return

cooler; the base, set free by an alkali, was dissolved in

portions of 10 gr. at a time in absolute alcohol, and the amido

group replaced by hydrogen by Griess's reaction ; the alcohol

was then partly distilled off on the water-bath ; the residue

distilled with steam, dried, and rectified, the portion passing

over from 179° to 185° being collected. To convert this into

metabrombenzj'lbromide, 10 gr. of it were heated to boiling,

and treated with 10 gr. of bromine in the way described under

parabrombenzylbromide (see page 95); the metabromtoluole

took up the bromine somewhat more slowly than the para-

bromtoluole. The liquid left after the bromiring was finished

was distilled in a current of the vapor from hydrobromic acid

(boiling point 125°), prepared according to Naumann,* until a

considerable portion had passed over: the flask containing the

substance was not heated for fear of decomposition. The hy-

drobromic acid vapor cannot be replaced by steam ; as under

these conditions some of the brombenzylalcohol might be

formed, although I am inclined to think that this reaction

would take place much less readil}' here than it does in the

case of the parabrombenzylbromide. The residue left in the

flask was transferred to a funnel-tube, closed with a rubber

8top])er on a glass rod and surrounded with ice. If the dis-

tillation had been carried on long enough, nearly the whole of

the oil solidified to a dark, pasty mass. The stopper was then

removed, and the brown oil sucked out as completely as pos-

sible by means of the Bunsen pump. The white scales left on

the funnel were boiled with a small quantity of alcohol ; the

clear solution poured off" from the undissolved oil and cooled

in a corked flask. As soon as no moi-e oil was deposited the

clear liquid was decanted into another flask and cooled with

ice, when crj'stals were formed. The same process was re-

peated with the mother-liquor and the residue until the whole

tNaumaun, Bcr. d. cliem. Gesell., 1870, p. 1574.
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was converted into crystals; another crop of less pure meta-

brombenzylbromidc was obtained by adding snow to the

mother-liquor from the final operation. The crystals were

purified by similar crystallization from hot alcohol. It was

necessary that all these operations should be carried on in

corked flasks, as the metabrombenzylbromide, when moistened

with alcohol, evapoi*ated when exposed to the air so rapidly

that there was a very considerable loss from working with

open vessels.

The composition of the metabrombenzylbromide was estab-

lished by analysis

:

0.4333 gr. substance gave, after ignition with CaO, 0.6609 gr.

AgBr.
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Orthohrovibenzylbromide (^Cf,HiBr.CH,Br.).—After several un-

successful attempts to obtain an orthobromtoluole free Irora the

para compound from the mixture prepared by adding bromine

to cooled toluole, I decided to insure a perfectly pure substance

as my starting-point by making the orthobromtoluole from

orthotoluidine. The first method employed for purifying the

orthotoliiidine was that of Wroblevsk}',* by boiling crude tohii-

dine sixteen hours with glacial acetic acid; but all the samples

obtained by this process contained traces of paratoluidino.

After I had convinced myself by experiment that the methods

of Eosenstiehljf by treating the oxalates with ether; and of

Beilstein and Kuhlberg,| by precipitating an acetic acid solution

of acettoluid with water,—were almost impracticable for large

quantities, I tried the method of Schad,§ recommended by

Kekule,|| which depends on the crystallization of the nitrates

and chlorides, and in this way succeeded in obtaining a liquid

toluidine which with acetylchloride gave an acettoluid melting

after one recrystallization from boiling water at 107°. As some

previous attempts to convert orthotoluidine into orthobrom-

toluole by the usual method through the diazoperbromide had

given me as unsatisfactory a yield as that obtained by Wrob-

vesky,^ I treated this according to a new modification of the

process of Huebner and Majert* for preparing parachlortoluole,

which I had found to work admirably in making that substance.

This modification was suggested by Victor Meyer'sff method

of applying Griess's reaction, and consisted in dissolving 20 gr.

of the orthotoluidine in an excess of hydrobromic acid (boiling

point 125°, pre^jared according to Naumann||); the pasty

mass was then treated with somewhat more than the calcu-

lated amount of solid potassic nitrite, which was added in

small portions at a time, the flask being corked after each ad-

dition, and shaken until all the red fumes were absorbed;

after the last portion of nitrite had been added, the greater

* Wroblevsky, Ann. der Chciuie, 108, p. 162.

iRo^eiwtielil, Ziutschr. Ohem , ISfiS, p. .557, W<.

% Beilstein, Ann. der Chemie, 15G. p. 75.

§Schad, Ber. d. chem. Gesell., 1S7.3, p. 1301.

li
Kekule, Ber. d. chem. Gesell., 18T4, p. 1006.

^[Wroblevsky, Ann. der Chemie, 168, p. 171.

*» Huebner and Majert, Ber. d. chem. Gesell., 1873, p. 794.

tt V. Meyer, Ber. d. chem. Gesell., 1875, p. 1074, note.

^iJNaumann, Ber. d. chem. Gesell., 1876, p. 1574.
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part of the liquid was distilled off, and the residue then

treated again in the same way. The distillate consisted of

dilute hydrobromic acid and a heavy oily liquid which was
separated with a drop-funnel, washed with potassic h3'drate

solution until the odor of cresole was removed, then with

water, and finally dried and I'ectified ; in this way 40 grams of

orthotoluidine gave 29 grams of crude ortliobromtoluole, and 24

grams of this gave on the first fractioning 19 grams of a color-

less liquid boiling between 179° and 182°; that is, about thirty-

six per cent, of the theoretical yield, whereas the diazoper-

bromide furnishes under the best conditions only ten percent.

The new method has the further advantacres of takino- much
less than half the time occupied by either of the old ones, and
the product is not contaminated with the nitro compounds
which compelled Huebner and Majort to reduce before rectify-

ing. Von Richter* has also obtained tetrabrombenzole by the

action of nitrous anhydride on a mixt4ire of tribromaniline

with hydrobromic and glacial acetic acids; he ascribes the re-

action to the presence of the negative atoms^ and announces

his intention of trying similar experiments with compounds
containing fewer bromine atoms or nitro groups; that the re-

action is not due to the jjresence of such negative radicals is

proved by the previous researches of Huebner and Majert,

which he seems to have overlooked, and the results given

above. I should not have intruded on von Richter's field of

work had it not been necessary for me to obtain the ortbo-

bromtoluol, but I felt the less hesitation in doing so, as I am
unable to see that his method differs in any essential particu-

lar from that of Huebner and Majert, published nearly two

years before the appeai'ancc of his article.

The orthobromtoluole was converted into orthobrombenzyl-'

bromide by treatment with bromine in the way described

under the para compound. The purification of the substance

was a matter of some difficult}', as it seemed to be completely

decomposed by rectification, and converted into the alcohol by

distillation with steam; the method finally adopted was distil-

lation in a stream of the vapor from aqueous hydrobromic

acid, as described under the metabrombenzylbromide ; the

first fifth of the distillate was rejected to make sure of the

* Vou Richter, Ber. d. cliem. Gesell., 1875, p. 1428.

14
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absence of orthobromtoluole ; that which came over later was

washed till it ceased to give an acid reaction, and then dried

i7i vacuo. In this way 17 grams of pure orthobrombenzj-lbro-

mide were obtained from 18 grams of orthobromtoluole.

Its purity was established by the following bromine deter-

mination :

0.5035 gr, of substance gave, after ignition with CaO, 0.7608

gr. of AgBr.
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the product of the reaction deposited crystals on cooling,

which were drained, and a fresh crop obtained from the

mother-liquor by hcatino- it gently for a few minutes in a

watch-glass placed on a sand-bath, and then allowing it to

stand for some time. The crystals after pressing between filter

paper were purified b}^ crj'stallization from hot alcohol in

corked flasks, as the substance is so volatile that work in open

vessels would have been attended with great loss ; upon

cooling the solution with ice, a little oil sepai'uted ; and if the

liquid was then stirred it immediately became filled with

beautiful white needles.

The composition of the parachlorbenzylbromide was estab-

lished by the following analyses :

0.3399 gr. of the substance gave, after ignition with CaO,
0.5580 gr. AgBr + AgCl.

0.4224 gr. of substance gave 0.6779 gr. AgBr + AgCl.

Required for CtHgCI Br. Found.

Chlorine and Bromine 56.20 57.20 55.94

Properties.—By slow evaporation of its alcoholic solution it

can be obtained in well-formed colorless prisms, by cooling in

radiated bunches of needles often three centimeters long; it

has an agreeable aromatic odor, and acts on the mucous mem-
brane more violently than any of the other substances de-

scribed in this paper ; it melts at 48|°, sublimes in oily drops,

can be distilled with steam, is ver}^ volatile at ordinary tem-

peratures, so that a crystal will evaporate completely if ex-

posed to the air for a few days, and burns with a flame similar

to that of the bromine compounds. It is slightly soluble in

Avater, easily soluble in cold, still more so in hot alcohol,

and very readily in ether, benzole, carbonic disulphide, and

glacial acetic acid. It is attacked with difficulty, if at all, by

potassic dichromate and dilute sulphuric acid. This substance

was made but not described by Pauly.* It is highly prob-

able, however, that he did not get it Iree from the ortho com-

pound.

Paraiodbenzylbromide, C^HJCHiBr, was made from para-

iodtoluole; melting point, 35°
;
prepared according to Kcernerf

* Pauly, Ann. der Chemie, 1(!7, 18T.

tKoerner, Bull. Acad. Roy. Belg. [i\. 31. p. 1-")T.
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by the action of hydi-iodic acid on the nitrate of diazotoluole,

this last being obtained by Victor Meyer's* excellent modifi-

cation of Grriess's reaction. The introduction of the bromine

into the side-chain by treating the boiling substance with

bromine vapor was much more difficult than in the preceding

cases; the precautions to be observed were in general the

same as those given under parabrombenzylbromide ; but occa-

sionally, in spite of all possible care, a black tarry liquid was

the only result of the process. The conditions under which

the paraiodbenzylbromide is formed have been carefully

studied by Mr. C. F, Mabery, and the results will be published

in his paper upon the paraiodbenzyl compounds. It is a very

remarkable fact that in several cases, when the pai'aiodtoluole

was not perfectly pure, the liberation of iodine in considerable

quantity was observed during the broniiring; but in spite of

this, the product contained paraiodbenzylbromide, thus appa-

rently furnishing an exception to the general rule of Beilstein

that, in presence of iodine, bromine goes into the benzole ring

even at high temperatures. The product of the reaction, if

properly managed, solidified on cooling, and was best purified

by standing on paper, which sucked out a quantity of black

oil, and afterward by repeated crystallizations from boiling

alcohol with the assistance of bone-black.

The composition of the paraiodbenzylbromide was deter-

mined by the following analyses :

0.3721 gr. of substance yielded 0.3773 gr. CO^ and 0.0773 gr.

ofH,0.

0.1774 gr. of substance gave, according to Carius, 0.1285 gr.

of Ag.

0.1971 gr. of substance gave 0.2755 gr. of AgBr + Agl.

There were indications in this anajdsis that the oxidation had

not been complete.
Found.

Required for CiHelBr.

Carbon 28.28 27.66

Hydrogen 2.03 2.31

Iodine and Bromine 69.69 69.47 68.41

100.00 99.44

Properties.— Crystallized from alcohol it forms flattened

* v. Meyer, Ber. d. cliem. Gesell., 1875, p. 1074, note.



Gas Analysis. 105

needles, which usually have a straw-yellow color, but can be

obtained white by repeated recrystallization with bone-black

It has an ai'omatic odor, and attacks the mucous membrane
much less violently than any of the other substances men-

tioned in this paper ; this, however, is very probably due to

the fact that it is not readily volatile at ordinary tempera-

tures : it melts at 78|° ; does not distil with steam or only

with great difficulty ; sublimes in needles; burns with a lumi-

nous green-bordered flame ; and is insoluble in water, almost so

in cold, much more soluble in hot alcohol, but slightly soluble

in glacial acetic acid, freely in etber, benzole, and carbonic di-

sulphido. It is not easily attacked, if at all, by an oxidizing

mixture of potassic dichromate and dilute sulphuric acid.

That all the substances mentioned in this paper contain

bromine in the side-chain is proved by the fact that, when,

boiled with alcoholic sodic acetate, each one of them yields the

corresponding substituted benzylacetate, from which the

alcohol can be obtained by heating with aqueous ammonia at

150° to 160°, The description of these compounds, as well as

of certain other derivatives of these substances, will be found

in the following articles of this series.

In closing this paper I am very glad to have an opportunity

of thanking Mr. A. W. Field for the intelligent and skillful

assistance which he has given me in the preparation of these

substances.

AN APPARATUS FOR GAS ANALYSIS FROM
SIMPLE LABORATORY MATERIAL.

By a. V. E. Young,

FeUoiv in Chemistry, Johns Hopkins University.

While working in the subject of gas anal3'sis with the

simple Bunsen apparatus, none of the more complicated forms

being available, the desirability of effecting economy in time

and labor, and of applying liquid reagents entirely outside of
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the measuring tube, led me to attempt to I'ealize these results,

so far as might be, by some additional apparatus of easy con-

struction and demanding onl^^ such material as is usually at

hand in a chemical laboratory, or at least easily obtainable.

The apparatus thus designed, and now in satisfactory oper-

ation, may be described in three parts : 1. The measuring ap-

paratus ; 2. The transferring pipette; and 3. The absorption

or laboratory vessel.

For the purposes of measurement and explosion the ordi-

nary Bunsen's eudiometer is used, with the platinum wires and

millimeter scale, and calibrated as described in Bunsen's

" Gasometrische Methoden." To avoid the necessity of baro-

metric and thermometric reductions, the principle of measure-

ment by comparison with a standard volume of aii", as de-

scribed by Williamson and Kussel*, is used ; but the means

employed are different. Instead of raising and lowering the

pressure-tube and eudiometer in the same mercury-trough,

each tube is supported by an ordinary retort-stand in its own
well and remains stationary, while the surface of the mercury

is raised or lowered to bring the gases to the desired volume.

For pressure-tube a second eudiometer (fi, _F/^.) is used. As
cistern for this, a student-lamp chimney (D), closed at its

smaller and lower end by a rubber stopper, serves very well.

In order to raise or lower the surface of mercury a small

glass tube passes through this stopper and through the top of

the work-table, and connects by means of small rubber and

glass tubing running underneath the table with a small cylin-

der and piston (H). The cylinder is made of a piece of glass

tubing 120 mm. long and 33 mm. in diameter, closed at one

end by a cork, through which passes the connecting tube.

The piston consists of a cork on the end of a stout glass rod,

and fits the cylinder with sufficient closeness to effect the de-

pression and retention of the surface of mercury in the cylin-

der below the level of that in the cistern, which is in commu-
nication with it. The cylinder is supported in a common
wooden clamp, which slides up and down upon a rod placed

near the telescope, so that the piston can be conveniently

raised or lowered by the right hand while the eye is at the

telescope. The latter is placed at one end of the work-table

* Proc. Roy. Soc. vol. ix. p. 818.
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and the prcfsurc-tube stands near the opposite end, the dis-

tance between them being about 2 meters.*

To put in order the pressure-tube, the cistern, cylinder and

connecting- tubes are filled with mercury, care being taken

that no bubbles of air are retained. The pressure-tube is then

partly filled, a convenient volume of air being retained, the

*In the figure the pressure-tube B is somewhat displaced from its true position
in order to bring it into clearer view. It should star.d at the same distance from the
telescope as the eudiometer A.
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saturation of which with aqueous vapor is insured by moisten-

it)g the walls of the tube before filling. The tube is then

inverted and transferred to the mouth of the cistern by means

of the shallow spoon used for such purposes ; then fixed in a

retort-stand in such a position that the enclosed air has a con-

venient volume, say 300 on the millimeter scale, and the level

of the mercury in the tube is from 30 to 60 mm. above that in

the outer vessel. Now if the enclosed air undergoes change of

volume, it is brought back to its initial volume by means of

the piston while the top of the mercury column is watched

through the telescope.

To effect the application of liquid reagents outside of the

measuring tube, the gas is first withdrawn from the eudio-

meter by means of the transferring apparatus, which also

serves as cistern for it in the operation of measuring. This is

simply a stationary pipette (P), large enough to receive

within itself the eudiometer. It is made of a piece of glass

tubing 545 mm. long and 33 mm. diameter, to the end of

which is attached, by means of rubber packing and sealing-

wax, a short tube of larger diameter, in order merely to make
a mouth large enough to receive the eudiometer with its

transferring spoon. An argand chimney 50 mm. in diameter

was used for this purpose, the two when joined making a cyl-

inder 610 mm. long. The bottom of this is tightly and firmly

closed by a rubber stopper, through which pass three small glass

tubes (a, b, c). The stopper is forced as far as possible

into the tube, and the latter then heated until the rubber

softens and adheres closely to the glass. One of the three

tubes mentioned (b) is 615 mm. long and about 3 mm.
interior diameter. It passes through the cjdindei', axially, to

within 28 mm. of the mouth. It is slightly drawn out at its

upper end and the end well rounded. The second tube

(rt) merely passes through the stopper, and makes con-

nection by means of rubber and glass tubing with the cylinder

and piston, H, similar to the one already described. The

third tube, c, communicates by a rubber tube with a mercury

reservoir (not shown in the figure). The reservoir is held in

a wooden clamp which slides up and down U2:)0n a post rising

from the floor close to the table. The long tube, b, is con-

nected by means of a piece of rubber tube only just long
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enough to bold a screw clip, with one end of a glass bulb, K,
140 mm. long, 38 mm. diameter, the other end of which com-
municates with a second and smaller mercury reservoir sup-

ported like the first. All the rubber tubing used in the appa-

ratus is stout and thick walled, measuring 12 mm. external

and 4 mm. internal diameter. For reservoirs, inverted bell-

jars answer the purpose, or, still better for the larger one, a

druggist's percolator. The connection between the long

pipette tube and the bulb below must be made with sufficient

care to prevent leakage of gas even under considerable

pressure, and also to make a clear channel from which all of

the gas shall be expelled by the rise of mercury. Screw clips

are placed on the rubber connecting tubes. The figure makes
the position and support of the pipette sufficiently clear.

To prepare it for use, mercury is poured into the reservoirs

and carefully allowed to fill the rubber tubes so as to expel all

the air from them
;

then, by raising the smaller reservoir,

mercury rises in the bulb and long axial tube, completely

filling them, and the screw clip at the bulb is then closed.

The cylinder of the pipette is then filled from the larger

reservoir until the mercury rises a few mm. above the end of

the axial tube. The whole is now ready for use, either in the

measurement or transference of a volume of gas. For the first

operation the eudiometer containing the gas is transferred to

the mouth of the pipette, and there is sustained by the left

hand while the right controls the level of mercury in the

pipette by movements of the reservoir. It is thus lowered

over the end of the axial tube until the mercury column sus-

tained within it, read upon its millimeter scale, is a little

longer than that in the pressure-tube, the air in the latter being

at the initial volume 300. In this position it is fixed perpen-

dicularly in the retort-stand, the clip upon the tube leading

to the reservoir is closed, and that {R) upon the tube

leading to the piston is opened. Now taking position at the

telescope, the column in the pi*essui'e-tube is brought accu-

rately to the division 300, the reading in the outer vessel

giving, say, 350, that is, a column 50 mm. long. A slight turn

of the telescope brings the eudiometer into view. The column

in this, being, as mentioned above, longer than that in the

pressure-tube, is shortened by pressure upon the piston until

15
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it too is 50 mm. long. Now take the reading at the top of the

column, and reference to the table of capacity gives the proper

volume, provided the two tubes are in the same condition of

temperature and atmospheric pressure and the gas in each is

saturated with aqueous vapor.

To secure the first two conditions the tubes are not sur-

rounded with water as in many forms of apparatus; but the

readings are so easily made, involving no reductions, that it is

a simple matter to take a sufficient number to show when they

become constant. Ten or fifteen minutes usually suffice for

this, if in handling the eudiometer its direct contact with the

hand be avoided as much as possible. The apparatus permits

an easy adjustment of the mercury levels, since a very consid-

erable movement of the pistons produces but a slight move-

ment of the columns. The final adjustment should always be

made by a depression of the piston, that is, by forcing up the

mercury column in the tube so that the curve of the meniscus

may be always the same.

To effect the transfer of gas from the eudiometer, free the

latter from its stand and lower it until its top rests upon the

end of the axial tube of the pipette. Then lower the small

mercury reservoir and open the clip at the bulb. The mer-

cury sinks in the axial tube, and the gas follows it into the

bulb below ; meanwhile the mercur}' rises in the eudiometer

until it is completely filled, the last bubble of gas being de-

tached from the platinum wires b}^ jarring the tube against the

wall of the pipette. The mercury then flows into the axial

tube and the clip at the bulb is quickly closed. The eudio-

meter is now withdx'awn completely filled with mercury, and

set aside until again needed. The rest of the operation is

simply the reversal of this. The vessel to receive the gas is

filled with mercur}^, transferred to the pipette, lowered over the

end of the axial tube, the small reservoir raised and the clip

at the bulb slowly and carefully opened. The gas then passes

back to the receiver, followed by the mercury. When this

flows from the axial tube the bulb-clip is closed and the

transfer completed.

Next comes the operation of absorption. For this purpose

it was first thought to use a straight tube like the eudiometer,

but this was not found practicable. A very convenient and
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satisfactory absorption vessel, M, is made from a large test-

tube, about 180 mm. long and 30 mm. in diametei", by drawing
out its bottom to a tube and cutting off the end so as to ffive

an orifice about 1 mm. in diameter, and also drawing together

somewhat the open month of the test-tube until it becomes

about 18 mm. in diameter, so that it can be contained in the

transferring spoon used with the eudiometer. To the small

•end is attached by a bit of rubber tubing 18 mm. long a de-

livery tube of about 3 mm. bore, which rises a few millimeters

above the rubber joint, and then is bent so as to descend par-

allel and near to the sides of the test-tube to the level of its

mouth, and then turns slightly upwards. The inside of the

rubber tube making the joint is carefully coated with paraffin

to protect it against the reagents, and the delivery-tube is

thrust into it somewhat warm, so as to make a gas-tight and at

the same time a smooth channel from which all the aas shall

be expelled by the rise of mercury within. This furnishes an
absorption vessel without the use of any stop-cock, not fragile,

and, even if broken, very easily replaced. It is found conve-

nient to have several on hand, vaiying somewhat in capacity,

so as to economize the mercury required to fill them.

In order to manipulate the gas contained in the absorption

vessel, a small mercury tank, T, is provided, made very

simplj^ from a block of wood, and arranged to slide up and

down upon a rod as shown in the figure. Its inner dimensions

are, length 120 mm., width 55 mm., depth 25 mm. Through
its bottom is cut a hole 45 mm. in diameter, and into this from

the inner side is firmly pressed a rubber stopper, m. This is

also pierced by an opening of such diameter (15 mm.) that

when the mouth of the absorption vessel is pressed down into

it, a joint is made sufficiently close to hold mercury. The
opening of the stopper is closed from below by the end of a

piece of glass tubing which is attached to the bottom of the

tank to prevent strain upon it.* The other end of the glass

tube leads by a rubber connection to a small reservoir, which

like the others can be raised and lowered. The tank is fixed

in a position about 225 mm. above the table, and the rubber

tube descends from it to the table and passes under a short

*A bend was made in the tube, as hIiowu at .r, but was found to be unneces-
sary.
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iron rod at S, (a similar one is shown at E), hinged at one end

so that the other end can be pressed down upon the tube as it

lies on the table and thus instantly close it. The rubber

stopper is covered by the mercury in the tank to the depth of

about 15 mm.^ so that when the mouth of the absorption

vessel is pressed down into its rubber socket, both it and the

end of the delivery-tube are completely under mercury. If

now the reservoir be raised above the level of the tank and

clamped there, and the communicating tube be opened by

raising the lever at S, the mercury rises in the absorption

vessel to its top and then passes down the delivery-tube, thus

completely filling the vessel. By allowing it to flow for a few

seconds, and then lowering the reservoir and reversing the

flow, one can assure himself that no bubbles of gas are re-

tained. By the lever at S, the flow of mercury can be per-

fectly regulated or instantly arrested at any point in the

absorption vessel, or even in its descent through the delivery-

tube. The tank is provided with an overflow tube which

leads to any convenient vessel, V; also with a little wire

frame, sufficiently shown in the figure at w and n^ for the pur-

pose of holding the absorption vessel erect when filled with

mercury.

The operation of absorption, then, would be as follows, sup-

posing the gias already measured and drawn into the pipette

bulb: Two absorption vessels having been filled as described,

one is set aside ; into the other is injected the proper reagent,

its deliverj^-tube having been first closed with a little plug of

wood to hold the mercury column in position. It is then

transferred to the pipette and lowered over the end of the

axial tube until it rests upon the shoulder formed where the

pipette cylinder joins the wider tube which forms its mouth.

The delivery-tube need not enter the pipette at all. The gas

is then allowed to pass in from the bulb, one bubble at a time

if so desired. As the mercury is displaced it leaves the wall

of the absorption vessel moistened with the reagent, thus ex-

posing a large surface to the gas. When all the gas has

passed, and the mercury has flowed for a few seconds, the

bulb-clip is closed, and the absorption vessel transferred back

to its socket in the tank. Here, by shaking it from side to

side, and by letting a stream of mercury flow in through the
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delivery-tube, considerable agitation of the gas and reagent

can be effected. To recover the gas from the reagent, the

second absorption vessel is lowered over the delivery-tube of

the first, and held by the left hand while the right regulates

the flow of mercurv from the reservoir. The jras is thus

passed into the second vessel, leaving most of the reagent,

perhaps all, in the first. It is hardly safe, howevei*, to

attempt to pass it directly from the first into the eudiometer,

unless the quantity of reagent used is very small. The second

absorption vessel is then pressed into the socket, the filled

eudiometer placed over its delivery-tube and the gas passed as

before, now free from reagent and ready for measurement. If

the mercury coh;mn in descending the delivery-tube of the

second vessel still bears some of the reagent upon its surface,

its motion is arrested at about the middle of the tube and the

tube sharpl}^ tapped, when the liquid will be drawn up leaving

the mercury clean. If a second reagent must be used to

absorb vapors from the first, it is injected into the second

vessel, and thus cannot interfere with the action of the ab-

sorbent propel*.

This absorption vessel can also be convenient!}' employed as

collecting vessel in the volumetric estimation of nitrogen and

other gases, when separation of gas from liquid is to be accom-

plished. It is also applicable in the use of reagents which

attack mercury, as in the processes described by Berthelot*

for the use of nitric acid and bromine to determine benzol

vapors, &c. After the absorption is completed as there de-

scribed, the gas is passed under water from the flask or tube

where the reaction takes place to the absorption vessel, pre-

viously filled with water. This is then transferred to its

socket, and the gas freed from water as already explained.

Although the description here given is of the apparatus

actually in use, it will be seen that the latter readily admits of

such modifications in dimensions and disposition of parts as

surrounding circumstances may suggest.

As indicating the possibility of accurate work with the ap-

paratus are given the following results of two successive deter-

minations of the oxygen in air by absori)tion with potassic

pyrogallate

:

* Anu. Chim. Phys. (5) xii.
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Air taken

After absorption
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The cresole prepared in the experiment just described was
treated with benzoylchloride, and the benzoyl-componnd thus

readily obtained. This made its appearance in the form of a

light yellow oily liquid, which did not solidify in a freezing

mixture. It corresponded closely in its properties to benzoyl-

orthocresole described by Engclhardt and Latschinoff.*

The most positive proof of the nature of this cresole was
furnished by fusing it with potassium hydroxide. The sub-

stance was kept in contact with the fusing mass for about three

hours, the temperature being kept comparatively low. At
the end of this time, or when the oil drops had all disappeared,

the whole was dissolved in water, acidified with hydrochloric

acid and extracted with ether. The ethereal solution left

behind, after evaporation, a white ciystalline body. On crys-

tallizing this bod}' from water, long, delicate needles, resem-

bling salicylic acid, were obtained in pure condition. The
solution gave a violet color with ferric chloride. The sub-

stance was volatile with water vapor. The dried needles

fused at 154.5°-155°. These properties suffice to show beyond

a doubt that our product is salicylic acid. But not a trace

of any other product could be found. Hence we are justified

in concluding that the cresole obtained from our oxytoluic

acid is pure ortho-cresole.

Another experiment was now performed, the result oi

which served to confirm the result of the experiment just de-

scribed. A small quantity of the acid was heated in a sealed

tube with concentrated hj^drochloric acid at 180°-185° for

about half an hour. The solution had a slightly reddish color,

and a little free carbon was present. The acid solution was
partially neutralized with caustic soda, and then extracted with

ethei-, A reddish oil was obtained, and this fused with caustic

potassa. In about two hours the operation was completed.

On treating the mass in the usual manner a solid, white, crj's-

tallized body was obtained by evaporating the ethereal solu-

tion. This possessed all the properties of salicylic acid. It

crystallized in long delicate needles from water. Its aqueous

solution was colored violet by ferric chloride. It fused exactly

at 155°. No other substance was formed, so that here again

we have good grounds for concluding that the cresole obtained

from the oxytoluic acid is only orthocresole.

* Zeitschr. Chemie, N. F. 5, 621.
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As the bydroxyl group is thus shown to be in the ortho-

position with reference to the methj^l-group in the oxytoluic

acid, the hitter may have one of two formulas. It may be

either

I. II.

CH, CH
OH

or

CO,H

Between these two formulas it would be impossible for us to

decide without the aid of further experiments. These were

performed and will be described below; but in the meantime

an article by Tiemann and Sehotten* appeared, in which the

same oxytoluic acid is described as that which we are con-

sidering. These chemists, however, obtained their acid in an

entirely different way, and as they were led to accept the for-

mula which we had already accepted, the probability of the

correctness of the conclusion is doubly strong. Tiemann and

Sehotten started with orthocresole. On treating this with po-

tassium hydroxide and chloroform, according to the now well-

known reaction of Tiemann and Reimer, they obtained the

aldehydes of two oxytoluic acids, one of which

they call orthohomoparaoxybenzoic acid. CH3
They conclude that the formula of this acid is OH
The conclusion is based upon a large number

of experiments performed by Tiemann and

his associates which show that when the

aldehyde group is introduced into a phenole, it takes either the

para- or the ortho-position with reference to the hydroxyl.

Accordingly an aldehyde obtained from ortho-cresole by this

reaction would be either

CO,H

OH

COH
or

but an acid corresponding to formula II. is already known,

* Ber. d. cheui. Gesell., 11, WT,
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and this is not identical with orthohomoparaoxybenzoic acid.

Hence formula I. must be the correct one.

The properties of orthohomoparaoxybenzoic acid agree in

most respects with those of our oxytohiic acid
; and though

the account of the acid given b}' Tiemann and Schotten is very
meagre, probably because it was obtained only in small quan-

tity, still there seems to be no good ground to doubt that the

two are identical. Their acid fuses at 172°-173°, after being

dried at 100°. Under the same conditions our acid fuses at

174°-175° (corrected). Both acids contain half a molecule of

water of crystallization. Both conduct themselves toward
chloroform, alcohol, ether and water in the same way. Ferric

chloride colors neither one in aqueous solution. While our

acid, howevei-, crj-stallizes in long, delicate, lustrous needles of

great beauty, orthohomoparaoxybenzoic acid is described as

crystallizing "in Icleinen, meist schwach fleischroth gefajrbten

Nadeln." The diflerence is probably due to a difference in the

degree of purity in which the two substances were prepared.

Our acid was undoubtedly perfectly pure, while that of

Tiemann and Schotten could not have been so.

Again it is interesting to note that Jaeobsen* has succeeded

in obtaining another oxytoluic acid from the same xylenesul-

phamide with which we started^ i, e. the a-amide of fusing

point 137°. He fused the amide directly with potassium hy-

droxide, and thus obtained, as bis first product, the correspond-

ing xylenole. On then further fusing this xylenole with potas-

sium hj'droxide, it was first converted into an oxj^'toluic acid.

This acid is not identical Avith ours, as Jacobsen's description

plainly shows. It does not contain water of crystallization.

It fuses at 149° (uncorr.). Its solution is colored deep violet

by ferric chloride. Its barium salt contains two molecules of

water of crystallization, while that described by us contains

thi'ce molecules of water. The copper salt could not be pre-

pared in good condition, while the copper salt of our acid is very

characteristic. The acid of Jaeobsen further presents a pecu-

liarity which ours does not present. When distilled with lime

it yields orthocresole, as ours does; but when heated in a sealed

tube with concentrated hydrochloric acid at 180-185°, it is

split up into carbon dioxide and 'paracresole. Our acid, as was

*Ber. d. chem. Gesell., 11, 374.

16
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fully described above, yields orthocresole under the influence of

both these reagents. Jacobsen regards the experiment with

hydrochloric acid as reliable, and considers his acid a deriva-

tive of paracresole. The transformations effected by Jacobsen

may be represented thus :

CK, CH,
SO.NH,

CH.

CO,H

Xylenesulphamlde,
fusing point 1S7.5°-138°.

The transformations described by us may be represented

thus :

CII3 CII3

SO^NH

XyleneBulphamlde.

CH3

CO,H

Snlpliaminemeta-
toluic acid.

Oxytoluic acid.

Finally, the transformations described by Tiemann and

Schotteu may be represented thus

:

CH, CH. CH,
OH OH OH

COH CO.EI

Orthocresole. Oi'thohomoparaoxy-
benzaldehyde.

Orthohomoparaoxy-
benzolc acid.

We hojje to be able to subject homoparaoxy benzoic acid to an

exhaustive examination, as we can easily prepare it in large

quantity.

It will be seen, on comparing Jacobsen's transformations

with ours, that while the sulphamine group evidently protects

the ortho-methyl group when the oxidation takes place in acid

solution, the hydroxyl group does not protect the ortho-

methyl group when the oxidation takes place in alkaline solu-

tion. On the contrary, in the latter case the ortho-methyl is

first oxidized. Some other observations have been made since

these experiments were performed which seem to indicate

that it is a general principle, that when oxidation is effected
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by means of fusing potassium hydi'oxide, the ovtho-methj^l is

first oxidized. In another part of this memoir these relations

will be considered more fully with reference to their bearing

upon the structure of some mesitylene derivatives.

From a consideration then of the results of the experiments

just described, we are led to the conclusion, that in our oxy-

toluic acid the hj^drox^M group occupies the ortho-position

with reference to the methyl, and the para-position with

reference to the carboxyl. Accordingly in sulphaminemeta-

toluic acid the sulphamino group probably occupies the same
relative position. This, however, does not necessarilj" follow,

as the transformations effected by means of fusing potassium

hydroxide have, as is well known, been shown to be unreliable.

It was hence considered necessary to furnish further proofs

of the structure of the acid.

Xylidinic Acid.

If the sulphamine group in sulphamineraetatoluic acid could

be converted into carboxyl, the product ought to be xylidinic

acid, provided our notions concerning the structure of xylidinic

acid and of the sulphamine acid are correct. As the sulpha-

mine group can be so readilj- transformed into h3''drox3'l, it was

thought that j^ossibly the fusion of the sulphamine acid with

sodium formate might also give good results.

Pure, dry potassium sulphaminemetatoluate was intimatel}'-

mixed with an equal volume of sodium formate, and the mix-

ture heated in a silver crucible. The fusion was performed at

as low a temperature as possible. The jihenomena which

usually accompany this reaction were observed. The mass

became black, and inflammable gases escaped from the mouth
of the crucible, and these had the offensive odor characteristic

of organic sulphur compounds. After cooling, the mass was

dissolved in water, filtered, made ammoniacal and boiled with

animal charcoal. Hydrochloric acid was added to the filtrate,

and a precipitate with a yellow color obtained. This product

was still quite impui-e. It was dissolved in a small quantity

of alcohol, the solution filtered, and then a considerable quan-

tity of water added. By repeating this jjrocess a few times a

comparatively pure product was obtained, though it was found
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to be very difficult to thoroughly purify the acid. It retained

to the last a yellow tint. A small portion was sublimed, and

was thus deposited in the form of short thick needles. These

fused between 280°-282.5° (uncorr.). We examined a small

specimen of xylidinic acid in our possession, and found that

the two acids fused at exactly the same point. The acid ob-

tained by us was extremely difficultly soluble in water, hot as

well as cold. This fact also is in accordance with the suppo-

sition that we actually have to deal with xj^lidinic acid.

A portion of the acid was first neutralized with ammonia,

and a solution of zinc sulphate added. On boiling this solution

the highly characteristic zinc salt of xylidinic acid was thrown

down, as described by Jacobsen.* The salt was found to be

very difficultly soluble in hot water, and comparatively easily

in cold water.

The calcium salt was prcpai'ed by boiling the acid in water

with finely powdered Iceland spar. It was obtained in the

form of scales. Though recrystallized a number of times, the

result of the analysis shows that it was not perfectly pure.

Like the free acid, it retained a yellow color to the last.

0.2183 grams dried salt gave 0.1303 grams CaSOi.

Calculated. Found.

0911604 178 ... ...

Oa 40 18.35 17.55

Although the results of the experiment just described are

not as satisfactory as could be desired, there can hardly be

anj'' doubt that the bibasic acid obtained was really xylidinic

acid. Hence we are again led to the formula already- accepted

for sulphaminemetatoluic acid, and the conclusion drawn is

made doubly probable. But the value of the reaction with

sodium formate has been doubted as well as that with potas-

sium hydroxide. Though the results reached through it

could not then be considered decisive, any more than those

reached through the reaction with potassium hydroxide, still

when both lead to precisely the same conclusion it is plain that

the chances are in favor of this conclusion being correct. Wc
are, however, able to furnish still further proofs of its correct-

ness.
* Ber. d. chem. Gesell., 10, 859.



On Oxidation of Substitution Products. 121

Sidphoisophthalic Acid.

The oxidizing mixtures from which the main portion of sul-

phaminemetatohiic acid was obtained were concentrated, and

thus a few additional crops of crystals of the acid were ob-

tained. In these new portions no second isomeric acid,

except one derived from paraxylene, was discovered, though

every precaution was taken against error. This fact again

serves to strengthen the opinion expressed above that, if

/9-xylenesulphamide yields a monobasic acid by oxidation, this

acid must be unstable towards the oxidizing mixture employed.

Our object in examining the filtrates from the sulphamine-

metatoluic acid first obtained was expressly to decide whether

or not a second acid was formed. And, although the quantities

worked up by us yielded nearly eighty grams of perfectly pure

sulphaminemetatoluic acid, not an indication of the presence

of an isomeric acid, except the one above referred to, was

observed. At the same time two new pi'oducts were obtained

from the last mother-liquors, and these proved to be deriv-

atives of bi basic acids.

Both the new products were found to be easily soluble in

water, and to fuse at a much higher temperature than sulpha-

minemetatoluic acid. On purification they were found to

crystallize well from water. A more careful examination

showed them to be acid potassium salts. The quantities ob-

,tained from these mother-liquors wei-e so small that it would

have been impossible to determine the nature of the salts had

we not soon discovered a method by which they could be pre-

pared in large quantity and perfectl}' pure.

Suspecting that the salts might be derived from bibasic

acids formed by further oxidation of the monobasic sulpha-

minemetatoluic acid and its isomere from paraxj^lene, and be-

lieving that the oxidation of the second methyl group could

probably be more easily effected by means of potassium per-

manganate, an experiment was at once made with this agent.

The result was perfectly satisfactory. It was found that sul-

phaminemetatoluic acid can be quantitatively converted into a

new acid, and that the acid can be easily obtained in the form

of its acid potassium salt. This salt is identical with one of

those obtained, as above described, from the chromic acid oxi-
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dizing mixtures. In the same way subsequent experiments

showed that the second salt mentioned above could be readily

formed by treating the monobasic acid derived from para-

xj^lene with potassium permanganate. These derivatives

from paraxylene will be considered farther on. At ])resent

Ave will confine our attention to the oxidation of sulphamine-

metatoluic acid by means of potassium permanganate.

The best conditions for this experiment are, according to

our experience, the following : To 1 gram sulphaminemeta-

toluic acid, take 5 grams potassium permanganate, and dissolve

in 100 cc. water. This mixture is heated on a water-bath for

about seven hours. At the end of this tinie a little perman-

ganate still remains unreduced. A few drops of alcohol, or of

a solution of sulphur dioxide, are added to effect the reduction,

and, when the solution is colorless, it is filtered. The filtrate

has a slightly alkaline reaction. It is evaporated down to

about one-sixth to one-eighth of its volume, acidified with a

little hydrochloric acid, and allowed to stand after filtering.

On cooling, a perfectly homogeneous mass of acicular crystals

is deposited. After one recrystallization these are, as far as

could be determined, perfectly pure. On concentrating the

mother-liquor from the first crop of crystals, a second deposit

was obtained, and this, purified by recr^'stallization from

water, proved to be identical with the first product. On still

• further concentrating, more of the substance crystallized out

together with potassium chloride, but no other substance could.

be found. The conclusion is thus justified, that when sulpha-

minemetatoluic acid is treated with potassium permanganate,

under the circumstances just described, it is completely con-

verted into an acid which yields an acid potassium salt. The
quantity of the salt obtained was, further, in accordance with

this conclusion. The yield was almost quantitative. If an}^

deep decomposition of the acid takes place it is to an exceed-

ingly slight extent.

We naturally suspected that the new acid was sulphamine-

isophthalic acid, produced by the oxidation of the second

methyl group still contained in the monobasic acid, and the

results of the determination of the amounts of potassium and

sulphur contained in the salt confirmed this supposition.

Nevertheless, on attempting to determine the amount of nitro-
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gen in the salt wc were surprised to find that none was
present. On now testing for the presence of nitrogen bj^

fusing a little of the salt with sodium and then testing for

cyanogen, not a trace of nitrogen could be discovered. These

tests were repeated very frequent!}^, the greatest care being

always taken, but the result was al\va3's the same. The oxi-

dizing process has hence undoubtedly removed the nitrogen

from the original substance. What acid could now have been

formed from sulphaminemetatolnic acid containing no nitro-

gen but containing the same, or nearly the same, amount of

potassium and of sulphur in its acid potassium salt? The
molecular weight of sulphamineisophthalic acid is 245, while

that of sulphoisophthalic acid is 246. A difference of only 1

in the molecular weights of substances as complex as these

could not possibl}' be detected by means of our ordinary an-

alyses. It, hence, seemed very probable that we had sulpho-

isophthalic acid before us, and this was afterwards shown to

be the case. The results of the anal3'8es of the potassium

salt were as follows:

. I. 0.257 grams salt lost 0.02875 grams H^O at 190°; and

gave 0.07025 grams K,SO,.

II. 0.3461 grams salt lost 0.03925 grams H.,0 at 190°; and

gave 0.0931 grams K.,SO,.

III. 0.3931 grams salt lost 0.0446 grams H.,0 at 130°: and

gave 0.1053 gi-ams K.^SO^.

IV. 0.340 grams salt gave 0.24222 grams BaSOi when oxi-

dized by fusion with caustic potassa and treatment with bro-

mine water.
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salts might deceive the experimenter in regard to the nature

of the acid. It is a growing custom among chemists to rely

upon determinations of the amount of metal and water of

crystallization in a salt for information in regard to the com-

position of the acid. There are many cases, it is true, in

which the complete analysis of salts seems to be superfluous.

On the other hand, that there is danger in the usual method

is indicated clearly by the example with which we are

dealing; and it is certainly better to do some apparently

superfluous work than to draw a radically wrong conclusion

for want of this worlc. We spealc feelingly upon this subject,

for we were ourselves at first deceived ; and, our erroneous

impressions having been communicated in a short notice* pub-

lished in Germany a few month ago, Jacobsen was apparently

misled by it ; and, although we have corrected our first state-

ment, Jacobsen still clings to the error with considerable

tenacity. Indeed he goes so far as to assertf that "eine

andere Saeure (als die Sulfaminisophtalsseure) bildet sich

ueberhaupt nicht bei der Oxydation des «-Metaxylolsulfamids

oder der zunsechst daraus entstandenen Sulfamintoluylsffiure."
.

Whatever Jacobsen may have obtained in the course of his

experiments by the oxidation of a-xylenesulphamide, or of sul-

phaminemetatoluic acid, it is certain that his broad assertion

is not true. It is difficult to understand why he should have

obtained only one product, and we also only one, and the two

should not be identical. As far as it is possible to judge from

his descriptions of his experiments, we worked under essen-

tially the same conditions. JSJevertheless he asserts positively

that his product is sulphamineisophthalic acid, and that no

other product is formed. He gives an analysis which was

made to determine the amount of nitrogen in his compound,

and the results agree closely with those required by the formula.

In vieV o^ this very marked disagreement in our results, a

very careful special series of experiments was undertaken by

us to enable us to come to a final conclusion upon the subject.

As the principal result, Ave may say here that there can not he

the slightest doubt that the substance obtained by us is in reality

sulphoisophthalic acid, and we have not succeeded in making sul-

phamineisophthalic acid up to the present.

*Ber. d. chem. GeselL, 11, 133U, tlbid. 11, 1529.
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If the acid potassium salt obtained by us is a salt of sulpho-

isoplitbalie acid, then, as it contains but one atom of potassium
in the molecule, there must still be two acid hydrogen atoms
in each molecule of the salt. Whereas, plainly, if the salt is

derived from sulphamineisophthalic acid, then there can only

be one acid h^'drogen atom in each molecule. Of course it is

a xevy simple matter to decide between these two very dif-

ferent cases. It is only necessary to neutralize a weighed
portion of the salt with a solution of an alkali of known
strength. For this purpose a solution of ammonia (Jg normal)

was used, and the results obtained are here detailed :

I. 0.1909 grams salt were titrated with the ammonia solu-

tion. There were used for neutralization 12 ccm., whereas
11.9 cc-m. Avere required according to the theory.

II. 0.17975 grams salt required 11.3 ccm. of the solution of

ammonia, while the theoretical amount is 11.2 ccm.

III. 0.8338 grams salt required 52 ccm. of the solution of

ammonia, while the calculated quantity is 52.12 ccm.

These results permit only one conclusion. The acid from

which the potassium salt is derived is tribasic ; and, hence, can

not be sulphamineisophthalic acid. Taking this fact together

with those already stated, it is perfectly clear that our new acid

can oul}^ be sulphoisophthalic acid.

An objection might be made to our mode of experimenting.

It might be thought possible that sulphamineisophthalic acid

is actually formed at first, and that this is then converted into

the sulpho-acid by evaporation in the alkaline solution. This

seemed very improbable, as the solution was but very slightly

alkaline. Then, too, Jacobsen worlced just as we did, and yet,

according to his statement, he obtained the sulphamine acid.

Still we performed the experiment in such a way as to entirely

meet the possible objection. Instead of adding the hydro-

chloric acid to the solution after evaporation, it was added im-

mediately after the oxidation was finished, and the acid

solution then evaporated. The product obtained contains no

nitrogen, and is absolutely identical with the acid potassium

salt already described.

If the attempt is made to explain the anomalies between the

results obtained by Jacobsen and those obtained b}'' us, embar-

rassment is the immediate result. It is very noteworthy that

17
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the properties of the compound which Jaeobsen considers to

be sulphamlneisophthalic acid, and of that one which, accord-

ing to our experiments, is, bej'ond a doubt, sulphoisophthalic

acid, are almost identical. They agree so closely that even

Jaeobsen assumes* that we had the same acid that he had,

and " allem Anscheine nach in reinem Zustande." In the de-

scription of the acid and its salts to be given below we shall

call particular attention to these marked resemblances. Here

it is sufficient to refer to the acid potassium salts of the two

acids. The description given by Jaeobsen for his acid

potassium snlphamineisophthalate is almost word for word

the same as our description of acid potassium sulphoisophtha-

late.

We have begun the study of sulphoisophthalic acid and its

derivatives, and give here the results thus far reached.

Monohydro-barium Sulphoisophthalate.

C^UJ COO \

^^ + 1|H,0. When barium chloride is

(COOH
added to a solution of the acid potassium salt, no change takes

place in the cold. But on heating the solntion a very diffi-

cultly soluble, crystalline barium salt is precipitated. As soon

as it begins to appear, the contents of the vessel begin to bump
so violently that they are thrown out, unless precautions are

taken to prevent this result. This bumping is apparently

characteristic of the barium salt ; at least we have observed

it in every preparation. The salt was collected, dried in the

air and anal3'zed.

I. 0.2986 grams salt lost 0.0201 grams H,0 at 200°, and

gave 0.16885 grams BaSO,.

II. 0.21125 grams salt lost 0.0135 grams H,0 at 210°, and

gave 0.1195 grams BaSO^.

III. 0.2485 grams salt lost 0.01675 grams H^O at 210<», and

gave 0.141 grams BaSO^.

IV. 0.222G grams salt lost 0.0146 grams H,0 at 210°, and

gave 0.1284 grams BaSO,.

*Ber. d. chem. GesuU., 11, 904.
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another which has been prepared and is now being studied in

this laboratory, will be taken up. If acetic acid is added to a

solution of the neutral barium salt, the acid barium salt de-

scribed above is precipitated, thus showing that acetic acid is

stronger than one of the acid groups. If now hj'drochloric

acid be added to the difficultl}- soluble barium salt it is easily

dissolved, showing that it is, at least partially, decomi^osed.

It may be that the acid salt is complete!}' decomposed by hy-

drochloric acid, yielding free sulphoisophthalic acid, but in

view of the great stability of the acid potassium salt, to be

considered below, this does not seem probable. It hence ap-

pears that in sulphoisophthalic acid one carboxyl is weaker

than acetic acid, and one stronger, while they are both weaker

than hj'drochloric acid. It would, of course, be inter-

esting to determine which of the carboxyl groups is the

stronger, and attempts will be made to gain light upon this

point. In general the study of the relations of different acid

groups in the same molecule promises interesting results, and

attention has already been turned to this field in our labora-

tory.

We have above called attention to the marked similarity

between Jacobsen's description of the acid potassium salt of

his sulphamineisopbthalic acid and our description of the

corresponding salt of sulphoisophthalic acid. As regards the

barium salt, Jacobsen says:* "Aus der Loesung (des sauren

Kaliumsalzes) fsellt Chlorbarium cin fast unloesliches, beira

Kochen dichter und krystallinisch werdendes Eariumsalz."

That is exactly what takes place in the case of sulj^hoiso-

phthalic acid. As Jacobsen gives no analyses of the salt

prepared by him, a close comparison of the two is impossible.

Monohydro-calcium Sulphrrisophthalate.

{
^^^^

\ CaCeHs^COOj^^ + 4iHA This salt was prepared by
(COOH

treating the free acid with Iceland spar. It is pi'obablc that

in the process of concentration, decomposition of the neutral

salt first formed takes place, as noticed in the case of the

neutral barium salt. The final solution, from which the salt

* Ber. d. chern. Gesell., 11, 900.
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here described was obtained, had been frequentl}^ filtered

before it could be obtained clear. A closer study of the salt

will show whether the supposition is correct. A somewhat
similar case is presented by sulphoterephthalic acid, prepared

and briefly described b}- Ascher.* The salt obtained after

treating the solution of the sulpho-acid with an excess of

barium carbonate has the formula (^CbHs -j x^ '^ -'- V Ba.

The calcium salt under consideration is very easily soluble in

water, and crystallizes in compact, apparently monoclinic

prisms. The crystals lose part of their water of crystalliza-

tion when exposed to the air.

The salt was analyzed with the following results :

I. 0.48475 grams salt lost 0.10875 grams H.,0 at 205°, and

gave 0.18225 grams CaSO^.

II. 0.2223 grams salt lost 0.0490 grams H^O at 205°, and

gave 0.0840 grams CaSO,.
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given by Jacobsen as that at which his sulpliamineisophthalic

acid fuses, so that here again we have a marked agreement in

properties between two substances which are quite unlike in

composition. We shall continue the study ofsulphoisophthalic

acid, and shall hope to hear more concerning sulphaminc-

isophthalic acid from Jacobsen, so that the differences between

the two acids may become apparent.

The formation ofsulphoisophthalic acid by the action of the

chromic acid mixture upon «-xylenesulphamide is the first

case in which the conversion of an ortho-methyl-group into

carboxyl has been effected by the acid oxidizing agent.

"While this change plainly can be effected, contrary to the

usually accepted notions on this subject, it is a significant and

important fact that onlj' a very small portion of the bibasic

acid is formed, and the oxidation process which produces it

must be regarded as altogether secondary to the main re-

action. If this action were not secondary, if there were no

conditions tending to prevent it, then, with an excess of the

oxidizing mixture such as we employed, and long-continued

heating, the monobasic acid must inevitably have disap-

peared, and the main product at least must have been the

bibasic acid. But it has been shown that the amount of the

monobasic acid obtained was very large, while that of the

bibasic acid was comparatively insignificant. Hence it can

not be doubted that something exerts a protective influence

upon one of the methyl groups, and this we believe to be the

negative group which is situated in the ortho-position with ref-

erence to the protected mclhj-l. The fact that the protection

is not complete is no objection to the view that protection is

exerted ; nor does it in the least detract from the importance

of the general conclusion drawn in regard to the action of ne-

gative groups upon hydrocarbon residues in the ortho-position.

The transformation of the sulphamide-group into the sulpho-

group by both the oxidizing agents used — chromic acid and

potassium permanganate— is curious, and was entirely unex-

pected. P^rom experiments since made here, it is certain that

potassium permanganate does not effect this transformation of

the sulphamide-group in all compounds ; that in some cases

the transformation is complete, while in still others it is only

partial. Of course it is too early to offer anything like a final
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opinion upon this new set of changes, but from the observa-

tions already made it seems probable that only those sulpha-

mide-groups which are situated in the ortho-position with

reference to groups undergoing oxidation are changed to the

sulpho-group by oxidation. Three well-marked cases have

been studied here thus far, and others will soon be taken up,

but the consideration of this subject will be postponed until

the investigations bearing upon it have been completed, or so

far completed as to leave no doubt in regard to the interpre-

tation to be offered.

Transformation of Sulphoisophthalic Acid into Oxyisophthalic

Acid (a-Phenoledicarbonic Acid).

The formation of sulphoisophthalic acid b}' the methods de-

scribed above does not afford any aid in the solution of the

main problem before us, which is the determination of the

relative positions of the groups in sulphaminemetatoluic acid.

While the experiments thus far discussed make it almost cer-

tain that the structure assigned by us to the compound is cor-

rect, there remains still another transformation to be described

which only serves to confirm the conclusions already drawn.

This is the transformation of sulphoisophthalic acid into the

corresponding oxy-acid, which proved to be identical with

a-phenoledicarbonic acid, first prepared by Ost,* and recently

again by Tiemann and Reimer.f

Acid potassium sulphoisophthalate in moist condition was

added gradually to fusing potassium hydroxide. The reaction

proceeded quietly, and in a few minutes the change was com-

plete. The mass was dissolved in water and hj'drochloric

acid added in excess. A voluminous precipitate was formed.

This was colorless and consisted of very fine short needles.

It was recr^^stallized from water, and, after the first crystalli-

zation, it was obtained in jDerfectly pure, white, delicate, short

needles. The yield seemed to be quantitative. After drying,

the acid was analyzed :

0.205 grams acid gave 0.064 gi-ams H.^0, and 0.3952 grams

CO,.

*Journ. prak. Chemie, N. F. 14, 93, and 15, 301.

tBer. d. cbem. Gesell., 10, 1571.
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Found.
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form of fine needles. We cannot confirm this statement. The
experiment was performed repeatedl}^ and the neutral silver

salt obtained in each case. In some experiments the amount

of silver contained in the salt obtained was a little less than

that requii-ed by the neutral salt, but it was never nearly as

small as that required for the acid salt. It* on the other hand,

acetic acid be added to the solution of the neutral ammonium
salt, as recommended by Tiemann and Reimer,* and then an

excess of silver nitrate added, the acid silver salt separates

readily, and possesses the properties mentioned by Ost and

by Tiemann and Reimer. In view of the fact that all other

salts of our acid agree closel}^ with the same salts of a-phenole-

dicarbonic acid, it seems at least possible that Ost's observa-

tion with reference to the formation of the acid silver salt is

not correct. Perhajis his solution of silver nitrate contained

a little free nitric acid.

The analj'sis of the acid silver salt gave the following

result

:

0.41 grams salt gave 0.1525 grams Ag.

Calculated.
, , Found.

CgHA - 181 62.63

[Ag ... 108 37.37 37.20

289 100.00

The salt cr3-stallizes in fine needles, which are very diffi-

cultly soluble in cold water, and easily soluble in hot water.

Further, we applied all the tests which are given by Tiemann

and Reimer,f and were unable to detect any difference between

our acid and a-phenoledicarbonic acid. There can hence be

no doubt that our product is the latter acid.

If our views in regard to the structure of sulphaminemeta-

toluic acid are correct, a-phenoledicarbonic acid ought to have

one carboxyl group in the ortho-position and the other in

the para-position with reference to the hy-

droxyl group. Itsfor-Qxr J mula maybe conveni-

ently represented thus, But this is the formula

accepted by Ost and <,^^ ^m FT
^^ Tiemann and Rei-

mer, and they were led ^ " to it by entirely differ-

*Ber. d. chem. Gesell., 10, 15T4, Tab. II. t Loc. cit. p. 1574, Tab. II.
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ent lines of thought. It is unnecessary to rccapituhite here in

detail the arguments of these chemists in fovor of the formula

given, but it may be mentioned that Ost succeeded in obtain-

ing from his acid both salicj^lic and paraox3-benzoic acids.

This indicates that the hydroxyl occupies the positions with

reference to the two carboxyls which are characteristic of sali-

cylic and paraoxj'benzoic acids. And again Tiemann and
Keimer made a-phenoledicarbonic acid by introducing a car-

boxyl group into salicylic acid, and also by introducing a car-

boxjd group into paraoxybenzoic acid, and the conclusion is

again forced upon us that in the bibasic acid we have, as it

were, a combination of salicylic and paraoxybenzoic acids, a fact

which is expressed very clearly by the formula above given.

Concliisio7i.

Thus our first conception in regard to the nature of sulpha-

rainemetatoluic acid is shown to be correct b^^ a variety of

methods of proof; and up to the present not a single fact is

known to us which is not in perfect harmony with the con-

ception.

Jacobsen has given other proofs for the structure of the a-

X3denesulphamidc with which wc started, and the results of

his experiments agree with those performed b}-- us, as far as

they bear upon the structure of the amide. His method of

work was entirely different from ours. He first converted the

amide into the corresponding sulphonic acid, and fused the

potassium salt of the acid with potassium C3'anide. The cy-

anide thus obtained was heated with concentrated hydro-

chloric acid at 180°. Thus an acid was formed which was
volatile with water vapor. Another portion of the potassium

salt used in the experiment just mentioned was fused with

sodium formate, and an acid produced which proved to be

identical with the one from the cyanide. The acid thus ob-

tained is xylylic acid. It was further oxidized by means of

potassium permanganate yielding xylidinic acid. This trans-

formation shows that a-metaxj^lenesulphamide has the struc-

ture which we have already assigned to it on the basis of our

experiments.

We have thus proved satisfactorily that when a substance
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in which there are present a sulphaniide-group and two
methyl-groups, the former being in the ortho-position with re-

ference to one methyl and in the para-position with reference

to the other methyl, is oxidized by means of potassium pyro-

chromate and sulphuric acid, the ortho-metbyl is almost com-

pletely protected from the action of the oxidizing agent,

while the para-methyl is easilj'^ converted into carboxyl. One
step has been taken towards showing what antecedent con-

ditions are common in connection with the phenomena briefly

discussed in the introduction to this memoir. But of course

it is necessary to show that negative groups in other cases

protect hydrocarbon residues in the ortho-position. Since

these investigations were begun, some experiments have been

performed by other chemists, the results of which are in ac-

cordance with our hypothesis; and, though one of us (E) will

have occasion to discuss these results hereafter, it may be well

at least briefly to refer to them at this point, as they are of

the highest importance for us.

E. V. Grerichten has shown* very recently that when a

chlorcymene, derived from carvacrole, is oxidized, it yields a

chlortoluic acid. Now, in the chlorcymene employed it is

known that the chlorine occupies the ortho-position with ref-

erence to the methyl, and the meta-position with reference to

the propyl. But the pi-opyl group is converted into carboxyl

by oxidation, while the methyl is protected—a result which,

as will be seen, serves to confirm the hypothesis. Again the

same chemist has made an isomeric chlorcymene from thymole,

and in this derivative the chlorine occupies the ortho-position

with reference to the propyl, and the meta-position with ref-

erence to the methyl. On oxidizing this an acid was formed

which has the composition of a chlor])ropylbenzoic acid. The
natural conclusion was that now the propyl had been pro-

tected while the methyl had been changed to carboxj^l. This

should certainly be the true explanation if our hypothesis is

correct. In a later publication,f however, v, Clerichten claims

that the acid formed by oxidation of the chlorcymene from

tbymole is not a chlorpropylbenzoic acid, but that it has the

composition CcHj.CHg.Cl.Callt.COjH, according to which it is

methylchlorhydrocinnamic acid. If this is true, then, as v.

Ber. d. chem. Gesell., 11, 364. t lb. 11, 1710.
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Gerichten sajs, the protection exerted upon the propyl-group

by the chlorine in the ortho-position is not complete but only

partial. It would, however, be very remarkable to find that

a methyl-group in a compound like the chlorcj^mene of v. Ge-

richten should resist the action of chromic acid. It will be

shown in the course of these investigations that orthomethyl

groups, situated exactly like this remarkable one in the mole-

cule, are oxidized with great ease ; and, indeed, the experi-

ment of V. Gerichten upon the other chlorcymene shows that

a hj'drocarbon residue situated in the meta-position with ref-

erence to the negative group can be oxidized. Whj^ then, we
repeat, should this solitarj' methyl act so strangelj- ? As v.

Gerichten still entertains some doubt concernincc the correct-

ness of his conclusion in regard to his last experiment, it may,

perhaps, not be going too far if we also reserve our opinion

until something more definite is heard about the new methyl-

chlorhj-drocinnamic acid. It is possible that it ma}^ finally

prove to be what it was originally thought to be, viz. chlor-

propylbenzoic acid.

Again, Schmitz has just published* the results of an investi-

gation on mesitylene derivatives, and some of these results

bear closely upon the question we are discussing. He exam-

ines the nitromesitylenic acid formed by oxidation of nitro-

mesitylene, and finds that in it the nitro-group is situated in

the ortho-position with reference to both the methyl-groups
;

a fact which shows that the negative group exerts a protect-

ing influence upon both these methyl-groups. The same fact

was proved in connection with brommesitylenic acid obtained

by oxidation of brommesitylene ; the bi"omine protects two of

the methyl-groups, and the third, being unprotected, is

oxidized.

lu the parts of these investigations which are still to be

presented, other cases similar to the one we have thus far been

chiefly occupied with will be considered, hi the first portion

of this paper we referred to an amide obtained by us from the

first crude mixture which we suspected to be a derivative of

paraxylene. This was deposited from the last mother-liquors

in the form of verrucous masses, and found to fuse at 143°.

In order to determine its nature it was first subjected to oxi-

*Aun. cler L'liemie, 193, 160.
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dation and converted into a monobasic acid. This acid, on

being heated with concentrated hydrochloric acid up to 220°,

was converted into a new substance which crystallized from the

liquid on cooling. The crystals were filtered off and recrys-

tallized, and, after drying, they were sublimed. They then

fused at 174°. Although paratoluic acid, when perfectly pure,

melts at 178°, still the properties of this substance ai'e such as

to leave little doubt that it is paratoluic acid. A small quantity

of the supposed paratoluic acid was treated with potassium

pyrochroraate and sulphuric acid. It was thus converted into

an acid which is insoluble in water, and did not fuse at 310°.

This, in all probability, is terephthalic acid.

We hence conclude that the acid derived from the amide is

sulphamineparatoluic acid, and further that the amide is a

derivative of paraxjdene as we supposed. We prepared moi'e

of the new acid and studied some of its salts, but it still re-

mains to decide positively what relation exists between the

three groups in the compound. It will probably be shown

that the sulphamide group occupies the meta-position with

reference to the carboxyl, and the ortho-position with re-

ference to the methyl. The account of the full investigation

of this acid will be given later. A method has been dis-

covered by which it can bo prepared in almost unlimited quan-

tity, 80 that the investigation of its relations will be some-

Avhat exhaustive.

Further, we have shown that sulphamineparatoluic acid is

converted by oxidation with potassium permanganate into a

tribasic acid very similar to sulphoisophthalic acid. This, in

all probability, is sulphotorephthalic acid, as it is tribasic and

contains no nitrogen. It can be obtained in any desired

quantity and will be subjected to careful study.*

III.—ON THE OXIDATION OF BROMPARAETHYLTOLUENE.

By Ira Remsen and H. N. Mokse.

If the hypothesis in regard to the protective influence ex-

erted by negative groups upon hydrocarbon residues in the

ortho-position were firmly established, it is plain that it might

*Dr. L. B. Hull it- engaged in the tliorough invest igation of the compounds here
mentioned as deriA-ed from paraxyleue. Instead of starting from paraxyleue, how-
ever, he makes use of cyminr, and obtaiu:r the same products.
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be made use of for the purpose of dcterniiniiig the structure of

some compounds at present not understood. Suppose, for ex-

ample, Ave introduce into any aromatic hydrocarbon contain-

ing two residues some negativ^e group, and then subject the

product to the action of potassium pyrocliromate and sulphuric

acid. //' a stable monobasic acid is produced, then the negative

group occupies the ortho-position with reference to the residue

which remains unchanged. While it would be premature to

state that the hj'^pothesis upon which this method of proof is

based is firmly established, it seems extremely probable that

the statement maj' soon be made with confidence. In the

meantime we have porfoi'med the experiments to be described

in this article, leaving for further investigations to decide

whether the arguments employed are valid or not. Whatever
may be the ultimate ftite of the hypothesis, however, the facts

embodied in this description will of course remain facts, though

the interpretation of them may be found to be incorrect.

Within the past few j^ears a great many experiments have

been performed with the object of determining the influence

which one substituting group exerts upon a second or third

entering the same benzene-nucleus. These experiments have

been confined to cases in which the most common substitutintc

groups or atoms, as Ci, Br, NO^, SO3H, etc., were studied with

reference to their influence upon one another, or with refer-

ence to the influence exerted upon them by such groups as

hj'drocarbon residues, or by CO^H, CH^OH, NH^, etc. Inter-

esting generalizations have been reached. It is now known
that all the so-called negative groups are influenced in essen-

tially the same way by hydrocarbon residues, by carboxyl, etc.

But while it has been recognized that the influence of all hy-

drocarbon residues is the same in kind, the question whether

there is any recognizable difference in degree between the

influence exerted by the group CH,, and that exerted by C.^Hj,

C3H7, etc., has never, we believe, been the subject of definite

experimental inquiry.

There are, indeed, experiments on record which bear di-

rectly upon the question, but their connection with the

question has not been pointed out; and it is fair to presume

that it has not been recoe-nized. We have hence undertaken

the study of the subject here suggested.
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Two methods of investigation might, theoretically at least,

lead to the desired results. Iti the first place, substituting

agents might be allowed to act upon analogous compounds,

one of which contains the group CH^, the other C2H5. Thus,

for instance, the action of bromine, sulphuric acid, etc., upon

toluene, CJIj.CH;,, might be compared with their action upon

ethylbenzene, C^^H^.C^lir,. It is probable that in the latter case,

as in the former, we would obtain mainly derivatives belong-

ing to the para-series, together with smaller quantities of the

isomeric ortho-products; but the proportions between the two

isomeric products might be different in the two cases. To
take a particular case, the definite question to be answered

would be: Is the relation between the quantities of the para-

and the ortho-derivatives the same when bromine acts upon

ethyl benzene as when it acts upon toluene ?

The difficulty which first presents itself in connection with

this method of investigation consists in the fact, that the rela-

tion between the quantities of para- and ortho-derivatives

formed from toluene itself and an}^ given substituting agent

is by no means constant, but dependent upon circumstances.

Not only so, but the circumstances which determine the rela-

tion in any case are for the most part unknown to us, and are

hence not under our control. Eesults obtained in the manner
indicated could not then at present be reliable.

In the second place, some compound might be taken in

which two different hydrocarbon residues are present, and

the pi'oducts derived from it compared with those obtained

from an analogous substance which contains only one kind of

hydrocarbon residue. Thus, as a convenient example for

study, we may take the ethyltoluene of the para-series. The
analogous compound, paraxylene, is well known, and the action

of substituting agents upon it has been the subject of careful

study. All known facts justify the assumption that only

one mono-substitution product can be obtained from para-

xylene with any one substituting agent. It is very likely that

in a compound with a symmetrical structure, as that of para-

xylene is supposed to be, the substitution takes place in con-

nection with any one of the hydrogen atoms. Which atom is

actually replaced at any given instant depends merely upon
which part of the molecule is first presented to the agent. In
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ethyltoluenc, however, there ai*e two kinds of replaceable hy-

drogen-atoms, and the action of a substituting agent upon this

compound may give rise to three different results, according

to the way in which the groups C2H5 and CH3 act upon the en-

tering atom or group. These possible results are:

Ist. The formation of a product in which the substituting

group occupies the ortho-position with reference to the CH3,

and the meta-position Avith reference to the C2H5.

2d. The formation of an isomeric product, in which the sub-

stituting group occupies the ortho-position with reference to

the C.,U-^, and the meta-position \yith reference to the CII3.

3d. The formation of both isomeric i^roducts in various

proportions.

If the two hydrocarbon residues act with the same, or nearly

the same, intensity upon the entering group, it seems clear

that the third result ought to follow, i. e. both possible iso-

meric products should be formed in equal or nearly equal quan-

tities, while the formation of only one product would indicate

pretty positively that one of the groups CH3 or CJI^ acts

more strongly than the other. According to our experiments

the result actually obtained is the first of the three mentioned.

The product formed by allowing bromine to act upon ethyl-

toluene is, we believe, that in which bromine stands in the

ortho-relation to the nietbyl, and the meta-relation to the

ethyl.

Ethyltoluenc was made according to the usual method, by

treating a mixture of ethyl iodide and parabromtoluene in

anhydrous ether with sodium. The parabromtoluene was a

perfectly pure substance which boiled at a constant tempera-

ture, and crystallized on cooling so as to form a thoroughly

solid mass. The action was moderated by cooling with ice

water. An evolution of gas continued for more than twenty-

four hours. When the reaction was finished the mass was dis-

tilled and the collected oil subjected to fractional distillation.

It consisted of considerable benzene, toluene and ditolyl, to-

gether with the desired ethyltoluenc which boiled at 158°-

160°. The reaction was quite unsatisfactory and the yield

small, although great care was taken to insure absolute purity

of the materials employed.

Those portions of the distillate which boiled between 155°

19
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and 165° were treated in a small flask surrounded by cold

"water, with somewhat less than the theoretical quantity of

bromine. When the reaction, which was rapid though not

violent, was finished, the product was heated to drive off hy-

drobromic acid and the excess of bromini3, and then distilled

until decomposition began.

The bromine product thus obtained was treated with the

usual oxidizing mixture of potassium pyrochromate, sulj^huric

acid and water. The mixture was gently heated for about

twenty-four hours. At the end of this time the bromine pro-

duct had disappeared, while the oxidation-product was present

in the form of irregular lumps upon the bottom of the flask.

These lumps were filtered off, washed with water, boiled with

dilute sodium carbonate, the solution filtered and the acid pre-

cijDitated by means of hydrochloric acid.

After filtering and washing the acid, it was converted into

the barium salt by boiling it in water with pure barium car-

bonate. The solution of the barium salt was boiled with ani-

mal charcoal to remove a slight yellow color. After recrys-

tallizing the salt a few times, it presented all the properties

mentioned by Jannasch and Dieckmann* as characterizing the

barium salt of bromparatoluic acid.

It was analj'zed with the following results :

• I. 0.1518 grams salt lost 0.0169 grams H,0 at 110°.

II. 0.1816 grams salt gave 0.06617 grams BaSO^.

III. 0.1001 grams salt lost 0.0114 grams H,0 at 180°, and

gave 0.036 grams BaSO^.
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The calcium salt of the acid was made by boiling some of

the acid recovered from the purified barium salt with pure cal-

cium carbonate. It is only necessary to say that the salt

proved to be in every respect identical with that described in

the paper by Jannasch and Dieckmann referred to above. Its

analysis yielded the following results :

0.2597 grams salt lost 0.0277 grams H^O at 180°, and gave

0.0668 grams CaSO,.
Calculated. Found.

(CgHeBrO,), ... 428 81.67

Ca ... 40 7.66 7.55

3H,,0 ... 54 10.67 10.37

522 100.00

Further, the free acid possessed all the properties attributed

to it by those who have previously described it. Its melting

point was found to be 203°-204°.

Finally, the acid was treated with sodium amalgam for some
hours. The bromine was thus extracted, and an acid obtained

which exhibited all the properties of paratoluic acid. It crys-

tallized from water, and fused at 178°.

It can not be doubted, then, that the bromine product

formed by treating ethjdtoluene with bromine yields brompa-

ratoluic acid when subjected to the action of chromic acid.

The mother-liquors from the first crystallizations of the barium

salt were carefully examined, and no evidence was obtained of

the presence of a second salt. The oxidizing mixtures were

also examined, and nothing but a very small quantity of an

acid was found which differed at all from bromparatoluic acid.

The quantity of the acid was so small that we were unable to

examine it thorou^hlv. It was found to fuse between 195°

and 200°. The barium salt and the acid itself did not differ

enough from bromparatoluic acid and its barium salt to make

it appear at all improbable that the acid was simply impure

bromparatoluic acid.

The interpretation of the transformations here described

we believe to be a simple matter. We believe that the

methyl group is protected from oxidation because it stands

in the ortho-relation to the bromine atom, while the

ethyl is oxidized because it stands in the meta-
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relation to the p-rr bromine. Or, adopting

the usual method ^-.^^ of representation, the

formula of brom-
|

jBr ethyltolnene is, accord-

ing to these ideas, \^J • Of course, this conclusion

can, at present, C2H5 be only regarded as pre-

liminar3^, for, un- til the results of more

experiments have been described, the hypothesis upon which

the proof for this formula is dependent can hardly be considered

as established. Assuming the formula to be correct, however,

what does it indicate?

We know that when a negative group enters toluene its

tendency is to take mainly the pai-a-position. The influence

of the hydrocarbon residues is, as is said, to repel the negative

group. But, plainly, until we know that the para-position is

really further removed than the ortho-jDosition, this statement

can only be figurative and directly dependent upon the scheme

of Kekule for its meaning. It is true that the peculiar cases

of condensation noticed in connection with ortho-compounds,

among which may be mentioned the formation of phthalic

anhydride, of salicylic anhydride, etc., etc., do really seem to

show that groups in the ortho-position with reference to each

other are more closely connected than groups in the other

positions ; but there are not enough facts known as yet to

warrant the expression of a decided opinion upon this subject.

The formation of the bi'omethyltoluene represented by the

formula given shows that one of the groups acts more strongly

upon the bromine atom than the other, for, as remarked

above, if both groups acted with equal intensity, two isomeric

products should have been obtained. While we can not tell

which group acts with the greater intensit}' by examining the

formula, the ibllowing reasoning seems to be justifiable. If, as

is commonly stated, CII3 repels negative gi-ou^^s, then we
would expect C^s to exert the same kind of action more
strong!}^, as any iorce exerted by either group must be de-

pendent to some extent upon the mass of the group, and the

mass of C2H5 is greater than thatofCHg. Assuming this to

be the case, and assuming, further, that the para-position is

further removed than the ortho-position, then it would follow

that the meta-j^osition is also further removed than the ortho-

position, otherwise the bromine ought to take the ortho-posi-
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tion with reference to that group which exerts the stronger

action.

Although these latter considerations can lead us at present

to no positive conclusions, still thc}^ are interesting as indi-

cating a possible future method of investigation. The proofs

for the structure of bromparatoluic acid are, however, inde-

pendent of the the theory in regard to the nature of benzene.

One objection may be made to the proof. It maj^ be said

that even though the conclusion with reference to the protec-

tive influence exerted by the bromine upon

the group situated in Qjj the ortho -position be

acknowledged, it would ^-'^^ still be possible to

obtain bromparatoluic acid from a body

of the structure ""^--^/"Br For the CH3 might be

converted into car- C2H5. boxyl, and the C2H5

group be broken up b}^ the oxidizing mix-

ture, so as to leave CH3 in its place. This does not appear

probable in the light of all known facts, but still we could

easily decide this point by oxidizing bromparadiethylbenzene.

If the C2H5 group can break up in the manner indicated, then

the product would be bromparatoluic acid ; whereas, if it does

not break up, the product will be bromparaetbylbenzoic acid.

Among experiments which have been performed b}^ others

and which bear upon the question discussed in this paper, may
be mentioned those which have proved that, by oxidation of

monosubstitution products of cymene (parapropyltoluene), de-

rivatives of paratoluic acid ai'e obtained. Thus Landolph has

shown* that raonobromcymene yields monobromparatoluic

acid. Fitticaf has performed the same experiment with the

same result. Fitticaj; has also shown that cyrnene, when

treated with concentrated nitric acid, yields nitroparatoluic

acid, which is identical with that obtained by the oxidation of

nitroparaxylene, and b}^ treatment of paratoluic acid with

nitric acid. It must be stated in this connection, however,

that both Landolph and Fittica obtained two mononitro-

derivatives from cymcne, and, according to Fittica, each of

these derivatives yields a different nitro-acid when oxidized.

If two nitro-acids can be obtained in this way, it seems pos-

sible that one of them may prove to be not nitrotoluic but

* Ber. d. chem. Gesell., 5, 207. l Auu. dcr Chemic, 113, 303. % Loc. cit.
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nitroparapropjMbenzoic acid. Indeed, according to a recent

notice* by v. Gerichten, the substance formerly described by

Landolpb and by Fittica as solid nitrocymcne bas not tbc

composition of nitrocj'mene at all, hence it may well be

doubted whether the product described as a new nitrotoluic

acid has the composition ascribed to it. Again Fleschf suc-

ceeded in forming sulj^hotoluic acid by oxidizing thiocymene*

Bechler| also obtained a sulphotoluic acid in the same waj'",

while Fittica§ states that the sulphotoluic acid which is pro-

duced by oxidizing thiothymocj'mene with nitric acid is not

identical with that described by Flesch and by Bechler.

To the cases of the chlorcymenes and bromcymenes studied

by V. Gerichten I'cference was made in the preceding article.

We ma}', however, here call attention to the interesting fact

that after v. Gerichten's first publication in which he claimed

to have prepared two isomeric chlortoluic acids from the two

isomeric chlorcymenes, we publicly|| expressed doubt in regard

to the accuracy of his work, and suggested that one of the

chlortoluic acids might prove to be chlorparapropylbenzoic

acid. Shortly afterward v. Gerichten published a notice in

which he acknowledired that one of his acids had actually the

composition of a chiorpropylbenzoic acid as we suggested.

Later, however, he believes that he has proved this acid to bo

ethylchlorhydroeinnamic acid. The uncertainty connected

with his last conclusion, however, is so great, as was pointed

out in the previous article, that for the present we feel justi-

fied in Avaiting for further proofs of its correctness. We feel

this way, particularly as there are now so many cases known
which show that the views held by us in regard to the conduct

of aromatic substitution products under the influence of oxi-

dizing agents arc correct, and there is really only this last

one uncertain case which in any way speaks against our

views.

*Ber. d. chem. GeselL, 11 lOiU. tlb., 0, 481. :;: Journ. prak. Chemic, 110, 167.

§ Ann. der Cliemie, 173, .'523.
1
Ber. d. cliem. Gesell., 11, 2S2.
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XOTE OX THE DETERMINATION OF SILICON
IN PIG IRON AND STEEL.*

By Thomas M. Drown.

In experimenting in connection with Mr. P. W. Sbimer

(now chemist of the Thomas Iron Company, Hokendauqna,

Pa.) on methods for the determination of silicon in pig iron,

in order to find one which should be accurate and yet give

results in a few hours, I have adopted the following procedure,

which, as far as mj' experience goes, leaves nothing to bo

desired.

About one gram of pig iron or steel is treated in a platinum

or porcelain dish with 25 cubic centimeters of nitric acid

(sp. gr. 1, 2). When action has ceased, 25 to 30 cubic centi-

meters of dilute sulphuric acid (one of acid and three of

water) are added, and heat applied until the nitric acid is

nearl}^ or quite driven off. The heat of a water-bath is

sufficient, though the process may be hastened by heating

higher on a sand-bath. Water is then cautiously added (as

soon as the free sulphuric acid is sufficiently cool) and the

contents of the dish heated until the crystals of ferric sulphate

are completel}' dissolved. The solution is then filtered as hot

as possible, the residue washed first with hot water, then with

25 to 30 cubic centimeters of hydrochloric acid (sp. gr. 1, 12),

and finally with hot water. After drying and igniting, the

silica will be found to bo snow-white and granular.

The following are some results obtained by this method

compared, in some instances, with the older method of treat-

ment with nitric acid, evaporation to drj'ness, heating to

150° C. for several hours, dissolving out the iron in hydro-

chloric acid, and filtering oif from the insoluble residue, which

is dried and ignited, and the resulting impure silica fused with

alkaline carbonates.

The letters denote different samples of pig iron.

* Read before the American Institute of Alining Engineers. Communicated by
the Author.
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Treatment in platinum dishes gave very slightly lower

results than porcelain dishes.

If after treatment with dilute sulphuric acid the solution is

filtered off from the residue without concentration of the

acid, it is found that about one-half of the silicon is in the

solution and the other half in the residue ; when nitric acid is

used and the solution filtered off as soon as all action has

ceased, it is found that about two-thirds of the silicon is in the

solution and one-third in the residue; and with hj'drochloric

acid, about one-third goes into the solution and two-thirds

remains in the residue. It is not probable that there is any

precise ratio existing between the amount of silicon dissolved

and the amount in the residue in the ease of any one of the

'acids, the ratio being doubtless variable and depending on the

concentration of the acid, the time of action, and the tempera-

ture; yet the marked difference in the action of the three

acids in this respect is interesting.

The washing with hydrochloric acid of the residue obtained

by the action of nitric and sulphuric acids on pig iron is in

most cases necessary. Thus there was obtained from the

pig iron when water only was used for washing, 2.67 per

cent, of silicon against 2.52 when washed with hydrochloric

acid ; and in another sample, 2.10 per cent, against 1.70 per

cent.

Although the results obtained with hydrochloric acid for the

original solution of the iron show, as far as the experiments go,

as good results as those obtained with nitric acid, yet I prefer

the nitric acid treatment on account of the silica obtained

being compact and granular, while the use of hj^drochloric

acid, and also of sulphuric acid alone, yields a silica which is

light and flaky.

Easton, Pa., February, 18"9^

20
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ON A NEW BASE.

By Edgar F. Smith.

In the Proceedings of the Am. Phil Soc. for May 4, 1877,

and Jahresbericht, 1877, Heft i. p. 420, ma}' be found a paper

containing a description of several new chlorine derivatives

of toluene. One of these, to which especial interest attaches

itself, is a carbon chloride having the following empirical for-

mula C.iCIsu. It was obtained by treating toluene with dry

chlorine until the gas was no longer absorbed. The new

derivative when pure formed large colorless prisms which

fused at 152°-153°C. It possessed an odor very much like

that of camphor. In water and alcohol it was insoluble, while

chloroform dissolved it readil}'.

Action of Aniline upon C.^Cl^^.

A quantity of the above compound, finely divided, was

heated in a sealed tube with an excess of aniline for six or

eight hours. The temperature during this time did not ex-

ceed 180°C. Upon examination after cooling a deep red

colored, viscid product was discovered, which was transferred

to a shallow dish, water added, and the whole then heated

upon a water-bath. In this manner much of the adherent

aniline was expelled. By repeatedly distilling the residue re-

maining after evaporation it was finally obtained pure.

Properties.—The new base produced in the above manner

contains chlorine and nitrogen. It forms salts with acids. In

Avater, and indeed all solvents, it is exceedingly easily soluble.

From the most concentrated aqueous solutions it is obtained

only after long standing, when it separates in thin broad

scales, which carbonize slightly at 225°C, and fuse at 230°C.

The crj'stals are almost colorless; they refract light strongly.

Upon gently heating a portion of the base with an aqueous

solution of chromic acid, a reddish brown flocculent mass was
precipitated. This was filtered and washed. In hot water it

dissolved sparingly; more soluble in alcohol, to which it im-
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parted an intense red color. On the addition of zinc and di-

lute hydrochloric acid to the highly colored solution, the latter

was slowly decolorized, but upon warming the liquid the color

again appeared.

Hydrochloric Acid Salt.—Upon evaporating a portion of the

above base with hydrochloric acid and repeatedly recrystaU

lizing the residue, the salt was procured in very long, broad,

colorless crystals.

In Avater and alcohol the salt is readily soluble.

Analysis.—.1115 grams dried salt dissolved in water and
treated with silver nitrate gave .1283 grams AgCl, yielding

.0317 grams CI, corresponding to 28.43 per cent, chlorine.

The investigation of the various derivatives of C.iCUg ad-

vances slowly owing to the fact that this compound is ob-

tained with great difficulty ; the cold of winter is necessary

for its formation.

Laboratory op the University of Penna., April 11^ 1879.

LABORATORY NOTES FROM THE UNIVERSITY
OF CINCINNATI.*

X.—ON SOME NEW SALTS OF ANILINE.

By Miles Beamer and F. W. Clarke.

The following salts of aniline, which seem to have been

hitherto undescribed, we have lately prepared and partially

examined.

Aniline Chlorate.—This salt is formed by the direct union of

aniline and chloric acid. When aniline is added to a dilute

aqueous solution of the acid, Avhite crystals almost immediately

appear. These, however, if exposed to the air while damp, are

rapidly decomposed, and in the course of a few moments become

* The earlier numlDers of this series of notes appeared in the American Journal qf
Science and Arts, for April and October 1S77, and September 1878.
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black. A better way to prepare this very unstable body is to

cautiously add chloric acid to an alcoholic solution of aniline,

and then to evaporate under the receiver of an air-pump. By
operating thus upon a small quantity of material in a watch-

glass, long, white, slender prisms of over an inch in length

Avere obtained.

Aniline chlorate is very readily soluble in alcohol and ether,

but less soluble in water. On exposure to air, or upon even

gentle heating, its solutions blacken and decompose. The
thoroughly dried substance, however, may be preserved for a

day or more without change. It detonates sharply when
struck; and in common with other chlorates it decomposes

explosively when brought in contact with concentrated sul-

phuric acid. When heated to 75°-76° it also explodes. This

temperature was fixed by repeatedly heating crystals of the

salt upon the surface of mercury into which a thermometer

dipped. Heat was cautiously applied to the mercury, and the

exploding point was thus ascertained with considerable accu-

racy.

Aniline Perchlorate.—The preparation of this compound was

similar to that of the chlorate. Dilute perchloric acid was

added to an alcoholic solution of aniline, and the mixture was

evaporated in vacuo. The crj^stals are tolerably large rhombic

plates, not nearly so unstable as those of the chloi'ate, and

when dry are permanent in the air. They detonate feebly

when struck or heated, and are decomposed by sulphuric acid.

The exact temperature of decomposition could not be ascer-

tained.

Aniline lodate.—When aniline is added to a solution of iodic

acid, this body is copiously precipitated in the form of white

scales, which may be dried between folds of filter-paper. It is

very slightly soluble in cold water, more soluble in hot water,

and more so still in boiling alcohol. From the latter solvent

it is deposited on cooling in beautiful nacreous scales. All of

its solutions slowly decompose upon standing, and even the

dry substance becomes discolored by long exposure to the air.

When heated slowl}'" to 110° it blackens; but no further

change takes place, even when the temperature is carried as

high as 150°. By sudden heating, however, it explodes at

125°-130°. On percussion it detonates very feebly, yielding a



Lithium Picrate. 153

dense cloud of smoke which is h'ght brown by reflected, and
violet by transmitted light. When thrown upon sulphuric

acid it instantaneously decomposes in a similar way, yielding

the same dense vapoi'S, Specific gravity 1.48 at 13°.

Aniline Fluohydrate.—Beautiful pearly scales formed by the

union of aniline and fluohydric acid. It is very soluble in

boiling alcohol, but separates out from the solution so rapidly

upon cooling as to completely choke up the throat of the

funnel through which it is filtered.

Aniline Phthalate.—Formed by the addition of aniline to an

alcoholic solution of phthalic acid. The salt crystallizes very

readily in clusters of concentric needles. Melting-point 145°-

146°.

Aniline Monochloracetate,—Upon adding aniline to a solution

of monochloracetic acid this salt is soon deposited in a floccu-

lent mass of white crystals. These, when dissolved in warm
(not hot) water, and recrystallized in vacuo, reappear as long,

white, slender needles, of melting-point 88°. By boiling the

aqueous solution of the compound it is decomposed.

Aniline Dicliloracetate.—Formed like the monochloracetate.

It crystallizes in long white prisms, which melt at 122°.

Aniline Trichloracetate.—Prepared by dissolving aniline in an

aqueous solution of trichloracetic acid. From dilute solutions

it is deposited in crystalline plates, piled step-wise one upon

another. When crystallized more rapidly, that is, from a

more concentrated solution, it appears as large, thin, trans-

parent rhombic plates, somewhat resembling mica. Either

form of crystals heated to 50° becomes white and opaque, but

undergoes no loss of weight. This opaque modification, re-

crystallized, is reconverted into the original transj^arent

variety. Melting-point 145°.

Of these salts, the iodate and trichloracetate are being

farther investigated,

XL—NOTE ON LITHIUM PICRATE.

By Miles Beamek and F. W. Clarke.

Lithium carbonate dissolves readily in an alcoholic solution

of picric acid ; and, on spontaneous evaporation, long, slender

prisms of anhydrous lithium picrate are obtained. Like other
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picrates the salt is bright yellow, and detonates feebly upon

percussion. When heated to 200° it blackens, but no further

change ensues even when the temperature is carried to 260°.

Heated suddenly in a flame, however, it explodes with gi-eat

violence. Specific gravity 1.716 at 19 °; 1.724 to 1.740 at 20°.

XII.—PRELIMINARY NOTICE OF A NEW VOLATILE
ALKALOID.

By W. L. Dudley.

Spigelia marilandica, or pink-root, has been known for many
years to possess peculiar medicinal properties, seemingly indi-

cative of the presence of an alkaloid. According to the pub-

lished analysis of the root by M. Fenuelle, however, it contains

" a fixed and volatile oil, a small quantit}^ of resin, a bitter

substance, a mucilaginous, saccharine matter, albumen, gallic

acid, the malates of potash and lime, &c., and woody fibre."

Since the activity of spigelia is somewhat diminished by

time, I suspected the presence of a volatile alkaloid, and began

a search for the same. About two kilograms of the dried

root were ground, inserted in a flask, mixed thoroughly with

milk of lime, and distilled over a parafiin bath. The distillate

was collected in a receiver containing hj^drochloric acid, and

evaporated to dryness over a water-bath. The residue was

then extracted with absolute alcohol, the solution filtered and

allowed to evaporate spontaneously to drj-ness. A small

amount of crystalline substance remained, which was soluble

in water, and which gave the following reactions, differing

from those of the previous!}'' known volatile alkaloids. In the

accompanying table these reactions are compared with some

of those given by nicotina, conia, and lobelina :

—
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The precipitate formed by potassio-mercui'ic iodide with

spigeliua is soluble in acids, in alcohol, and in ether, but in-

soluble in an excess of the precipitant. In these points it

differs clearly from the precipitates given by the other vola-

tile alkaloids.

An insufficient supply of material rendered farther investi-

gation at the time impossible; but enough was done to dis-

tinctly indicate the presence of a new volatile base, to which

I naturally apply the name of spigelina.

O^ HEPTANE FROM PINUS SABINIANA.*

By T. E. TnoRPE, Ph. D., F. R. S.,

Frofessor of Chemistry in the Yorkshire College, Leeds.

In a paper read to the California Pharmaceutical Society on

December 13, 1871, and reprinted in the Pharmaceutical Jour-

nal for March 30, 1872, Mr. William Wenzell, of San Francisco,

describes as new and under the name o£ Abietenef a hydrocai*-

bon obtained by distilling the terebinthinate exudation of a

coniferous tree, Pinus sahiniana, Pougl. This tree is indige-

nous to California, and grows on the dry slopes of the foot-

hills of the Sierra Nevada, and on the hills along the coast;

it appears to be pretty plentiful, and is known locally' as the

nut pine or Digger pine, names suggested by the circumstance

that the Digger Indians rely to some extent on its fruit for

food.

In order to procure the exudation, the tree during winter is

notched and guttered at a convenient height from the ground,

and the resin on distillation 3'ields the liquid hydrocarbon.

The crude oil is iJiet with in San Francisco as an article of

* Commuuicated by the Author.

t The name Abietin was applied by Calllot to a resin obtained from the turpentine
of Abies picea and Abies balsamea.
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commerce, and during the last few years has acquired some

reputation under the names of'abietene," " erasine," " auran-

tine," " theoline," &c., as a substitute for "benzoline " or " pe-

troleum benzene " for removing grease-spots, paint-stains, &c.,

from clothing. It is a nearly colorless mobile liquid of pow-

erful ai'omatic smell, recalling that of oil of oranges. The

crude oil, according to Mr. Wenzell, boils almost entirely be-

tween 100° and 105°, and on redistillation the liquid is ob-

tained of the constant boiling-point of 101°. The portion

boiling above 105° leaves on evaporation a small quantity of

a resinoid body, possessing the strong penetrating odor of the

original product. The liquid is highly inflammable and burns

with a brilliant white smokeless flame. Its vapor is power-

fully anesthetic, and it has been used with success as an in-

secticide.

No analysis or vapor-density determination of this liquid is

given in the communication above referred to, nor does Mr.

Wenzell offer any opinion as to its real nature. He contrasts

its characters with those of terebene (spirits of turpentine),

the hydrocarbon obtained from Pinus palustris, F. sylvestris,

&c., and points out the very striking differences observed in

their physical and chemical properties. Abietene has a sp.

gr. of 0.694 at 16.5°, whilst that of terebene is 0.8-10 at about

the same temperature. Oil of turpentine boils at 160°, whilst

the boiling-point of abietene is 101°. Hydrochloric acid gas is

but slightly dissolved by abietene, whereas oil of turpentine

absorbs it with avidity. Nitx'ic acid acts violently on oil of

turpentine; it has little or no action on abietene in the cold.

Abietene was evidently sufficientl}^ remarkable to merit

further investigation. From its general behavior towards re-

agents it seemed not unlikely that it would prove to be a pa-

rafiin, and the boiling point and sp. gx\ appeared to indicate

normal heptane. The occurrence of heptane, or indeed of any

other parafiin, playing the part of oil of turpentine in the veg-

etable kingdom was hitherto unheard of. The only natural

source of this hydrocarbon was petroleum or some of the

fossil-fish oils obtained in Greenland, Switzerland, and other

places. Menhaden oil contains considerable quantities of hep-

tane, and it is met with among the products of the destruc-

tive distillation of cannel and shale.
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Through the kindness of Mr. H. B. Brady, F. R. .S,, I was
able to obtain, through Dr. Squibb, of New York, about a

couple of gallons of abietene from Mr. Wenzell. The crude

oil fully answered the description already given of it by the

latter gentleman. It was almost colorless, and had the strono-

persistent odor of oil of oranges. It began to boil slightly

below 100°, and the greater part distilled below 101°. The
residual portion darkened slightl}', and on evaporation left a

small quantit}' of resinoid matter of a brown color which had

the peculiar smell of the liquid in a very high degree. This

led to the supposition that the odor of the crude oil might be

due in great part to the resin in solution, and further examina-

tion proved this to be the case. On agitating it for some time

with oil of vitriol, the acid became brown, and on again dis-

tilling the hydrocarbon was found to have lost its smell of

orange oil.

Two determinations of its boiling-point were made by the

aid of a ihermometer capable of being read to 0.01°C.

The first observation gave 98.27° at 755.6 mm., the second

97.93° at 746.9 mm. The mercurial columns in both cases

were wholl}' immersed in the vapor, and the barometric pres-

sures are corrected and reduced to 0°C. Assumini; the

validity of the well-known expression

—

T = t -\- 0.0375(6 — 760),

where t is the observed boiling point and b the barometric

pressure, the boiling point, T, under the standard pressure be-

comes respectively

—

I, . . . 98.43°

11. . . . 98.42

The first determination was made on about three litres of

the liquid, the second on about 250 cc, after a second treat-

ment with a mixture of nitric and sulphuric acids; in both

cases the liquid boiled as constantly as distilled water. In all

I obtained about seven litres of the perfectly pure substance

from seven and a half litres of the crude oil.

That abietene is actually heptane is proved by the following

analyses and determinations of vapor-density :

21
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I. 0.3500 gram hydrocarbon gave 1.0754 gram COj and

0.5050 gram O^H.

II, 0.3000 gram hydrocarbon gave 0.9215 gram CO2 and

0.4336 H2O.

Calculated for C7H16. Found.
1. II.

C ... 83.97 83.85 83.78

H ... 16.03 16.03 16.06

100.00 99.88 99.84

Two determinations of its vapor-density, mode in a modified

form of Hofmann's apparatus,* gave the following results:

I. Weight of liquid 144.5 mgm.
Volume of vapor (corrected for expan-

sion of glass, error of meniscus, &c).. 90.39 cc.

Temperature of vapor 99.90°C.

Barometer (corrected and reduced).... 757.6 mm.
Height of mercury in tube (reduced) 387.8 "

II, Weight of liquid 76.9 mgm.
Volume of vapor (corrected) 69.77 cc.

Temperature 99.60° C.

Barometer 749.0 mm.
Height of mercury in tube 493.4 "

Calculated for CtHib. Found.
I. II.

49.90 50.07 49.94

1. The Physical Characters of Heptane from Finns Sabiniana.

The possession of so large a quantity ofperfectly pure heptane

has induced me to study some of the physical characters of

this hydrocarbon. These observations have included the de-

termination of its specific gravity, and the measurement of its

thermal expansion, refractive index, optical activity, viscosity,

and superficial tension.

Specific Gravity.—Three determinations of specific gravity

made with different bottles gave the following results :

* The apparatus here referred to allows of the determination of a vapor-deusity
with almost as much exactitude as that of any other physical constant; it was de-
signed more especially with a view of controlling the purity of some liquids em-
ployed in a research involving the determination of a number of thermal expansions.
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0.68848 at 14.98°

0.68855 " 14.87

0.68858 " 14.87

compared with water at the same temperatures respectively.

The weighings were made by the method of vibi-ations and
the weights are reduced to a vacuum. Eeducing these results

by the aid of Eossetti's tables for the expansion of water, and
by means of the formula for the thermal expansion of heptane

given below, the specific gravity at 0°, compared with water

at 0°, becomes respectively

—

0.70057

0.70055

0.70058

Mean... 0.70057

Tliermal Exjyansmi.—The rate of expansion of the heptane

was determined by heating the hydrocarbon in dilatometers

properly calibrated and graduated. The volume of the

hydrocarbon at 0° was obtained by immersing the dilato-

meters in melting snow. The instruments were then placed

in a large copper bath fitted with plate-glass sides, and holding

several litres of water, which could be kept in constant motion

by stirrers worked by a small hydraulic engine. The water

was heated by steam and the temperature ascertained by

thermometers capable of being read to 0.01° C.

Two series of observations were made. The first set gave

the following results :

Tempera-
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Combining the results by the method of equation of condi-

tions, we obtain the formula—

3290.361 + 3.895352 t + 0.00432087 f + 0.00C03183 t\

by means of which the numbers in the third column of the

above table are calculated.

The second series, made in a different dilatometer, gave the

following data

:

Tempera-
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Tempera-
, ture.
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refractive energy is 56.4 in close accordance with the computed

number 55.8, calculated by Landolt's values, C ^^ 5, H = 1.3.

Optical Activity.—It is well known that the various terpenes

are optically active^ often to a very remai'kable extent; hence

a special interest seemed to be attached to the question of the

behavior of the heptane of P. sabiniana towards polarized

light. Through the kindness of Prof. Gamgee, Mr. J. H.

Poynting was able to make a number of observations on the

hydrocarbon by means of an excellent Laurent's polarimeter

belonging to the Physiological Laboratory of the Owens Col-

lege. These observations seem to indicate that the heptane

does actually rotate the plane of the polarized ray, although to

a very slight extent onlj', a column 200 mm. long exhibiting

a rotatory power of +6.9'. This amount is so small that I was

disposed to attribute it to the possible presence of impurities,

despite the careful rectification to which the hydrocarbon had

been subjected : the original exudation might have contained

small quantities of a terpene, or a minute trace of the resinous

matter which it has been stated the crude oil leaves on evapo-

ration might still be contained in the distilled hydrocarbon.

The liquid with which Mr. Poynting experimented was accord-

ingly agitated with a mixture of concentrated nitric and sul-

phuric acids at frequent intervals for several days, but the

acids remained perfectly colorless, and the hydrocarbon after

redistillation showed precisely the same rotatory power as

before, viz., + 6.9'. I am inclined to believe, however, that an

optically active terpene is actually present in crude abietene,

although not to a greater extent than 0.5 percent. : the liquid

residue left on distilling the crude oil boiled between 140° and

160°, and showed a rotatory power of—12° 23.5' : this liquid,

it should be noted, had not been treated with acids. The
resin itself, in alcoholic solution, appears to be optically

inactive.

Viscosity.—The capillary transpiration of the heptane from

Finns sabiniana was determined by a method identical in prin-

ciple with that already employed by Poiseuille, Graham, and

others; this consists in noting the time required for a given

volume of the liquid at some particular temperature and

under a uniform pressure to flow through a cylindrical capillary

tube of known dimensions. The capillary tube employed was
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85.4 mm. in length and 0.2105 mm. in internal diameter: it

was sealed, at right angles, to a long cylindrical bulb, contain-

ing between two marks etched on the narrow tube above and

below the bulb 14.7755 cc. The open end of the capillary

tube was connected with a receiver, and the whole was so

arranged that it could be wholly immersed in a largo bath

fitted with plate-glass sides and holding several gallons of

water. The temperature of the bath, and therefore of the

hydrocarbon contained in the bulb and tubes, could be raised

to any desired point below about 80° by heating a coil of

copper tube affixed to the side of the bath through which the

water from the bath continually circulated. The liquid in the

bath was kept in constant agitation by means of stirrers

worked by a small hydraulic engine; and the temperature

was ascertained by a thermometer capable of being read to

0.01°C. The hydrocarbon was drawn into the bulb b}^ the aid

of the air-pump, and as soon as it had acquired the tempera-

ture of the bath it was forced through the capillary tube bj^

the pressure of a confined volume of air kept at a nearly con-

stant tension of 111.2 mm. of mercury by the weight of a

column of water of uniform height; and the times at which

the level of the liquid passed the two marks, as observed

through a telescope, were noted on a chronometer. This

apparatus has been employed by Mr. John Muir, student in

the Laboratory of the Yorkshire College, in the determination

of the viscosity coefficients of a number of liquids ; a detailed

description of it is reserved for a communication containing

the results of his experiments.

Two independent series of observations were made with

heptane with the following results :

—

Series I.

Temper-
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Temper-
ature.

7.09°

10.31

15.30

20.15

25.09

Tlioiye.

Series 11.

Time
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temperature given in the table are directly obtained from the

values of V in absolute measure by the expression

—

7r.98.1

8. V

by means of which the numbers in the last columns of the

above tables are calculated.

It will be noticed that the viscosity suddenly diminishes at

some point between 8° and 10°. After the latter temperature

has been reached the rate of diminution is very regular, and

may be represented by an expression of the form

—

7) z= a + bt -\- cf.

Combining all the observations in both series of experi-

ments made at temperatures above 15° by the method of

equation of conditions, we obtain the formula

—

rj = 0.005003 — 0.00005501 1 4- 0.0000003061 f.

which gives results in close accordance with the obsex-ved

mean values, as the following comparison between the exj^eri-

mental and computed values shows:

—

i°.
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atui'e could be ascertained from observations on the rise of

the liquid in the same tube at different temperatures, A de-

tailed description of the apparatus is reserved for a communi-

cation giving the results of an extended series of observations

on the surface tension of liquids with special reference to their

chemical relations. The measurements were made by the aid

of a cathetometer reading to 0.02 mm., and each result is the

mean of some six or eight observations. Diameter of tube

0.2531 mm.
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of the base is 1 square millimeter, and of which the height is

that of a column of liquid in a tube 1 mm. radius, then —
K.s

a =

in which s is the specific gravity of the liquid. This for

heptane at 0° is —
6.4581 X 0.70057 ^ _^^a = = 2.2621 mgm,

z

Neglecting the angle of capillarity, which, as the obsei'va-

tions with the air-bubble show is certainly not very far from

180°, the surface tension in C. G. S. units at 0° is

—

T = 2.2621 X 9.81 = 22.19,

and its relation to the temperature is expressed by —
T = 22.19(1 — 0.003563 0.

The observations with the air-bubble were made practically

in the manner described by Quincke.* A rectangular trough

2^ inches broad, 3 inches long, and 1 inch deep, made of plane

pai*allel plates of glass, cemented together at the edges, was

levelled before the cathetometer and filled with the heptane,

and another plate of glass was then immersed in the liquid to

a depth of a few millimeters, and carefully adjusted until it

was parallel with the surface. A bubble of air about 30 mm.
in diameter was then blown under the glass by means of a

bent capillary tube, and its depth (K), together with that of

the point where its tangent plane was vertical (k), was

determined by the cathetometer.

The value of the superficial tension in C. G. S. units is given

by the expression —
Trrz i(K — kygs.

In the first set of observations ten readings of K and k were

taken. The temperature was 15°.

K = 3.622 mm. k= 1.083

g = 9.81 " .s at 15° = 0.6882.

Hence T = 21.80.

* Fogg. Ann. 139, 1.
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In'the second set five readings of K and k were taken on

another bubble. The temperature Avas 10°.

K = 3.452 mm. k = 0.960. s = 0.6922,

Hence T =21.12.

These numbers agree very well with those deduced from

the height of the liquid in the caf)illary tube.

The method of measurement was scarcely accurate enough

to afford any very reliable value of the angle of capillarity.

This is given by the formula—

Combining all the observations, we find the angle of capil-

larity of heptane 167°. It is worthy of note that the heptane

from Finns sabiniana has the lowest surface tension of any

liquid yet measured.

Since the superficial tension of a liquid entirely vanishes at

the critical point, that is, at the temperature at which the

gaseous and liquid states become continuous, the expression

1 — .003563^ may afford us an approximation to the critical

point of heptane, if we assume that the rate of diminution in

capillarity is represented by this formula at high tempera-

tures. We thus find the critical point of the heptane to

be 281°.

Whether the heptane from Pinus sabiniana is absolutely

identical with that boiling at about the same temperature

obtained from petroleum and shale oil remains to be estab-

lished. The existing evidence, so far as it goes, seems to in-

dicate that the hj'drocarbons are really isomeric.

In May 1874, Professor Schorlemmer, to whom I am
indebted for a number of organic preparations for determina-

tion of certain of their ph3^sical constants, kindly sent me a

quantity of normal heptane from petroleum, which he believed

to be practically free from the isomeride boiling at 90°, and

from octane. I found it to boil constantly between 98.1° and

99.1° under a pressure of 765 mm. Its specific gravity at 0°

compared with w^ater at 4° was 0.7299.
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In May 1877, Professor Scliorlemmer sent me a seeond

sample of petroleum heptane which had been prepared with

special care. This I found to boil between 98.1° and 98.6"^

under a barometric pressure of 750.3 mm.
A determination of its vapor-density afforded the following-

data :

—

Weight of hydrocarbon 150.7 nigm.

Volume of vapor 91.28 cc.

Temperature 99.8° C.

Pressure 381.3 mm.

Calculated. Observed,

49.9 50.1

Two determinations of its sjiecitic gravity at 0° compared
with water at 4° gave —

1 0.7301

II 0.7301

numbers which are almost identical with that afforded by the

first sample, and much higher than that of the heptane from

P. sabiniana, viz., 0.70057.

On the other hand, the hydrocarbon from P. sabiniana has

precisely the same specific gravity as that of the heptane

obtained by heating azelaic acid with caustic baryta. Dale

found that the latter body boils at 98°-99°, and has a specific

gravity of 0.6851 at 17.5°
; Schorlcmmer, who procui-ed the

same hj-drocarbon in larger quantity, observed 0.6840 at

20.5°. Eeducing these observations by means of the formula

given on page 160, they become respectively—

1 0.6992

II 0.7000.

If, as SchorlenuTier believes, the heptanes from azelaic acid

and petroleum are probably identical, the difference in their

sjiecific gravities is at present inexplicable. We are now
engaged on a joint investigation on the chemical constitution

of the heptane from P. sabiniana, which may incidentally

throw ligbt on this question.
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ON THE LIQUID TOLUENESULPHOCHLORIDE.

By (J. Fahlbebg,

Fellow in Chemistry, Johns Hopkins University.

It is stated in an article by H. Beckurts* that a third toluene-

monosulphonic acid exists in the crude mixture resulting from

the action of suljDhuric acid upon toluene. Although Beck-

urts's acid showed differences when compared with the well

known tolueneparasulphonie acid and the tolueneorthosul-

phonic acid, he neglected to prepare oxybenzoic acid from it

and to prove its constitution. At the same time he gives his

acid the name toluenemetasulphonic acid, and asserts that it

is identical with the acid prepared by Muellerf from orthobrom-

toluencsulphonic acid, by Pagel| from orthotoluidinesulphonic

acid, and by v. Pechmann§ from paraamidotoluenemetasulpho-

nic acid.

It Avas necessary to repeat his experiments for the purpose

of preparing large quantities of tolueneorthosulphamide from

the liquid toluenesulphochloride. In doing this my attention

was directed to his article, from which I hoped to receive

some benefit. On examining his method, however, I preferred

for the final separation of the amides to use water instead of

alcohol, to which Beckurts refers as a good solvent. My ob-

ject in doing this was to avoid the changes which alcohol

undergoes when an alcoholic solution is treated with bone-

black as in the usual process of decoloration. With the excep-

tion of this modification I introduced no changes, but adhered

strictly to Beckurts's own statements. As Beckurts's amide,

fusing at 104°-105°, is more easily soluble in water than the

tolueneorthosulphamide from which the separation of the

former had to be effected, I could expect a separation similar

to that obtained by Beckurts.

If the liquid toluenesulphochloride
||

is treated with an

* Ber. d. chem. Gesell., 10, 943.

+ Anii. der Chemie, 169, 47.

t Ann. der Chemie, 176, 291.

§ Ann. der Chemie, 173, 202.

II
The liquid toluenesulphochloride was cooled several times in a cooling mixture

to —15°, until no more of the Bolid tolueneparasulphochloride could be separated.
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aqueous solution of ammonia and the products are allowed to

cool off, there results :

I. A solution above the separated amides, consisting of an

excess of ammonia, ammonium chloride, and an unknown or-

ganic substance. On evaporating this solution an oil of a dark

brownish appearance separated out. Boiled with bone-black

several times, fine long needles with a lustre were obtained.

These needles had, after recrystallization, a constant fusing

point of 186°-187°. They were found to be identical with

Blomstrand's a-toluenedisulphamide.

II. A solid, yellowish-looking, mixed amide. This amide

was subjected to a fractional solution whereby only one

portion dissolved, while the other portion remained undis-

solved. The undissolved portion, a, and the dissolved portion,

h, were treated separately.

a. This was dissolved in water, and decolorized two or

three times with bone-black, when an amide separated out,

fusing at 153°-154°. This amide gave pure salicylic acid,

fusing at 156°, when fused with caustic potash ; it was pure

tolueneorthosulphamide.

h. From the hot filtered solution an amide separated, fusing

at 125°, This was subjected to the same operation as given

under II. The undissolved portion, a, and the dissolved

portion, /?, were again treated separately.

a. This was dissolved in water and decolorized several

times, when an amide separated out, fusing at 150°-152°. Ke-

crystallized from pure water, the fusing point became 153°-

154°. This was a second portion of tolueneorthosulphamide.

/?. From the hot filtered solution an amide crj'stallized,

fusing at 120°. It was recrystallizod with bone-black. The
fusing point fell to 115°. Twice more subjected to bone-black

and crystallization, the fusing points became 1st. 110°, and 2d.

108°. Eecrj'-stallized from pure water the fusing point did

not change. This was the supposed Beckurts's toluenemeta-

sulphamide.

For the reason that tolueneorthosulphamide is very diflfi-

cultl}^ soluble in cold water, I evaporated in one portion the

mother-liquors under II., and obtained from them more of

Beckurts's amide, fusing this time at 105°. Some undecolor-

ized amide in the mother-liquor caused this change in the

fusing point from 108° to 105°.
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In this way I succeeded in separating three amides which

differed distinctly in their fusing points.

From 150 grams of liquid toluenesuphochloride I obtained :

15 gi-ams toluenedisulphamido fusing at 186°-187°
; 15 gx'aras

Beckurts's amide fusing at 105°-108°
; and 100 grams toluene-

orthosulphamido fusing at 153°-154°. I obtained on analysis

of the amide fusing at 186°-187° the following results:

I. 0.2353 grams of the amide gave 0.4370 grams BaS04 =
0.060017 grams S = 25.50 per cent. S.

II. 0.371 grams substance gave 36 ce. N at 758 mm. pres-

sure and 21°C = 11.00 per cent. N.

Its analysis showed it to have the composition CjIIioSaNaO^.

Calculated. Found.

C,H,oO, 158 63.20

S, 64 25.60 25.50

N, 28 11.20 11.00

250 100.00

I obtained on analysis of the amide fusing at 105°-108° the

followinec results :

I. 0.2005 grams of the amide gave 0.27545 grams BaSO^ =
0.03783 grams S = 18.85 per cent. S.

II. 0.3674 grams substance gave 26.80 ec. N at 759.5 mm.
pressure and 19°C=: 8.40 per cent. N.

Its analysis showed it to have the comiDOsition CjHgSNOa.

Calculated. Found.

C7HA 125 73.11

S 32 18.71 18.85

N 14 8.18 8.40

171 100.00

I obtained on analysis of the amide fusing at 153°-154° the

following results :

I. 0.2015 grams of the amide gave 0.2747 grams BaSO^ =
0.037725 grams S = 18.72 per cent. S.

II. 0.39765 grams substance gave 28 cc. N at 763 mm. pres-

sure and 16°C = 8.21 per cent. N.
Its analysis showed it to have the composition C7H9SNO2.
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156°, just as in the case of aiibydroorthosulphamincbenzoic

acid. Since we know only one oxidation product from tolu-

cneparasulphamide and two oxidation products from toluene-

orthosulphamide, Beckurts's amide fusing at 105°-108° cor-

resjionded, according to this experiment, to a mixture of tol-

ueneparasulpliamide and tolueneorthosulphamide. The pro-

ducts of this oxidation mentioned above are : parasulphamine-

benzoic acid, anhydroorthosulphaminebenzoic acid and acid

potassium orthosulphobenzoate. There was nothing left to

support the belief in the existence of Beckurts's toluenemeta-

sulphamide. An experiment which I undertook afterwards

convinced me conclusively of the correctness of my view.

Equal portions of pure tolueneparasulphamide (fusing at

136°) and pure tolueneorthosulphamide (fusing at 153°-154°)

were dissolved in water and subjected to fractional crystalliza-

tion. Neither of these amides could be separated from the

other, but constant fusing points were noticed indicating a

tendency to crystallize together. I noted the fusing points

120° and 108° as the most stable. The mixed amide fusing at

120° crystallized in long, fine needles, Avhile the mixed amide

fusing at 108° crystallized in needles and small leaves : for the

latter Beckurts gives a similar statement. Slight impurities,

lower the fusing point to 104°-105°, or even below that.

In conclusion I would state that Beckurts's toluenemeta-

eulphamide fusing at 1()4°-105° was found to be a mixture of

tolueneparasulphamide and tolueneorthosulphamide. This cor-

responds with the oxidation phenomena and its formation

from pure tolueneparasulphamide and tolueneorthosulphamide.

The amide fusing at 186°-187° was found to be identical

with Blomstrand's a-toluenedisulphamide. The occurrence of

toluenedisulphonic acid in the crude mixture, resulting from

the action of fuming sulphuric acid upon toluene, is interesting

in this respect. It was shown by C. Senhofer* that the intro-

duction of a second sulpho-group into toluene presents diffi-

culties, and that only a mixture of anhydrous phosphoric acid

and fuming sulphuric acid accomplishes this result satisfac-

torily. C. W. Blomstrandl, who undertook a similar investi-

gation, heated toluene with fuming sulphuric acid at 160°, and

obtained two dift'erent toluenedisulphonic acids, of which

*Ann. der Chemie, 164, 126. +Ber. d. chem. Gesell., 5, 1084.
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neither was identical witia the acid obtained by C. Senhofer.

It is difficult to say how the toluenedisulphamide from the

liquid toluenesulphochlorido was overlooked. The only ex-

planation Avould be that no one knew the properties of the

toluenedisulphamide, there being no statements on that sub-

ject published. This a-toluenedisulphamide is very soluble in

an ammoniacal solution ; it is therefore only found in the so-

lution, and not with the separated toluenemonosulphamides

when toluenesulphochloride is treated with an aqueous solu-

tion of ammonia, as in the usual formation of amides. It is a

singular fact that the toluenedisulphochloride is ibund again

with the liquid and not with the solid toluenesulphochloride,

when the two are separated in the way described at the out-

set. According to Biomstrand's statement the a-toluene-

disulphochloride is a solid body fusing at 51°-52°. In the

course of this investigation, however, it became apparent that

not only a-toluenedisulphochloride, but also tolueneparasulpho-

chloride is soluble in the liquid tolueneorthosulphochloride

at —15°.

I am at present engaged in the oxidation of toluenedi-

sulphamide, upon which I hope to report as soon as the inves-

tigation is concluded. a-Toluenecyanide has also been prepared

from a-toluenesulphonate of potassium and potassium cj'anide,

and will be studied in connection with the oxidation of tolu-

enedisulphamide. In pi-eparing toluenedisulphamide I made
use of a reaction by which from the solid toluenesulpho-

chloride and concentrated or fuming sulphuric acid, toluene-

disulphonic acid was readily obtained in almost theoretical

quantity; this proved to be the same acid from which the

amide fusing at 186°-187° was derived.

The method consists in heating both substances together,

when the reaction takes place as follows :

CfiH, j ^^' + SO,H, = CeHs^-So/oH + HCl.
( bU^l \SO,OH

It is possible that a third sulpho-group may be introduced in

this way and that other aromatic compounds may give analo-

gous results. This investigation, however,. I shall postpone

for the present.

Baltimore, May Sth, 1S7U.
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ON THE PRODUCTS OBTAINED BY THE NITRA-
TION OF METACHLORSALICYLIC ACID.

By Edgar F. Smith and Gertrude K. Peirce.

Metachlorsalicylic acid was prepared by the introduction of

a calculated amount of pure dry chlorine gas into an alco-

holic solution of salicylic acid. From the dichlor-acid, which

was invariabl}^ produced in rather large quantitiefi, it was

separated by means of the barium salt, the latter being much

more soluble than the corresponding derivative of the above

acid. Frequently glacial acetic acid was employed to dissolve

the salicylic acid, but as in this case thei'c was usually an

abundance of decomposition products produced, alcohol was

substituted for the same.

Mctachlorsalicj'lic acid was first obtained by Huebner and

Brenken,* studied later by Rogers,f and also by one of U8.|

In a pure condition the acid forms beautiful, long, colorless

needles, readily soluble in water. It fuses at 17,2°C.

The first notice we have observed regarding the nitration

of this acid was that of Rogers. § He obtained from it mono-

chlordinitrophenol and a nitro-acid fusing at 151°C. His

mode of forming the latter derivative was to mix the chlor-

salicylic acid with glacial acetic acid and to the warmed solu-

tion add small quantities of fuming nitric acid from time to

time. When the solution had stood for some time and was

cool, a rather large quantitj^ of water was poured into it, caus-

ing the separation of the greater portion of the nitro-acid.

Our plan of nitration was simply to add small quantities of

the metachlor-acid gradually to fuming nitric acid in a medium-

sized flask—shaking the latter constantly to aid the solution,

and finally applying a gentle heat upon a water-bath. To the

cold nitric acid solution water was added. A light yellow-

colored mass immediately separated and was filtered, washed

*Ber. d. chem. Gesell. 6 (1873), 174.

t Inaugural Dissertation, Goettingen (1875).

tfier. d. cbem. Gesell. 11 (1878), 1227.

§ Dissertation.
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imperfectly with cold water and then boiled with an aqueous

solution of potassium carbonate. The solution, after filtration

and evaporation, was permitted to stand for some time.

Long, deep red colored needles rapidly appeared. These were

filtered oif and farther examined. For convenience we would

designate this cr3'stalline mass A. From the filtrate upon

farther evaporation there separated a mass of dark red

colored nodules which, for the time, we will consider as B.

Examination of Product A.

This portion was redissolved and recrystallized slowly from

an aqueous solution. The same needles appeared, and by

filtering these before the solution had cooled, again evaporat-

ing and allowing to cool, to our surprise there appeared quite

a diff'erent salt, forming bundles, consisting, of orange-colored

needles. Both the latter and the long red-colored needles

were recrystallized and subjected to farther examination.

Salt crystallizing in long red Needles^' — Analysis. — .1691

grams salt, dried at 130°O, were placed in a platinum crucible,

a few drops of concentrated sulphuric acid added and a gentle

heat applied. The residual K2SO4=.0264 grams, which

corresponded to 15.60 per cent. K. The salt does not pos-

sess water of crystallization. The calculated amount of K in

potassium monochlordinitrophenol is 15.23 per cent. There

was, therefore, no doubt as to the constitution of this compound.

The free acid derived from this salt crystallized fi-om

aqueous solutions in long yellow needles, which fused at 80°C

and solidified again at 69°0, It is also identical with the

phenol of Eogers (see above) and the alpha-monochlordinitro-

phenol of Faust and Saame.f

Salt crystallizing in orange-colored Needles.— Water Determi-

nation.—.1617 grams air-dried salt lost upon heating at 140°C

for a number of hours .0168 grams H.,0 = 10.39 per cent.

1^ molecules water require 9.53 per cent.

Potassium Determination.—.1449 grams dried salt gave upon

evaporation with sulphuric acid .0480 grams K2SO4 = 14.86

per cent. K. From this analysis we observe that this salt too

* Proceedings Am. Phil. Soc. June 21, 1878.

+ Ann. der Chemie (1870), T Supplement Band, 174.
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is a derivative of a monochlordinitrophenole. The formula

would be C6H,C1(N"0,),0K + liH^O.

This salt is much more soluble than the red. The color of

the latter is so intense as to obscure the yellow, which conse-

quently is overlooked unless great care is exercised in the

purification of the red-colored compound.

Upon mixing an aqueous solution of this yellow salt with

dilute hydrochloric acid, the corresponding phenol separated

in yellowish-colored masses, which were recrystallized repeat-

edly from aqueous solutions, when long oi-ange-colored needles

appeared. The fusing point of this acid remains constant at

79*-80°C. The point of solidification was at 25°C, consider-

ably lower than that of the acid corresponding to the red salt.

In cold Avater the acid is rather insoluble, readily dissolved

on applying heat.

Another noticeable difference in the above described phenols

is in the silver salts. The alphachlordinitrophenol yields a

soluble silver salt crystallizing in long bright red colored

needles ; the isomeric compound just mentioned above one

which separates in bronze-colored needles, possessing a marked

metallic lustre.

As the second phenol was formed in small quantities it was

almost impossible to subject it to as thorough investigation as

would seem desirable. The material, however, which was ex-

amined was thoroughly pure, and as the same analytical

results were repeatedly obtained, the conclusion is that it is

another of the many compounds having this composition.

Analysis

:

.512 grams substance gave .6210 CO, = .1693 C = 33.06 per

cent. C ; and

.062 grams H^O = .0068 H = L32 per cent. H.

Calculated, C = 33.00 per cent, and H = 1.37 per cent.

Examination of Product B.

The dark red nodular crystals constituting the second pro-

duct obtained in the nitration Avere crj^stallized repeatedly

from water. The salt continued to grow lighter in color and

at the same time assumed a more sightly form— presenting

long, light yellow-colored needles, aggregating in fan-like

masses with a satiny lustre.
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The acid derived from this salt was liglit yellow in color,

forming rather short, strong needles, exhibiting light refrac-

tion. When pure the constant melting point was discovered

to be 162°-163°C. Very readily soluble in Avater.

Undoubtedly this is the acid described some years ago by

Huebner,* Eogers, too, probably had it in an impure condi-

tion. He mentions in his dissertation that he obtained an

acid fusing at 16S°C, and inferred that it was a probable

isomer of the monochlornitrosalicylic acid which principally

engaged his attention. Yet throughout our entire work we
never discovered the slightest trace of an acid with a fusing

point of 151°C. Our impure acid frequently fused about this

temperature, but one or two recr^'stallizatious wei'e invariably

sufficient to raise it to 162°-163°C.

J^othing more was done with the acid. Our attention was
now directed to the formation of a few derivatives with a

view of ascertaining how widely they differed from those of

the supposed isomeric acid of Eogers.

Potassium MetacMornitrosalicylafe. — C^H., CI"" OH"NO., COOK.

Obtained by boiling the acid with a slight excess of potas-

sium carbonate. Repeated recrystallization gave us the pure

salt in aggregated needles with a beautiful satiny lustre. The

salt yields a very bitter, disagreeable taste when placed upon the

tongue. Very soluble in w^ater. It is anhydrous.

Potassium Determination.—0.4872 grams of thoroughly dried

salt treated with sulphuric acid gave, upon evaporation, 0.1G23

grams potassium sulphate = 14.95 per cent. K.

Calculated, 15.34 per cent. K.

Barium Metachlorn itrosalicylate.— ( C^H^ CI""OH"NO.,GO0% Ba.

By boiling the aqueous solution of the acid with an excess

of bariuuT carbonate the salt was formed and cr^^stallized in

dark orange-red colored needles, which were very insoluble

and exceedingly difHcult to obtain pure. It appears to have

water of crystallization, but on drying in the air rapidly loses

the same. An analj'sis was made of the dried material.

* Jahresbericht (1866), 349.
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Barium Estimation.—0.2808 grams salt gave with sulphuric

acid .1188 grams BaSO^ =24.70 per cent. Ba.

Calculated, 24.03 per cent.

The silver salt formed a light brown colored powder, which

was placed in a tube of Bohemian glass, an excess of ethyl

bromide added, the tube sealed and heated for several hours in

a water-bath, and in this manner we obtained

Ethyl Metachlornitrosalicylate, C^K.Cl'^OH-'NO^COOC^Hi,

which, when crystallized from an alcoholic solution, formed

almost colorless flattened needles, fusing at 89°C, A very

strong light refraction was shown by the crystals.

Upon heating a portion of the ether with an excess of alco-

holic ammonia we obtained

Metachlornitrosalicylamide, CJl., CI"" 0H''N0.2 COJVH^,

a brick-red colored compound forming small nodular crys-

tals readily soluble in alcohol, moi'e difficultly soluble in water.

The fusing point is constant at 199°C.

Upon comparison with Eogers' work it will be found that

our results are quite different, and this would indicate that

two nitro-acids are formed when metachiorsalicylic acid is

nitrated.

Our work in this direction has been discontinued, inasmuch

as we have received information that the investigation of the

acid has been almost completed by another party.

Another interesting compound which was obtained by us is

the following combination of alpha-monochlordinitrophenol

with aniline :

Alpha-Monochlordinitrophenol Aniline.

By mixing a small quantity of the phenol with sufficient

aniline to dissolve the former in the cold, a beautiful deep red

colored liquid was procured, A di-op of this solution placed

upon the skin imparted to the latter a rather difficultly remov-

able stain. On evaporating the colored liquid upon a water-

bath in a large open dish and allowing the same to cool, hard
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nodular crystals separated, which were well pressed between
paper and dried by exposure to the air. From aqueous solu-

tions the compound is obtained in long;, curled, light 3'ellow

colored masses. It fused constantly at 137°C. Aniline will

separate upon boiling its aqueous solutions violently. An
analysis of the substance showed it to be a union of one mole-

cule phenol with an equal amount of aniline.

Analysis.—0.1221 grams dried substance burned with lead

chromate gave .0188 grams carbon =46.19 per cent. 0, and

4.00 25er cent. H. The theoretical percentages required are

4G.22 per cent. C and 3.21 per cent. H.

University or Pennsylvania, May 'id, 1879.

ON GLYCOCHOLIC ETHER.

By Alfred Springeu.

While engaged in experiments upon ditt'erent ethers, it

occurred to me that those of the acids commonly contained in

bile, especially glycocholic and taurocholic, might be inter-

esting. Since ox-gall is easily obtained, and its composition

is tolerably well known, I chose that for my starting point.

At a first glance it would seem as if the etherification need

require but little labor or time; nevertheless, any one who
has ever experimented upon these acids can readily under-

stand the difficulties which must be surmounted in order to

avoid working with their decomposition products.

My first attempt at the preparation of glycocholic ether was

as follows : After having extracted a quantity of sodium

glycocholate from about twenty ox-galls, this salt was taken

with a sufficient quantity of sulphuric acid and alcohol and

distilled in a small glass retort. Only ethylic ether and

alcohol passed over into the condenser. In the retort there

remained a brownish-yellow resinous substance, insoluble in

water and but partly»soluble in alcohol or ether, which I found

24
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upon examination to consist mainly of dyslysin mixed Avith

choloidic and cholonic acids. A similar experiment made with

hydrochloric instead of sulphuric acid gave equally unsatis-

factory results.

I next prepared an alcoholic solution of the sodium salt,

and passed dry hj'drochloric acid through it for twenty-four

hours, but still could obtain no ether. After this I placed in

two strong glass tubes mixtures of hydrochloric and sulphuric

acids respectively with alcohol and the sodium glycocholate,

sealed them hermetically, and heated for four days on the

water-bath, A thick resinous mass was formed, which again

proved to be mainly d^-slysin.

It is not unfrequentl}^ the case that an acid as such has a

much greater affinity for etherification than a salt wherefrom

the acid is liberated during the process. I have often observed

that butyric ether made from sodium butyrate has neither so

pure an odor nor taste as that prepared from butja-ic acid

directly, although the same salt had been used as the starting

point for both preparations. The same thing holds true with

valeric ether also. These facts led me to try gl3^cocholic acid

in an isolated state instead of the salt with which I had been

working.

Eight}' ox-galls, fresh from the gall-bladder, were evapo-

rated almost to di-yness on the water-bath, and the residue

was exhausted with alcohol. The alcohol \vas next distilled

off, and the substance remaining in the retort was diluted

with water and treated with milk of lime. Tp the filtered

and cooled liquid, which had a faint wine color, dilute sulph-

uric acid was added until a permanent turbidity was pro-

duced. Soon the solution solidified forming a mass of crytals,

whieh were again dissolved in water and the process of puri-

fication' repeated. At last I obtained nearly a pound and a

half of beautiful white needles of glycocholic acid.

These crystals, distilled with alcohol and sulphuric acid,

showed no more inclination to form an ether than the sodium

salt. But when they were heated with h^-drochloric acid

and alcohol in a sealed tube, an ether began drop by drop to

form ; until at the end of two weeks all the crj-stals had dis-

appeared, and the ether collected upon the surface of the

liquid in their stead. Later I discovered that this ether could

be obtained more easily if the glycocholic acid was first dis-
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solved in alcohol and dry hydrochloric acid passed twenty-
four hours through the solution. This solution, heated in a

sealed tube with alcohol and hydrochloric acid, became
thoroughly etherified in two daj's. As the pressure within

the tube was enormous, the usual precautions had to be taken

against the danger of explosion. Since the ether was liahter

than the other liquids in the tube it was easily taken off froni

the top.

The color of the ether is dark brown. Thinkinir that de-

colorization might be possible I tried to distill the substance,

but found that it decomposed. Its specific gravity is 0.9"01.

When exposed to the open air it decomposes, leaving a white

resinous mass. In a closed vessel it may be kept for anj-

length of time, and in a sealed tube it may be heated to a

quite high temperature without suffering decomposition.

Water acts upon this ether somewhat strano-clv. At first the

mixture becomes thick and brown, as if it were dyslysin; but

gradually it whitens, and crystals of glj'cocholic acid are de-

posited. The only way the ether could be washed was with

hydrochloric or sulphuric acid.

During my experiments eighteen combustions were made of

this ether and its educts. I need give the results of onl}- one

anal3'sis. The nitrogen was determined b}' Constance Makris's

modification of the Will-Yanentrapp process ; a method which

gave me extremely satisfactor}- results. The figures obtained

agree ver}- well with the formula C26ll42(C.,H5)NOe.
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REVIEWS AND REPORTS.

Bkiep Review of the most important Changes in the Industrial
Applications op Chemistry within the last few Years.

{Continued from page 06.)

Metallurgy— Continued.

JStickel and Cobalt.—AVitbin a decade the extraction of these

metals has increased notably in importance; and the scale

upon Avhich they are worked has expanded greatly in conse-

quence of their successful application in electroplating, while

iormerly nickel was scarcely used save in its alloys of the

German-silver class, and metallic cobalt was not in industrial

use at all. Extensive search has been made in various

countries for new supplies of ore, in the main resulting in

bringing together small lots from different sources. Probably

the most important single new locality is New Caledonia, fur-

nishing, not the more common sulphides and arsenides, but

the h3'drous silicate of nickel and magnesium known as Gar-

nierite or Noumeite. The metallurgical processes in use are

carried out partly in the " dry " and partly in the " wet way."
In the former direction there has been improvement, the

result of experience, in the concentration of poor ores, such as

nickeliferous pyrites, to mattes containing a much increased

percentage of nickel, and the cobalt which may be present can

be recovered in the state of oxide, to be subsequently reduced

to metal, instead of obtaining it merely in the form of crude

silicate, as " smalt " or " zafFre," The metallic nickel fur-

nished to commerce is of higher purity than was known a

few years ago, 98 or 99 per cent, of real nickel' being easily

obtainable, and even higher grades of product seen to some
extent. Moreover, the small, irregular grains and the cubes of

but halfmelted nickel which not long ago constituted the only

forms in Avhich the metal was turned out, have been largely

replaced by solid ingots of various weights up to 5 or 6 kilos

each, cast from crucibles in which, with the aid of well-

arranged wind furnaces, the refractoiy metal has been com-
pletel}^ fused.

Zinc.—The most noteworthy increase in the production of

zinc of late years has occurred in the United States (New
Jersey, Pennsylvania, Virginia, Tennessee, Illinois, Iowa,
Wisconsin, Missouri), which may now^ be reckoned among the

great sources of the world's supply.
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The methods now and for a long time in use foi* the
extraction of this metal from its ores still leave much to be
desired

; the various forms of distilling apparatus are compli-
cated, more or less troublesome, and not adapted to continuous
working; and much zinc is obtained as oxide by the burning
of the metallic vapor in contact with air, or is deposited in a
pulverulent form by too sudden cooling instead of condensing
to liquid metal fit for casting into ingots. None of the attempts
which from time to time have been made to devise a furnace
capable of turning out, vs^ithout serious loss, fused zinc b}^ a
continuous process, seem yet to have achieved success. The
nearest approaeli to such success has been the continuous
reduction and distillation of the metal with intentional com-
bustion of the vapor, to produce zinc white for painter's use.

It may possibly be worth consideration and experiment
whether the volatilization of zinc might not be, at least to a large
extent, prevented by reducing, under suitable conditions of
temperature and furnace atmosphere, its ores along with those
of lead, taking advantage of the fact, illustrated by the
ancient method of making brass from copper heated with cal-

amine and charcoal, that the presence of the less volatile

metal in the alloy reduces notably* the volatility of the other
;

the subsequent separation of zinc and lead admitting of being
effected, as far as much the larger portion of each metal is

concerned, by liquation, as in the now common Parkes' pro-
cess for desilverization of lead. If such a reduction method
could be given practical shape, any zinc vapor which did still

escape might be allowed to burn and collected as zinc oxide
for painting.

Tin.—The most prominent fact for some time past in the
history of this metal has been the very large addition to our
annual supplies since 1870 coming from Australia, while the
product from the Dutch East Indies has also largely increased.

The tin-bearing territory of New South Wales and Queens-
land covers several thousand square miles, affording already
some ore from veins likely to be much more largely opened
up in the future, but niuch larger quantities from magnificent
washings of stream tin. Tasmania also affords some smaller
additional supply. Most of the Malay tin of Eanca, Billiton,

the peninsula of Malacca, &c., comes from " dry diggings " in de-

composed granite or pegmatite, the more or less disintegrated
remains of felspar and quartz being washed away, and the
ore smelted on the spot in rude furnaces of small size with
charcoal fuel, and a blast from the hollow trunk of a tree in

which a piston works to and fro. Twelve or fifteen years ago
the general supply of the world might have been set down in

round numbers as

—

* It would have to be determiued. by experiment how far lead can thus give fixity

to zinc at the temperature necessary for the reduction of both and separation of slay.
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Metallic Tin.

From England (Cornwall and Devonshire) 8,500 tons.

Malacca and the Malay Islands 7,500 "

Saxony, Bohemia, and all other sources.. 450 '*
ii

16,450 tons.

A similar estimate for the present time stands thus

:

From Malacca and the Malay Islands 14,500 tons.
« Australia 10,000 "

" England (Cornwall and Devonshire) ... 9,500 "
" Saxony, Bohemia, Bolivia, &c., &c 650 "

34,650 tons.

This doubling of production has been attended with a corres-

ponding fall in price—from £127 to £61 per ton.

There has been no material change in the simple processes
of tin-smelting. The application of Oxland's method of pre-

paring the ore b}^ getting rid of accompanying wolfram in the
form of sodium tungstato has furnished some material for the
utilization of tungsten compounds ; most of the latter, however,
so far as in use at all, are obtained from independently mined
or mechanically separated wolfram.

Bismuth.—At the chief seats of bismuth production in Sax-
ony and Bohemia, the old and simple process of extraction of
the native metal from rock through which it is disseminated,
by liquation in slightly inclined cast-iron tubes, has been

abandoned, it being found that too much of the now quite

valuable metal was left in the residues of imperfectly ex-

hausted gangue. Instead, the mixed ores, lai'gely associated

with those of cobalt, are roasted and then reduced in the fur-

naces of the smalt-works with additions of charcoal, metallic

iron and slag. Two layers separate after fusion, the upper
one consisting of cobalt-speiss (arsenides of cobalt, nickel and
iron), the lower of crude metallic bismuth. The latter is run
oft' in the still fluid state after the former has solidified, and
the bismuth, cast into blocks, is refined by eliquation at a
gentle heat on an inclined iron plate. Almost pure bismuth
flows oft', while the foreign metals with a little bismuth re-

main as dross to be worked over.

To a limited extent the ores of this metal have of late j'ears

also been worked in the wet way—as at Meymac in France,
where a small supply of oxidized ore is treated by solution in

hj'drochloric acid and precipitation by water or on bars of
iron.

There has been a remarkable increase of demand for

bismuth within a few years, leading to increase of price,
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since although supplies of ore have been received from several

new quarters, chiefly Peru and South Australia, in less quan-
tity from Mexico, France, &c., the aggregate of these new
receipts has borne but a small proportion to the amount fur-

nished by the one long known and most important mining-

region of the Erzgebirge, of which Schneeberg in Saxony and
Joachimsthal in Bohemia ma}^ be considered the two chief

points. At present the annual supply is estimated as—
From Saxony and Bohemia, ... 32 tons

From all other sources, 3 "

35 tons

of which much the largest part is devoted to the production
of bismuth oxychloride and hydrato-nitrate for use in medi-
cine and as cosmetics, most of the rest being employed in

making readily fusible alloys and producing the shell-like

lustre on porcelain which has given rise to the name "porce-
laine nacre."

Copper.—Amongst the countries which have added most to

the general supply of copper for the last quarter of a century
are Chili and South Australia; the mines of the former have of

late inci'cased, those of the latter diminished in productiveness.

To these will probabl}^ erelong deserve to be added Arizona,
where valuable ores are abundant, and possibly at some later

day j^orthwestern Texas. The product of the Lake Superior
region has assumed an important place.

The general course of copper-smelting has undergone no
great change for a long time, though there have been local

variations of practice, due chieflj' to special supplies of ore

requiring particular treatment, and to the establishment of

new seats of the industr3\ Swansea no longer fully holds the

position of supremacy it formerly' enjoyed, but the tendency is

still marked toward the concentration of ores, and, of late

years, of mattes and crudely smelted regulus of copper, at this

and a moderate number of other centres, there to be treated

with all the advantages of skilled labor, suitable and abundant
fuel, &c. The most remarkable ])roposal of a new method of

furnace treatment is that of Mr. HoUway, very recently

brought before the Society of Arts of London, looking to the

ap])lication of the Bessemer blast of air to sulphides in a

melted state, the temperature being maintained simply by
addition of fresh quantities of ore. Too little is yet known of

the results even of such experiments as have been made for

an opinion to be formed of the probable value of the idea
;

some advantages at once suggest themselves, but there are

also manifest difficulties, such as the effect of the presence of

much silica and the risk of loss by volatilization.
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Eelatively, much greatei' extension of pi'oeesses in the

liquid way has occurred of late years than has characterized

the furnace methods. The very large use now made of the

sulphur of more or less cupriferous pyrites in the manufacture
of sulphuric acid has furnished abundant material, and the

saving of the copper contained in burnt pyrites residues has

become a regular subsidiary industry, especiall}' in England,
Avhere in 1875 no less than 9600 tons of the metal were thus

produced, several thousand pounds' worth of silver and gold

being also obtained from the same source. The main features

of the process consist in calcination of the spent pyrites mixed
with common salt in furnaces often heated by gaseous fuel

from a Siemens generator, leaching with water, and precipi-

tation by metallic iron, preferablj'' used in the spongy state

obtained by reduction of some of the exhausted pyrites in a

muffle furnace with ground coke.

In the United States the introduction of the Hunt and
Douglas w^et process should be particularly noticed— its wide
range of applicability to ores of different kinds is one of its

prominent merits. The material to be treated, roasted at a
gentle heat if necessary to remove sulphur or decompose
carbonate, is exposed to the action of a mixed solution of

ferrous chloride and sodium sulphate and chloride,* this being
used either cold, or, with a view to more rapid effect, in a

heated state; the undissolved residue is washed with a further

portion of the same solution (hot); and from the mixed liquids

obtained the copper is thrown down by metallic iron, repro-

ducing the original solvent to be used over again. Taking
only the case of the copper present as cupric oxide in the

roasted ore, the reactions are essentiallŷ%

3CuO + 2FcCl, = Cu,Cl, + CuCI., + FeA

the cupric chloride dissolving of course in the water used,

while the cuprous chloride is rendered soluble by the presence
in the liquid of ferrous and sodium chlorides, and

CuCl, + Cu.Cl, + Fe, = Cu3+ 2FcCl.,.

This method has been successfully used with copper ores

(simply), both of the oxidized and sulphurous classes, and also

with ores containing the precious metals, these latter being
obtainable from the residues after the copper has been removed
by leaching.

The more careful examination which submarine telegraphs
have led to of the great influence upon the conducting power
of copper wire for electricity of impurities occurring to even
a very minute extent, has stimulated the production of much

* Obtained by the aclditiou of common salt in excess to solution of ferrous sulphate.
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purer copper than could readily be had ten or twenty yeai's

ago, and hence copper refining has assumed an increased
degree of importance and commands increased attention and
care.

Jjead.—Among the greatest recent additions to the sources
of supply of this metal must be counted the argentiferous and
auriferous lead ores of the Eocky Mountains and outljnng
ranges to the eastward of the Sierra Nevada, especially in

Colorado, Utah and Nevada, where galena and cerussite have
been discovered and worked upon the grandest scale, the pre-
cious metals present often causing the lead to assume but
secondary importance, while in the aggregate this latter pos-
sesses immense value. The same regions, sj)eaking broadly,
afford also vast quantities of iron and copper pyrites, and zinc
blende ; froui the working of these for gold and silver much
copper is saved, chiefly in mattes to be worked over elsewhere,
while the great bulk of the zinc is lost.

In connection with the working of these ores, though of
course applicable to and in practice applied to those of various
other kinds, may be noted as capital improvements in

mechanical treatment the use of the "Blake Crusher," the in-

vention of Eli W. Blake of New Haven, Conn., for breaking
down the ore to small fragments, the steady mastication
effected by which is in marked contrast with the slow and
power-consuming work of the old-fashioned crushing rolls; as
also the substitution, for reduction of the crushed ore to

powder, of stamp batteries made wholly of iron, with well
pi'oportioned and well finished parts, for the more clumsy con-
structions, i^artiy of wood, which were formerly in use. Direct-
acting, steam-driven stamps have also been brought into use,

but to no large extent on account of their greater liability to

need repairs at the hand of the skilled machinist, not always
available in rough mining regions. Many valuable contri-

vances for the dressing and concentration of ores have also

been added to the older arrangements.
In the chemical treatment of lead, as well as other ores, im-

proved forms of roasting furnaces have proved of much value,

particularly those of the type represented by the Gerstenhoefer
and Stetefeldt furnaces, in which finely pulverized ore is fed in

at the top of a red-hot shaft of fire-brick, down which it drops,

encountering on the way an upward curx-ent of highly heated
gases, partly the products of combustion from the fireplaces,

but including an abundant supply of surplus atmospheric
oxygen. These more modern furnaces have in a measure
taken the place of the simple i-everberatory for roasting,

while for smelting the roasted ore this latter has also to a con-

siderable extent been supplanted by small blast furnaces, in

the construction of which hollow cast-iron walls traversed by
a current of water—water-jackets—are coming into more

25
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general use than formerly, replacing the fire-brick linings,

which in some regions arc procurable on 1}^ from a distance and
at heavy cost. Tlie very general introduction of processes

for desilverization, although of primary consequence in reUi-

tion to the saving of the precious metal, has resulted also indi-

rectly in softening and improving the character of the average

lead of commerce.
Mermtry.—As regards the supply of this metal, for which

the demand has been greatly extended by the expansion of

gold and silver mining within the last thirty years, the great

fact has been the discovery of (^alifornian cinnabar* upon a

scale placing the United States fii'st amongst the countries

producing mercur}-, while not inconsidei'able though irregular

supplies have also been received from Borneo. The present

annual production maybe set down in round numbers as —

-

From California 2333 tons (of 2240 lbs).

<' Spain (Almaden) 1424 "

" Austria (Idria) 273 "

« all other sources 263 "

4323 tons.

The metallurgy of mercury still continues in a verj'- unsatis-

fiictory condition, the loss being enormous, while the low
price at which alone the metal can now be sold ought to prove
a stimulus to more economical management of the reduction.

At present it is estimated that the best results are obtained at

Idria, where nevertheless the loss is 30 per cent, on the
amount of metal shown by assay to be present; in California

there is an average loss of something like 40 per cent., while
at Almaden in Spain it is set down as 50 to 53 per cent. To
this immense waste must be added the large quantities after-

wards lost in use, gold and silver amalgamation processes

involving the sweeping down to the rivers of very much
finely-divided mercury and its compounds, never to be recov-

ered by any practically available means.
The chief sources of loss in reduction are, first, imperfect

heating of the larger fragments of cinnabar-bearing rock, so

that portions of ore remain unacted on in the interior; and,
second, imperfect condensation of the vapor, which escapes from
cracks and defective joints of the furnaces and passes through
the porous masonry of their walls. The latter of these causes
of loss is the more serious in the extent of its results.

Attempts to obviate it^ such as that made many years ago in

the Palatinate under the direction of the late I)r. Ure, by

* Cinnabar, accompanied as usual by small quantities of native mercury, occurs
at sundry points not only in California, but northwards in Oregon, Washington
Territory and Idaho. The deposits which up to the present have proved practi-
cally important are confined to the first named State.
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using vapor-tight retorts of cast-iron heated from the outside
and retaining the sulphur by nieans of lime, involve increased
difficulty from the first mentioned cause, since the heat has to

penetrate the semi-diameter of the retort as a whole, and the
volume of material heated is swollen by the addition of the
lime, while no heat is obtained from the combustion of the
sulphur. The same remarks apply to the bell-far!ioces of
Bohemia, in which reduction is effected bj^ means of iron or
" Hammerschlag." Using such arrangements with poor ores

—

and the great mass of the ores usually available are poor

—

the consumption of fuel is extravagantly large, and the iron

vessels are rapidly destroyed, or much cinnabar escapes reduc-
tion. In the brick-work furnaces used at all the most
important seats of mercury production the sulphur is burned
off by the ox3'gen of the air, producing much of the necessary
heat, though Californian experience seems to have shown that
there may be an unwise economy of outside fuel, it being well

to supply b}^ means of such fuel burned in separate fireplaces

adjoining the hearth space occupied by the ore, ample heat to

ensure the thorough expulsion from the rock of all mercuric
sulphide. The great difficulty, however, arises from the
escape of uncondensed vapor of mercur}^, the masonry and the

underlying soil bearing ample testimony to this in the large

quantities—thousands of pounds sometimes—of irregularl}'

condensed metal Ibund soaking through the porous nuiterial

when old furnaces are taken down.
The most hopeful line of improvement seems to be that of

a combination of all the safeguards which have individually

proved more or less efficacious, along with j^erhaps some
others which may be suggested, small in themselves, but
likely to prove useful in detail, say some such general arrange-

ment as the following; 1st, detached fireplaces, with grates

adapted to the combustion of the fuel used, delivering their

gaseous products of combustion into — 2d, hearths for the

reception of the properly piled ore, to be constructed of an
outer shell of cast-iron jjlates put together Avith planed flanges

and screw bolts, or else of heavy riveted boiler-plate, made as

vapor-tight as possible, with a thick interior lining of fire-

brick ; 3d, a first set of condensing flues leading from the

hearths, also of heavy cast-iron, brick-lined only so far as the

high temperature extends, with sufficient number of such

flues and subdivision of cross-section to give extensive cooling-

surface ; 4th, a second set of flues, extensions of the first, of

stout Eussia sheet iron, well asphalted inside and out by im-

mersion at a temperature just short of redness in boiled coal

tar, to resist the corrosive effect of the sulphur acids formed;
5th, a system of pipes for the injection of cold water spray

into the condensing flues, and well-arranged drip-pipes to

carry off promptly liquid w^ater and condensed mercury; 6th,
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an effective exhauster to produce forced draught through the
flues irrespective of the temperatui'C within them, and to pre-

vent the tension of the contained gases ever exceeding the at-

mosphei'ic pressure without. The same set of condensers
might be worked with several fireplaces and hearths if inter-

mittent firing be practiced, but with detached fireplaces it

does not seem difiicult to provide for continuous working by
means of well-fitted and vaj^or-tight doors to the hearths for

the discl.argc of burnt out ore and the introduction of fresh.

Silver.—In this country it is needless to more than refer to

the immense additions to the world's stock of silver which
Nevada, Colorado and other far Western States have made
within twenty years, treasure comparable Avith and even ex-

ceeding the flood-tide from Spanish America in its period of

greatest prosperity. In Europe the importance of the results

obtained and their influence on present problems of finance

and political economy, seem scarcely to be well understood
by the general public, though no doubt fajniliarly known to

manj" of those who concern themselves about such questions.

In various mining districts of the world, but notably in this

region of new and great activity in the United States, there

have been modifications in all three of the classes into whicli

the 251'ocesses for reducing silver from its ores may be divided.

1. Amalgamation processes, involving the collection of the silver,

hoivever first reduced, by solution in mercury.
Certain ores are found to be adapted to immediate amalga-

mation, while others cannot be thus profitably worked unless

first roasted, either alone or more usually with an addition of
common salt in order to produce silver chloride. For the
purpose of this roasting, as with other like objects in view in

the treatment of the ores of other metals above alluded to,

new forms of furnaces, such as the Stetcfeldt, have come into

use, and have to a large extent replaced the time-honored re-

verberatory. The rotating hearth, as in Brueckner's furnace,

providing for constant stirring of the material treated and the
exposure of new surfaces to the hot gases and air from the
fireplace, has in some hands given valuable results in applica-

tion to this preliminary roasting.

For the amalgamation itself the classical Freiberg process,

carried out in revolving wooden barrels, is no longer in use at

Freibei'g itself, having been given up a few years ago ; it is

still emploj^ed elsewhere, however, as in Chili, and up to a short
time ago, at least, at a few works in the United States. The
ancient Mexican or patio process, the invention of Fray Barto-
lonie de Medina in 1557, still holds sway throughout most of
SjDanish America. Its place has been taken in this country by
the introduction within a few years of the so-called "Washoe"
process of amalgamation in cast-iron pans. These shallow cyl-

indrical or slightlj' conical pans may be considered as improved
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forms of the old-fashioned Chilian mill or "arastra," replacing
the clums}' blocks of stone dragged round in a stone trough bx'

mules or oxen, bj- a machine entirely of iron, having well-pro-
portioned scrubbers or mullers shod with casil}^ removable
plates of chilled iron revolving upon similar plates set in the
bottom of the pan, and provided with the means of adjustino-

the distance between the grinding surfiices. Sometimes the
bottom of the pan is steam-jacketed in order to permit
heating the charge during amalgamation.
Sometimes the onl}'^ materials introduced are ore, water

and mercury; in which case native silver is simply taken up
into solution by the mercury, while the chloride, bi-omide and
even sulphide of silver are more or less effectually decom-
posed by the iron of the pan and by the mercuiy itself, the
reduced metal being then also dissolved to a fluid amalgam.
At other works " cliemicals " are added to the contents of
the pan, these consisting mainly of cupric sulphate and
common salt, essentially the same materials as have long been
used, the former in the impure shape of " magistral," in the
"patio " amalgamation. The ore is placed in the pan in the
state of subdivision in which it comes from the stamps, but is

more finely ground during the amalgamation, especially during
the first part of the process. Transferred to a generally simi-

lar pan known as the separator, but with the addition of much
more water, the pnlp is stirred round and round until the
amalgam separates at the bottom and the soluble matter and
great mass of silicious and earthy material from the gangue
can be washed away, the amalgam being then drained of fluid

mercuiy (holding a little silver in solution), and heated in an
iron retort to drive off" the rest of the volatile metal. In this

process, greatly improved as it is in contrast with patio amal-
gamation on the score of time and labor consumed,* and in

spite of the advantage gained b}' experience as to details in its

application, there is still much room for further economy, the
loss being large in absolute value of the precious metal, either
not chemically separated from some of its comjjounds in the
ore (im^jerfect reduction), oi- not mechanicall}' separated as

amalgam from the " tailings " which are washed away (imper-
fect collection). The value of the mercury also lost is in the
aggregate important, some of it losing its metallic form, as it

serves as the meaiis of reducing the silver by taking up
chlorine, sulphur, &e., some of it being as finely divided metal
mechanically washed away.

2. Smelting processes, involving the reduction of the silver by

furnace means, and its collection in solid alloy with one of the baser

metals, usually lead, sometimes in the first instance copi^er.

The use of improved forms of furnace for both roasting and

*A8 has been ol'teu poiutod out, tlic patio process is applicable in regions wliere
want of fuel forms an obstacle to tbe use of quicker methods.
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smelting lead ores has been already alluded to, and their

merits have been tested on a large scale in the treatn^ient of the

argentiferous sulphide and carbonate found in such abundance
in some of the States in the fur West. The further treatment

of the " base bullion " or argentiferous lead produced, Avith

a view to the separation of the silver, requires now to be

noticed.

The original invention of Pattin.son of Newcastle, patented

in 1829, for desilverization of lead, depends upon fusion of the

metal in somewhat large mass, slow cooling, and removal with

perforated ladles of the lead cr3'stalsas thej- solidify, repeating

the process several times with the re-fused crj'stals on the

one hand, which become ])Oorer and poorer in silver, and
with the residual lead on the other, this increasing in value up
to a certain point, when it is cupelled. This mode of working-

has of late been modified by Eozan, a jet of high-pressure

steam being passed into the bath of melted metal, stirring it

up and exposing fresh surfaces to the air, so as to promote
the oxidation and removal as dross of antimony, copper, &c.,

while the steam, as it condenses, leads to more regular cr^^s-

tallization than attended the older method. Hydraulic cranes

are used in transferring the lead, doing away with much of

the arduous hand labor formerly required. The results ai'c

favorably reported.

To a large extent, however, for some 3'ears past the process

known as that of Parkes has been substituted for the ingenious

invention of Pattinson. Zinc is added (1-5 per cent.) to the

melted lead to be desilverized, the temperature being raised

above the fusing point of zinc, and the two metals are well

mixed bj" agitation. A prolonged period of repose foUowe,

extending to several hours, during which the temperature is

allowed gradually to fall, so that the zinc separates out on the

surface in solid form, cariying the silver with it. The zinc is

removed and afterwards distilled off in flask-shaped retorts of

plumbago ware, the residual silver being finally fused with a

small quantit}' of lead and cupelled. This Parkes process

has become well established in the United States, and has
received here some useful improvements in the details of its

ai)plication.

3. Processes carried out in the liquid loay, the silver, as one of

its compounds, being brought into solution and afterwards pre-

cipitated.

These methods have of late years received a moderate
degree of extension, although their importance as regards
aggregate result is trifling in comparison with amalgamation
and smelting. The Ziervogel pi-ocess, involving the produc-
tion of silver suljihate by careful roasting of the ore without
common salt, and extraction of this sulphate with hot water,

has perhaps made more progress than chlorination by roasting
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with salt, followed by washing out of silver chloride with
brine or solution of sodium thio-sulphato. Experiments have
been made in the United States with Plattner's ehlorination

by means of chlorine gas, followed by leaching to extract
silver chloride, and also with Ziervqgel's process combined
with subsequent amalgamation of the washed residue.

Gold.—The great discoveries of gold in California and
Australia, first in the form of sand and nuggets in river

gravel, have proved important, not only in the wealth they
have afforded within thirty years, and the movements of
population and rapid extension of civilization they have given
rise to, but in the stimulus given to study of the modes of
OQCun-ence of the precious metal and the best methods for its

extraction. Not only have existing river-beds been explored,

but vast masses of alluvium from water currents that have for

ages ceased to flow are washed over, and h}' mechanical arrange-
ments which, starting from the simple pan in the hands of the
laborer in 1849, have culminated in the " hydraulic mining"
of the present day, employing sometimes the force of a jet of
water six inches in diameter, projected with the pressure due
to a head of more than four hundred feet. Before long the
attention of the seekers after gold washings was attracted to

the veins of auriferous quartz, and gold diggers became gold
miners; improvements were made in the mechanical appli-

ances for crushing quartz upon a great scale, and in the
amalgamation process for extracting the gold from it ; this

source of material having for years past grown in importance
as the richer stream and dry alluvial works remaining have
waned in number and extent. Finally the gold existing in

microscopic or even ultra-microscopic particles distributed

through masses of pyrites, galena, blende, carbonate of lead, &c.,

and associated with other ores, as of silver, has come into

requisition, and ore b}'' hundreds of thousands of tons is

worked which does not contain on an average as much as .0001

of its weight of gold. Much of the ore from even the great
"bonanza" of the Comstock lode might not many j-ears ago
have passed under the e^'e of an experienced miner without
its containing useful metal of any sort being suspected. The
only strongly-marked contrast to such material has been pre-

sented by the marvellously rich pockets and small veins of

tellurides in Colorado, very limited in extent, but furnishing
sometimes small lots of ore worth $40,000 or §50,000 a ton.

The defects, mechanical and chemical, of the processes in

use for the extraction of gold lead to immense losses in abso-

lute value, such as may be counted by millions of dollars

annually. It has been estimated, by comparison of the results

actually obtained on the large scale with those of careful

assays, that quartz amalgamation involves a loss of 12 to 15

per cent, of the gold actually present, while probably still
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poorer returns are obtained by " hydraulic " treatment of

alluvial gravel, 15 to 30 per cent, of the gold exposed being

supposed to be lost.

The methods for collecting by smelting the generally very
small quantities of gold from p3'ritou8 ores and those of lead

and zinc arc essentially the same as in the case of silver,

above alluded to, and the same progress has been made of

late years; in fact both tlie precious metals are commonly
obtained together in the matte or base bullion, from which
the inferior metals are separated by the same operations.

Although these smelting processes j^ield in the aggregate far

less gold than is obtained by washing and amalgamation, there

is reason to believe that it is obtained with a less proportion

of loss.

The chlorination process of Plattner has been used to but

a moderate extent. It demands very careful roasting of sul-

phurous ores as a preliminary step. The use of bromine, now
obtainable at a very low price, seems worth attentive con-

sideration, especially if combined, as it might be, with arrange-
ments for recovering the bromine.
As regards the separation of gold and silver from each other,

the long, known method of " parting " by solution of the

latter metal in acid is varied mainly as respects the kind of acid

used, European practice having for the most part long since

settled down upon hot, concentrated sulphuric acid, while at

very large refining works in San Francisco local conditions

some time ago caused nitric acid to be preferred, one of these

conditions being understood to be the trouble there of dispos-

ing of sulphur dioxide economicallj' without nuisance, while

the lower oxides of nitrogen can be carried into the furnaces

and their oxygon taken up by the fuel.* The immense suppl}''

of" aro-ent dore," as the bullion is called which the ores of the

Comstock lode in Western Nevada yield by amalgamation,
has for several years placed the San Francisco works on a

most favorable footing for the application of the parting pro-

cess, since the bullion contains on an average about 4.75 per
cent, of gold by weight in proportion to silver, and therefore

needs no addition of the latter metal to secure complete sepa-

ration by the acid. When gold is the predominant metal, and
it becomes necessary to dilute it by further alloy-—the old

process of " quartation "—in order to avoid cloaking and pro-

tection of the portion of the mass which the acid should dis-

solve, it has not long since been proposed to replace silver,

which has hitherto been generally used as the diluting metal,

by one of less value, and it has been shown that zinc, added
to the extent of five to eight times the weight of the bullion

* In San Francisco, In connection with the employment of sulphuric acid, pre-
cipitation of the silver sulphate by a hot, concentrated solution of ferrous sulph-
ate, has been brought into use instead of the metallic copper precipitation.
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to be treated, may be very easily alloyed with it at a compara-
tively low temperature, while nitric acid will afterwards readily
dissolve out zinc, silver, copper, &c., leaving the gold fine. If
this be brought into use on the lai'ge scale, the more costly

nitric acid might in all probability be dispensed with by dis-

solving out the zinc first with diluted sulphuric acid, and
then boiling the residual metallic sponge with the same acid

in the concentrated state so as to take up the silver and
copper.

Much merit attaches to the ingenious chlorine gas process,

invented by Mr. F. B. Miller of the Sydney Mint, JSTew South
Wales, for separating the two precious metals when alloyed
with gold in excess.* He passes a stream of gaseous chlorine

down into a crucible containing the alloy in a state of fusion

until the silver is converted into chloride, decants this off',

recovers a little gold from it by refusion with a small amount
of sodium carbonate, and then, casting it into slabs, reduces
to metallic silver by means of zinc and a little dilute sulphuric

acid. This process, which has since its publication been
applied in European refining works, is as well fitted for the
special service of dealing on the spot with the large masses of
Australian gold bullion, as the San Francisco "parting" is

applicable to the silver bullion of JS"evada.

Platinum.—The most important change in the method of
working the refractory alloy which constitutes what is called

native platinum has been the introduction of Deville's process
for dealing with it by purely furnace means, avoiding the
tedious and expensive solution in aqua regia, and separation

by subsequent precipitation as originally proposed by WoUas-
ton, and exclusively practiced since the beginning of the cen-

tury. The main features of Deville's process consist of fusion

with galena and litharge, separation of the osm-iridium left un-

dissolved, cupellation of the platiniferous lead alloy obtained,

and fusion of the residue left upon the cupellation hearth by
means of a stream of ignited oxygen and hydx'ogen or coal gas
in a furnace of compact lime. Although this method has been
used upon the lai'ge scale, and much platinum has been worked
by it, it is said to have lost favor with the principal manufac-
turers and to have already fallen out of use. The product
obtained by it is not pure platinum,f but an alloy with iridium

and rhodium mainly, better capable, it is true, than the pure
metal of withstanding the action of acids and other chemical
reagents, but harder, less fi'eely malleable, and more trouble-

some to work mechanically. On the other hand, Deville un-

*Thi8 process is also available as the means of toughenint,' such gold as is occa-
sionally found to be brittle and mechanically intractable from the presence of traces
of certain of the baser metals, such as lead, antimony, bismuth, &c.

t Nearly, if not quite, all the platinum of commerce contains at least traces of irid-

ium, but in the product of Deville's method of treatment iridium and rhodium occur
in quantity varying from 2 or 3 to 25 per cent.
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doubtedly deserves the credit of having given practical shape

to the fusion of platinum in largo masses, substituting this

more perfect mode of producing compact ingots for the

troublesome and less satisfactory loelding which alone WoUas-
ton had been able to employ. This feature of the new process

has become thoroughly established, and will without doubt be

permanently retained in use.

Metallic Alloys.

Amongst the most interesting and valuable materials of this

class which may be called new, or comparativel}' new, may
fairly be named the following :

Aluminum bronze—a result of the experiments made by De-

ville upon an industrial scale with metallic aluminum, consists

usually of about 90 per cent, copper (which should be of the

greatest attainable purity) and 10 per cent, aluminum, al-

though these proportions are subject to variation. It may
therefore be looked upon as gun-metal in which tin has been

replaced hy aluminum. It is distinguished by a bright yellow

color which may be made closely to imitate that of gold, by
capability of resisting in a very high degree both tensile and
compressive strains and abrasive friction, by rigidity and re-

markable elasticity, while it readih^ furnishes sound castings

and may be forged with satisfactory results.

Phosphor-bronze—a modified gun-metal, was first produced,
and carefully tested on a large scale (after several earlier ex-

periments looking in the same direction by others, as Abel in

England and Ruolz in France), by Montcfiore-Levy and
Kuenzel of Belgium, in 1870-71. It consists of copper and tin,

either in the proportions for ordinary gun-metal, viz. 90 per
cent, copper and 10 per cent, tin, or, preferably, with an
increase in the amount of the former and diminution of the
latter metal, some of the best results being obtained with
about 5 or 6 per cent, of tin, while in cither case a little phos-
phorus is added. Of this last element, added in the form of a
previousl}' prepared phosphide of tin, a variable portion burns
out during the fusion of the alloy, but a small amount is re-

tained ranging from a small fraction of 1 per cent, ujj to a maxi-
mum of about 2 per cent. Its effect seems to be threefold, first

to eliminate, b}' combining with, any oxygen which may exist in

the copper-tin allo}'^,* whether as oxide of one or both metals,

or occluded in the free state, thus tending to increase and assure
the homogeneit}' and compactness of the alloy; secondly, b}''

supplying a more easily oxidizable element to prevent burning
out of tin during the fusion and casting of the alio}-, thus ren-

dering the proportion between the two metals more definite

Phosphorus has also been very successfully used, as phosphide of coppi-r, to aid
in the removal of oxygen by the "poling" process for the productiou of reflued
and tough copper.
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and permanent ; and thirdly, so far as anj' phosphorus remains
in combination in the alloy, to notably increase its hardness,
the effect of even a very small proportion beiiii^ comparable in

this resjiect Avith the effect of combined carbon on iron in or-

dinary steel. The most prominent general })roperties of the
alloy are great tensile strength (in some specimens an increase
on that of ordinary bronze in the ratio of 5 to 2), riiridity,

hardness, consequent resistance to abrasion, and elasticity.

Results of a remarkable character were obtained in trirds

made, under the auspices of the Belgian Government, of this

alloy as the material for field-artillerj^ although these results

were not without drawbacks in regard to this special a])plica-

tion. For portions of the machiner}' of powder mills, and
for hand-tools used in such works and in powder magazines,
for the cartridge-cases of breech-loading firearms, for purap-
cjdinders and the screw propellers of sea-going vessels, and
with certain changes in the character of the alloy* leading to

the prettj^ uniform distribution of hard metal through a softer

basis, for the bearings of shafts and other moving portions of
machinery, this material has approved itself as of real value.

Its general interest is very great, as opening up a field for in-

vestigation in regard to the steel-like modification of alloys of
the softer metals.

Manganese argenfan or German silver.—The very large con-
sumption of the alloy of copper, nickel and zinc known as

German silver, in reality a hardened and whitened brass, as

the material for spoons, forks and other articles requiring me-
chanical strength and rigidity, to be afterwards plated over
with silver, has of late years met with interference from the

increasing rival demand for nickel to be itself galvanically de-

posited upon other metals, and a certain degree of importance
attaches to the manufacture, at first experimentally bj' several

persons, as Parkes of England and Montefiore-Levy and
Kuenzel of Belgium, and since on an industrial scale, of a sim-

ilar allo}' in which nickel is replaced by manganese either

wholly or in part, the following being some of the proportions

used :

Copper 54.50

Manganese 25.50

Nickel
Zinc 20.00

55.50'
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Analogous alloys, to which tungsten is also added, have of late

been made by Biermann of Hannover. Thegenei-al cbaractei*

of such material enables it to be used instead of the ordinary
German silver, although the hardening tendency of manga-
nese is strongly marked, and unless properly regulated easily

leads to trouble from cracking of the alloy in working. The
increased tendency to oxidation seems also to call for attention.

Iridio-platimnn.—The material finally ngrecd upon by the

International Hui-eau of fStandard Weights and Measures as

that to be used in making the new and, it is hoped, permanent
standards of weight and length, consists of 90 per cent, plati-

num and 10 per cent, iridium. It has been produced in masses
of magnificent dimensions, one fusion, under the direction of

Deville, having turned out 250 kilograms at a single opera-
tion, while Matthey, of the firm of Johnson and Matthey of

London, has made rules for geodetic measurements, each of 4

meters in length by 21 millimeters wide and 5 mm. thick.

The high density of the alloy—21.512 at zero—its malleability,

coupled with a considerable degree of hardness, its rigidity and
elasticity, capability of receiving a beautifully polished surface

and sharp, delicate graduation lines, and its inalterability by
an}' ordinary chemical exposure, all appear to fit it remarkably
well for the use being made of it and to justify the choice of

the International Bureau
;
j^et it seems fairlj" to admit of

question whether any alloy or any compound or mixture is to

be preferred for such a purpose to an elementary metal, such
as platinum, about whose homogeneity, uniformity of phj'sical

properties, and above all permanence of character, less doubt
may well be entertained.

Our knowledge in regard to alloys in general has received

valuable extension from the researches of Matthiessen,* con-

ducted more particularly with gold, silver, copper, tin and
lead. It is greatly to be desired that his investigations, cut

short b}' too early death, should be resumed, and carried

forward with similar intelligence, accuracy, and desire for the
discovery of general principles rather than of immediatelj'' ap-

plicable facts merel}^

A recent (1876) observation of a general kind, and novel in

itself, has been made by Prof Silliman in regard to the possi-

bilit}^ of conferring sonorous elasticity upon soft alloys, as of
tin with antimon}', copper, &c., such as " Britannia metal," by
a peculiar method of tempering, articles cast from such alloys

being immersed for a short time, from a few seconds to a

minute or more, in a bath of paraffin oil or melted paraffin,

heated to a temperature about 3° C. below the fusing point of
the alloy, hence usually to 220°-230° C.

*Brit. Assoc. Rep.. 1863; Proc. Koy. Soc. xi. and xli.; Phil. Mag. xiii., &c. Some
researches of general interest have lately been piibllshed by Roberts on alloys of
silver and copper (Proc. Roy. Soc. xxiii), and by Riche on alloys of copper and tin
(Ann. Chim. Phys. [iv.] xxx).
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Mectro-MetaUurgy, and other Alterations of Metallic Surfaces.

The practical substitution, on an industrial scale, of dj^nnmo-
electric machines for galvanic batteries, in the production of
the current needed foi- electroplating, as may now be witnessed
in New York, and doubtless in other cities, is worth noting
as one illustration pf the more economical series of transforma-
tions of the potential energy of coal by which electricity is

now made available for useful purposes. The simplicity of
application, easily worked arrangements for varying the
strength of the current and its adjustment to resistance, and
several collatei-al advantages, as of cleanliness and durability,

render these machines very satisfactor}'. It would be interest-

ing to have a full report on the different forms in use for this

jiarticular purpose, with specifications of the first cost, expen-
diture of driving povvei', work done, &c.

To the three metals, the deposition of which has for forty
years been the chief work accomplished b}^ electro-metallurgy,— viz., copj)er, silver and gold — has now (since 1870) been
fairly added a fourth in nickel, whose successful introduction
we owe to Mr. Isaac Adams of Boston. His observation that
double salts of nickel and ammonium afford solutions from
which the metal may be readily thrown down as a coherent
and lustrous film, forms the basis of the already important
nickel-plating. The nearly white color of the metal, its hard-
ness, supei-ior to that of silver, its but slight tendency to tarnish
or rust on exposure to oxygen, sulphur compounds, water, or
other common!}' occurring atmospheric substances, with its

cheapness in comparison with silver or gold, combine to make
it extremely valuable for a multitude of applications requiring
the protection and concealment of iron, brass, C02)per and
other of the baser metals. In tenacit}', hardness, and resist-

ance to chemical alteration, cobalt, which is deposited under
like conditions, seems to stand upon nearly the same footing
with nickel, while in color it is perhaps superior, being bluish

rather than yellowish gi'ey, and when polished presenting a

nearer resemblance to silver. The sparing occurrence, how-
ever, of cobalt ores, and the large demand for cobalt oxide and
silicate \\\ connection with glass staining, porcelain painting,

and the manufacture of pigments, tend to limit the scale upon
which this metal can be used for plating.

Although the reproduction of engravings was among the

first applications of electro-metallurgy, the rapid growth of
this application, its expansion in new directions, and the
immense extent to which for some years past it has been made
serviceable in connection with printing, both of matter at first

set up with movable tj'pe and of engraved work of the most
various kinds, cannot be overlooked amongst novel features of
modern industry. In this direction both forms of electro-
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metallurgy are made useful ; the superficial coating of one
material with another, us in the harder surface given to ordi-

nary type by the deposition of copper, nickel, and even occa-

sionally iron ; and the plastic reproduction of an engraving or

a page of type, multiplying with wonderful ra[)idity and per-

fect accuracy the printing surfaces from which the myriad
impressions upon paper ai"e to be stricken off.

There still remain some a])plications of the electric deposi-

tion of metals obviously desirable but not yet satisfactorily

made. One of these as yet unsolved problems seems to be the

production of a reallj'good calico-printing cylinder, of cheaper
material than massive copper, and having the intaglio pattern

accurately and rapidlj' transferred to the surfiice by electro-

metallurgy. Improvements in the means of treating the exist-

ing cylinders, removing old patterns Irom them and replacing

b}' new ones, have diminished the importance of this question,

but it still remains worth}' of examination.
With regard to other alterations of the surface of metals,

partly mechanical and partly chemical, the last few years have
seen continued and rapid extension of long known processes,

such as the tinning of sheet iron, which has received the stim-

ulus of enormous demand for the product arising from the em-
ploj'ment of " canned " provisions on a scale far beyond that of

even ten or fifteen years ago ; the coating with zinc or so-

called "galvanizing" of iron, which has been in considerable

degree stimulated by the stretching forth of scores of thou-

sands of miles of telegraph wire and the increasing use of iron

roofing ; the production of " malleable " iron castings for in-

numerable purposes, especially house fittings and builders'

furniture, locks, hinges, and the like, the softening of which
by superficial burning out of carbon is effected with noticeably

greater success and uniformity than used to be attained; and
the opposite manufacture of articles of forged iron " case-har-

dened" by superficial addition of carbon to form a steely coat-

ing, mechanics' tools of various sorts furnishing a wide field

for the cheap and useful application of this alteration of

surface.

Among the more novel industries of this sort may be men-
tioned the recently (1877) introduced process of Barff for pro-

tecting iron from rust b}' exposure to superheated steam at

predetermined temperature and for a properly regulated

time. The result is the coating over the surface with a very
hard and closely adherent layer of magnetic oxide. That this

general result is not in itself new is manifest, a thinner coat-

ing of the same sort having long been used for the same pur-

pose, upon parts of fire-arms for instance, and the comparative
exemption from rust of the black surface of iron bars from a

rolling mill and fresh forged work from the blacksmith's

hammer being due to the same cause. In this respect the
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florid language used by sundiy reporters of the supposed new
invention is far from being justified. But real merit undoubt-
edlj' attaches to the special method by which the object in

question is secured,* and to the care with which the details

seem to have been worked out. It is stated that if super-

heated steam at 500° F, be used, and the exposui-e of the
articles to be protected be continued for five hours, a surface

is obtained which will resist emery paper for a considerable
time, and which will not rust within dooi's after any moderate
degree of exposure to moisture; while, if the oxidizing pro-

cess be conducted at, 1200° F., and continued for six or seven
hours, the surface will resist a rasp, and will bear prolonged
exposure to the weather out of doors. The oxidation does
not aifect the appearance of the surface otherwise than by
turning it black, the texture of the surface remaining unaltered,

whether it be that of a rough forging, of a turned or a
polished object.

There can be no doubt that for many purposes the protec-

tion against rust thus given the surface of iron will be valu-

able, and if the assertions made in regard to the thoroughly firm
adhesion of the film of magnetic oxide, even under conditions of
greatl}^ and rapidly varied temperature, prove to be sustained,

and the anticipations of the inventor of the process, that it

may be applied to the plates of steam boilers, and of iron ships,

be successfully carried out into practice, this ma}- perhaps be
ranked as one more of the not verj- numerous list of methods,
of first-class importance, for usefully modifying the surface of
worked metals.

J. W. Mallet,
[TV? be continued.']

Animal Chemistry; or, the Relations of Chemistry to Physi-
ology AND Pathology. By Charles Thomas Kiugzett, F. C. S.

London, 1878. Pp. 494.

The object with which this book was written is not at first

quite obvious, since, in spite of its dedication to medical men
and scientific chemists, it is clearly not suited for either ; it is

too full of uninteresting and, so far as we know at present,
unimportant minutiae for the physician, and too meagre in

technical details for the chemist, who will not find it in any
degree adequate to replace the well-known manuals of Hoppe-
Seyler or Gorup-Besanez. A little examination, however,
serves to show without much doubt that the real object of Mr,

*Mr. (i. Bower has also experimented upon the production of a coating of
magnetic oxide by exposure of the iron to heated air at regulated temperature,
aud by like exposure to air mixed with carbon dioxide ("gaseous products of com-
bustion), followed by a stream of carbon monoxide, which leads to ferric oxide
being first formed, to be afterwards reduced to the magnetic oxide.
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Kingzett's publication is the glorification of Thudichuni

;

AlIah-il-Allah — there is but one physiological chemist and
Kingzett is his prophet. Gratitude in a pupil is an admirable

trait, but it should be kept within bounds; which is hardly

the ease when it leads to the production of a manual in which
the foremost living workers are ignored or sneered at, while

the beloved teacher is not only constantly quoted for what he

has done, but given as the authority for what he has not.

The effect is, in truth, somewhat ludicrous when Thudichum
is dragged forward as the sponsor for all sorts of opinions

which have long been the commonplaces of the physician or

physiologist. As examples, take the following:—"According
to Thudichum, the spleen contains much blood "—" Thudi-
chum points out that in leuco-cythtemia the spleen is frequently

large"— " Thudichum states it is probable that improper nu-

trition has the main share in causing these diseases (scrofula

and tuberculosis) in many children."

A far more serious defect, hov/ever, is the author's entire

ignorance of physiology, which crops to the surface in almost
ever}^ page, and in reference to almost ever}' subject. When
he tells us that from Frerich's researches it would appear
that Pej'cr's glands contribute but slightly to the formation
of intestinal juice, it is pretty clear tbat he has no idea what a
so-called Peyer's gland is. When he writes that '•' there can
be no doubt that the principal function performed by the liver

consists in the elaboration of bile and its secretion," he will

find but few phj'siologists to agree with him. The statement
that the colorless corpuscles of the blood are "constantly vi-

brating" proves prett}' conclusivel}" that he never saw the

bodies he is writing about, while the researches of the last

few years are altogether ignored in the statement that sweat
is nothing more or less than a liquid exuded from the blood-

vessels. We were rather of opinion that it has been satisfac-

torily proved that sweat, although its materials are derived
from the blood, is in no way an exudation, but a true secretion

formed by the gland-cells under the influence of certain nerve
fibres. However, ignorance of comparatively recent work is

more or less excusable; but when we come to the subject of

respiration and find Mr. Kingzett still living mentally in the

age of Lavoisier, we find an ignorance which is quite unpardon-
able, although one is perhaps inclined to be less severe on ac-

count of a feeling that the author is, after all, an object of

pleasant antiquarian interest. If there is one question in ani-

mal chemistry which seems beyond dispute, it is that oxidation

takes place no more in the lungs than elsewhere, in fact rather
less ; and nearly all are now agreed that the main oxidative

processes in the body take place in the living tissues and not
in the circulatory blood. But read the following extracts :

"Alcohol ... a respiratory food, or a substance which ad-
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mils of oxidation in the lungs," p. 153. "Modern researches
tend to show that vitalit}' consists more in changes occurring
in the blood," p. 198. "The source of vital force, viz. blood
oxidation," p. 181. It is true the contrai-y doctrine is referred to

as held by various authorities, but several pages are given up to

expounding with approval the views of a Dr. Hake, who
seems to be an extreme supporter of the Lavoisian doctrine,

and who holds that " the oxidation of carbon and hydrogen in

the lesser circulation is (was) the source of muscular in com-
moJi with all other vital force "; and again, that " the cerebro-
spinal system does not generate its own force, but derives it

through the chemical changes in the lungs." Further, Dr.
Hake believes (p. 181) that the brain is a great storehouse of
energ3% whence it is transmitted to the muscles, glands and so

on, and Mr. Kingzett seems to think this quite plausible. It

is enough to make HuUcr turn in his grave to have his labors
ignored in this way, and to find in the nineteenth century the
nervous system spoken of as supplying the muscles with their

contractility.

It would be a long task to point out the misstatements which
meet us in every chapter. It is, however, only fiiir to Stokes
to point out that he did not demonstrate that arterial blood
gave a spectrum with two absorption bands while venous
blood exhibits but one. Every ph3'sio]ogist knows tiiat ordi-

nary venous blood gives the two bands, and that the single

band only appears in the blood of asphyxia.
We cannot conclude without quoting the description of the

structure of the teeth, which will delight histologists :

—

" Indeed, the roots or stumps of the teeth are bones, properly
so-called. The exposed parts of the teeth, however, consist of

man}?- minute tubes of peculiar construction, and composed of

what is called dentine ; over this there is a harder epithelium
structure called cement."

In a preface the author states that the book was written

to complete a connection with studies in physiological chem-
istry which had been attended for four years with unfluctu-

ating success. We regret we cannot congratulate him
on the success of his crowning effort. Should he again con-

template resuming such studies, we beg him fii'st to learn a

little physiology: he would probably be surprised to find how
useful it would be to him.

H. Newell Martin.

The Chemical Composition and Physical Pkopeuties of Steel
Rails. By Charles B. Dudley, Ph. D., Cliemist of the Pennsylvania
Kailroad Company, Altoona, Pa.

This memoir was originally prepared as a report to the

Pennsylvania Eailroad Company, and has been since presented

27
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to the American Institute of Mining Engineers and published
in its Transactions. The paper is mainly devoted to an
account of the chemical composition (as to C, Si, P, and Mn)
and certain of the phj'sical properties of twentj^-tive samples
of steel rails, whose history has been i-ecorded in reference to

the positions they occupied on the i*oad-bed, amount of tonnage
which passed over them, extent of wear, giving way or not

b}'^ fracture, &c. The work of examining tliese steel specimens
seems to have been cari-ied out with care, and the results,

both as given in detail and as tabulated in condensed form,
may be studied with much interest.

As regards the phj^sical conditions involved, it is to be

regretted that the tests made of tensile strength, elongation
before rupture, angle of torsion, &c., seem to have been applied

onlj' to the worn and in some instances fractured rails which
had been removed from the road and were submitted to

analj'sis. It would have added much to the interest and
practical value of these tests had they been also applied

beforehand to the rails when now and as yet unused. It can
hard!}- be supposed that the original character of a piece of
steel was represented by its behavior under physical tests

applied after it had been in service for ten years, and had
endured the passage over it of 37,005,142 tons.

The chief point in the discussion of the chemical result

which seems fairly open to ci-itieisin is the mode adopted of

expressing the sum of the elements found (other than iron)

in terms of what the author calls "phosphorus units"; .01

per cent, of phosjihorus being taken as such a unit, and the
assumption made that an equal effect in hardening steel and
rendering it brittle is produced by .02 per cent, of silicon, .03

per cent, of carbon, and .05 per cent, of manganese, so that
"the phosphorus units are found by adding together the
phosphorus, one-half the silicon, one-third the carbon, and
one-fifth the manganese, expressed in hundredths per cent."
The author admits that he does not know of any definite

relations having ever been discovered between these sub-

stances in this respect, and furnishes no reasons for his

arbitrary assumption of the above figures, thus reducing the
value of the conclusions he draws as to the united effect

and distribution of effect of these ingredients. In view par-

ticularly of tlie great importance attaching to the influence
of carbon and phosphorus respectively upon steel,* and to the
capabilit}' of in a sense mutual i-eplacement which these
ingredients seem to possess, it is desirable to obtain results as

* The problem of sufficiently removing phosphorus from cast iron containing it

in large quantity, so as to make good steel, alluded to in the April No. of this
Journal, loot-note to p. 05, seems to have a chance of satisfactory solution in the
experiments now being carried out upon a large scale by Messrs. Bolckow,
Vaughan & Co. in England upon the application of the Bessemer process with
lime-lined converting vessels to pig-iron made from Cleveland ore.
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far as possible uncomplicated by assumptions like those just
mentioned.
The value, however, of such experiments as the author has

made lies mainly in the data which they afford for future
comparison with such others as may hereafter be accumulated

;

and in the publication of the results of accurate quantitative
measurements, chemical and physical, instead of more or less

vag-uc estimates merely of the character atid behavior in

service of steel for railroad use. Dr. Dudley has done good
work. One of his conclusions calls for special attention and
comparison with similar observations elsewhere, namely that
some at least of the harder rails wore away more rapidly
in service than those of softer steel. This is in accordance
with certain results lately reached in England. In regard
to this very important point, capability of withstanding
abrasion, it seems by no means likely to be a matter of
indifference whether the hardening of the metal be effected

by carbon alone or mainly, chiefly by phosphorus, silicon, &c.,

or by several such elements present together in varying
proportions. J. W. M.

Foreign Phosphates. Bv Dr. Charles U. Shepard, Jr. Charleston,
S. C. 1879.

This pamphlet, the report of a public lecture delivered to a
popular audience, contains a useful survey of the world's chief
sources of suppl}^ at present of the various materials— bones,
recent and fossil; so-called coprolitcs; guanos and rock-
guanos; nii1ieral phosphorite, apatite, &c.—capable of yield-

ing phosphoric acid for agricultural use. Its interest is

increased by some details as to the principal European locali-

ties affording phosphates, the results of personal observation
by the author on a recent visit to these deposits. The large
veins of Spanish phosphorite, es])ecially at Logrosan in

Estremadura, the excellent quality of the material they afford,

and the low price at which it may be furnished when legal

injunctions now preventing work shall be removed, are spoken
of in very high terms. J. W. M.

Elementary Quantitative Analysis. By Alexander Classen, Pro-
fessor iu the Koyal Polytechuic School of Aix-la-Cliapelle. Trans-
lated by E. F. Smith, A. M., Ph. D., Assistant in Analytical Chem-
istry, University of Pennsylvania. Published by Henry C. Lea.

This work is constructed on the same plan as Woehler's
Mineral-Analyse in Beispielen. It consists almost wholly of
clear and specific directions for the analj'sis of particular

compounds, alloys and mixtures, which have been selected as
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examples to illustrate the best methods of quantitative deter-

mination and separation. These examples have been chosen
with such excellent judgment that they involve a wide range
and large variety of quantitative work, without being too

numerous for the ordinary' student, for whose guidance the

work is intended. It is obvious from the plan followed that

the author believes, with Woehler, that "it is easier for most
heads to reach a clear comprehension of general relations and
rules through the consideration of a specific case, than to

accommodate themselves to the application of general rules

and principles to special cases." To those who concur in this

opinion the book will recommend itself as one of more than
ordinary merit. H. If. Morse.

NOTES,

Note to Paper on Nitrogen Iodide in April Number of this

Journal.

It is interesting to compare the formula suggested for

nitrogen iodide and the various substitution products from it

containing hydrogen with that given by Zorn (Ber. d. chem.

GeseU. 11, 1630) for the compound he obtains by the action of

ethyl iodide upon nitrosyl silver, which he views as dinzo-

etiioxane, and describes as " almost as explosive as nitrogen

chloride." Griess (Ber. d. chem. Gesell. 10, 528) has proposed

to consider other diazo-compounds as containing pentad
nitrogen. J. W. Mallet.

Malleable Nickel and Cobalt.

Th. Fleitmann has succeeded in obtaining the metals nickel

and cobalt in malleable condition by fusing them with a ver}'-

small quantity of metallic magnesium. He suspected that the

absorption of carbon monoxide by the metals might be the

cause of their want of malleability, and introduced the magne-
sium for the purpose of destroying the gas, as this metal is

known to decompose the oxides of carbon. The success was
very surprising. An addition of J per cent, of metallic mag-
nesium changes the structure of the metals entirely. They
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can now be easily welded when hot. Nickel is malleable even
when cold, while cobalt becomes extremel}' hard when cold,

BO that it will probably be applicable for cutting instruments.
At the same time the cast metals are very compact, and are

almost as solid and tough as cast steel, so that the metallic
parts of harness and similar objects may be made from them.

Both metals talce a verj- high polish, and resist the action of
the atmosphere ver}' well. The author has also succeeded in

welding malleable nickel and cobalt together with steel and
iron, so that the pieces of iron and steel that are coated on
one or both sides with nickel or cobalt ma}' be beaten out to

the thinnest plates without any separation of the metals.

Magnesium also causes a remarkable change of structure in

other metals. A coarse-grained steel becomes fine-grained on
the addition of one-fifth ])er cent, of magnesium. In perform-
ing the experiments referred to, the magnesium must be in-

troduced through a hole in the cover of the crucible after the
oxj-gen has been first removed by the addition of a few pieces

of charcoal. Without this precaiition violent explosions are

apt to occur.

—

(Ber. d. chem. Gesell. 12, 454.)

Stop- Cock of easy Construction.

In the Zeitschrift f. analytische Chemie, 18, 258, is described
a simple form of sto])-eock, made of glass tubes and corks,
devised by Lecoq de Boisbaudran. A much simpler form may
be constructed as follows :

Take iwo glass tubes, one of which slides easily into the
other, close the end of the smaller tube in the iflauie of a
Bunsen's burner, and make an opening about an inch from the
closed end by filing crosswise with a rat-tail file. Connect
the two tubes by a piece of rubber tubing, which should fit

the smaller tube closely, and the stop-cock is complete. When
the smaller tube is pushed into the larger nno the cock is

open, when shoved back into the rubber lube the opening in

the small tube is covered by the rubber wall and the passage
of liquids or gases prevented. The accompanying figures

make this clear. Fig. 1 represents the cock open. Fig. 2

shows the cock closed.

Fig. 2.



210 Notes.

Treatment of Bunsen's FAements.

In order to keep the metallic connections of galvanic bat-

teries bright, and thus keep the batteries in good running
order, Beilstein and Jawein recommend the use oi oleonaphtha

as a lubricant. This material is obtained in large quantities

from Caucasian petroleum and is sold at a modei-ate price.*

The connections remain unchanged for a long time. Not the

least formation of rust was noticed on the binding screws

which were on the charcoals placed in nitric acid.

—

[Ber. d.

chem. GeselL 12, 448.)

Analysis of a Calculus found in a Beer,

This rather interesting specimen was given me by Mr. Hall,

student in the Medical Department of the University. It was
found by him in the pelvis of the kidney of a doe, which had
been shot by a party hunting in the northwestern portion of

this State.

As the investigation of such calculi ver}' frequently af-

fords some interesting results, I subjected this specimen to

both a qualitative and quantitative examination.
The size of the calculus was equal to that of the egg of a

pigeon. It possessed a lawn color, and consisteil of three layers

encircling a rather large nucleus, which presented a granular
sandstone-like appeai-ance. The layers were exceedingly thin,

and seemed to have grown out from carbonaceous deposits,

which were detected in various portions of the calculus.

Upon testing the nucleus qualitatively the presence of silica,

ferric oxide, calcium oxide and phosphoric acid was clearly

shown. The surrounding layers were found to contain cal-

cium and magnesium oxides, phosphoric acid, sodium, potas-

sium, uric acid and another organic compound. The latter

was extracted from the finely divided material by boiling the
same for some time with alcohol. The alcoholic filtrate

yielded upon evaporation a gelatinous mass, which proved to

be the sodium salt of an acid, which formed strong, colorless

needles, exhibiting an hexagonal structure. Upon gently
warming this cr3'Stalline mass with a grain or two of sugar
and a drop of concentrated sulphuric acid, a beautiful purple

color appeared. It is true, several acids occurring in the bile

give the same reaction with sugar and sulphuric acid, but not
an}^ of them, so far as I know, possess the crystalline form of

the above compound, nor yield a sodium salt similar to that
mentioned above. The only acid which in the least corres-

ponds to the previous description is that known as lithofellic

acid, which -was discovered a number of years ago| in a va-

* Probably the Inbricating oil obtained from petroleum in this country would
answer the purpose equally well.—Ed.

+Ann. der Chemie, 39, p. 237, 242 ; 41, p. 150.
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riety of the deer family. The want of sufficient material pre-

vented nic from making other and more decisive tests to dis-

cover the real character of this compound.
As the hiyers surrounding the nucleus were alike in chemi-

cal composition the}' were finely divided, and a quantitative

analysis made of the mixture. Analysis:

43.15 per cent. PA-
.91 " MgO.

2.60 " Loss on ignition.

2.50 " CaO.
51.00 " alkaline oxides.

100.16 Edgar F. Smith.

Note on the Absorption Spectrum of Uranine.

Having only a small quantity of uranine, I took for the ex-

periment .0038 gram. I dissolved this quantity in 500 cc. of
water and examined in a glass cell 12 mm. in diameter.
.0038 g. in 500 ce. gave almost black band, the extreme edge
of which is almost coincident with the F line of the solar spec-

trum. The absorption band extended from this point almost
half way through the green. .0038 g. in 1000 cc. gave a dis-

tinct band. .0038 g. in 2000 cc. gave still a distinct band.
.0038 g. in 4000 cc. gave a faint yet readily detected band.
.0038 g. in 8000 cc. gave no distinct absorption.

From the above it is seen that one part of uranine in one
million parts of water is readily detected by its deportment in

the spectrum. By increasing the thickness of the liquid

traversed the delicacy of the reaction could be made more
striking. I employed indirect sunlight for producing the
spectrum, and Vogel's spectroscope in the observations. The
examinations were made immediately after the solution of the

substance. II. W. Wiley.

Note on the Delicacy of the Test for Cobalt with Cyanide of
Potassium and yellow Sulphide of Ammonium.'^'

Mr. G. L. Spencer has made some experiments to determine
the limit of the above-mentioned reaction for cobalt. .0924 g,

eobaltous nitrate was dissolved in 100 cc. of water. 1 cc. of
the solution in 1 cc. of water on addition of the reagents gave
a pronounced red color. .2 cc. in 1 cc. of water gave still a

distinct red color. .15 cc gave in 1 cc. water a faint red color.

.1 cc. in 1 cc. water did not give an appreciable red tint.

Thus it is seen that less than one-tenth of a milligram of

eobaltous nitrate in 1 cc. of water can be easily detected b}'

* Tattersall, Cliem. Xewr?, I'eb. U, ISTJ.
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the above method. This quantity evaporated to dryness and
collected as fully as possible failed to give a blue color with a

borax bead. Sulphide of ammonium and cyanide of potassium
are therefore more delicate reagents for cobalt than borax.

The presence of zinc, nickel and manganese salts diminishes

slightly the delicac}^ of the reaction. One milligratn of the

cobalt salt, however, in 1 cc. water was still to be detected in

the presence of three hundred times that weight of the com-
pounds of the other three substances. I am having my
students use this method and with satisfactory results.

H. ^Y. Wiley.

New Compounds of Ammonia ivith Hydrochloric Acid.

In studying the vapor densities of ammonium compounds
L. Troost has been led to the diseovorj^ of a number of
curious compounds of ammonia with hydrochloric and other
acids both inorganic and organic. Two new compounds of

ammonia and h3^droehloric acid are tiescribed. To obtain

them, ammonia gas, pure and perfectly dry, is saturated with
pure hydrochloric acid gas. The ammonium chloride thus

formed is distilled in a closed vessel in the oresenco of a large

excess of ammonia gas, and the products cooled at varying
temperatures. Two definite crystalline substances were ob-

tained. The first has the formula HCl, 4ISrH3, and is called

by Troost tetra-ammonia chlorhydrate. It is anhydi'Ous and
melts at -\- 7°. Its crystals strongly depolarize light and con-

sequently do not belong to the same S3'stem as those of ordi-

nary ammonium chlorhydrate. If the tension of ammonia
given off by this substance be measured, it is found to remain
constant for a given teinperature, wiiile the volume of gas ex-

isting at the surface of the dissociating substance is varied
;

just as the tension of water vapor in presence of liquid water
remains constant for a given temperature with varying volume.
This characteristic the author considers sufficient of itself to

prove the definite existence of the substance described. Its

tension of dissociation ranges from 140 mm. at — 36° to 1800
mm. at -\- 8°.

The second substance obtained has the formula HCl, TNHg.
It melts at— 18°, but may be cooled to — 40° before solidifica-

tion. The author was unable to distinguish its crystalline or

optical properties from those of the preceding substance, but

its appearance was quite ditferent. The characteristics of its

dissociation were the same as in the case of tetra-ammonia
chlorhydrate, into which it is transformed by loss of ammonia.
Its tension of dissociation ranges from 580 mm. at — 36° to

1130 mm. at— 21°. The author thinks that this is not the

last term of this singular series. He was arrested at this

point only by the difficulty of maintaining lower temperatures
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constant. Analogous compounds with othor acids are to

be described in a futiiro communication.

—

(^Compt. rend, 88,

579, Alarch 17th, 1879.)

Vapor Density of some Inorganic Bodies.

YiCTOR Meyer and Carl Meyer have begun to appl}- the

method recently described by them lor the determination of

vapor densities, to the study of some difficultly vohitilc inor-

ganic bodies. Phosphorus pentasulphide, fnsing at 274°-276°,

and boiling, according to Hittorf, at 530°, was converted into

vapor in an atmosphere of nitrogen. The results obtained
correspond to the vapor density 7.63 and 7.67, while the for-

mula P.2S5 requires 7.67. Hence it is seen that the pentasulph-

ide does not suffer dissociation when converted into vapor, but

that its vapor consists of molecules of the composition P.^Sj

Since Bunsen determined the specific heat of indium this

metal has been classed with aluminium and not with zinc as

pi'eviousiy. Xo compound of indium had ever been converted
into the form of vapor, and hence it was not known whether
the chloride is analogous to those of iron and aluminium, /. e.

In.jClg ; or has the simpler formula InCIs, or, in other words,
whether indium is quadrivalent or trivalent. The authors
have now determined the specific gravity of the vapor of
indium chloride and obtained the number 7.87. The formula
InCl3 requires 7.60, and In^Clg requires 15.20, so that it is plain

that analogy does not exist between this chloride and those of
iron and aluminium ; and indium is seen to be trivalent.

The conversion of the chloride into vapor was effected at red

heat.—(5er. d. chem. Gesell. 12, 609.)

Purification of Mercury.

In the last number of this Journal, page 68, a method
recommended by Bruehl for the purification of mercury is

liriefl}' described. Lotiiar Meyer now describes another
method for Avhich he claims certain advantages over the
method of Bruehl. It consists in allowing the impure mercury
to fall through a solution of ferric chloride. The solution is

placed in a glass tube from a meter to a meter and a half long
and three cm. wide. The lower end of the tube is placed in a
cj'linder which has a side opening at the top. As the mer-
cury passes through the solution it breaks up into very fine

drops, which do not flow together because tliey are covered
Avith a verv thin coatini; of cldoride or subehloride. The fol-

lowing portions of mercurj', however, press them together.

The mercury purified by this method is ])ure enough for use
in capillary experiments.

—

(^Ber. d. chem. Gesell. 12, 437.)

28
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On the Preparation of Barium from Barium-amalgam.

Some years ago Crookes described a method for the prepara-

tion of metallic barium from the amalgam. The amalgam is

readily prepared by adding sodium-amalgam to a saturated,

aqueous solution of barium chloride. When the amalgam is

distilled, mercury passes off, and a substance is left behind

which Crookes described as the metal barium. Donath has

repeated the- experiments of Crookes, and finds that the pro-

duct obtained is by no means barium, but rather an amalgam
containing a considerable amount of barium. In different

specimens there were found 62-77 per cent, of mercur3\ It

is not possible to obtain a purer preparation even in a porce-

lain tube heated nearly to white heat. Now and then small

pellets of a bronze-colored metal were obtained, but this color

did not appear in the interioi* of the pieces. Nevertheless the

color of pure barium is j-eilow, as Bunscn and Matthiessen

state in describing the metal prepared by the electrolysis of

the fused chloride.

—

(^Ber. d. chem. Gesell. 12, 745.)

On the Relations of CantharicUn Derivatives to the Ortho-series.

J. PiccARD has found that when the commercial article,

cantharidin, is heated with phosphorus pentasiilphide, a very

good j'ield of orthoxj'lene is obtained. The hydrocarbon
yields by oxidation with nitric acid, first, orthotoluic acid,

and, by further treatment, phthalic acid. This method is b}^

far the most convenient for the preparation of small quantities

of pure orthoxylene. The relation between cantharidin and
orthoxylene is similar to that which exists between camphor
and cymene (paraeth3'lmetl)ylbenzene), the former being

readily transformed into the latter by treatment with phos-

phorus pentasulphide.

—

(Ber. d. chem. Gesell. 12, 577.)
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NEW PUBLICATIONS RELATING TO CHEMISTRY.

I.

—

American.

Barr, W. A[. Practical Treatise on Combustion of Coal, «&o. In-
dianapolis: Yohn Bros. $2.50.

IL—English.
Arnold, B. Elementary Chemistry. Part 2: First Steps in Science.

London : Bouiton. lOd.

HoLDBKOOK, J. Test Papers on Chemistry for Home Work, arranejed
according to the Syllabus for the Junior Grade of the Intermediate
Education Act. Dublin : Sullivan. 6d.

Johnston. Chemistry of Common Life. Now Edition, revised and
brougiit down to the jiresent time, by A. H. Church. 8vo. CIO pp.
Edinburgh : Bhickwood. 7s. Od.

Lamborn, R. H. The Metallurgy of Silver and Lead. Gth Edition.
Weale's Series. London : Lockwood. 2s. 6d.

Muter, J. An Introduction to Pharmaceutical and Medical Chem-
istry, Theoretical and Descriiitive. 8vo. 408 pp. London : Baxter.
10s. Cd.

ViLLK, M. Georges. On Artificial Manures: Their Chemical Selection
and Scientific Application to Agriculture. Translated and edited by
Wm. Crookes. 8vo. 484 pp. London : Longmans. 21s.

III.

—

French.

Desmazures, C. Analyse chimique minerale d'apres Freienius. Paris:
Baudry. 20f.
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Earth, L , and Sciireder, J. Ueber die Oxydation d. Eesorcins zu

Phloroglucin. Wien : C. Gerold's Sohn. M. 20.

BoLLEY. Handbuch der chemischen Technologic. Fortgesetzt v. K.
Birnbauni. 2 Bd. 1. Gruppe: Technol. der chem. Produkte. 3 Lfg.
Braunschweig: Vieweg & Sohn. M. 18.00.

Classen, A. Ueber eine neue Methode zur Trennung d. Eisenoxydes u.

d. Thonerde v. Mangan. Wiesbaden: Kreidel's Vcrlag. M. 60.

Fresenitjs, li, Chemi?che Analyse der Wilhelm's-Quelle zu Kron-
thal. Wiesbaden: Kreidel's Verlag. M. 0.80.

Gruber, M. Ueber die Einwirkung v. Salpelrigsaure-Anhydrid auf
Protocatechusaure. Wien: C. Gerold's Sohn. M. 0.40.

Janovsky, J. V. Ueber eiiiige chemiscbe Constanten. Wien: C.

Gerold's Sohn. M.0.20.

KoENiG, J. Chemiscbe Zusammensetzung der menscblichen Nahrungs-
und Genussmittel. Berlin: Springer. M. 6.00.

Landolt. Das optisclie Drehungsvermogen organiscber Substanzen u.

die praktischen Anwendungen desselben. Braunschweig: Vieweg
&Sohn. Id. 8 00.

LuNGK, G. Handbuch der Soda-Industrie und ihrer Nebenzweige f.

Theorie und Praxis. Braunschweig: Vieweg & Sohn. M. 18.00.
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V. Naegklt. Die Theorie der Galirung. Miinchen : Franz.

OsER, J., and BoKOKER, F. Uebor die CondensatioiisprodiilUe der

Gallussaure. Wien : C. Gerold's Sohn. M. 0.20.
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weg&Sohn. M. 3.G0.
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I propose the term " complex inorganic acid " for a class of

compounds which may be considered as formed by the union

of two or more acids with elimination of water in such a

manner as to form a whole which in its chemical relation.s

behaves like an acid containing a single radical. Compounds

of this character were observed at an early period in the

history of chemistry, but their real nature was for a long time

entire!}' unknown, and our positive knowledge of the subject

dates from the discovery of the silico-tungstates by Mai-ignac

in ISGl.t Berzelius had long before described and analyzed a

compound which we should now write

3810., . 2V.,0, . 2P.A . GH.,0,

the chemical relations of which are still to be studied.t He
had also noticed the formation of jjeculiar yellow compounds

when phosphoi'ic or arsenic acids are digested with molybdic

* Pn-scuted to the Ainericaii AiMitcniy of Art;* and Sc•ieu(•e:^'. Juiie 24tb, 1H79. Com-
munuateil by the author.

t Ann. de Cliimie et do }'h.vsi«|UP. (4.) 'A. o7>.

* Lehrbuch der (.'Leinic, :!, 1058.
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teroxide.* These were again noticed and partially studied by

Svanberg and Struve,f who employed a solution of amnionic

molybdate as a test for the presence of phosphoric acid. Son-

nenschcin| appears to have first shown that phosphoric oxide

was an essential constituent of the yellow compound formed.

Finally Debray assigned to the ammonium salt the formula

2OM0O, . P,0, . 3(MH,)X) + 3H,0,

and separated the corresponding acid.

In a paper presented to the Association of German Natural-

ists and Physicians in August, 1872, § Scheibler described salts

of two different phosphotungstic acids, and gave formulas for

the acids themselves, as well as for a sodium salt belonging to

a third series, all of which, however, he regarded as provi-

sional. Since then nothing further has appeared upon the

subject from Schcibler's pen, and I have consequently felt at

liberty to include the phosphotungstates in my own work.

My investigation of the complex inorganic acids had

advanced but little before 1 found it necessary to study the

alkaline salts of tungstic acid with special care. This stud}^

has alone occupied a great deal of time, and has proved one of

extraordinaiy difficulty, in spite of the previous labors of

Laurent, Lotz, Scheibler, Zettnovv. Marignac, and others.

The difficulties in question are mainly these :

—

1. The alkaline tungstates are numerous and unusually

complex. Salts of essentially different ibrmulas approach so

closely in percentage composition, that the differences lie very

near the unavoidable errors of analysis. Thus Scheibler main-

tains that the formula of a particular sodium salt is

7WO, . 3Na,0 + IGaq.

while, according to Marignac. the same salt must be repre-

sented by
12WO, . 5Na,0 + 28aq.

The analyses are hardly sufficiently close to decide the ques-

tion upon purely analytical grounds.

* Lphrbucli. :!. 1044.

tK. Sv. Vft. MaiidliuLrar. Is4,s. p. 1.

+ .)ounial I'iir iirakt. Cheiuie, 5!!, 34-J.

IBericlite iler (hMitschcn cliein. Ue?ell. 5. HOI.
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2. Almost all the alkaline tungstates are efflorescent in a

very marked degree.

3. The salts of one series agree so closely in chemical prop-

erties Avith those of the next, that distinctive tests are want-

ing, and analj'sis does not always suffice to distinguish two
salts even when unmixed. Mixtures are naturally very hard

to deal with.

4. Monoclinic and triclinic forms predominate very largely,

but owing to rapid efflorescence it is very difficult to make
good measurements of cr3^stals. The resemblance between

the forms of different compounds is frequently very close,

5. Man}^ salts are decomposed by boiling, or even by hot

water, 3'ielding two or more different salts in solution. These

usuall}' recombine in the act of cr3'stalli>5ation or on cooling

the solution, but the reactions of hot and cold solutions are

often, as I shall show, ver^- different.

In determining the tungstic oxide in these compounds, I

have employed the method of Berzelius with mercurous

nitrate almost exclusively, but I have modified the process

slightl}' so as to gain materially in accuracy. To the hot

solution of the tun^-state mercurous nitrate is added until in

small excess. Mercuric oxide, prepared by precipitating the

chloride by sodic h^'drate, is then added until the yellow

mercurous tungstate takes a reddish hue which is persistent

after boiling. If the solution is boiled befoi*e filtering it clears

rapidly, and the precipitate becomes rather more compact.

The filtration and washing are then very easy and expeditious.

The precipitate must be ignited as long as it loses weight.

By this process Dr. Gooch, my assistant, obtained results

which in two successive analyses of the same preparation

rarelj' differed by 0.1 p. ct. The water determinations were

always made b}' simple ignition. They almost invariably

asrree Avithin a few hundredths. In the greater number of

cases the alkaline base was determined from the loss, as the

results obtained in this manner are far more accurate than

those yielded by the direct method. But in some doubtful

salts the alkali was determined directly. Ammonia was

always estimated by boiling the compound with an excess of

sodic hydrate, collecting the ammonia in chlorhydric acid, and

weighing it as chloride.
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The only objection to the method of determining tungstic

oxide above given is, that the precipitate of mercurous tung-

state is rather voluminous, so that it is necessary to work
with quantities of alkaline tungstate not much exceeding one

gram in weight. I endeavored to overcome this difficulty

by omitting the mercuric oxide and evaporating the solution

and precipitate, after the addition of mercurous iiitrate, to

perfect dryness in a Avatfcr bath, continuing the heat until all

the free nitric acid was expelled. This method gave results

which corresponded very closely with those obtained by the

use of mercuric oxide to neutralize the free nitric acid, and in

consequence of the extremely compact form of the dry mer-

curous tungstate, permitted the employment of much larger

quantities of salt for analysis. On the other hand, it presents

another difficulty, arising from the fact that the dry mercur-

ous tungstate adheres with excessive tenacity to the evaporat-'

ing vessels, whether of glass, porcelain, or platinum, so that

the first method is on the whole to be preferred.

The separation of tungstic oxide from other bases is best

effected by fusing the salt with an excess of potassio-sodic

carbonate and dissolving out the alkaline tungstates formed.

Normal sodic tungstate has long been known, and all the

analyses concur in assigning to it the formula

VVO.Na, + 2aq.

It is now to be had from various German firms in a state of

purity, and forms the most convenient material for the study

of the compounds of tungsten. The acid salt analyzed by

Anthon, and to which the formula

WANaj + 4aq.

was long ascribed, is now well known to have an entirely

different composition ; but Lefort* has recently endeavored

to show that ditungstates and tritungstates really exist, and

has described a number of salts of each series. Lefort obtains

Bodic ditungstate by adding glacial acetic acid to a saturated

solution of the neutral salt until the reaction with litmus

becomes acid. After a day or two the salt separates in long

prismatic crj^stals, with the formula

W,0,Na, + 6aq.

* Auii. (If Chimie et de Fbysiquc, (.j.) U, yy.
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I have repeatedly attempted to prepare the ditungstate by
this process, but without success in any one instance, the

resulting salts being, as I shall show further on, in all cases

very different in composition. Lefort prepared sodic tritung-

state by pouring a concentrated solution of the ditungstate

into a boiling solution of glacial acetic acid. His analyses

agree fairly well with his formulas, and I have adopted his

results without question, in the belief that 1113' own inability

to reproduce them was due to the omission in his paper of

some matter of detail which appeared insignificant, but which

was really important.

Ten to Four Sodium Salt.—The salt to which I have given

this name appears to have been first observed by Forcher,* who
obtained it by passing a current of carbonic dioxide for some

days through a solution of the normal tungstate. Forcher

gives the formula

5W0, . 2Xa,0 + 12H,0,

and suggests, though without adducing any evidence in sup-

port of his view, that it may be a double salt, with the formula

3WO, . Na,0 + 2 WO, . Ka,0.

Marignac, who appears to have been unacquainted with

Forcher's paper, soon afterward described the same salt as

an accidental product, attributing to it the formula

5W0, . 2NaoO + IIE.O.

Finally, Lefort"f" obtained it by the action of acetic acid upon

a solution of the normal tungstate, and, without citing the

results of Forcher, also proposed the formula

5WO, . 2Na,0 + IIH.O.

I have obtained the salt by the following process, which

appears to be the most convenient. Xormal sodic tungstate,

WO, . Na,0 + 2aq.

is to be dissolved in water, and acetic acid added, in small

portions at a time, to the boiling solution, until the reaction

becomes strongly acid. Alcohol then precipitates the 10 ; 4

tungstate as a heavy oil, which soon becomes a solid mass.

* Wicuer Akad. B<n-iclito. 41. .'. V>',. t Loc. cit.
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The solution on .standing some days deposits colorless crystals,

which are usually much twinned, and, according to Marignac,

belong to the monoclinic system. They effloresce readily in

dry air and are soluble, according to Forcher's determination,

in 12.6 parts of water at 22° C. When heated they fuse to a

3-ello\v liquid, which on cooling gives a white crj^stalline mass

nearly insoluble in cold water but dissolved by long boiling.

1 assign to the crystallized hj^drate the formula

lOWO, . 4Na,0 + 2311,0, or lOWO, . 4Na,0 . 2H,0 + 21aq.

with which all the analj^scs agree very closel}'. Of the salt,

J (
1.4152 gr. lost 0.196.3 gr. by ignition = 13.88 p. ct.

1 0.4095 gr. gave 0.3194 gr. WO3 = 77.99 '•

^r ( 1.1182 gr. lost on ignition 0.1558 gr. water = 13.94 "•

'

I 0.8950 gr. gave 0.6968 gr. WO,,
^

= 77.85 "

-jy. ( 1.3594 gr. lost on ignition 0.1862 gr. water = 13.70 "
'

'( 0.5340 gr. gave 0.4155 gr. WO, = 77.80 "

^y \ 1.1660 gr. lost on ignition 0.1624 gr. water = 13.93 "

I. 0.5981 gr. gave 0.4659 gr. WO3 = 77.89 "

^ \ 1.3594 gr. lost on ignition 0.1862 gr. water = 13.70 "

"( 0.5340 gr. gave 0.4155 gr. WO, = 77.80 "

The formula 10WO, . 4Xa,0 + 23aq. requires

Calc'd. 1. 2. 3. 4. 5. Ferclier. Marignac.

IOWO3 2320 77.80 77.99 77.85 77.80 77.89 77.80 77.82 77.88

4Na.,0 248 8.32 8.13 8.21 8.50 8.18 8.50 8.16 8.39

23H.,0 414 13.88 13.88 13.94 13.70 13.93 13.70 13.88 13.53

2982 100.00 99.86 99.80

The means of all these analyses may be compared with the

three formulas above given.

WO;i Na.O HiO

For the ratio 10 . 4 . 22 78.27 8.37 15.36

" " 10 . 4 . 24 77.63 8.16 14.21

" 10 . 4 . 23 77.80 8.32 13.88

Means of new analyses, 77.80 8.30 13.83

The analyses therefore leave no reasonable doubt as to the

true constitution of the salt. The solution of the 10 : 4 sodic
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tungstate lias a distinot acid reaction, but it is very difficult

to determine the limits of the basicity in this series, because

no salts could be obtained having a number of molecules of

fixed base higher than four. On the other hand, the white

insoluble mass obtained by igniting the crystalline liydrate

must have the formula

10WO, . 4Na,0,

and I consider it a true pj-ro-salt. When boiled for some time

with water, the pyro-salt dissolves and the original salt crys-

tallizes from the solution. The case appears to be exactly

analogous to that of sodic metatungstate, the insoluble

4WO, . Na,0

of Scheil)ler and Marignac, giving the normal sodic metatung-

state,

4W0» . Na,0 + lOaq.

Avhen heated with water in a sealed tube. The reactions of

the 10 : 4 salt with metallic solutions are extremely similar to

those of the 12:5 salt,

12W0, . 5Na,0 + 28aq.

so that in fact it is difficult to distinguish between the two in

an}' other way than by the habitus of the crystals and by

analysis.

When the 10 :4 salt is dissolved in water and a current of

sulphydric acid gas passed into the solution to the point of

saturation, the liquid becomes at first j^ellow, and finall}'

orange red. On standing or evaporation, it deposits brown

tungstic sulj)hidc, W8;., and the still faintly yellow mother

liquor gives fine colorless triclinic crystals, which are separate

and distinct, not twinned or airirrciratcd in masses like the

10:4 salt. These crystals after i-ecrystallization have the

formula of the 12: 5 salt presently to be described, namely,

12 Wo;, . 5Na,0 + 28aq.

as the following analvses show :

—

1.6491 gr. gave 1.27G0 gr. WO, = 77.38 p. ct.

2.3G96 gr. lost 0.3308 gr. water = 13.90 "

2.0037 gr. " 0.2790 gr. •' = 13.92 "
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monoclinic
; according to Marignac, triclinic. If the propor-

tion of chlorhydric acid is just sufficient to give an onion-red

reaction with litmus, cr^'stals are obtained, which are either

a combination or a mixture of equal molecules of the 10 : 4

and 12 : 5 salts. These crystals are, according to Dr. Gooch,

triclinic
; their habitus resembles that of the 12 : 5 rather

than that of the 10:4 salt. In this salt, in two different

preparations carefully dried and pressed with woollen paper,

f 1.2546 gr. gave 0.9725 gr. WO3 =77.51 p. ct.

1 2320 gr. " 0.9554 gr. " =77.55 "

^•'1 1.4680 gr. lost 0.2035 gr. water =13.86 "

[ 1.7511 gr. " 0.2431 gr. '^ = 13.88 "

II.

f
1.0842 gr. gave 0.8407 gr. WO, = 77.54

j
1.0908 gr. " 0.8450 gr. " = 77.47

j 1.6919 gr. lost 0.2362 gr. water = 13.96

[ 1.5259 gr. ' 0.2125 gr. " = 13.93

The analyses agree closely with the formula

I2WO3 . 5Na,0 + 10WO, . 4Na,0 + 51aq.

or,

which requires

22WO3 . 9Xa,0 + 51aq.

Calc"d. Mean. Found.

22WO:, 5104 77.57 77.52 77.51 77.55 77.54 77.47

9Na,0 558 8.48 8.57

51H,0 918 13.95 13.91 13.86 13.88 13.96 13.93

6580 100.00 100.00

I have already stated that in repeated trials I had not been

able to obtain sodic ditungstate described and analyzed by

Lefort, though the process given by him was followed im-

plicitly. In one experiment the crystals obtained gave on

analysis results which correspond closely with the formula

I2WO3 . 5Na.,0 + 28 aq.

1.9868 gr. lost on ignition 0.2786 gr. water = 14.02 per ct.

1.2870 gr. " " 0.1800 gr. " = 14.01 "

0.9305 gr. gave 0.7243 gr. WO3 = 77.34 "

1.3560 gr. " 1.0483 gr. •' = 77.31

30
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reasonable doubt that he obtained various salts to be classed

as ditungstatos and tritungstates.

Fotassic Tuihjstates.— When a hot solution of the lU : 4

sodium salt is mixed with a hot solution of potassic nitrate, a

white precipitate shortly appears in small colorless crystalline

scales, which may be recr3^stallized by projecting them in very

small quantities at a time into boiling water. This method,

which was first given by 8cheibler, enables us to redissolve the

salt in water without loss from the excessively violent succus-

sions which occur on heating the salt with water in the usual

manner. The salt requires a rather large quantity of water

for solution, and crystallizes almost completely from the cold

liquid. Of this salt in the first preparation,

—

0.9888 gr. lost on ignition 0.0510 gr. water = 5.18 p. ct.

0.6513 gr. " " 0.0358 gr. " = 5.49 "

1.1663 gr. " " 0.0610 gr. " = 5.23 "

1.1287 gr. " " 0.0596 gr. " = 5.28 "

1.0068 gr. gave 0.8173 gr. WO, == 81.21 "

In a second preparation,

—

1.4312 gr. lost on ignition 0.0751 gr. water = 5.25 p. ct.

1.5846 gr. " " 0.0832 gr. " = 5.25 "

0.5786 gr. gave 0.4686 gr. WO. = 80.99 '<

0.4773 gr. " 0.3875 gr. " = 81.20

1.8957 La-. " 1.5370 gr. " = 81.08

u

a

These analyses lead to the formula

I2WO3 . 5K,0 + lOaq.

which requires :

—

Calc'cl. Mean. Fouud.

12W03
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When normal potassic tungstate, WO^Kj, is evaporated to

dryness with boric hydrate, and the soluble salts are washed

out from the mass, a salt is obtained which after recrystalli-

zation has the formula

IOWO3 . 4K,0 + 9aq.

The same salt is formed when cold solutions of potassic

nitrate or bromide are added to cold solutions of the 10 : 4

sodium salts. It resembles the 12 : 5 potassium salt, already

described, so closely that it is difficult to distinguish betAveen

the two. This salt has not been described by other writers

upon the subject. In preparation «, from the action of boric

acid upon normal potassic tungstate,

0.4566 gr. gave 0.3714 gr. WO3 =81.34 p. ct.

0.5915 gr. lost on ignition 0.0331 gr. water = 5.59 "

In preparation h, from the action of acetic acid upon the

normal potassium salt,

0.7418 gr. gave 0.6024 gr. WO3 = 81.21 p. ct.

1.1104 gr. lost on ignition 0.0610 gr. water ^= 5.49 "

0.7060 gr. gave 0.5736 gr. WO3 = 81.27 "

1.0266 gr. lost on ignition 0.0556 gr. water = 5.42 "

These analyses coi'respond best with the formula
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The formula I2WO3 . 5K,0 + lOaq. requires 81.02 p. ct.

VVO3 and 5.25 p. ct. H^O.

Ammonic Tum/states.—When a solution of ammonic chloride

is added to one of the 10 : 4 sodic tungstate, beautiful white

talcose scales ai"e thrown down, which are but slightly soluble

in cold water. After washing, they may be dissolved in

boiling water without evolution of ammonia and recrystallized.

The analyses of this salt agree fairly well with the formula

IOWO3 . 4Na,0 + 4{10WO3 . 4(NH,).,0^ + 50aq.

as the following analyses show :

—

0.5658 gr. gave 0.4851 gr. WO3 = 85.74 p. ct.

0.5602 gr. lost on ignition 0.0690 gr. water and am-

monia = 12.31 p. ct.

0.3346 gr. lost 0.0427 gr. water and ammonia = 12.77

II. ^ p. ct.

0.3849 gr. gave 0.3294 gr. WO3 -= 85.59 p. ct.
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These results correspond to the formula

lOWC), . 4ZnO + 29uq.

which requires
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Meta- Tungslates.

4W0, . NaO„ + lOaq or W,0„(NaO), + lOaq Scheibler

6 WO, . 2BaO + 12aq " W«0,«(BaO,), + 12aq

8\V0, . 3(NH,),0 + 8aq " WA,(NH,0),, + Saq Marignac
IOWO3 . 4Na„0 4- 23aq " W,oOo«(Na())8 + 23aq

12VV()3 . 5Na,0 + 28aq " W,„0„,(NaO),o + 28aq Marignac

I4WO3 . 6:s'a,0 + 42aq '• VV.AelNaO),, + 42aq

The salts of the normal series require no special notice. As
already stated, I have not succeeded in preparing the di- and tri-

salts of Lefort, but there seems to be no reason to doubt their

existence. The pyro-salts are obtained from the meta-salts

b}^ ignition, as insoluble cr3'8talline masses, which are decom-

posed by long boiling M'ith water. All the meta-tungstates

Avith an alkaline base, appear to contain water of constitution

and to have an acid reaction, but it is difficult to determine

the quantit}'^ of basic hydi-ogen with certainty, and the mere

fact that the salts have an acid reaction is not in itself conclu-

sive evidence that they are in the strict chemical sense acid.

Tungstates have been described by different chemists which

do not fall within either of the groups given above. In all

these cases, however, it will be found on examination, that the

analyses do not agree well with the formulas assigned, and

that there is reason to believe that the salts studied were

mixtures. I consider it at least probable that the tri-salts of

Lefort belong in reality to the meta-series, their molecular

weights being doubled. But it is of course possible that we

have here cases of isomerism, and I much regret that I did

not succeed in obtaining these salts for studj^ and comparison.

With respect to the double salt which I have described above,

and which has the formula

12W0., . 5Na,0 + lOWO^ . 4Na„0 + 51aq.

1 may remark that it is possible that the compound is really

22WO3 . 9Na,0 + 51aq.

and that it is not a double salt, but one term in a series which

we obtain by again doubling the formulas of the meta-tung-

state as I have given them above. The question is one which

I must leave undecided for the present at least.

The analogy between the compounds of tungsten and

31
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molybdenum is in general so great, that we ought to expect to

find alkaline molj^bdates corresponding to the three series of

tungstates. We owe to UUik the most complete examination

of the molybdates which has been published, A careful study

of his results will show that, while we have a number of

molybdates to which there are apparently no corresponding

tungstates, we have at least reason to believe in the existence

of the three series of normal, meta, and pyro salts. Thus the

following salts may be assumed as typical :

—

Normal Series.

M0O3 . Na„() + 2aq

2M:oO, . Nan( ) and with 1 . H,0

Meta Series.

4MoO., . Na/) + 6aq or Mo40„(NaO), + 6aq

6M0O3 . 2Na,0 + 14aq " Mo„(),«(Na()), + 14aq

8M0O, . Na,0 . 2H,() + 2a(| " Mo80,,(NaO),(HO), -f- 2aq

IOM0O3 . Na,() . 3H,() + 9aq " Mo,oO,„(NaO)o(HO),, + 9aq

I4M0O3 . 6Na,,() + 44a(| " Mo,A6(NaO),„ + 44aq

I6M0O3 . 2^a,,() . 5HJ) + 3aq " Mo,«Oa(Na())4(HO),o + 3aq

I8M0O3 . 2Ba( ) . GH.( ) + 2aq " Mo,,(),„( BaO,),(H0),, + 2aq

It may of course be maintained that the arrangement of the

acid salts of mol3'bdic oxide which I have adopted is purely

arbitraiy, and tiiat the}^ might be written Avith equal or

greater probabih'ty in the usual mannei', as members of the

normal series, which would then be:

MoO, . Na,0 + 2aq SMoO, . Na,,0 + 2aq

2M0O3 . Na,0 + a(i OMoO, . BaO + 4aq

3M0O3 . Na,0 + 7aq lOMoO, . Na,0 + 12aq

4X0O3 . Na,0 + (iaq 16.MoO, . Na.O + 9aq

To this 1 reply that one arrangement is no more arbitrary

than the other, since we have no positive knowledge of the

constitution of those salts, their molecular weights being, as

in the case of most inorganic compounds, entirely unknown.
The commonly received view is therefoi'e also a pure assump-

tion. In any case, however, we have the two salts repre-

sented respectivel}^ by the ibrmulas

4MoO, . Na,0 + Gaq or Mo^OufNaO)., + 6aq

14MoO, . ONa.O + 44aq " MonO^cCNaO;,, + 44aq,
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forming the upper and lower limits of a molybdic series cor-

responding to alkaline tungstates, and from these we may fairly

infer the existence of the intermediate compounds. But one

acid tungstate of the meta series is at present Icnown, the salt

8VV0, . Na,0 + 12aq, or W,0,3(NaO;), + 12a(i.

This may be considered as an acid salt of the 8-atom term,

and written

8WO, . Na,0 . 2H,0 + lOaq,

so that it will correspond with the molybdic salt

8M0O, . Na,0 . 2H,0 + 2aq.

But the supposition that acid metatungstates of the 4 : 1

series really exist is in no waj* inconsistent with the view of

the whole subject which I have taken. So far as 1 know, no

attempt has been made to exhibit the mode of union of the

elements in the higher tungstates. Our views of the subject

will differ according as we consider tungsten as tetratoraic or

hexatomic. In what follows I have adopted the latter hypo-

thesis, partly because the hexatomic character of tungsten is

well marked in various compounds, as for example in WCI5,

and partly because the graphical representations are, on the

whole, simpler. Moi'eover, if we consider tungsten to be

tetratomic in the normal sei-ies, we obtain a reason for the

existence and peculiar character of the meta series, by sup-

posing that in this the metal is hexatomic. We may, to begin

with, represent sodic metatungstate, 4WO3 . Na^O, as follows:

WO, = WO,
\ /

I O I

o o
I I

Na - O -WO, = WO, - O - Na

The next term in the series, 6W0^ . 2Na,0, will then be

WO, = WO,
I I

o
I I

Na - O - WO, — W(J, - O - Na
I I

o o
1 I

Na - O - WO, = WO, - O - Na
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The third term, 8WO3 . 3Na,0, may be represented by the

graphical formula
WO, = WO,

\ /
I (^ I

Na = O ^ WO, — WO, - O -^ Na

o o
I I

Na =^ O - WO, — wo, - O -^ JSa

I I

O O
I I

Na - O - WO, = WO, - O - Na

and 80 on for the other known terms, the highest, I4WO3 .

6X3,0, being repi'esented by the expression

WO, = WO,
I I

Na - O - WO, — WO, - O - Na
I I

j^a - O - WO, — WO, - O - Na
I I

o o
I I

Na - O - WO, — WO, - O - Na
I I

O O
I I

Na - O - WO, — WO, - O - Na
I I

O
1 I

Na - O - WO, — WO, - O - Na
I I

O
1 I

Na - O - WO, = WO, - O - Na

It will be seen that, with this view of the subject, those

terms in the series in which the number of atoms of sodic

oxide is even are represented by formulas in which the free

atoms of WO, are united, in part directly, and in part by

oxygen, while the union is direct when the number of atoms

of sodic oxide is odd. I shall return to this subject in speak-

ing of the phosphotungstates and other complex inorganic
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acids. No great value can, in the present state of our know-
ledge, be attributed to formulas like the above. They afford,

however, some assistance in showing the possible mode of

formation of the different terms of the series, but various

other constructions may be devised which are perhaps equally

probable. In adopting provisionally the particular construc-

tion which I have used, 1 have simply followed the clew given

by the commonly received formula for potassic dichromate,

CrO, - - K
I

O
I

CrO, - O - K

which of course gives a similar expression for the homologiz-

ing term in the acid tungstate series. So far as I am aware,

no attempt has been made to formulate the remarkable com-

pounds of tungsten described by Wtehler and others, and
which may be expressed empirically by the formulas

WjOsNa,, and W^OnNa,.

If we double these formulas, we may bring them into harmony
with the series of acid tungstates by writing them respectively,

WO, = WO,
I I

Na - O - WO, — WO, - - Na
I I

o o
I I

Na - O - WO, = WO, - O - Na,
and

K
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These formulas, if like the others purely hypothetical, have

at least the merit of explaining the production of the insoluble

sodium salts in a simple and natural manner. They are also

entirely consistent with the simplest view which we can

adopt with respect to the constitution of the blue oxide of

tungsten, which is commonly written W.Ui, but which is much

more probably W^Um, and structurally

WO, — W( ),

I I

C) o
I I

wo, — W(X.

The progress of science tends to show that the constitution

of inorganic compounds is more complex than would at first

appear. It would not be difficult to multiply instances which

support this view, but I shall content mj-self with citing a

single case, which has not been discussed, and which, strangely

enough, has attracted but little attention. I refer to the

remarkable series of compounds of molybdenum studied by

Blomstrand* and by Atterberg.-j" Representative terms in

this series are expressed b}^ the formulas

M03CI, . CI, Mo.Cl, . (OH), M03CI, . Bv,

MojBr, . Bi-, MojBr, . (OH),, MojBr, . SO,

omitting water of crystallization for greater brevity. The
action of alkalies upon the bromide Mo^Br^ . Br, produces first

MOgBr, . (OH),, and afterward Mo3(OH).(OH),, or Mo3(OH)6,

the hydrate of the protoxyde of molybdenum, usually written

MoO . OH3, or Mo(OH),. There is therefore good reason to

believe that the lowest expression for this hydrate is ]VIo3(OH)8,

the structural formula of the corresponding bromide being,

perhaps
Mo = Bv.,

II

Mo = Br,.

11

Mo = Br,

In this formula the end atoms of molybdenum are tetra-

tomic, and the middle atom hexatomic, which will perhaps

*.Jourual flier i)riikt. ClK'Hiic. S3. i:j(i.

tMagra bidra^' till Kienuedomeu 0111 Molvbduu, stocklioliu. 1812. p. 10.
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explain the fact that there are but two movable atoms of

bromine in a Avhole series of salts. If molybdic protoxide is

MOjOj, it is probable that the teroxide is not MoO,, but rather

some higher multiple of this expi'ession, and we nia}^ extend

the inference to WO. also.

With these preliminaries, I pass to the special subject of

my work.
[ To />/> cnnthiiie<f.]

CONTRIBUTIONS FROM THE SHEFFIELD
LABORATORY OF YALE COLLEGE.

m

No. 11.

ON SOME COMPOUNDS OF AROMATIC AMINES
WITH SILVER NITRATE AND SULPHATE.

By W. G. Mixter.

A few compounds of silver nitrate with aniido substances in

the benzol series have been made, but no special importance

appears to have been attached to them. Clriess* found that

one molecule of azodiphen3'l-diamine united with silver nitrate

to form CioHjiNsAgNO;,, and he also obtained the azobromodi-

phenyl-diamine product CjoHaBrnN-AgNOj. Hofmannf found

that two molecules of melaniline united with one molecule of

silver niti'ate.

It seemed an object to prepare some compounds with the

aromatic monamincs. and the following are some of the

results.

Aniline SHrer Sulphate.

5 grams of silver sulphate and G grams of aniline were

dissolved in boiling water. Some silver was reduced, and

there was a dark residue. The filtrate from the hot solution

* Liebig's Aun. I'il. '.'ST. tl.iebisiV Ann. tu. 129.
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gave on cooling a mass of hair-lilce rose-tinted crystals, whose

color was probably due to the reddish tint of the mother

liquor. The product was washed with water and dried to a

constant weight over caustic potash. The analysis shows a

compound corresponding to silver sulphate with four mole-

cules of aniline and two molecules of water.
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Metanitraniline Silver Nitrate.

13 grams of metanitraniline (m. p. 110° C) were dissolved in

boiling absolute alcohol, and added to a boiling solution of 2

grams of silver nitrate in absolute alcohol. The slight pre-

cipitate which formed was filtered off and the solution was
rapidly cooled. The mass of hair-like yellow crystals was
washed with absolute alcohol and dried over oil of vitriol.

C
H
N
Ag
O

Calculated for
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saturated with it is not darkened by sunlight. Equal weights

of silver nitrate and nitrotoluidine gave the same compound.

Paratoluidine Silver Nitrate.

A hot clear aqueous solution of solid toluidine was gradually

added to a cold solution of silver nitrate, which was constantly

agitated and kept cold to prevent decomposition. The almost

white crystalline product was washed with water.

C
H
N
Ag
O

100.00

It melts with decomposition at 101°C. When treated with

absolute alcohol it slowly decomposes with the separation of

a brownish mass.

From 6 grams of a liquid marked /9-toluidine and 2 grams

of silver nitrate a product was obtained which gave no formula.

Calculated for

(07ll7NH2)4AgNO:; Founcl.

C ... 56.19 53.89

H ... 6.02 5.94

N ... 11.71

Ag ... 18.06 19.88

... 8.02

Calculated for
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Aniline silver sulphate (C,jH5NH.),Ag,S0„ 2H„0.

Panitoluidine silver sulphate (C,H,NHo)iAg,S04, 2H2O.

Metanitraniline silver nitrate (CgHiNO.NHjjiAgNO,.
Nitrotoluidine silver nitrate (C,HfiN0oNH„)^Ag]SI03.

Paratoluidine silver nitrate (C,H,NH.,)oAgN03.

The first two compounds without the water of crystalliza-

tion, are analogous to the ethylidenamine* and the ammonia
compounds of silver sulphate; the pai'atoluidine silver nitrate

is similar to (NH3).,AgN03. The nitraniline silver nitrate

and the toluidine silver nitrate contain one more ammonia
group than was known to join to silver nitrate, and it is

worthy of notice that nitraniline and toluidine are weak
bases. In making the five bodies, excepting the nitraniline

silver nitrate, an excess of the silver salt was used, hence the

work does not decide whether more molecules of these amines

will join a molecule of the silver salts. When ammonia is

added to solutions of silver sulphate and of silver nitrate, a

precipitate forms at first; but the five amines when added to

an excess of the silver salts in dilute solutions, do not cause

turbidity even after some hours, except in case of the toluidine,

which at first produces no turbidity, but slowly gives a brown

precipitate. This reaction, and the fact that two of the bodies

are completely separated b}' simple solvents into the constit-

uents, from which they were made, indicate that the substances

are "molecular compounds," similar to hydrous salts. The
writer is aware that the constitution of a large number of

bodies resulting from the union of ammonia or amines Avith

metallic salts, can best be explained by supposing that the

metal is joined to pentad nitrogen, and that the nitrogen atoms

join, each other. The present theory of valence does not

explain the constitution of double salts or of hydrous salts,

and there is no proof as yet that it explains the ammonia

and amine addition products with metallic salts.

*Am. Jour. 17, 427.
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No. HI.

ON CLARKE'S METHOD FOR THE SEPARATION
OF TIN FROM ARSENIC AND ANTIMONY.

By Fkkd. p. Dkavky.

In the beginning of the year 1876 an investigation was

undertaken on the separation of tin, arsenic and antimony.

After some study on the published methods and some work

on a few of them, it was decided to make a thoi-ough investi-

gation of the method proposed by F. W, Clarke,* as that

seemed the most favorable method notwithstanding the poor

results obtained by G. C. Wittstein.f Clarke's method is to

add to the solution of the metals prepared as for the precipi-

tation of sulphides, oxalic acid in the proportion of twenty

parts to one part of tin, keeping the solution so concentrated

that oxalic acid will separate in the cold. Hydrogen sulphide

gas is then passed through the boiling solution until the anti-

mony and arsenic are all precipitated, the solution is allowed

to stand in a warm place for half an hour, the sulphides are

filtered off and separated according to any of the well-known

methods; the filtrate is neutralized by ammonia, the precipi-

tate formed dissolved in ammonium sulphide, and acetic acid

added in excess, whereby the tin is precipitated as a light

colored mixture of sulphide and oxide which soon darkens in

color. When complete precipitation is insured b}'' standing

in a warm place several hours, it is filtered off, washed in

ammonium nitrate solution, ignited and weighed as stannic

oxide, SnOo. The results given by Clarke were the recovery

of 99.93 and 99.57 p. ct. of the tin from solutions containing

unknown amounts of antimony and arsenic, the latter result

being considered \)00y by him, and owing to incomplete pre-

cipitation from filtering too soon after the addition of reagents.

It was originally intended to investigate the separation of tin

from antimony, and tin from arsenic separately, and then tin

from antimony and arsenic; but it soon became evident that

with the time at my disposal I could only undertake the

Am. Jour. Sci. 49, 145 tFrcseuius' Zuitschrift, 9, 487.



Heparalion of Tin from Arsenic and Antimony. 245

sepnration of tin from antimony, and the experiments here

described were devoted entirely to that object.

I made two separations, intending to follow Clarke's plan

exactly. Pure metallic antimony was weighed out and dis-

solved in strong hydrochloric acid with the addition of potas-

sium chlorate. As soon as all the antimony had gone into

solution, weighed amounts of pure metallic tin were added,

and the final solution evaporated to dr3'ne8s to drive off

hj'drochlorie acid and decompose all potassium chlorate ; the

residue was taken up in a few drops of hydrochloric acid and

water, and the requisite amount of oxalic acid added. As
oxalic acid is soluble in ten parts of cold water*, one solution

could not be over 55 cc. and the other over 39 cc, nq account

being taken of the few drops of hydrochloric acid added.

H3'drogen sulphide was transmitted through the boiling solu-

tion for half an houi-, when the antimony seemed to be all

down. After standing for half an hour in a warm place, a

portion of the fluid was run through a weighed filter, and the

filtrate tested with hydrogen sulphide, when more antimony

came down ; this was filtered off and the second filtrate tested,

when still more antimony came down. Thereupon I gave up

the idea of keeping the solution so concentrated, and diluted

it a little, when the antimony came down so that on testing

the filtrate by diluting and adding more hydrogen sulphide

no antimony was precipitated ; the precipitate was filtered off,

washed well, dried at 100°C. and weighed. The filtrate was

diluted largely, ammonia added, the slight precipitate dissolved

in ammonium sulphide, acetic acid added in excess, and the

whole allowed to stand over night, when the precipitate was

filtered off, washed in ammonium nitrate, ignited and weighed

as stannic oxide, SnO^.

Used. . / FouDcl.

Sb. Su. Sb. Sn.

0.3089 gr. 0.2722 gr. 0.3063 gr. 0.2704 gr.

0.2671 " 0.1908 " 0.2704 «' 0.1821 "

In a second set a portion of the antimony trisulphide was

heated to 230°C. in a tube filled with dry carbon dioxide and

the loss calculated for the whole precipitate.

* Storer's Diet, of Solubilities.
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Used. , , Fouutl. ,

Sb. Su. Sb. !>u.

0.1542 gr. 0.2705 gr. 0.1356 gr. 0.2717 gr.

0.1172 " 0.3736 " 0.1186 " 0.3760 "

Some qualitative experiments were undertaken to test the

influence of free hydrochloric acid on the separation, and also

the statement of Clarke that antimony could not be detected

in the filtrate from the antimony trisulphidc cither by the

Marsh test or the black stain on platinum with zinc, and that

oxalic acid did not interfere with either of these tests. I

found that oxalic acid obscured the platinum and zinc test by

the formation of a dense white coating on both the platinum

and zinc when the acid became nearly neutralized, (probably

an oxalate of zinc) which completely masked any black stain

that might have been produced on the platinum, but that it

did not obscure the Marsh test in the least. Five solutions

were prepared as before, each solution containing 0.2 gr. tin

and 0.15 gr. antimon}^ and evaporated to dryness, the residues

being taken up in oxalic acid; and, starting with no free

hydrochloric acid, 1, 3, 5 and 7 cc. of hydrochloric acid of 1.09

sp. gr. were respectively added. These solutions were diluted

to 250 cc. Hydrogen sulphide was transmitted through the

boiling solutions for three-quarters of an hour, and the anti-

mony trisulphide filtered ofl". The filtrates were tested in an

ordinary Marsh apparatus.

No. 1 containing no HCl gave only a slight yellowish mirror,

probably S.

No. 2 containing 1 cc. HCl gave a metallic miri'or for

about two minutes.

No, 3 containing 3 cc. HCl gave a good metallic mirror for

some time.

No. 4 containing 5 cc, HCl gave a very good metallic mirror

for a long time, about equal portions of the filtrates being

used for each test.

No, 5 containing 7 cc. HCl deposited thin red flakes of

SboSs on concentration.

These results show, that to get the best separation no

hydrochloric acid can be present, although a very small

amount can be present without exerting any very great solv-
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ent action on tlie antimony trisulphide.* Tlie precipitates ot

antimonj' trisulpbido were dissolved in strong hj'drochloric

acid, evaporated and treated with zinc ; the metallic precipi-

tates Avere treated with small amounts of dilute hj^drocbloric

acid, filtered, and the filtrates tested with mercuric chloride,

when heavy precipitates of mercurous chlorides came down in

every case. These results show that it is always necessary

to make double precipitations of the antimony, a point sug-

gested by Clarke as being necessary only when great accuracy

is required. The results of the above described experiments

indicate that the following modifications of the original plan

are required, viz : a solution ivithoiit free mineral acids, and

diluted to 250 cc. for 0.2 gr. of each metal; also in all cases a

double precipitation of the antimony.

Solution ill hydrochloric acid with potassium chlorate being

rather tedious, a mixture recommended by Dr. Clemens Wink-

ler in Fresenius' Zeitschrift, consisting of one part strong nitric

acid, four parts strong hjalrochloric acid, and five parts water,

was tried and found very satisfactory. The evaporation of

a solution of tin and antimony prepared b}' this mixture can-

not safely be .undertaken, on account of the well known fact

that stannic chloride will volatilize from a dilute acid solution,

and both stannic chloride and antimony trichloride from a

concentrated acid solution on evaporation, and the use of an

alkali to neutralize the acid is objectionable for reasons I shall

state beyond; but, from the fact that in the analyses given

the metals were dissolved in hydrochloric acid and potas-

sium chlorate and evaporated to dryness without any very

great loss on the total amount of metals used, it suggested

itself that the presence of a sufficient amount of potassium

chloride to form double salts with all of the tin and antimony

used, would serve to fix the tin and antimony during evapor-

ation. Two experiments were made to ascertain definitely

whether tin or antimony would volatilize under such condi-

tions. 1.7 gr. of tin were dissolved in 50 cc. of the aqua regia

and 2.5 gr. of potassium chloride were added ; the solution

was transferred to a retort of 350 cc. capacit}', diluted to 100

cc. and distilled at about 100°C. in an air bath, while a slow

*Tlie poor results obtained by Wittsstciu were piobabl}' duo to the presence of

large amounts of free acid in Ms solutions.
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current of air was forced through the retort. When half of

the fluid had passed over, the receiver was removed, emptied

and returned, then the distillation was resumed. The distillate

was diluted to 100 cc, part of the acid was neutralized b}'

sodium carbonate, and hydrogen sulphide was transmitted

through it, when there was only a slight separation of sulphur,

probably caused by chlorine given off from the aqua regia.

The distillation was carried to dryness, the distillate treated

in the same way and with the same result. A second portion

of tin was treated in the same way omitting the addition of

potassium chloride, and in each portion of the distillate, heavy

precipitates of tin sulphide were obtained. 1.5 gr. of antimony

wei'e treated exactly as the tin in the first experiment with

the same result. 1.5 gr. more of antimony were treated with-

out potassium chloride. In the first distillate containing

three-quartei's of the liquid no antimon}'' could be detected,

but in the final distillate a large amount of antimon}- was

found. These experiments show that solutions of stannic

chloride and antimony trichloride containing free h^'drochloric

or nitric acid or both, can be safely evaporated to dryness if

a sufficient amount of potassium chloride is present. In all of

my subsequent analyses the free acid was removed by evap-

oration to dryness in the presence of an excess of potassium

chloride.

The course next adopted was to dissolve about 0.2 gr. of

each metal in the aqua regia, add sufficient potassium chloride

and evaporate to dryness. The requisite amount of oxalic

acid was then placed in the beaker and boiling water added

until a clear solution was obtained, which is very easy to do.

The solution was diluted to 250 cc. Hydrogen sulphide was

transmitted through the boiling solution for half an hour.

The precipitate was immediately filtered off* and washed.

The precipitate of antimony trisulphide containing a little tin

sulphide was dissolved in ammonium sulphide. This solution

was poured into a boiling solution of oxalic acid, containing

enough of the acid to decompose the ammonium sulphide,

and still have sufficient excess to hold the tin in solution.

* U was observed that when the fluid with the SbiS:i precipitate was allowed to

stand to remove H:;S. there was always a separation all through the liquid of flakes
which did not look like S, but did look like SuSj; a supposition supportrd by the
fact that these flakes separated in the filtrate from Sb;;>>:i. filtered ofl' immediately, as
it cooled during filtering, and were dissolved again on applying heat.
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Hydrogen sulphide was transmitted through the boiling solu-

tion for ten minutes, and the solution filtered throucrh a

weighed filter; the precipitate was well washed with hot

water, dried at 100° C, weighed and a portion converted into

pure anhydrous antimony trisulphide as before. The filtrates

containing the tin were united and treated with the proper

reagents; the precipitate was filtered off after standing,

washed in ammonium niti'ate and weighed as tin oxide. Each

filtrate was always tested to insui*e complete precipitation.

Sb.
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to dryness and the residues taken up in oxalic acid, 25 gr.

in one and 30 gr. in the other. They were again evaporated

to dryness and treated with about 40 cc. of strong sulphuric

acid at 100° C. until all effervescence had ceased, when they

were diluted to 500 cc, treated with hj^drogen sulphide gas

for half an hour and allowed to settle, after which the pre-

cipitates were filtered off, washed in ammonium nitrate and

weighed as tin oxide, yielding 0.4998 and 0.4996 gr. tin.

Applying this process to the filtrate from the antimony tri-

sulphide, the following separations were next made, the

process being conducted as before except the dilution of the

solution before the precipitation of the antimony trisulphide

to 400 cc, when 0.5 gr. of each metal were used.

Used. , , Found.

-

Sb. Sn. Sb. Sn.

0.2000 gr. 0.2000 gr. 0.2084 gr. 0.1964 gr.

0.2000 " 0.2000 " 0.2030 " 0.2031 "

0.3000 " 0.3000 " 0.3070 " 0.3029 "

0.5000 " 0.5000 '' 0.5066 " 0.5004 "

0.5000 " 0.5000 " 0.5177 " 0.4962 "

The last two antimony results wore corrected for the carbon-

aceous residue, which was filtered off on a small filter and

weighed, being 0.0085 and 0,0070 gr. Following the analogy

of the two cases, we may suppose, as J. P. Cooke, jr.,* does

in his determination of the atomic Aveight of antimony, that

this residue comes from occluded oxalic acid.

A slight modification of Bunscn'sf method of weighing

antimony as antimony tetroxido having given 0.4996 and

0.4986 gr. antimony instead of 0.5000 gr., four separations

were made in which the antimony was weighed as antimony

tetroxide, the other details remaining as before.

• Used. '-
, Konnd.-

Sb. Sli. Sb. Sn.

0.5000 gr. 0.5000 gr. 0.5190 gr. 0.4911 gr.

0.5000 " 0.5000 " 0.5067 " 0.4963 "

0.5000 " 0.5000 " 0.5136 " .0.4973 "

0.5000 " 0.5000 " 0.5146 " 0.4926 "

* Transactions of Amer. Acad. oC 8ei.. Bost.. 13, IS.

+ Ann. der Chcmie, 10(!, 3.
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While the results obtained by this method are no better than
those obtained by weighing antimony as trisulphide, yet it

required less time and is a much neater operation to get them.

Since reaching the above results and conclusion Bunsen*
has published further experinients on this method of Aveighing

antimony, and reaches the conclusion that it cannot easily be

done with accui'acy, because more oxygen than is necessary

will be driven off at a temperature only slightly above that

required to convert antimony pentoxidc into the tetroxide,

and at a very intense heat the trioxide thus formed will be

volatilized. From my results it would seem that the heat

employed was too low rather than too high.

In conclusion, I desire to express my thanks to Prof. O. D.

Allen for much kind assistance during the progress of the

above work.

No. IV.

INFLUENCE OF ACETIC ACID ON THE SEPARA-
TION OF IRON AS A BASIC ACETATE FROM
MANGANESE, ZINC, COBALT AND NICKEL.

By John Jewett.

It has often been observed when manganese is separated

from iron by precipitating the latter as a basic ferric acetate,

that some manganese is carried down with the iron precipi-

tate. Eggertz,f calling attention to this fact, stated that this

trouble could be obviated, at least to a great extent, by the

presence of free acid. To this end he recommends adding to

a volume of 500 cc, after nearly neutralizing with sodium

carbonate, 3 cc. of HCl (strength not given). Stoeckmann

communicated in Fresenius' Zeit. 1877, p. 172, the results of a

series of experiments in separating iron from manganese in

" Spiegeleisen " containing about 10 p. ct. of manganese. He
found that varying, and, usually, very considerable amounts

of manganese were precipitated along with the iron, in many

* Freseuius' Zeitschrilt, 18, 268.

t Berg- uud Hiiettenmseunische Zeitung, 186T, p. 187.
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cases equalling- 10 p. ct. of all that was present, and concludes

that it is absolutely necessaiy to redissolve and reprecipitate

the iron and recover the manganese in the second filtrate.

He alluded to the modification recommended hy Bggertz, but

did not adopt it, finding the free acid made the iron precipi-

tate difficult to Avash. C. Kriemer* Avas astonished at these

results, and states that the only precaution necessary (besides

thorough washing) is the addition of one or two drops of dilute

acetic acid to the previously neutralized solution, before adding

sodium acetate and boiling; he found that at most only y'^

p. ct. of manganese goes down with the iron. The experience

of G, Matzurkef was, on the other hand, quite like that of

Stoeckmann. He found, contrary to Krsemer, that the addi-

tion of one or two drops of dilute acetic acid made no appre-

ciable difference in the results.

In view of these statements concerning a much used process,

I have, with the advice of Prof O. D. Allen, made some

experiments to ascertain the influence of free acetic acid in

this method of separating iron from manganese and the other

metals, zinc, cobalt and nickel. As a basis of operation,

solutions of Fe^Clg containing free HCl, and of MnClj, ZnCl^,

Co(N03). and Ni(N03)2 of known strength, (.2 gr. of the metals

to every 100 cc. of solution) were made; then by uniting 100

cc. of the iron solution with the same amount of any one of

the other solutions, a mixture of the desired metals to be sepa-

rated was obtained. A few preliminary trials with ii'on and

manganese gave results in accordance with the statements of

both Stoeckmann and Eggertz. Presence of free acid deci'eased

the amount of manganese in the iron precipitate, but too much

prevented complete precipitation of the iron. To ascertain to

what extent free acetic acid is efficient in keeping manganese,

likewise zinc, nickel and cobalt in solution, when present in

quantities not too great to prevent precipitation and washing

of the iron, necessitated a series of experiments, in which the

only variable factor was the acetic acid. In every case, 2 gr.

sodium acetate were used (an amount equal to ten times the

weight of iron present), and the solutions were diluted to the

same volume, viz : 300 cc. before boiling to separate iron.

The precipitated iron was examined after thorough washing,

*Fre8en. Zeit. ISTT, p. 334. + Freseu. Zeit. ists, p. ;8.
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by redissolving und repeating the separation, and testing the

filtrate from the iron precipitate, according to whether Mn,
Zn, Co or Ni was present, with Br, NuCO, or NaOH. The
results are here tabuhitcd :

u f K„, 1 ,,„
l'J"!>>^«uPe .2gr. TakenFe-.2gr.,TakeuFe=.2<;r.

r. ct. by voliiine. .. Jin .3 "
|

•• Zu^ 2
of Acetic Acid

Ni- .2

(1.044 Sp. Gr.)
atlded.
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nearly boiling water, to which 2 gr. sodium acetate and 1 cc.

acetic acid, per litre, had been added, until AgNOs gave no

reaction with the washings.

It maj^ be concluded from the results shown in the table,

that by using 4 p. ct. by volume of acetic acid, 1.044 sp. gr.,

and adhering to the above precautions, a complete separation

by one precipitation can be obtained of zinc, and one suffi-

ciently accurate for most purposes of manganese ; Avhile the

amount of nickel and cobalt that goes down with the ii'on

lessens with increase of acetic acid. The following quantitative

sej^arations of iron from zinc and manganese were also made.

Precipitation was effected in a volume of 300 cc. containing

12 cc. acetic acid, i. e. 4 p. ct. of this volume, and 2 gr. sodium

acetate.

Fe taken.

.1966 gr.

.2000 "

.1996 ''

.2000 "

Zu taken.

.1997 gr,

.2000 "

Mn taken.

• •



Action of Iodine Monochloride upon Aromatic Amines. 251

some of the above experiments with nickel, with no other

change than the addition of ammonium chloride. The results

are appended, showing the difterence when NH^Cl is present

:

p. ct. by volume of
acetic acid (1.044 sp.

gr.) added.
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aniline. He obtained a compound from whose proximate

analyses he was unable to deduce a satisfactory formula, and

he believed that this compound belonged to a new class of

organic iodo-compounds. This body will be shown to be iden-

tical with tri-iodoaniline, which will be later described.

We have undertaken a new investigation of the action of

iodine monochloride upon aromatic amines. It seemed prob-

able that by the action of this compound higher substitution

products could be obtained, than b}- the action of iodine on

the amines.

The iodine chloride we employed in this investigation was
prejiared by passing a stream of dry chlorine over iodine,

until the weight of the iodine had increased in the ratio of 1

mol, chlorine to 1 mol, iodine. Iodine chloride, so produced, is

a dark red liquid, which solidifies at about 10°; and which can

be kept several weeks, without undergoing decomposition,

when collected in tightly stoppered bottles.

The reagent was used in the form of vapor. A flask con-

taining the iodine chloride was placed in a hot water bath,

and connected with another flask containing a solution of the

compound to be acted upon, and a current of dry air passed

through the apparatus by means of an aspirator.

Action of Iodine Chloride upon Aceiayiilide.

The acelanilide was dissolved in a large excess of glacial

acetic acid, and iodine chloride passed into the solution in the

ratio of 1 mol. ICl to 1 mol. CgHgNO. The color of the

solution became dark ; after standing some hours a copious

precipitate, consisting of iodoacetanilide, separated; and the

filtrate contained a further quantity, which was precipitated

by the addition of water. The iodoacetanilide was thus

obtained in the form of a dark colored, erj^stalline precipitate,

and was easily purified by two crystallizations from water.

The iodine determination resulted as follows: 0,1588 gr. ot

substance gave 0.1426 gr. of Agl.

('(ilriilatcrt for CelhlNIKC-'IlsO). Found.

48.65 48.5c

When crystallized from water, iodoacetanilide forms white,

rhombic plates, whose corners are frequently truncated. It
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is slight]}^ eoluble in cold, but much more in hot water

;

alcohol and glacial acetic acid dissolve it very readily. The
substance melts at 1812°.

lodoacetanilide is easily converted by the action of hot,

concentrated chiorhydric acid into the chlorhydrate of pai*a-

iodoaniline; if this is dissolved in water, and an excess of

ammonia added, monoiodoaniline (melting point 60°) is pre-

cipitated. The action of iodine chloride upon acetanilide is

therefore analogous to that of chlorine or bromine, inasmuch

as it furnishes a para-compound.

Para-iodoacetanilide is decomposed by warm concentrated

nitric acid, and iodine is set free. A nitro-substitution produA
of iodoaniline can be obtained by dissolving the lodoacetani-

lide in a large volume of glacial acetic acid, adding an equal

quantity of concentrated nitric acid, and heating a short time

on a water bath. By partial neutralization the nitropara-

iodoaniline is precipitated as a yellow crystalline mass, and is

easily obtained in a pure state by repeated crj'stallizations

from dilute alcohol. The iodine determination was as follows :

0.1639 gr. of substance gave 0.1470 gr. of Agl.

Calculated for CeHsIN-jOs. Found.

I ... 48.10 48.46

Nitroparaiodoaniline crystallizes from alcohol in long,

dark j-ellow needles, which melt at 122°. It is insoluble in

cold and neai-ly in hot water; easily soluble in alcohol and

glacial acetic acid.

There is an important difference between the action of

iodine chloride, and that of chlorine or bromine upon acetani-

lide ; these elements form not only mono- but also di- and

trichloro- and bromo- substitution products ; while by the action

of 2 or 3 mols. of ICl upon 1 mol. acetanilide, only the mono-

iodo-compound is produced. The yield of lodoacetanilide is

very satisfactory, reaching 85 per cent, of the amount required

by the theory. According to Mills * the yield of iodoaniline

hj the direct action of iodine on aniline is by no means large,

and its production from lodoacetanilide ma}'- therefore be

recommended.
* Ann. dcr C'hemie, ITO. 354.

34
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Action of two Molecules of Iodine Chloride iqmn one Molecule

of Aniline Acetate.

The aniline was dissolved in a large excess of glacial acetic

acid, and treated with the calculated amount of iodine chloride,

the solution being carefully kept cool during the operation.

The liquid became dai'k colored ; and upon the addition of

water, a black, partially crystalline mass separated, which was

removed by filtration. By repeated crystallizations from alco-

hol, a nearly pure product was obtained, but it was found to be

preferable to treat the black mass at once with steam, in the

presence of caustic potash. The compound passes over very

slowly, but is subsequently easily purified by a single crys-

tallization from dilute alcohol. The analysis* furnished the

following numbers, which correspond to the formula CgHsT,^.:

0.2474 gr. of substance gave 0.1940 gr. of CO, and 0.0440

gr. of H,0. 0.1271 gr. of substance gave 0.1719 gr. of Agl.

0.5394 gr. substance gave 19.2 cc. of N. Bar. 776.5; t= 16°.
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Di-iodoaniline possesses weak basic properties, A solution

of di-iodoaniline in hot concentrated chlorhydric acid furnishes

upon cooling the chlorhj'drate, which separates in long, wliite

needles, Avhose melting point it Avas impossible to determine,

as they begin to decompose below 100°.

An analysis gave the following numbers : 0.3220 gr. of sub-

stance gave 0.1284 gr. of AgCl.

Calculated for CuUaliNHCl. Kouud.

CI ... 9.33 9.88

The chlorhydrate is easily decomposed by water into the

free base and chlorhydric acid.

After the removal of the black mass, from which the di-iodo-

aniline was obtained, a quantity of white needles separated

from the filtrate ; these were found to consist of a mixture of

mono- and di-iodoaniline. To effect the separation of the two

bases, the precipitate was boiled with strong chlorhydric acid
;

upon cooling, a mixture of the two chlorhydrates separated.

This was then treated with water; the chlorhydrate of mono-

iodoaniline dissolved, while the salt of di-iodoaniline was de-

composed into chlorhydric acid and the base, which remained

undissolved. The separation is very complete.

Action of three Molecules of Iodine Chloride upon one Molecule

of Aniline Chlorhydrate.

In order to obtain tri-iodoaniline we allowed 3 mols. of

iodine chloride to act upon 1 raol. of aniline acetate. Numer-

ous experiments showed that better results could be obtained

by substituting a chlorhydric acid solution of aniline, in the

place of the aniline acetate. The solution, on treatment with

iodine chloride, became dark colored, and a black precipitate

soon settled ; as soon as the supernatant liquid became clear,

this precipitate was removed by filtration. The filtrate was

diluted with six times its volume of water, and allowed to

stand twelve hours, during which time a mass of reddish

colored needles separated. In order to purify this precipitate,

it was boiled with a small quantity of glacial acetic acid,

by which most of the impurities were removed. For further

purification it was dissolved in hot alcohol, boiled twice with
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animal charcoal, and then allowed to crystallize. The slightly

colored crystals, thus obtained, were finally crystallized five

times from alcohol. The analyses of the product, so purified,

were as follows: 0,1383 gr. of substance gave 0.2093 gr. of

Agl. 0.1092 gr. of substance gave 0.1624 gr, of Agl, 0.4185

gr. of substance gave 0.2398 gr. of CO^ and 0.0465 gr, of H^O.

0.6064 gr. of substance gave 12.2 cc. of N. Bar. = 763mm., t =
19°.
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order to remove all doubt, as to the identity of the two bodies,

we have repeated the experiments of Sten house, and satisfied

ourselves that they are identical.

Action of Iodine Chloride on Metanitranilinc.

By the direct action of bromine on metanitrauiline a

tri-broraonitraniline is formed. The analogy between the

action of bromine, and that of iodine chloride on aniline led

us to expect, that by the action of iodine chloride on meta-

nitraniline, a tri-iodo-compound would be produced ; we there-

fore passed 3 mols. of iodine chloride into a solution of 1 mol.

of nitrauiline in dilute chlorhydric acid. The solution, thus

obtained, was allowed to stand several days, and then diluted

with water. A yellow precipitate soon sepai'ated. This

precipitate contained two compounds, which were separated

in the following manner: the precipitate was dissolved in

boiling alcohol ; on cooling, one of the substances separated

in long dark yellow needles, while the other substance re-

mained in solution. The yellow needles were purified by

repeated recrystallizations from alcohol, and analyzed with

the following results: 0.2083 gr. of substance gave 0.2532 gr.

of Agl. 0.4056 gr. of substance gave 0.2826 gr. of CO., and

0.0506 gr. of H,0.
Calculated for C6H6liN202. Found.

C ... 18.46 19.00

H ... 1.02 1.38

I ... 65.12 65.66

Di-iodometanitraniline is almost insoluble in water; alco-

hol, hot or cold, dissolves it with ease. It is but slightly

soluble in cold acetic ether. Its melting point is 145 i°. The

yield is almost the theoretical amount. Concentrated nitric

acid dissolves in the cold without decomposition.

By boiling with concentrated chlorhydric acid, di-iodometa-

nitraniline is converted into its chlorhydrate. This compound

crystallizes in white needles, which are very easily decomposed

by water. It also decomposes when heated above 50°. An
analysis of the salt, dried in a vacuum, gave the following

numbers: 0.1372 gr. of substance gave 0.0475 gr. of AgCl.
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Calculated for 06H4r2N202HUl. Found.

CI ... 8.30 8.57

The mother-liquors, from Avhich the di-iodometanitraniline

was recrystallized, yielded, upon dilution with water, a second

iodine compound, together with small quantities of the above

described body. This compound crystallizes in yellow plates,

and differs from the di-iodometanitraniline, in that it is very

soluble in cold acetic ether and much more soluble in

alcohol. A partial separation can be effected by means of

acetic ether, but we were unable to obtain the compound in a

state of purit3^ It melts between 85 and 95°, and is prob-

ably a monoiodometanitraniline. The j-ield of this compound

was not increased by acting upon 1 mol. of niti'aniline with 1

mol. of iodine chloride.

Action of Iodine Chloride upon Paranitraniline.

One molecule of nitraniline was dissolved in dilute chlor-

hydric acid, and treated with 2 mols. of iodine chloride. The
liquid was allowed to stand several days, and then diluted

with water. A beautiful, yellow, crystalline precipitate grad-

ually separated, which consisted of two compounds. These

were separated by extraction with hot water, which dissolved

one, while the other remained as a brown crystalline residue.

The hot aqueous solution deposited, on cooling, a mass of

long, yellow needles, which Avere easily purified by recrystalli-

zation from water. The proximate analysis of the substance,

so obtained, gave the following numbers: 0.1559 gr. of sub-

stance gave 0.1384 gr. of Agl. 0.3306 gr. of substance gave

0.3360 gr. of CO^ and 0.0664 gr. of H^O.

Calculated for CiiHsINsOa. Found.

C ... 27.27 27.71

H ... 1.89 2.22

I ... 48.10 47.91

Mono-iodoparanitraniline is easily soluble in alcohol and

also in hot water, only slightly in cold water. It melts at

105^°. The yield is about 75 p. ct. of the theoretical amount.

It is a weak base ; the chlorhydric acid salt is very easily

decomposed by water, and so unstable that no satisfactory

analysis could be obtained.
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The brown residue, insoluble in water, mentioned above,

consists of a second compound, which was purified by several

crystallizations from a mixture of alcohol and nitrobenzene.

The yield of this substance was so small that we endeavored

to obtain a larger quantity by the action of ClI on the

nitraniline, instead of its chlorh3'drate. For this purpose 1

mol. of para-nitraniline was dissolved in chloi'oform, and

treated with 2 mols. of iodine chloride. We obtained in

this manner the substance in almost the theoretical quantity.

Most of the iodine compound separated from the chloroform

upon standing; the remainder was obtained by the addition

of alcohol, and the evaporation of the chloroform. The body
is best purified by two crystallizations from a mixture of equal

parts of alcohol and acetic ether. The analysis was as below:

0.1209 gr. of substance gave 0,1460 gr. of Agl. 0.2177 gi". gave

13.5 cc^'of N. Bar = 745.5 ; t = 3°
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lizations from dilute alcohol, and the analysis was as follows:

0.1147 gr. of substance gave 0.1516 gr. of Agl.

Calculated for C-H7I2N. Found.

1 ... 70.76 71.47

Di-iodoparatoluidine crystallizes in long, white needles,

Avhich often form clusters. It melts at 124?°. It is insoluble

in cold water and but slightl}' soluble in hot, tolerablj' in cold

and easil}'' in hot alcohol. The filtrate from which the iodine

compound separated was neutralized with ammonia and

yielded unchanged toluidine.

Action of Iodine Chloride njyo?! Paraamidobenzoic Acid.

The acid was dissolved in a large excess of dilute chlorhy-

dric acid, and treated with 2 mols. of iodine chloride. After

the treatment the liquid was allowed to stand six hours, and

then diluted with a large volume of w^ater. In the course of

a day, a white mass, consisting of the iodo derivative of the

acid, separated. This Avas filtered, purified by conversion

into the ammonium salt, and decomposition of this salt by

chlorhydric acid ; this process being repeated several times.

The analj'sis of the substance, thus obtained, was as follows :

0.1588 gr. of substance gave 0.1908 gr. of Agl. 0.3504 gr.

of substance gave 0.2820 gr. of CO, and 0.0550 gr. of H,0.



Action of Iodine Monochioride upon Aromatic Amines. 265

Calculated for CTHjO^NIjAg. Found.

Ag ... 21.99 21.80

The sodium salt is easily obtained, in a state of purity, by
dissolving the acid in warm caustic soda ; on cooling, the salt

separates in long white needles, which are quite insoluble in

cold, but tolerably soluble in hot water. The crystals contain

5 mols. of water of crystallization, which they lose by heating

at 160°.

The analysis of the salt furnished the following figures :

0.2537 gr. lost at 160° 0.0468 gr. of H,0.

Calculated lor CvUiNIaO-Na+SHjO Kound.

H.O. ... 17.94 18.05

0.2069 gr. of the anhydrous salt gave 0.0316 gr. of NaCl.

Na ... 5.59 6.00

The barium salt was precipitated from an aqueous solution

of the ammonium salt by the addition of barium chloride ; the

product so obtained was purified by two crystallizations from

water. The salt is very little soluble in cold water, more

soluble in hot, and crystallizes in colorless needles, containing

4 mols. of water of crystallization.

The analysis gave the following figures : 0.4109 gr. lost at

140° 0.0320 gr. of HoO.

Calculated for (C7Hil2N02j2Ba+ 4H20. Kouud.

H.O ... 7.31 7.78

0.3728 gr. of the anhydrous salt gave 0.0950 gr. of BaSO,.

Ba ... 15.00 i4.97

Action of Iodine Chloride upon Meta-amidohenzoic Acid.

The acid was treated, as in the previous case, with 2 mols. of

iodine chloride. After standing a few hours, a grey, crystalline

mass separated. This product was purified by crystallization,

and by conversion into an alkali salt, and decomposition of

the salt by chlorhydric acid. The analyses of the substance,

so obtained, indicated, that it was a mixtui'e of di- and ti'i-

iodometa-amidobenzoic acids.

35
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Numerous attempts to obtain a separation all failed, owing

to the like solubilities of the derivatives and salts of the two
acids. The results of the analyses from different preparations

were as follows

:

Calculated lor CvHsOl'NI-j.

I ... 65.29

Calculated for (J7H4O2NI3. Found.

74.41 68.11 67.51 67.33 68.48

The analysis of the silver salt was as follows:

Calculated for C7H4O-NI.2AK.

Ag ... 21.9(i

CalfMiIated for CvHaOeNIiAR.

17.4

Found.

18.96

Iodine chloride does not act upon aeetmeta-amidobenzoic acid.

The results obtained in this investigation show the import-

ance of iodine monochloride as a reagent for the production

of aromatic iodo-amines.

We present here a tabular view of the cases in which the

action of iodine chloride on aromatic compounds has been in-

vestigated, showing its substituting power compai*ed with that

of bromine and chlorine under similar circumstances. It will

be seen that, while iodine chloride replaces hydrogen by iodine

in many cases, yet, on the whole, its strength as a substituting

agent is less than that of bi'omine or chlorine.
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search. The weak basic properties of di-iodoaniline, and the

absence of basic properties in tri-iodoaniline, indicate that tbe

second and third iodine atoms entering the molecules have

taken the ortho position toward the amido group, since among
the numerous known di- and trichloro- and bromoanilines,

only those, whose halogen atoms are in the ortho position

toward the amido group, show a like loss of basic properties.

THE ACTION OF PHTHALIC ANHYDRIDE ON
NAPHTHALENE IN THE PRESENCE OF

CHLORIDE OF ALUMINIUM.

By Emile Ador and James M. Crafts.

Friedel has shown in a research * made with one of us, that

the action of phthalie anhydride on benzene in the presence of

chloride of aluminium is expressed by the equation

;

CeHe + CeH,(^O/ ^^ = ^'«^^ ' ^^ ' ^'^' - CO - OH.

The product, benzoylorthobenzoic acid, is obtained quite pure,

and almost in the quantity required by the above equation,

when a considerable excess of benzene is taken. If a similar

acid could be obtained from naphthalene in equal abundance,

the study of its reactions, and particularly of the hydrocarbons

to be derived from it, would present considerable interest, and

it is from this point of view that we have taken up this subject.

500 gr. naphthalene were heated with 200 gr. pure phthalie

anhj'dride to 100°, and 250 gr. anhydrous chloride of alumin-

ium were gradually added so as to provoke a nearly continuous

disengagement of chlorhydric acid. At the end of six hours

the product was boiled with water in order to decompose the

anhydrous chloride of aluminium. About 50 gr. phthalie acid

*C'omi)te8 rendus, 3 Juin, 1878.
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some basic salt was pi-esent, because the solution deposited

during the evaporation a crystalline crust which was diffi-

cultly soluble in water. ^Ye had too little substance to com-

plete the purification or determine the water of crystallization.

The crystals dried over sulphuric acid are very hygroscopic,

and lose 2.7 per cent, more water on drying at 150°
; at about

160° the salt becomes vitreous, and melts at a higher tempera-

ture before decomposing.

The barium salt crj-stallizes by evaporation of the aqueous

solution in microscopic needles. It is pretty soluble in water

and even in alcohol.

It will be seen by the foregoing statements that the reaction

which gives rise to the naphtoylorthobenzoic acid is not a

simple one, and that it cannot be prepared in considerable

quantity by this method, nor did some other attempts at

preparation give more fjivorable results. It remains to ex-

amine the accessory products. The uncrystalline matter

which is furnished by the first fractional precipitations of the

sodium salt of the acid, as well as the product insoluble in

soda after extraction of the naphthalene by boiling alcohol, are

very difficult to purify. The latter is the principal product

formed in the reaction, and probabl}' contains a certain quan

tity of naphtoylbenzoic acid. It is a black mass, Avhich is de-

composed in great part on distillation at a temperature higher

than 300° with formation of a little water. The distillate is

a viscous liquid, which, dissolved in benzene, gives on addition

of alcohol a small quantity of crystalline flakes. These crys-

tallize from a mixture of ether and alcohol in a granular form.

The melting point is 181°-186°. The crystals cannot be

sublimed and appear to suff"er partial decomposition on dis-

tillation. An analysis gave

:

Fouud. J'yrcnc. Clirysciic.

C ... 1M.18 94.12 94.7ii

H ... 5.80 5.88 5.27

Although the empyrical composition is like that of pj'rene or

chrysene, the properties of this hydrocarbon are very different.

It forms no combination with picric acid, and dilute or con-

centrated nitric acid does not oxidize it, but gives a resinous

nitrated product soluble in alcohol. The solution in bisulphide
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of carbon treated with bromine forms a substitution product

little soluble in alcohol, easily soluble in ether. It cr^^stallizes

in granular form and melts at 112°.

Only one-half gram of the hydrocarbon was obtained, and

it must be regai-ded as an accessory product, so that any

theory of its composition which implies its derivation from

known bodies by a smooth reaction is entitled to little weight.

The following hypothesis, however, may be worthy of notice :

From the well-known stability of the hydrocarbon groups

entering into the reaction we may suppose the new hydro-

carbon to contain the 10 atoms of carbon of naphthalene plus

the 8 atoms of phthalic anhydride, and in that case it would be

an isomere of chrysene, CisH,2. It may be derived from )iaph-

toylorthobenzoic acid,

H H O H
C C C (^^\^\/\/^

HC C C C CH
I I II II I

HC C C C CH
% / % / / \ ^
c c c c
H H 0„H H

by the closing of the chain and the loss of 3 atoms of oxygen,

H H H H
C C C C^\^\^\/%

HC C C C CH
I I I II I

HC C C (^ CH

c c c c
H H H H

This view of the internal structure of the new hydrocarbon

is interesting, as it represents it as composed of two molecules

of naphthalene having two carbon atoms in common.

Genkva, August Isf, 187i».
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NOTE ON PARA-NITKO AND PARA-AMIDO
PHENETOL.

By E. J. Hallock.

Pheuetol is violently attacked by fuming nitric acid, but is

unafteeted by concentrated nitric acid in the cold. Cahours,

who first tried the action of fuming nitric acid upon phenetol,

obtained, he says,* both a solid and liquid product. The
former he analyzed and found it to be dinitrophenetol ; the

latter he supposed to be mononitrophenetol. The writer

repeated these experiments with somewhat ditterent results.

The dark-red viscous liquid obtained by the action of fuming

nitric acid upon pure phenetol, or on a solution of phenetol in

acetic acid, was distilled in a current of steam. The product

consisted of a solid and a liquid, in varying proportions ac-

cording to the conditions of the nitration. The solid, when
purified by repeated recrystallization both from acid and from

alcohol, was proved by an ultimate analysis to be amononitro-

phenetol.f Its melting point, 58° C, and other physical

properties coincided with that of para-mononitrophenetol,

prepai-ed by Fritzsche in 1858 by the action of iodide of ethyl

upon the silver salt of paranitrophenol.J The Avriter also

obtained the same body by the action of potassium ethylic

sulphate and potassic hydrate upon paranitrophenol in sealed

tubes at high temperatures. In this operation, however, a

considerable quantit}'- of the nitrophenol remained unchanged.

Iodide of ethyl and potassic hydrate heated in a sealed tube

with paranitrophenetol also yielded, as was expected, the

same body, but quite impure. The method of direct nitra-

tion yields the purest product, but is quite tedious. When
the nitration was performed with nitric acid from which the

red fumes bad been removed by previously boiling, or by

means of hot concentrated acid, the product is mostly liquid

*Auu
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and refused to crystallize, even at low temperature. This

liquid was apparently a mixture of orthonitrophenetol and

unchanged phenetol, holding some paranitrophenetol in solu-

tion.

Having obtained a considerable quantity of the paranitro-

phenetol, an attempt was made to reduce it by means of tin

and hydrochloric acid. The I'csulting salt, after the removal

of the tin with sulphydric acid, crystallized fi'om water, in

which it was very soluble, in rhombic plates with a pearly

lustre. An ultimate analysis* established the composition as

c H o
HCl, Cyll^ I^TT

* With platinum chloride it yielded a very

beautiful double salt in bright golden flakes, but easily decom-

posable, especially when heated.

These crystals, when treated with potassic hydrate, yield an

oily liquid resembling aniline. It boils at 253° C. (uncor-

rected), and is doubtless paramonamidophenetol. A portion of

the salt appears to suffer a farther decomposition, so that the

amount of oil obtained was very small. This oil combines,

like aniline, directly with acetyl chloride to a crystalline solid.

In combination with carbon disulphide it also yields a solid

body. The writer did not succeed in obtaining this amido-

phenetol by the action of ammonic sulphide upon the nitro-

phenetol at high or low temperature.

The black mass remaining in the flask, after the mononitro-

phenetol has been distilled ofl", contains dinitrophenetol, but is

difficult to purify.

* The analysis gave

O
H
N
CI

''ouud.
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REVIEWS AND REPORTy.

Brief Review of the most important Changes in the Industrial
Applications op Chemistry within the last few Years.

( Uontlmted from page 203J

Heavy Chemical Manufactures—Acids, Alkalies, and Materials
immediately connected thereioith.

Sulphur.—By far the largest supplies of native sulphur still

come from Sicily, although recent surve3^s of the volcanic

region from whence these supplies are drawn render it improb-
able that the approach to monopoly which the island has long-

enjoyed can for manj^ years, say for half a century, be main-
tained. Of late years the Komagna has added a respectable

quota to the Italian supply, and several smaller deposits, as in

Galicia, Spain and Eg^qit, have been worked ; but the gi-eat

field presented in Iceland, of which highly favorable reports

have been made, and which has recently, and more than once
in the past, been entered upon, has not yet been made practi-

cally important. For the future chemical industry of the

United States, the deposits at present known which are likely

to become of great value are those of Nevada and the adjoin-

ing portions of California, the remarkable bed pierced by
borings in Western Louisiana but still iinworked, and perhaps
the volcanic products of Hawaii and the Chilian Andes.

As regards the method of extraction of native sulphur from

the gypsum and other earthy materials with which it is found

associated, the simple process of piling up the " sulphur stone "

in large heaps, arranged very much like those in which char-

coal is burned, and melting out part of the sulphur by the

heat produced in the smothered combustion of the remainder,

is almost exclusively resorted to, and the scarcity of fuel in

Southern Italy Avill probably always cause it to be there

retained, in spite of the great loss of sulphur, of which at the

best one-third is commonly destroyed or not made available

in obtaining the remaining two-thirds. Attempts at less

wasteful modes of treatment, as fusion in close vessels by
means of high pressure steam, or solution by means of carbon

di-sulphide,"have made but little progress in the chief regions

of production, mainly in consequence of the cost of fuel
;
the

latter process, that by solution, is said to give very satisfactory

results in Austrian G-alicia. A simple observation made a few

36
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years ago by Sestini,* to the effect that somewhat above
400° C. calcium sulphate and sulphur react upon each other

with evolution of sulphur dioxide,

CaSO, + S, = 2S0, + CaS,

indicates the importance, in the ordinary process, of keeping

down the temperature of the heaps of sulphur stone, and this

may perhaps serve to diminish the loss in the usual practice.

The same precaution is indicated, however, with even greater

urgency by recollection of the fact that at a temperature but

little above its fusing point melted sulphur begins to thicken,

its viscidity soon increasing so much as to greatly impede its

draining away Irom the earthy impurities.

The consumption of sulphur, tending to rapid increase from

the ever-growing manufacture of sulphuric acid, the extensive

application of late years of sulphur and sulphur compounds to

the prevention of grape disease in the vineyards of Europe,

and other causes, has been largely economized by the intro-

duction, in workable form and on no small scale, of processes

for the artificial making or regeneration of sulphur from the

"alkali waste" (calcium sulphide) of the soda manufacture.

Of these processes those devised by Mond and Schaffner may
be considered typical, both involving partial oxidation of the

alkali waste by exposure to air containing carbon dioxide,

under regulated conditions of temperature and amounts of air

and water, thus producing thio-sulphate and poly-sulphides of

calcium, followed by precipitation of sulphur fi-om the mixed
solution by hydi'ochloric acid, calcium chloride being the chief

by-product. The final reaction under Mond's treatment seems
to be mainly

CaS.Oa + 2CaS, + 6HC1 = 3CaCL + 3H,0 + S,, + „

while Schaffner aims at the result

CaSA + 2HCI = CaCl, + H^O + SO^ -f S,

the SO, being passed into fresh alkali waste \yQ in order to

convert more calcium sulphide into thio-sulphate,

CaS + SO., + O := CaSoO,.

Other reactions, however, appear to take place to some extent

under varying conditions, and it is desirable that in alkali works
employing these processes for sulphur regeneration careful

account should be kept of the yield actually obtained, and that

this should be checked by frequent assays of the material used,

* Bull, de la Soc. Cliim. dc Paris, 24, (1875), p. 490.
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To a very limited, scarcely more than experimental, extent
sulphur has also been recovered from the Laming mixture for
purifying coal-gas,* essentially ferric hj-drate, which, after use
in removing sulphur from the gas, may by exposure to the
atmosphere be restored to its original condition, with separa-
tion of free sulphur, which may be accumulated by repetition

of the same steps. Much the greater part, however, of the
coal used in making illuminating gas, and practically all that
employed as fuel, is so treated as to involve the loss of the
whole of the sulphur it contains. For the world at large it is

not an excessive estimate to set down this as equal to one per
cent, on 270,000,000 tons of coal annually-, or 2,700,000 tons —
more than seven times the whole sulphur product at present.

To this must be added a very large loss from the roasting of
sulphurous metallic ores without utilization of the sulphur
driven off. The production of sulphur as such from pyrites

makes but little progress, and must be viewed as of very
secondary importance, but the indirect economy resulting

from the large scale on which p3'rites is now used for making
sulphuric acid is of the greatest value, and has served to pre-

vent scai'city and rise of price of sulphur itself being, before

now, sharply felt. The problem of the cheap and practically

successful production of sulphur from gypsum remains in

abeyance, and seems likel}'' to remain so until the market con-

ditions as to other sources of supply undergo notable change.
No remarkable departure has for some time been made from

the established practice of sulphur refining, save that a few
3'ears ago the extensive use of flowers of sulphur in combat-
ing vine disease led to such regulation of the temperature of

the distilling chambers as enabled a larger share than before

of the product to be collected in this, the sublimed form.

Acids.

Sulphuric Acid.— The scale upon which this fundamental
reagent of the manufacturing chemist is made continues to

increase, and there is observable an increasing tendency to

connect its production with other industries, so as to secure,

when not otherwise attainable, a saving of the heavj^ charges

for transportation of so destructive a niaterial.

It is but forty years since the first decided inducement to

substitute pyrites for native sulphur in this manufacture was
given by the threatened scarcity of the latter, due to the grant

of a monopoly of Sicilian sulphur to a Marseilles house; but

within this time, and especially the last few years, the extension

of the use of pyrites has been so great that now seven or eight

tons of acid are probably made from it for one made from free

* Sulphur from this source is more readily utilized in the manufacture of sulphuric
acid.



276 Reviews and Reports.

sulphur. This change has been partly aided b}^ notable im-

provements in the kilns for burning pyrites, but largely also

by the economy effected by metallurgic treatment of the
burnt residue. Beginning with the saving of copper from
cupriferous pyrites (like that so abundantl}' found in Spain
and Portugal), too poor in this metal to be treated solely as

one of its ores, by methods which have already been alhided

to in this paper, means have since been found for obtaining
also the relatively ver}' minute quantities of silver and gold

often found present, and still more recentlj^ the burning off of

sulphur in the kilns has been so far improved that the residue

of ferric oxide may be smelted into pig ii'on of very fair

quality. Beside pyrites, the sulphides of lead, zinc and
other metals, and the sulphur of Laming's mixture from coal

gas works, have been used, but to a ver}- limited extent only.

As regards the mode of preparing and introducing into the

apparatus the nitric acid vapor needed in the production of

sulphuric acid, English and Continental practice differ in

Europe; in France and Germany, liquid nitric acid, prepared
by a separate distillation, is preferred, with a suitable drip

contrivance for regulating its flow, while in England "nitre

pots " are in general use, heated by the gaseous current from
the sulphur or pyrites burners, and adding to this current

directly nitric acid vapor. It may seem worth considering
whether such addition in the state of vapor might not better

be made from small external stills of iron or stoneware,
delivering their product into the rear part of the sulphur
burner or into the flue leading therefrom, but heated sepa-

rately, perhaps b}'' steam jacketing of suitable temperature,
and thus admitting of independent regulation of temperature.
With a view to determining the best shape and size for the

leaden chambers, about Avhich there is still much diffei-ence of

opinion, it is greatly to be desired that systematic observa-
tions, and as far as opportunity may offer experiments, be
made upon the scale of actual practice. In the working of
the chambers, probably the most valuable novelt}^ has been
the introduction by Sprengel, instead of jets of steam, of cold

water injected as spray b}- the aid of a little steam, thus en-

abling the supply of the necessaiy amount of water to be com-
bined with the nice regulation of temperature.

(irreat interest attaches to the comparatively new "Glover
tower" which is replacing the old form of de-nitrating tower of
Gay Lussac's well-known contrivance for saving nitrous gases.

In the original arrangement, the current of gases from the
pj-rites kilns often required to be cooled before reaching
the leaden chambers or the de-nitrating tower, while in the
latter the nitrous gases were liberated from the strong acid,

brought from the absorbing tower, by means of steam or hot
water, thus diluting this acid so far as to unfit it for imme-
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diate use again as absorbent. In the upper part of the Glover
tower, weak acid from the leaden chambers and sti'ong nitrated

acid are allowed to mix, thus liberating the nitrous gases,

while in the lower part of the same tower the acid encounters
the hot gases from the pyrites kilns, and the transfer of

heat from the latter to the former accomplishes the double
purpose of cooling suitably* the gases and concentrating the

acid to such a strentjth that it can be used over a<rain in the

absorbing tower or utilized as part of the final product.

In the transfer of acid from place to place in the works
improvements have been effected in the pumps, partly of

stoneware capable of resisting the action of the acid, partly

bringing to bear compressed air, so that the working parts

need not be exposed to contact with the corrosive liquid.

Not only in this relation, but in a multitude of chemical pro-

cesses upon the large scale, the command of hard stoneware,

cheap and withstanding well both high temperatures and
energetic chemical reagents, is an advantage of the present

day comparable with the improved glass and porcelain which
our laboratories of i-esearch are so well provided with.

The least satisfactorj- feature of the great manufacture in

question is perhaps the amount of nitre still consumed,
although this has been much reduced since the days that

preceded Gay Lussac's improvements. The chief causes of

the loss experienced are doubtless—
1. Gaseous compounds of nitrogen escaping at the final

outlet or chimney, where theoretically nothing but atmo-

spheric nitrogen in the free state should find exit, and this in

spite of the use of a Ga}' Lussac's absorbing tower.

2. Nitrous compounds carried off in solution in the liquid

acid made, this form of loss probably leading also to increased

rate of destruction of the platinum stills for concentration,

the metal of which is now known to be slowly but surel}'

dissolved, apparently even b}' pure sulphuric acid.

3. Keduction of the other oxides or acids of nitrogen to the

monoxide or even to elementary niti'Ogcn, both incapable of

performing the function of again taking up oxygen from the

air. Such reduction, favored by too high a temperature, but

liable to occur under conditions not yet, it would seem, fully

understood, may take ])lace in the leaden chambers, in the

de-nitrating tower, or in the connecting flues back to the

nitre pots.

From the careful investigation of this question of nitre

consumption, immediately practical results, in the shape of

reduced cost of acid production, may be looked for. We are

still for from able to make oxygen on a sufficiently great

scale, and at a low enough price, to admit of the pure gas

being substituted for common air in the chambers, which

might in that case be made closed, but it may be well to
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avoid laying aside this suggestion, long ago made, as involving

a permanently irapi"acticable idea.

For the concentration of the acid to full strength, although
glass vessels are not out of use, those of platinum are of most
importance, and in the form and arrangement of the latter

sundry improvements have been devised, especially by the intel-

ligent firm of Johnson, Matthey & Co. of London. Economy
of platinum is secured to a valuable extent by the open pans
of the precious metal, with capitals or hoods, connecting
tubes, &c., of lead, which have recently been introduced in

improved form by Faure and Kessler of Clermont-Ferrand.
In connection with the manufacture of sulphuric acid may

be noticed with interest the quite recent production on an
industrial scale and presentation in the market of sulphur
trioxide or so-called anhydrous sulphuric acid, which replaces

with advantage both the ordinary oil of vitriol and the Nord-
hausen or fuming acid for certain purposes, such as the produc-

tion of the sulpho-acid-derivatives of benzene, toluene, anthra-

cene, &c., employed in the manufacture of chemical dye-stutfs.

The trioxide is obtained by dripping common sulphuric acid

into red-hot retoi'ts, thus breaking it up into water, oxygen
and sulphur dioxide, condensing the first of these, and causing

the two latter to unite by passing them over platinized

asbestos or similar porous material at a proper temperature.
Both the solid trioxide, retaining but traces of the acid, and
an oily, liquid, iuming sulphuric acid, holding 80 or 90 per

cent, of trioxide, can now be had at very reasonable prices.

Nitric Acid.—There is little to note with reference to the

production of this acid, except that sodium nitrate from Chili

may be said to have for some years past become the univer-

sally employed- material, and horizontal cast-iron cylinders

the apparatus generally used for the distillation. Slight

modifications in detail of the condensing vessels are made
from time to time.

Hydrochloric Acid.— This has long been essentially a sec-

ondary product of the alkali manuftxcture as conducted by the

method of Leblanc, but the condensation of the acid has been

much improved of late years, the first strong impulse in this

direction having been given by the English "Alkali Act " of

1863. directed airainst the nuisance arising from destruction

of vegetation by the acid gas when allowed to escape from the

soda works. Since then increased supply of the liquid has

conspired with increasing extent and variety of demand for it

to still further improve the condensation, and like pains have
been bestowed upon the same object in France and Germany.
Sandstone or stoneware vessels for the strong acid, and coke
towers for the w^eaker after-products, constitute the apparatus
used. A problem already of much importance and promising
to become more important in the near future, is presented in
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the idea of making, by a clieap and simple procesSj hydro-
chloric acid (or chlorine) from the calcium and magnesium
chlorides. The former of these is even now turned out as a
waste product of several chemical industries on a very large
scale, and from the extension of the ammonia-soda process
and other sources vast additional quantities may hereafter be
looked for. The latter— magnesium chloride— is available
in large amount as a by-product of the treatment of the
Stassfurt potash deposits. Solvay's recent proposal to treat

these chlorides with silica oi* alumina can hardly be looked
upon as a satisfactory solution of the problem, the tempera-
ture required being probablj- too high for economical results,

and the utilization of the solid residues very doubtful.

Acetic Acid.— The two methods by which this acid is made
— oxidation of alcohol and destructive distillation of woody
fibre — remain without material change, the extent of the
manufacture in both directions having, however, grown largely,

mainly with the growth of dyeing and calico-printing. The
elaborate researches of Pasteur and others upon the phenomena
of fermentation have had some little practical ap])lication to

the work of the vinegar-maker in directing the artificial sowing

of the ferment organism, and in regulating the conditions for

rapid and eftectual conversion of the alcohol. The great

extension of refined processes of organic chemistry, chiefly

among manufacturers of the newer dyes, has produced a

demand in the general mai'ket for "glacial " acetic acid, which
is now made upon a pretty large scale, while but a few years

ago it belonged solely to the domain of the scientific and
pharmaceutical laboratory.

Oxalic Acid.— Dale's beautiful process for making this pro-

duct from saw-dust b}- heating with an alkaline hydrate has

displaced all other methods. Founded on experiments of Gay
Lussac made half a centur}' ago, the process was first given

practically useful shape by Dale in 1856, was for a number of

years altogether an English industry, but has of late been

adopted also on the Continent of Europe. In German}' caustic

potash alone is said to be used, but Dale's own method of

working with a mixture of potash and soda (the latter by
itself will not answer the purpose) seems distinctly the more
advantageous, as allowing of the difficultly soluble sodium
oxalate being in large measure purified by washing before it

is decomposed by lime. An improvement is said to have been

efl'ected b}^ washing the saw-dust beforehand with a weak
alkaline solution, thus removing incrusting matter and

aftbrding a nearer approach to pure cellulose to be fused with

the potassium and sodium hydrates. Great increase of pro-

duction and lowering of price have followed the successful

working of Dale's patent.
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Alkalies (Carbonates and Hydrates').

Potash.—Within the last twenty years the production of
this alkali has undergone a complete revolution. The crude
potash from leaching wood ashes, which formerly represented
nearly the whole of the world's supply, has come in much
diminished quantity from the forests of Kussia, Canada and
the ^Northern United States, and has almost ceased to appear
from several of the smaller regions of production— it now
forms less than 40 per cent, of the general stock in market.
Its place has been largely taken by a purer carbonate made,
by Leblanc's classical process, from the sulphate of the newly
discovered Stassfurt beds, and by like material derived from
the ashes of beet-root molasses, and from the wash water used
in cleansing sheep's wool.

In the manufacture of the first of these newer products
there have been numerous, and in large measure successful

attempts to prepare the sulphate of potassium by crystallizing

mixed solutions of the crude potassium chloride (carnallite)

and magnesium sulphate (kieserite) found together in the

great treasure-house of saline material found overlying the

rock salt of the Stassfurt region, but on the whole it seems to

have proved more economical to act with sulphuric acid on
potassium chloride purified by previous crystallizations and
washings, and thus to carry on the whole process as in the

common soda manufacture. It is to this method that wo
must in all probability chiefly look to meet the future increase

of demand for potash.

The second method, calcination of the residue from the

stills in which the alcohol of beet-root molasses has been
driven off, has gained in importance of late years with the

rapid increase of production of beet sugar, but the tendency
now is, and most likely in the future will be, rather in the

opposite direction, more of the crude residues being directly

utilized as manure upon the beet crop itself, instead of, as

formerly, being worked up into potash for sale. There have
been one or two modifications of the method of treatment
introduced of late, as the use by Camichel and Henriot of

tanner's chestnut extract instead of sulphuric acid to acidify

the diluted molasses in preparing it for fermentation, thus
obtaining more potassium carbonate and less sulphate after

calcination, and the system of C Vincent of submitting the

evaporated still residue to destructive distillation in closed

retorts, with a view to utilizing the volatile products (am-
monia, trimethylamine, &c.), instead of burning oft' the organic

matter in open hearths.

The third of the newer sources of potash, the " suint" left

on evaporation of wash-water from wool factories, has also

been employed in both ways, by distillation in retorts, utiliz-
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ing the gaseous products for the illumination of the factories
(original plan of Maumene and Kogelet), and by calcination
in the air. The process seems to have yielded fairly profit-

able results, but has not established itself on such a scale as to
utilize nearly all the washings of even the European wool
manufacture. Its general importance is much less than that
of the preceding methods.

Soda.—The recent history of the soda manufacture involves
notice of improvement in the Leblanc process and of other
methods which have been to some extent substituted for it.

1. Modificatmis of the Leblanc Process.— The first step as
commonly carried out, decomposition of common salt by
sulphuric acid, has been facilitated by the modern use of
improved forms of the salt-cake furnace, while no small
success has attended the plan proposed by Hargreaves for

avoiding the cost of making and using sulphuric acid, by
passing a gaseous mixture of sulphur dioxide (from pj-rites

burners), steam and air through a porous mass of salt heated
in a special furnace to a temperature a little below redness.
The soundness of the principle on which this method is based
was long ago established, and of late the mechanical and
other difficulties in detail of application have been so far

overcome that salt-cake is regularly made in this way on the
large scale by a number of factories in England.
The second stage of the process, fusion of the sodium sulph-

ate Avith coal and chalk, has been made to profit by two of
the prominent features of improved furnace construction, the
mechanical " black-ball furnace" being heated by gaseous fuel

on the Siemens principle and furnished with a revolving
hearth, Avhich enables the hand-working of the contents to be
dispensed with and excludes objectionable admission of air.

Fuel is economized by the employment of "regenerator"
chambers and final use of the waste heat from the escaping
gases to evaporate soda liquors from previous operations.

At this stage of the chemical treatment Mactear's simple
improvement may be noticed, consisting in keeping down the
quantity of chalk to the strict demands of theory, and
throwing into the hearth, after the reaction is over and just

before drawing the charge, a small amount of quick-lime, to

be rapidly mixed with the mass by revolving the hearth again
for a short time, this last addition serving the purpose, as an
excess of calcium carbonate introduced at first had formerly
but less advantageously done, of slaking on exposure to mois-

ture, so as to disintegrate the lumps of black-ball and fit

them for rapid and effectual leaching.

There has been no recent change of first-rate importance in

the process of leaching, nor in the subsequent evaporation of

the liquors and purification of the alkali ; but the successful

utilization of the insoluble residue of the leaching, the " tank
37
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waste," chiefly, as above noticed, for the recovery of sulphur,

and to a subordinate extent for the production of sodium
thio-sulphate and other purposes for which calcium sulphide

may be used, has at the same time reduced the cost of alkali

manufacture, and greatly mitigated, if not removed, a long
complained of source of nuisance and inconvenience.

2. Substitutes for the Lehlanc Process.—Of these, in the shape
of experiments and patented projects, there have been very
many, but only two have established themselves in practical

form.
The ammonia-soda process, originally proposed some forty

years ago, has but very lately been put into successful working
shape by M. Solvay of Brussels. Starting with the same
material as that of the Leblanc process, namely common salt,

it treats it by an entirely different method, consisting essen-

tially in absorbing gaseous ammonia by strong brine, passing
in carbon dioxide under a pi'essure of about two atmospheres,
preventing rise of temperature by special cooling arrange-
ments, and so obtaining a deposit of difficultly soluble acid

carbonate of sodium. This is separated, washed and heated
to produce the neutral carbonate, while the residual solution,

holding ammonium chloride, is heated with lime to drive off

ammonia as gas, which is employed in a repetition of the
process. The carbon dioxide is obtained by lime-burning with
the aid of jets of steam. The intrinsic value of this method
and the possibility of its completely replacing that of Leblanc
have been much discussed. The latter is still in use for the
production of much the larger part of the soda manufactured,
while the newer process has proved its capability of at least

competing therewith in the markets of the world, and is being
extended to new factories, particularly in France,
The chief advantages of the ammonia process may be

briefly stated as—
a. Great purity of product.
h. Diminished consumption of fuel.

c. Absence of all noxious escape of gases, either during the
manufacture itself or from the waste products.

d. Reduction of loss from, at best imperfectly recovered,
valuable material consumed (sulphuric acid of Leblanc process).

e. Possibility of utilizing salt in the form of strong brines,

without requiring boiling dovvn to solid salt.

The chief drawbacks of the process ai"e the following:
a. Failure to make the chlorine of the salt available for

industrial purposes, this assuming the, at present, useless form
of calcium chloride. As has been above noticed, it would be
of itself a most important achievement to devise a really

workable method of making from this material hydrochloric
acid, and hence chlorine and its various derivatives. Such a
method would vastly increase the chances of the ammonia
process becoming the process for the manufacture of soda.
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h. Sensible loss of ammonia—although theoretically the
same ammonia ma}' be used over and over again indefinitely,
and although the loss in practice has been much reduced, it is

still not inconsiderable, and hence the process is to a certain
extent dependent upon the cost of ammonia, and the effect
upon it of varying demand and supply. Improvement in this
direction is possible and much to be desired.

c. Imperfect conversion into carbonate of the sodium chloride
used. Quite a large part of the salt remains as such mixed
with the calcium chloride in the waste residual liquor.

In any discussion of the relative merits of the two systems,
the complicated and intricate relations of the bj'-products to
other branches of chemical industry must not be overlooked.
In proposing to replace a Leblanc factory by one working the
ammonia-soda process, not only has the immediate cost of
discarding old "plant" and substituting for it new to be
faced, but also the complex and far-reaching commercial dis-

turbance due to breaking up a system of combined manuf^xc-
ture of hydrochloric acid, bleaching powdei', chlorate of potash,
sulphuric acid, copper saving, &c.

The other parliall}^ successful substitute for the Leblanc
process, namcl}' the production from cryolite of carbonate of
soda, with alum, copperas, &c., as by-products, decomposing the
crj'olite in the first instance by treatment with lime at a low
red heat, leaching the mass with water, precipitating the
clear liquor with a stream of carbon dioxide, and evaporating
the solution thus freed from aluminum as hjxlrate, has been
worked for some years at Copenhagen, in Denmark, and
Natrona, Pennsylvania. It furnishes soda of excellent quality,

but the limited supplj^ of cryolite, drawn from a single locality

on the ice-bound coast of Greenland, must of itself continue to

render the method one of merely subsidiary importance.
A change in the alkali manufacture Avhich should not be

left unnoticed is the production no longer of all the soda
turned out, or nearl}' all, in the form of carbonate, a very
large amount of the hjxlrate being now, and for a number of

ye^lrs past, also manufactured, chiefl}^ for soap-boilers' use.

Instead, moreover, of rendering caustic the finished carbonate,

the crude licpioi'S left after a single crystallization are worked
up into caustic soda, which thus becomes an independent
product of the factory.

Ammonia.— For several years past there has been large

incj'ease of demand not only for ammonium sulphate, but for

caustic ammonia, growing out of the extending use of Carre's

ice-machines, the advance in refined chemical raanufiictures,

as of organic dye-stuffs, &c., and lately the introduction of the

ammonia process for soda manufacture.

The staple, almost the only material used for obtaining

ammonia is still gas liquor, and the method of treating it has
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not recently undergone 2iX\j very greut change. Direct sat-

uration of the liquor by an acid was long since given up, and
distillation of the crude liquor, to which lime is added, usually

by means of high-pressure steam, with or without the aid of

air blown through the liquid, is practically always resorted to,

the ammonia driven out being condensed in acid contained in

a separate vessel, and for the most part so manufactured into

sulphate; while for the production of caustic ammonia the

gas, derived either from decomposition of a previously pre-

pared amraoniacal salt or directly from the crude ammoniacal
liquor, is carried into water in condensers presenting adequate

surface. There have been a number of improvements in

the details of the distilling and condensing apparatus, of

which the most noteworthy involve the principle of so-called

dephlegmation, A good example may be found in Solvay's

recently invented form of apparatus for concentrating the

ammoniacal liquor of the gas works.

Dr. Frank has not long since suggested the desirability of

saving both the ammonia and the tar, which ai*e at present

lost upon a very large scale in the working of coke-ovens;

but, Avhile admitting the magnitude of the loss now suffered

and the importance of finding means for preventing it, the

fact should not be overlooked that in all the processes of

destructive distillation carried out on the large scale it has

been found very difficult to secure the best results at the same
time as to the fixed and the volatile products, preserving

meanwhile reasonable economy as to the form of apparatus,

simplicity in the method, and amount of labor and time con-

sumed.
The great problem of making ammonia syntheiically from

atmospheric nitrogen remains apparently as far as ever from
an industrially available solution, but numei'ous attempts at

such continue to appear in the form of an annually increasing

number of patents.

J. W. Mallet.

Report on Progbess in Analytical Chemistry.

Hydrogen.—According to J. W. Thomas,* when hydrogen,

or any other combustible gas, is mixed with oxygen, and
the pressure reduced to 160-170 mm., a complete combustion

may be effected by means of the spark, without danger to the

eudiometer. The tubes employed may be much shorter than
those required when dilution is depended upon to diminish

the force of the explosion. To separate hydrogen from marsh
gas and nitx'Ogen, W. Hempelf employs with success partially

oxidized palladium.

* Jour. Chem. Soc. 1879, 213. tBerichte d. d. chem. Geeellschalt, 12, 636.



Revieivs and Reports. 285

From numerous careful experiments on the occlusion of
hj'drogen by copper, G. S. Johnson* concludes, thut it is

unsafe to employ the freshly reduced metal in organic analysis,
unless it has been previously ignited in a current of nitrogen.

Oxygen.—O. Lindemannf describes an apparatus employed
by him for the estimation of free oxygen in the gases of the
sulphuric acid chamber by means of wet phosphorus. Maw-
son and SwanJ also describe an apparatus for the determina-
tion of free oxygen.

G. Huefner§ has published an article on the determination
of oxygen and hemoglobine in blood, by means of the spectro-
photometric method.

Wate?-.—C. M. Tidj^y discusses the several methods employed
to estimate the organic matter in potable waters. He asserts

that the combustion method of Frankland. and the oxidation

method by permanganate of potassium, give closely concordant
results, while the results of the ammonia process of Wankl3^n
are often at direct variance with both. He considers the

oxidation method more reliable than any other.

G. Lechartier^ has ascertained that there may be a loss of

nitrogen in the Frankland process from both nitrates and
ammonium salts during evaporation, the sulphurous acid reduc-

ing the former, and the carbonates decomposing the latter. He
has furnished new proofs, that when a solution containing salts

of ammonium and nitrogenous organic matter is evaporated
with magnesia, the ammonia of the former may be completely
eliminated without decomposing the latter. He proposes,

therefore, to give up the attempt to determine simultaneously
the organic carbon and total iiitrogen in potable waters ; and,

instead, to determine 1. the nitrogen remaining after the

removal of the ammonia by means of magnesia ; 2. the nitro-

gen contained in the nitrates; 3. the carbon independently.

To determine very minute quantities of carbon in waters

and elsewhere, A. Duprd and H. W. Hake** propose two
methods. The first consists in conducting the carbonic anhy-
dride obtained by burning the residue in oxj^gen, into a solu-

tion of barium hj^droxide, and estimating the precipitated

barium as sulphate. The second, called by them nephelome-

tric, consists in conducting the carbonic anhydride into a

weak solution of basic acetate of lead, and comparing the

tui-bidity produced with that of standards previously prepared.

Other articles of some interest pertaining to water analysis

have appeared under the following titles: "Examination of

Water for Bacteria," by C. Himly;tt "On Water Analysis,"

by E. Bohlig;|J "Investigation of the Mineral Water at Eos-

* Jour. Chem. Soc. 1879, 232. t Zeitsch. anal. Chemie, 18, 158.

i Chem. News, 39, 132. § Zeiti-ch. physiolog. Chemie, 3, 1.

11 Jonr. Chem. Soc. 1879, 46. *f Comptes reudue, 89, 231.

** Jour. Chem. Soc. 1879, 159. n Zeitsch. anal. Chemie, 18, 117.

JJ Zeitsch. anal. Chemie, 18, 195.
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heim," by F. B. Power;* "On the Air contained in Sea
Water," by H. Tornoe-f H. Gei8sler| has invented and patented

an apparatus for the direct determination of water in milk.

Hydrogen Dioxide—E. Schoene§ gives an historical sketch

of the several methods employed for the quantitative estima-

tion of h3'drogen dioxide, and the results of his own experi-

ments to determine their accuracy. He concludes: 1. That
for solutions containing only between .00008 and .001 gr. to

the liter his own colorimetric method is the best ; 2. that for

more concentrated solutions the potassium permanganate
volumetric method is accurate; 3. that, next to this, the

iodo-acidimetric method of Houzeau is to be recommended;
4. that the irasometric method of Thenard and the iodometric

of Brodie are inferior to any of the preceding, both in respect

to accuracy and convenience; 5. that it is still uncertain

whether indigo can be employed for an exact quantitative

estimation of hj'drogen dioxide.

Chlorine.— li. Schiff|| calls attention to and highly com-
mends an old but not widely known method devised by Piria

for the analysis of halogen organic compounds. Piria directed

that a small platinum crucible containing the substance and
filled with black flux be covered by inverting over it another
somewhat larger, and the pair then again inverted, the space

between them filled with the flux, and heat applied. The
method could not be employed for the analysis of compounds
containing nitrogen, in consequence of the formation of cyanide
of potassium. Schiff, however, fully obviates this difficulty by
using a flux consisting of one part of anhydrous sodium car-

bonate and four or five parts of lime.

To detect or determine chlorine in animal fluids without
destruction of the organic matter by combustion, J, Latschen-
berger and O. Schumann^ treat a quantity of the fluid with
at least an equal volume of a saturated solution of copper
sulphate, dilute with water, exactly neutralize with caustic

soda, dilute again, filter, and proceed as usual with solutions

containing only inorganic matter. This process does not
succeed with solutions containing grape-sugar.

Bromine.— H. J. H. Fenton** gives further results of his

investigation on the actions of sodium hj^pochlorite and hypo-
bromite on some nitrogen compounds. Both liberate all the
nitrogen of ammonium salts, two-thirds that of guanidine, and
one-third that of biuret, while neither decompose the eyanates.
The latter liberates all the nitrogen contained in amm^onium
carbonate and urea, the former only one-half.

W. Foster,ff on the other hand, finds that a solution of

alkaline hypobromite liberates only about 92.5 per cent, of

*Jour. prak. Chemie, 19, 223. tJoar. prak. Chemie, 19, 401.
iDiugler's polytech. Jour. 231, 56. §Zeit9ch. anal. Chemie, 18, 183.

( Liebig'ti Annal. d. Chemie, 195. 293. •Zeitsch. physiolog. Chemie, 3, IBl.

**Jour. Chem. Soc. 1879, 12. ttJouc. Chem. Soc. 1579, 119.
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the nitrogen contained in urea; He infers from his experi-
ments that the residual 7.5 per cent, is converted into cyanate.

Iodine.— A. E. Menke* believes that the yellow coloration
observed when strong solutions of sulphurous acid and potas-
sium iodide are mixed is due to the formation of iodide of
sulphur.

"On the Conduct of concentrated Iodide of Potassium solu-

tions towards Sulphide of Hydrogen," by E. Schering.f See
note on page 71 of this Journal, Vol. I,

To separate chlorine, bromine and iodine quantitatively, A.
Gu3^ard| acidifies the solution containing them with sulphuric
acid ; adds bisulphite of sodium and sulphate of copper ; treats

the filtrate from the cujjrous iodide, after expulsion of the
sulphurous acid, with bichromate of potassium and sulphuric
acid; distills the bromine into carbon bisulphide, a solution of
sulphurous acid, a sulphite or iodide of potassium, according
to the method to be used in its determination ; and, finally,

precipitates the chlorine as chloride of silver after having
reduced the excess of bichromate of potassium by means of a
sulphite.

Fluorine.—"On a new Volumetric Method of determining
Fluorine," by S. F. Penfield. See this Journal, Vol. 1, p. 27.

" On the Conduct of Silicates containing Fluorine at high
Temperatures," by C. Rammelsberg.§

Sulphur.—R. Otto|| recommends that the sulphide of hydro-
gen employed to detect arsenic in cases of suspected poisoning,

be prepared by treating calcium sulphide with pure hydro-
chloric acid.

Ad. Carnot^ directs attention to the fact that Bbelmen long
ago advocated th^ use of sulphide of hydrogen in the dry way
in analyses involving the separation of metals whenever a
part of the sulphides, which would be thus produced, are

volatile and apart non-volatile, or a part soluble in weak acids

and a part insoluble. In order to render the method useful

for quantitative determinations, the author has undertaken to

ascertain which metals give sulphides of constant composition

when their compounds are heated in a Rose's crucible in a

current of dry sulphide of hydrogen ; and finds that manga-
nese, zinc, nickel, silver, lead, bismuth, antimony, tungsten

and molybdenum, yield sulphides of constant composition,

namely, MnS, ZnS, NiS, AgS, PbS, Bi^S^, Sb^, VVS^ and MoS,

;

while iron, cobalt, copper and tin do not.

Ph. de Clermont** gives the results of his experiments on

the decomposition of metallic sulphides by salts of ammonium.
A boiling solution of chloride of ammonium does not attack

the sulphides of bismuth, copper, cadmium, platinum and

*Chem. News, No. 998, 19. tBer. d. chem. Gesell., 12, 156.

X Bull, de la Soc. Chim. 31, 301. § Pogg. Ann. 8, 146.

II Bar. d. chem Gesell. 12, 215.—See note Vol. 1, p. 68 this Journal.

i Comptes rendus, 89, 167. ** Bull. d. Soc. Chim. 31, 483.
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mercury, but completely decomposes those of antimony and
tin, with formation of chloride of antimony, stannic acid, or

stannous oxide. It dissolves the sulphides of nickel, cobalt

and zinc, somewhat slowl}^ ; of iron and manganese, on the

other hand, rapidl}^ and completel3\ Since the hydroxides of

aluminum and chromium are insoluble in chloride of ammo-
nium, the author proposes to make use of this reagent to

separate them from iron and manganese.
J. Grossmann* determines the amount of sulphurous and

hj'posulphurous acids in solutions free from sulphates and
sulphides, by ascertaining the amount of iodine required for

their conversion into sulphate and tetrathionate, and the wt.

of sulphate which the}" yield on complete oxidation. Having
obtained these data, the following equations—supposing the

acids to be present as sodium salts—enable one to obtain the

quantities sought:
. 2Na,S0, ^ Na„SO, „

a; + ?/ = A and — x H = y = B.

in which .-r = I required by NajS^O;;, y = I required by Na.^SOs,

A= I required by NaoSaOj and JMaaS03, and B = NaoSO^ found.

If a sulphide is present, it is removed by means of cadmium
carbonate. If the solution contains sulphate, it is placed in

a flask, treated with HNaCOs, the air displaced by C0„, HCl
added, the SOo expelled by heat, and the HjSO^ determined as

BaSOi in the filtrate.

A. G. Haddockf recommends the use of a small glass mirror
instead of the usual black glass plate in the volumetric esti-

mation of sulphuric acid bj'^ means of barium chloride.

B. Delachanal and A. MermetJ claim that the method of

Fahlberg and Iles§ for the determination of sulphur is essen-

tially the same as that formerly described by them.]]

Nitrogen.—W. Hankd : "A new Modification of Simpson's
Method of determining Nitrogen."*^

.1. Kuflie: "On Total Estimation of Nitrogen by Combus-
tion."**

H. Schiff: "On the Analysis of Organic Compounds con-

taining Nitrogen."ff
E. Pflueger : "A new Method of Analj^sis of Organic Com-

pounds containing Nitrogen. "||
A. E. Leeds§§ confirms the statement of F. H. Storer that

solutions of ammonium chloride undergo partial nitrification

when kept for some months in a dark place.

S. W. Johnson and E. H. Jenkins||l|: ''Determination of

Nitrogen, &c."

*Zeit8Ch. anal. Ch. IS, 70- + Chem. News, 1011, 156.

$Bull. d. Soc. Chim. 32, 50. IBer. d. chem. Gesell. 11, 1187.

IIAnnales de Phys. et de Chim. 12,88. IBer. d. chem. Gesell. 12, 451.

**Chem. News, 40, IT. +tLiebig'8 Annal. d. Chem. 195, 293.

$*Zeit8ch. anal. Chemie, 18, 296. §§Chem. News, 39, 17.

ill This Journal, 1, 72.
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To determine the total nitrogen in manures containing
nitrates by means of Will-Varrentrap's method, A. Eemont*
mixes with the material to be analj'zed a quantity of powdered
white sugar equal in weight to about ten times the nitrates
supposed to be present.

E. E. Tatloekf calls attention to the fact that when guano
is heated Avith soda-lime for the purpose of estimating the
ammoniacal nitrogen, a part of the nitrates are converted
into ammonia in consequence of the presence of organic
matter; and hence, that too high results are obtained by
adding this nitrogen to that found by a separate determina-
tion of the nitrates.

Mawson and Swan| give a description of Lunge's nitro--

meter for the determination of nitrous and nitric acids,

E. Warrington§ publishes the results of the experiments
undertaken by him to test the accuracy of the Crum-Frank-
land method of determining nitric acid as nitric oxide by
means of mercury. His conclusions are : 1. That, in the
absence of organic matter, the method is one of great accuracy

;

2. that the natural error is a small one of deficiency ; 3. that
the presence of chlorides is no hindrance to its success ; 4.

that small quantities of organic matter have little or no eifect

on the result, while large quantities, esjDecially of cane sugar,

may cause a considerable deficiency. The presence of chlorides

tends to diminish, but does not wholly remove, the error caused
by the presence of organic matter.
"On the Titration of Sulphuric and Nitric Acids for Hypo-

nitric Acid," by A. E. Leeds.
||

" On the Detection and Estimation of Nitrous Acid in

potable Waters, Acids, &c.," by A. E. Leeds.^f

W. Schroeder** finds that when urine is treated with an acid

and quartz or gypsum, and evaporated on the watei--bath, the

same quantity of nitrogen is obtained from the residue aa

when the evaporation is conducted under the air-pump, as

recommended by C. Voit.ff The author has made some de-

terminations of nitrogen in urine by Seegen's method,J| but his

results do not tend towards the establishment of its reliability.

Phosphorus.—According to J. Eiban§§ a solution of cuprous

chloride in hydrochloi'ic acid may be used with advantage for

the determination of phosphide of hydrogen in gaseous mix-

tures. The product first obtained is a colorless crystalline

compound having the formula C1I0CI22PH3, which, however,

dissolves on treatment with an excess of the gas.

Some time ago H. Albert and L. Siegfried|||| proposed to

*Bal!. de Soc. Chim. 31, 242. tChein. News, 39, 268.

JChem. News, 39. I83. SJour. Chem. Soc. 1879, .37.5.

llJour. Americ. I'hem. Soc. 1, 18. I.Jour. Americ. Chem. Soc. 1, 136.

**ZeU-cb. physiolog. Ch. 3, 70. +tZeit8ch. aual. Ch. 7, .398.

$JZeit8ch. anal. Ch. 3, 155. §§liiill. d. Soc. Chim. 31, 385.

Ill Zeitsch. anal. Ch. Iti, 182.
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employ the tartrate of ammonium for separating the reverted

phosphoric acid in commercial manures from the insoluble

phosphates, instead of the citrate as recommended by Fre-

senius, Neubauer and Luck. They find, however, on further

investigation, that the citrate is to be preferred.* Johnson
and Jenkins, on the other hand, state that some experiments
of their own, not yet completed, lead them to hope that the

tartrate may be successfully substituted for the citrate.-j-

These authors! give, also, their mode of procedui-e to determine
phosphoric acid in fertilizers, which consists of separating the

jihosphoric acid from iron and aluminum by Otto's method,
and subsequently determining it by Stolba's.§ The results

thus obtained agree very closely with those obtained by the

molybdate of ammonium method.
if. Gilbertjl calls attention to the fact that to determine

phosphoric acid volumetrically in the so-called ammonia super-

phosphates, it is necessary to add a corresponding quantity of

ammonium suljjhate to the solution of phosphate by which the

value of the standard solution of uranium salt is determined.

A. Pavee^ determines the phosphoric acid in a portion of

superphosphate gravimetrically, and then employs the super-

2)hosphate itself to ascertain the value of his uranium solution.

Other ariicles relating to the quantitative determination of

phosphorus have appeared under the following titles: "On
the Determination of Phosphoric Acid in Fish Guano," by B.

E. Dielzell and M. Gr, Kressner.** "Determination of Silicon

and Phosphorus in Iron and Steel," by A, A. Blair. |"|"

Arsejiic.—According to W, Johnstone,J| the discovery of the

fact that arsenic and antimony can be separated by the action,

in their presence, of potassium hydroxide upon aluminum, did

not originate with O. Johnson,§§ but with Prof. Filhol.

Under the title of " Critique of the former Method of Bun-
sen for the Separation of Arsenic from Antimony," L. F.

Nilsonllll gives a resume of the facts developed by a previous
examination of the method, which tended to show its unre-

liability ;^^ and then replies to Bunsen's criticism of his

work*** by showing that the separation is imperfect even
when the directions of Bunsen are carefully followed.

Antimony and Bismuth.—" Certain characteristic Color-Re-
actions ])roduced by the Action of Aromatic Hj-drocarbons
and the Vegetable-Alkaloids on fused Antimony and Bismuth
Trichlorides," by W. Smith.fff

Silicon.—"On the Determination of Silicon in Pig Iron and
Steel," by T. M. Drown.J||

* Zeitscb. anal. Oh. 18, 220. + This Journal, 1, 86.

$'J'his Journal, ],84. §Zeitsch. anal. Ch. 16, 100.

IIBer. d. cliem. Gesell. 12,271. IZeitsch. anal. Ch. 18, 3U0.
**Zeitsch. anal. Ch, 18,225. tt Zeitsch. anal. Ch. IS, 122.
JtCheiu News, 39. 32. §§ Chem. News, 38, 301.
IlllZeitsch. aual. Ch. 18, 165. liljZeitsch. anal. Ch. 16, 417.

»**LieDig's Ann. d. Ch. 192, .305. tttchem. News, 70, 20.

U+Tbis Journal, 1, 147.
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Carhon.—h. Klein* finds that Classen's modification of the
Fresenius-Kolbe apparatusf can be employed with advanta"-©
for the purpose of determining carbon in pig- iron, in the place
of that devised by XJUgren.J

H. N. Morse.
[To be continutd.l

The Subsection op Chemistry at Saratoga. §

On the 27th of August, 1879, the American Association for
the Advancement of Science met at Saratoga. Over two
hundred and fifty members Avere in attendance, and of these
a far larger proportion than usual were cliemists. The
subsection of chemistry, therefore, hitherto a decidedly minor
feature of the Association, sprang into unwonted prominence,
and fairly divided interest with the older and stronger
sections, A and B.

In the absence of Professor Eemsen, the regular chairman
for the year, the subsection re-elected Professor F. W. Clarke
of Cincinnati to fill the position thus vacant; and Professor
W. R. Nichols of the Massachusetts Institute of Technology
Avas appointed secretary. The manuscript of Professor Rem-
sen's address Avas, however, received, and was read before the
whole of section A by Professor Nichols. It was in substance,
briefly, a strong plea for the more thorough study in our
counti-y of modern organic chemistry; based partly upon
practical and partly upon theoretical considerations.

The real work of the subsection began on Thursday, with a
series of papers by Professor A. R. Leeds of Hoboken. The
following short notes will give an idea of their character.

^^ Action of ozone upon the coloring matter of "plants."— In this

paper Leeds described the exposure of various leaves and
colored flowers to ozone. Bleaching took place, as was to be

expected ; but a considerable percentage of ozone was required

to effect it. When such small amounts were employed as are

commonly obtained with the phosphorus ozonator, a large

volume of air Avas necessary and a considerable period of time.
" Bleaching of sugar surups by ozone."—That such bleaching

could be effected was not ncAV ; but it was shoAvn in this

paper that it was readily performed, and that the oj^eration

was not attended by any formation of inverted sugar.
" Reduction of carbonic acid by phosphorus at ordinary tem-

peratures."— In certain investigations Professor Leeds found

it necessary to ascertain Avhether or no phosphorus could

exert any action upon carbonic acid ; a negative result being

*Zeitsch. anal. Ch. 18, 76. tZeitsch. anal. Ch. 15, 288.

J Liebig's Ann. d. Chemie, 124, 59.

§ Communicated at the request of the Editor.
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confidently expected. Accordingly, fresh phosphorus was
put under water in three ozonators, and the air was then

thorouglily expelled by a stream of carbonic acid. The discs

upon which the sticks of phosphorus rested were now raised

BO as to bring the latter in contact with the stream of gas,

and abundant reactions for carbonic oxide were speedily

obtained. In a second experiment two flasks were filled with

carbonic acid, there being at the bottom sticks of phosphorus

partly covered by water. Again carbonic oxide was coi)ionsly

formed. Incidentally to this reaction, phosphuretted hydro-

gen was produced. In the absence of carbonic acid, this

substance did not appear. When water which had been

previously boiled to expel air was digested for forty-eight

hours with phosphorus at a temperature of 92° to 96°, not a

trace of phosphuretted hydrogen coultl be detected. The
reaction with the carbonic acid was probably as follows:

6P + 500^ + 3H,0 = P.Oa + PA + 2PH3 + SCO.

In immediate connection with this paper Professor Leeds
presented a fourth one, entitled " Oxidation of carbonic oxide

by air over phosjy/ioriis at ordinary temperatures." In this

investigation a mixture of air and carbonic oxide was exposed

over nioist phosphorus. By the action of the nascent ozone

carbonic acid was formed.

A fifth paper by Leeds, "On the solubility uf ozone in water"

was read before the whole of section A on Friday morning.

After a critical historical resume, the reader described experi-

ments to show whether lead })lates immersed in aerated and

in ozonized water were oxidized difterently ; whether lead

sulphide would be changed into sulphate ; and whether silver

under like conditions could be peroxidized. Plates of lead,

of lead coated with sulphide, and of silver, were immersed in

water one centimeter below the surface; and over the surface

a stream of thoroughly washed ozonized air was passed. The
experiments were varied considerably, but the final results

may be concisely summed up thus : The lead was oxidized

upon its surface to hydrated monoxide. The lead sulphide

was ti*ansformed into lead dioxide and free sulphuric acid.

The silver was strongly corroded. Hence the ozone, as such,

must have been to a certain extent absorbed by the water,

beneath which the foregoing substances were attacked. This

fact being established, probably Carius' results as to the

quantity of ozone soluble in water may be accepted as correct.

Three other papers came before the chemical subsection on

Thursday. First, a paper entitled ''Household Chemistry,'" by
Mrs. Ellen H. Eichards. This was essentially an earnest

argument in favor of the study of chemistry by women, and
was warmly endorsed by several members in the brief dis-

cussion which followed it.
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Prof. W. E. Nichols came next in oi-der witb a paper, "On
the deterioration of library bindings." In a series of analyses
of crumbling and deca3-in<:j leather bindings the author had
found unusually large proportions of sulphuric acid; in one
instance o%'er eight per cent. This acid he regards as the
cause of decay, and, with other chemists, is inclined to
attribute its presence to the sulphur in coal gas. The paper,
which is to be regarded as a report of progress in the investi-

gation of a much-discussed and still unsettled question, will

probably appear in full in the Library Journal.

The closing paper on Thursday was by Prof. H. W. Wiley,
of Purdue Univei-sity, on the ''Percentage of sugar in the sap

of the sugar maple, and, causes ivhich determine its variation;

with note on the pressure of sap." At the close of the last

sugar-making season, which was a poor one, Prof. Wiley
began his analj'ses, using one of the new polariscopes made by
Schmidt and Haensch in Berlin. On March 21st, at the
beginning of a thaw after a sharp freeze, specimens of sap
were taken from twelve trees representing in general the
average of the grove. On March 25th, after two days' con-

tinuous run, a second series of specimens was taken. The
following numbers represent the percentage of sugar in each
sample

:

1.

^« • • •

o« » ••

o« • ••

6.

7

O. •••

«7» • • •

10.

11.

12.

Hence a long-continued flow of sap diminishes the percentage

of sugar. A so-called "sweet tree," famous for the quality of

its sap, growing on limestone soil in Southern Indiana, gave a

sugar percentage of 4.30 at the end of the season. Such
"sweet ti-ees" have in general very dark-colored bark. Trees

which have been long in use do not yield a sugar as easily

crystallizable as that given by younger trees. The investiga-

tion is to be continued next spring.

On Friday but three papers were given before the subsec-

tion of chemistry. First, "Observations on the variations in the

temperature and chemical character of the loater of Fresh Fond,

Mass.," by W. R. Nichols. This communication was essen-

March 2l8t.
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tially a report of progress, and was not in anj'- way suited for

abstraction. It called out, however, considerable discussion,

in which pretty neai'ly the whole ground of variations in

water, and water analysis, was gone over. The discussion

was mainly a comparison of views rather than an actual

ai"gument, and in it Profs, Silliman, Brewer, Leeds, Peckham,
Perkins and others took part, A great deal of interest was
manifested in the subject, and the members present seemed
unanimously to consider the time devoted to it as unusually
well spent.

The two other papers of Friday were by Prof. A. A. Brene-
man of Cornell University. The first of these—"On the com-

bustion of graphite in analyses of cast iron^'— described certain

improvements which could be rendered intelligible only by a
diagram or plate, and which were illustrated to the audience
both upon the blackboard and by the exhibition of the

apparatus itself. The other was entitled "On colors for salt-

glazed pottenj.'" In the decoration of such ware the only pig-

ment commonly used is the ordinary cobalt blue- The various

tints of brown employed for common stoneware are " slip
"

colors of fusible clay, and are not salt-glazed, the effect of salt

upon them at high temperatures being to cause decoloration

by volatilizing the iron as ferric chloride. The tints of pink
and green recently shown by Doulton of Lambeth are suited

only to the finely decorated potter}^ known as "Doulton
Avare.'" In order to increase the list of colors available for

salt-glazed pottery. Prof. Breneman made a series of experi-

ments upon clay tiles in an ordinary stoneware kiln, using all

of the common metals capable of coloring fluxes, and also

some of the rarer ones like vanadium and molybdenum. Most
of his results wei-e simply negative, because of the volatility

of the metallic chlorides formed. A few of the results, how-
ever, deserve mention. Uranium yellow (sodium uranate),

which has long been employed in decorating porcelain, answers
admirably for salt-glazed ware if finely powdered before using.

It does not fuse, but adheres firmh', takes the glaze, and
yields an orange yellow more brilliant than the original color.

A mixture of two parts of potassium dichromate, six of borax
and one of boric acid, fused and powdered, gives a good brown
which takes the glaze perfectly. As borax is apt to " craze "

the glazing, the above may be improved by replacing half of

that substance by sodium carbonate and omitting the boric

acid. Chromic oxide yields better results than the dichrom-
ate, and by varying its proportions any shade of brown may
be obtained. Solutions of platinic chloride give warm grays,

and solutions of gold chloride aiford delicate tints of pink.

Finely divided gold tends to gather into buttons of metallic

appearance. Prof. Breneman exhibited specimen tiles to show
the colors produced, and stated his intention of carrying the
experiments farther. ,
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Saturday's session of the subsection began with two papers
upon gas analysis, entitled as follows: "A modified method of
collecting and measuring gases soluble in loater," by H. VV". Wiley;
"Details of the construction of an apparatus for the analysis of
gases," by E. W. Morley. As these papers necessarily dealt
with experimental details, neither could be rendered intelli-

gible without drawings. They were followed by Mrs. E. A.
Smith of Jersey City, who gave an interesting popular account
of the great Oberstein industry of cutting, polishing, and
artificially coloring agates, and other similar stones. A very
beautiful collection of specimens was used to illustrate the
paper. After this, a joint communication was presented by
W. L. Dudley and F. W. Clarke, describing graphite from the
Ducktown copper mine in Tennessee. The mineral mass
under discussion was a complex mixture of graphite, copper
pyrites, and various silicates. The purest graphite which
could be selected from the specimen gave nearly 68 per cent,

of carbon, and the ash had approximately the composition of
an iron epidote, with the oxygen ratios KO : 2K.O3 : SSiOj.

Graphite has never before been reported from this locality.

A short note by J. W. Osborne "0/i a peculiar case of corrosion

of the metal tin," came next, followed by the closing paper of
the day's session, "A preliminary notice of a revision of the atomic
weights," by P. W. Clarke.

The writer, having collected all the published weighings
relative to atomic weight determinations, has undertaken
their complete recalculation and recombination from the
bottom up. He begins with oxygen, for Avhich the atomic
weight has been ascertained by the synthesis of water over
copper oxide, and by the relative densities of hydrogen and
oxygen gases. In the copper oxide method we have nineteen
experiments by Dumas, and eight byErdmann and Marchand.
Dumas' results give a mean of 15.9607, with a probable error

of + .0071. Erdmann and Marchand's mean is 15.9733;

+ .0113. These two means, combined by the usual formula,

give a general mean of 15.9642 ; + .006, as the most probable

value for the atomic weight of oxygen as ascertained by this

method. From the relative densities of oxygen and hydi'ogen,

Regnault's figures, the only series worth considering, give us

= 15.9628; + .0043. By combining this value with the

other, we get a final general mean of O = 15.9633; + .0035.

This value is of course involved in all the subsequent atomic

weight calculations, and its probable error affects necessarily

all the other probable errors. After oxygen, the elements

silver, jDotassium, sodium, chlorine, bromine, iodine, and
sulphur, are discussed in a group. To begin with, all similar

data are reduced as far as possible to common standards.

For example, there are nine series of determinations of the

percentage of oxygen in potassium chlorate. For each series
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the mean was calculated, and its probable error ; and the nine

means were then coinbined hj the ordinary method into one

general mean. Thus all the data relative to the seven

elements in question were condensed into twenty ratios; and

from these, eight independent values for the atomic weight

of silver could be deduced. The general mean of these eight

values is Ag= 107.675; + .0096. In this group of elements

data were considered from Berzelius^ Penny, Pelouze, Marig-

nac, Maumene, Gerhardt, Millon, Struve, Svanberg and Struve,

Turner, Dumas, Cooke, and Stas; each series of experiments

receiving exactly the weight indicated by the probable error

of its mean. The final results were as follows, if O z= 15.9633

;

+ .0035.

Ag— 107.675;
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munication, which has appeared in full in the "American
Journal of Science and Arts" for September, may be summed
up for present purposes very briefly. Professor Loomis has
suggested that the so-called " polar waves " may be really

sudden vertical descents of cold air from very great elevations.

Since oxygen is heavier than nitrogen, it is mathematicail}'
probable that air at a great height would be poorer in the
former gas than that at ordinary levels. If this be true, and
Loomis' theory is correct, then the air which has suddenly
fallen upon us during a severe cold snap should contain less

oxj'gen than the average. That this is actually so, and that

the variation is far within the limits of experimental error,

Prof. Morle}' has shown ; thus confirming in a most curious

way the views of Professor Loomis. The investigation is to

be carried yet farther, and with additional refinements in the

methods of analysis.

Professor W. R. JSTichols next gave a brief statement of "J.n

accidental contamination of a source of water supply." This
related to a fire near Boston, in which large quantities of sul-

phuric acid from a burning building flowed into certain bodies

of water used to supply parts of the city. The results showed
the insignificant ettect produced by the contamination.

The next paper, by William McMurtrie of the Agricultural

Depailmeut at Washington, w^as only partially chemical, and
unfortunately not suited for abstraction. It was entitled "TAe
limits of meteorological conditions governing the extension of

beet root culture "; and it will appear in full as part of a gov-

ernment report. It was followed by A. A. Ereneman, ''On

the action of caustic alkaline solutions upon glass." In the

author's absence, this paper was read only by title. In sub-

stance, the communication is as follows : A number of large,

green glass bottles were used in the laboratory of Cornell

University for holding weak solutions of caustic soda. These
bottles were frequently found to be cracked and leaking.

Examination showed that minute cracks started from the

inner surface of the glass, and slowly developed outward.

The explanation suggested is that the thicker portions of the

glass were left by imperfect annealing in a state of strain or

tension ; and that the removal by the caustic soda of small

portions of the inner surface disturbed the equilibrium of

molecular forces, and led to local rupture.

The closing paper of all was by Professor C. Gilbert Wheeler

of Chicago

—

-A chemical examination of black ozokerite.''

The subsection elected as its officers for next year, Prof J.

M. Ordway of Boston, chairman ; and Professor C. E. iMunroe

of the U. S. Naval Academy, secretary. The meeting of the

Association will begin in Boston on the last Wednesday of

August, 1880; and it is to be hoped that a large number of

•working chemists may attend, and present for discussion their

best material.

39
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Papers read before Section B (Chemical Science Section) of the
Sheffield Meeting of the British Association.

W. Chandler Roberts.—Report of Committee on the Chem-
istry of some of the lesser-known Alkaloids.

Walter Weldon.—On some relations between the numbers
expressing]:; the Atomic Weights of the Elements.
M. R. D. Silva.—On the Synthesis of Diphenyl-propyl.

F. A. Abel.—Recent Researches in explosive Agents.

Prof. Dewar.—On Vapor Densities.

R. Braham.—To describe a large Crystal of Mercury Sul-

phate.

Henry S. Bell.—On the Manufacture of Crucible Steel.

Thomas Blair.—On the separation of Iron and Phosphorus,
especially with reference to the Manufacture of Steel.

John Holhcay.—A New Process in Metallurgy.
A. H. Allen.—A Lecture Experiment in Illustration of the

Hollway Process of Smelting Sulphide Ores.

Andrew French.—On Lead Fume, with a description of a
New Process of Fume condensing.

Rrof. Odling.—On the Constitution of Aluminic Compounds.
A. H. Allen.—On the Presence of Nitrogen in Steel.

A. Vernon Harcourt.-^—CoXov tests for Phosphorus and Sul-

phur in Iron and Steel.

W. Chandler Roberts.—To exhibit some Experiments with
Hughes's "Voltaic Induction Balance.

J. T. Brown.—Historical sketch of the various Yapor-Den-
sity methods.

Prof. Wanklyn.—Note on certain Vapor Densities. \

Prof. Wanklyn.—Note on Isocyan-propionic Acid.
G. Ansdell.—Ph3'sical constants of Liquid Acetylene and

Hydrochloric Acid.

M. de Clermont.—The Action of Ammoniacal Salts of Me-
tallic Sulphides.

W. Ivison Macadam.— On the chemical composition of a
Nodule of Ozokerite found at Kinghorn-ness.

Thos. Andrews.—On some curious concretion Balls derived
from a Colliery Mineral Water.

Dr. Gilbert.—On some points in connection with Agricul-
tural Chemistry.

T. S. Humpidge.—On the rare Metals of the Yttrium group.
Prof. Dewar.—On the Synthesis of Hydrocj'anic Acid.

Prof. Dewar.—On the amount of Nitrous Acid produced in

Electric Illumination.

Pr(f. Dewar.—On the Kinoline Bases.
John M. Thompson.—An account of some recent Experi-

ments on supei'satiirated Solutions.

J. JSornian Lockyer.—Notes of some recent Spectral Obser-
vations.

A. R. Allen.—Notes on Petroleum Spirit or Benzoline.
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A. Vernon Hnrcourt.—On the Illuminative Value of a Mix-
lure of llydi-oujen.

G. T. Hazelhurst.—On a new Form of Condenser.
W. Thompson.—Notes on a sample of Fuller's Earth found

in an oM Piillonica recently excavated at P(^mi')eii.

IF. H. Watson.—On the Detection of Milk Adulteration.
Dr. Fhipson.—Chemical Eesearches on the Palmella cruenta.

Philip Braham.— Description of a glass Burette for collect-

ing-, measuring and discharging Gas over Mercury.

Chemistry: General, MEorcAL, and Pharmaceutical, including
THE ChEMTSTRY OF THE U. S. PhaRMACOPCEIA. A MANUAL OF THE
GENERAL Principles of the Science, and thkir Applications
in Medicine and Phakmacy. By Jolm Attfiekl, M. A. auil Pli. D.
Eiirhth edilioa, revised by the Author. 697 pp. Philadelphia:
H.^C. Lea.

This work has passed through seven large editions, and
appears now for the eighth time within a period of twelve
years. In looking for the cause of its popularity, we tlunk it

can be found in the fact that, in connection with all the prin-

cipal chemical substances described, simple, casil}' followed

directions are given, which enable the student to verity every
statement by actual experiment. The fundamental idea of

the author, and one which he has successfully followed, is

expressed in his own words thus: "A good knowledge of

chemistry may be acquired synthetically, by preparing con-

siderahle quantities of the salts of the different metals, or

analytically, by going through a course of pure qualitative

analysis. But the former plan demands a larger expenditure

of time than most students have to spare, while under the

latter sj'stem they generally lose sight of the synthetical

interest which attaches to analytical reactions. Hence the

more useful system, now offered, of studying each metal, etc.,

from both points of view, time being economized by the

operator preparing only small specimens of compounds."
"Chemical synthesis and analysis, thoughtfully and con-

scientiously followed, will insensibly carry the principles of

chemistry into the mind, and fix them there indelibly."

The practice of making small quantities of a large number
of representative chemical substances is an excellent one, and
should be more general in all laboratories in which chemistry

is taught. The tendency to limit instruction to analysis is

very extended. When the relations of the six groups into

which the elements are usually divided for analytical purposes

arc mastered, the end is regarded as reached. We cannot but

believe that it would be a great gain if much more attention

were given to the synthetical side of the subject; and Dr.
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Attfield does instructors in chemistry a real service in showing
how tliis result can easily be reached.

While expressing entire approbation of the general principle

adopted in the book, we must beg leave to differ from the

author when he believes it advisable to select for study, even

for medical and pharmaceutical students for whom the book

is written, such substances as are of especial importance in

medicine and pharmacy. He is right when he says: "The
truths of chemistr}^ are the same for all students—cr3'stalline

verities which cannot be expanded or compressed to suit any
class of Avorkers." These truths are iirst to be taught, and

should be taught by the readiest methods. If, to illustrate a

chemical truth, substances which are of especial importance in

medicine can just as well be selected, there can be no objection

to selecting them. But when substances are selected simply

because they are of importance in medicine, and they do not

serve the purpose for which they are selected as w^ell as

simpler ones which are neglected, then we believe a serious

mistake is made. It so happens that a large proportion of

pharmaceutical preparations are comparatively complicated

chemical substances, the chemistry of which cannot well be

understood b}' the beginner; hence it would be much better

to attempt first to teach the general principles of chemistry

through substances best adapted to this purpose without any
reference to their applications, and then give a subsequent

treatise on pharmaceutical substances. Not to go too much
into detail, we call attention to the case of lead, pp. 209-215,

as illustrating the objectionable method of the author. The
salts of this metal described are the acetate, oxyacetate,

nitrate, iodide and oleate ! It would be difficult, to select

more awkward examples for a beginner than the oxyacetate

and the oleate. In connection with the latter, too, we find a

brief description of the action of lead oxide on olive oil.

Another .serious objection which may justly be made to the

book is, that the subdivision under the heading "Chemistry of

Organic Substances" is written without reference to the

simplest recognized principles of organic chemistry. The
subject is introduced by a description of the alkaloids, a large

amount of space being given to the consideration of morphine,

quinine, strychnine, &c. The next group of bodies taken up

is that containing starch, and the different kinds of sugar.

This part of the book could never have been written by one

who has a comprehension of the principles of modern organic

chemistry, and ought certainly to be entirely rewritten if the

book reaches a ninth edition.

While, from what has been said, it is plain that we cannot

conscientiously recommend Dr. Attfield's book to the be-

ginner, it is certain that he has brought together a great deal

of useful material, and has succeeded in making a very good

book of reference for the medical practitioner and the druggist.
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BOOKS RECEIVED.

Elements of Modern Chemipt^3^ By Ailolph Wurtz. Translated by
Wm H. Greene, M. D. Pltilndelphia : J. B. Lippincotl & Co.
A Theoretical and Practical Treatise on the Manufacture of Sulphuric

Acid and Alkali, with the collateral brandies. By George Lunge, Ph.D.,
F. C. S., Professor, &c. London : John Van Voorst.
Supplement to a Handbook of Chemical Manipulation. By C. Greville

Williams, F. R. S. London: John Van Voorst.
Experimental Researches in Pure, Applied and Physical Chemistry.

By E. Frankland, Ph. D , D. C. L., F. R S. London : John Van Voorst.

Twenty Lessons in Liorganic Chemistry. By W. G. Valentin, F. C. S.

New York: G. P. Putnam's Sons.
Jahresbericht ueberdieFortschrilteauf dem Gebiete der reinen Chemie.

Ludwig Medicus und W. Staedel. Tuebingen: Laupp.

NOTES.

Spectroscopic Investigations.

As previous researches of G. L. Ciamician have shown,

chemically related elements have homologous spectra
;
that is,

the individual spectra of the elements of anj' given group

differ from one another oiil.y in having their lines displaced

towards one end or the other of the spectrum. In the course

of a comparative investigation of the spectra of the metals of

the alkaline earths, Ciamician has observed phenomena which

are adapted to furnishing an explanation of these remarkable

relations between the spectra of related elements. When the

spectra of the metals of the alkaline earths are produced by

allowing the induction spark to pass between the metals (as

electrodes) with inserted Leyden jar in an atmosphere of

hydrogen, spectra are obtained which show the homology of

the lines verv beautifully. The spectrum of magnesium, how-

ever, can not be compared with the spectra thus obtained,

because it does not contain the less refrangible lines, if the

jar is removed, or if a weaker battery and a smaller induction



302 Notes.

coil is used, all tbe lines in the red and yellow field in the

spectra of calcium and strontium become less intense, and
spectra ai"e obtained which are very similar to that of mao;ne-

sium. If the less refrangible part of the spectrum of the

grou]) of the metals of the alkaline earths—that part which is

visible only at a high temperature, corresponding to a high

electric tension—is compared with the less refrangible half of

the complete oxygen spectrum, it is noticed that these two
half spectra exhibit a remarkable similarity (homology). From
this it would follow that the spectrum of the group of the

rnetals of the alkaline earths appears to be made up of that of

magnesium, and of the less refrangible half of the oxygen
spectrum. As it is known that the atomic weights of barium,

strontium and calcium can be made up of the atomic weight
of magnesium and of oxygen (24 + 16 := 40 [calcium], 24+4
X 16 = 83 [strontium] and 24 + 7 X 16 = 136 [barium]), ex-

periments were undertaken to discover whether these remark-
able relations in the spectra have an}^ real significance. The
author has shown that there exists the same kind of relation

between tbe spectra of carbon and of nitrogen and that of

cj^anogen, and between the spectra of carbon and of oxygen
and the spectrum of carbon monoxide, as that observed
between the spectra of magnesium and of oxygen and that
of the group of the metals of the alkaline earths. It can
hence be said that in all probability the homology of the
spectrum lines of chemically related elements depends upon
the fact that, in accordance with the regularities in the atomic
weights noticed by Mendelejeff, the elements of such natural
groups consist of the same comj^onents.— ( Wiener Sitzungs-

berichte, 79, II. Abth.)

Nitrous Oxide as cm Anaesthetic.

Paul Bert reports the complete success attending the appli-

cation of niti-ous oxide as an anaesthetic in lengthy surgical
opei-ations. A mixture of 85 per cent, of nitrous oxide and
15 per cent, oxygen is administered in the same manner as
when used by dentists except that the whole operation takes
place in a speciali}' constructed chamber where the pi-essure

of the atmosphere can be varied at the will of the operator.
Experience shows the agent to be entirely harmless and to
possess many advantages over other anaesthetics in practical
nse.

—

(Comptes rendus, 89, p. 132.)

On the Conduct of Chlorine at high Temperatures.

In continuing the application of iheir admirable method for
the determination of specific gravities of vapors, Victor and
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Carl ^Ieyer have discovered some extremely interesting

facts reiijarding chlorine. They have shown that, while, as

is well known, the spec. gr. of chlorine at ordinary tempera-
tures conforms to the law of Avogadro, at a temperature a

little above 620° the spec. gr. becomes somewhat less, and
then, as the temperature is raised, there is a gradual decrease

in the s])ec. gr. until at about 1200° a minimum is reached.

From this point up to 1567° the spec. gr. remains constant

and corresponds to the formula |- Cl.j. Hence, according to

the authors, the molecular weight of chlorine, lohich at low tem-

peratures (below 600°) is 71, is 47.3 (|.71) above 1200°. In the

course of their remarkable paper the authors use these words :

'' We postpone for the present any discussion of the theox-etical

conclusions which are suggested by these experiments and
which must lead to a new theory of the halogens." They
promise, however, to give special attention to two possible

explanations which suggest themselves at once. One of these

is founded upon the idea that the quantity of chlorine which
has hitherto been considei-ed as the atom is a compound of

three atoms of a trivalent element of the atomic Aveight ^~^.

The other is the old murium theory so often suggested and

as often discarded. In testing this latter theor}', it is pro-

posed to allow chlorine heated to 1567° to diffuse through a

diaphragm with the object of separating the possibly com-

pound gas into its constituents.

—

{Ber. d. chem. Gesell. 12,

1426.)

Vapor Density of Chlorine.

LiEBEN offers the following suggestions as possible explana-

tions of the change at high temperatures of the vapor density

of chlorine:

1. It may be that the coefficient of expansion of chlorine

above 700° is somewhat greater than that of oxygen, nitrogen,

sulphur and mei'cury, the other vapors examined by Meyer.

It is known that gases at high pressure vary from the law of

Mariotte, and vary unequally. The coefficients of expansion

of different gases between 1200° and 1600° are unknown, and

it is not inconsistent to suppose that the coefficient of

chlorine ma}^ be greater than that of oxygen, nitrogen, &c,,

above 700°, while below 700° sensibly equal. If this were

the fact, then the vapor density of chlorine referred to air or

nitrogen would be less from 1200° to 1600° than from 0°

to 600°.
.

2. It may be that, the molecule of chlormc (CI.,) is dis-

sociated at high temperature, and in a certain interval of

temperature there may be an equilibrium such that one-half

of the molecules of chlorine are dissociated and the density

reduced one-third.

—

{Comptes rendus, 89, 353.)
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On Chlor-stmmic Acid.

In a bottle containing a pretty strong aqueous solution of
stannous chloride which had stood for a j^ear or two, never
very tightly closed, J. W. Mallet noticed the formation of a
soft solid layer of nearly transparent jellylike material. This
was washed and allowed to dry at atmospheric tem])erature.

An analysis showed that the substance contained HCl and
/CI

SnOj in the proportions required by the formula O = Sn ^ ^tt,

or that of normal stannic acid with one hydroxy! replaced by
chlorine, analogous in structure to the chloro-hydrated sulph-
uric acid of Williamson

= ^/G\

The change experienced by the original stannous chloride

may be supposed to have been

SnCl, + H,0 + O = HCl + SnO^^Q^j-,

or else the usual formation of stiumous oxychloride and
stannic chloride from absorption of oxygen,

3SnCU + O = Sn.CLO + SnCl,,

may have fix'st occurred, followed by the reaction

SnCl, + 2H,0 = 3HC1 + ^hO^'q^.

The author calls the new substance chlor-stannic acid.

—

{Jour. Chem. Soc. Aug. 1879, 524.)
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ON THE SYNTHESIS OF HELICIN AND PHENOL-
GLUCOSIDE.

By Arthur Michael.

In 1837, while examining amygdalin, Woehler and Liebig*

investigated its behavior towards an aqueous solution of emul-

sin, and found that it decomposed under the formation of

grape sugar, benzoic aldehyde and hydrocyanic acid. This

is the first instance in which a carbohydrate was known to

enter into the composition of an organic body. A short time

later, Piriaf" with salicin, and Stas;}; with phloridzin, demon-

strated that these compounds are decomposed by dilute acids,

under the formation of grape sugar among other products.

Since that time, hardly any class of compounds has been found

more numerous, and more widely spread, in organic nature

than similar bodies, which are now classed under the generic

name of the glucosides.

The glucosides are usually considered as mixed ethers of

glucose and their other respective constituents; an hypo-

thesis which explains, in some measure, the simplicity of their

products of decomposition. It will be found, however, that

many of them present properties which are not strictly in

accordance with this hypothesis. I may mention the great

*Ann. Cbem. Fharm. 22, 1. tlbiU. 30, 151. :l;Ann. de Chemie et Fbys. 09, 367.
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Btability of most of the glucosides towards easily reducible

metallic salts ; a property which certainly would not lead us

to presuppose the presence of the aldehyde group of glucose,

and which, according to the above mentioned hypothesis,

exists in the glucosides unchanged. Again, their remarkable

behavior towards dilute acids, and certain ferments, is not in

accordance with the j^roperties of any compound known to

belong to the ether group.

P. Schuetzenberger* was the first to publish experiments on

the synthesis of the glucosides. He allowed di- and triaceto-

glucose to act on the sodiumf and lead salts of saligenin and

rhamnetin, but he only obtained baldly-defined compounds,

which appear to have contained glucose as one of their con-

stituents ; however, neither the analyses nor the properties of

these compounds corresponded with those of the natural

glucosides. I have undertaken the synthesis of the glucosides

in a different manner ; starting from the interesting compound
discovered by A. ColleyJ while examining the action of ace-

tylchloride on glucose, and known under the name of aceto-

chlorhydrose. This compound, which presents the rational

formula C5HeCl(OaH30)4CHO, I have allowed to act on

potassium phenate and potassium salicylite, and have obtained

compounds which possess all the characteristic properties of

the glucosides.

In the preparation of acetochlorhydi'ose, I have little to add

to the excellent directions given by Colley in his memoir; but

will call attention to the fact that a finely powdered glucose

is absolutely necessar}^, and that when 10 gr. of glucose are

employed the reaction is not finished in less than 48 hours.

Action of Aceiochlorhydrose on an Alcoholic Solution of Potassium

Phenate.

After numerous experiments, I found the following condi-

tions to yield the most satisfactory results : 27.5 gr. of

acetochlorhydrose were mixed with about twice its volume of

absolute alcohol, and the solution added to a cold alcoholic

solution of 10 gr, of potassium phenate. After a few minutes, a

*Compt. rend. 69, 350.

tThis salt was not analyzed, and after the experiments of Beilsteiu and Seelheim
(Ann. Chem. Pharm. 117, 89), it is doubtful whether it is a derivative of saligenin.

itCompt. rend. 70, 401.
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crystalline precipitate began to separate from the solution, and
at the same time a strong odor of acetic ether was noticed. The
reaction proceeded very rapidl}^, and after four or five hours
no further separation of the crystalline substance was observed.

The solution was then filtered, and the precipitate examined,
which proved to consist of potassium chloride, mixed with a

small quantity of amorphous organic matter. The filtrate

from the potassium chloride was allowed to evaporate in a flat

basin by exposure to the air, and left an oily substance, which,

after standing several hours, solidified to clusters of concentri-

cally grouped needles. These crystals were then well pressed

between bibulous paper, to free them from an oil}- substance

which would, if left, render their purification very difficult, and

they were then easily obtained in a pure state by treating

with animal charcoal and crystallizing twice from water.

The- substance crystallizes from a hot aqueous solution in

long, concentrically grouped, odorless, white needles, which
melt at 171-172°, and solidify on cooling. It is moderately

soluble in cold, and very soluble in warm water. Alcohol and

acetic acid dissolve it quite readily in the cold. The aqueous

solution has a very bitter taste, and turns the plane of a

polarized ray of light to the right.

The most interesting property of this substance is its be-

havior towards dilute acids and emulsin. A dilute solution of

sulphuric or chlorhydric acid decomjioses it on gently warm-
ing very readily in glucose and phenol : warmed for a short

time with an aqueous solution of emulsin the same decompo-

sition is eff'ected. The formation of phenol and glucose was

proven by their isolation, and by all their characteristic reac-

tions, and they are the only products of the decomposition
;

especially, the presence of acetic acid could not be detected.

A warm, dilute solution of potassium hydrate decomposes it

in a like manner. Concentrated sulphuric acid dissolves it in

the cold without decomposition with a yellow color ; on the

addition of water to this solution, the above mentioned de-

composition was observed. An analysis of the compound,

dried at 100°, gave: .2112 gr. of substance gave .4385 gr.

of CO2 and .1207 grms. of H,0.
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Calculated for CiaHieOe.
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The latter compound Avas made by adding 1 mol. of salicj'lic

aldehj'de to 1 mol, of potassium hydrate dissolved in absolute

alcohol, and afterwards adding an equal volume of ether,

which caused a further precipitation of the potassium salt.

This salt is but moderately soluble in absolute alcohol^ 1 part

requiring about 20 parts of it.

The action of acetochlorhydrose on this salt was studied

under conditions similar to those emploj'ed in the synthesis of

phenolglucoside. Equivalent quantities of the two substances

both dissolved in absolute alcohol, were allowed to react in

the cold, and the action was accompanied by the separation of

potassium chloride and formation of acetic ether ; it proceeded,

however, verj' slowly, and I found it advisable to allow the

solution to stand three days before filtering from the potas-

sium chloride. The filtrate was then evaporated by exposure

to the air in an open vessel, and left a dark, oily residue,

which, after standing ten days, partially solidified. It was

well pressed between bibulous paper, and, after repeated

treatment with animal charcoal, crystallized three times fi'oni

warm water.

An analysis of the substance, dried at 100°, gave results

Avhich cori'espond well with the formula CjsHigOy. .2100 gr.

of substance gave .4206 gr. of CO2 and .1124 gr. of HoO.

C
H
o

The compound, thei*efore, has the empirical formula of helicin,

and a compainson of the following properties with those of

that glucoside, Avill show that the two bodies are identical.

When deposited from hot water, it crj^stallizes in small,

white, odorless needles, which contain water of crystalliza-

tion, and have a bitter taste. It is but sparingly soluble

in cold and veiy readily in warm water; in warm alcohol

it is also very soluble, but is insoluble in ether. The crystals

melt at 175-170° to an olive-colored liquid, which solidifies

on cooling: when heated for some time above its melting

point, it decomposes Avith the evolution of salicylic alde-

hyde, and forms a liquid which solidifies finally to a yellow

Calculated.



310 Michael.

resinous mass. The aqueous solution does not reduce silver

nitrate or ferric chloride, even on boiling, and is not pi*ecipi-

tated by a solution of mercuric chloride or lead acetate. It is

easily decomposed by boiling with very dilute sulphuric or

chlorhydric acid into glucose and salicylic aldehj-de (the

presence of acetic acid could not be detected) ; and under the

influence of an aqueous solution of emulsin, when heated at

30°, it undergoes a like decomposition. Dilute alkaline solu-

tions dissolve it in the cold more easily than water, but with-

out change ; on boiling this solution it is decomposed as above.

A solution of potassio-tartrate of copper does not decompose
it in the cold, or even when heated at 50°, but after boiling

this solution for several minutes a gradual reduction takes

place, doubtlessly owing to the previous formation of glucose.

Concentrated sulphuric acid dissolves it in the cold, the solution

taking a chrome-yellow color. A drop of this solution placed

on a strip of zinc foil, and approached by a drop of distilled

water takes a red coloration at the point of contact, owing to

the formation of salicin*. Since helicin has been reduced to

salicinf, its synthesis is therefore identical with that of the

latter compound. The constitution of helicin or ortho-formyl-

phenol-glucoside, is, therefore, C5H6(OC6H,CHO)(OH),CHO,
and its formation by synthesis is expressed by the following

equation

:

C,HeCl(0C,H30),CH0 + CeH.OKCHO + 4:C,R,0R =
C5H6(OCeH,CHO)(OH),CHO + KCl + 4CH3COOC,H5.
The synthesis of helicin according to the above described

reaction, does not show which of the hydroxyl groups of

glucose is the means of connecting the glucose- and salicylic

aldehyde-rests ; but I may mention here that an investigation

of the products which may be obtained by the double decom-

position of acetochlorhydrose with numerous reagents, will

undoubtedly give a clue to the solution of this problem. Ace-

tochlorhydrose possesses a power of reaction which is only

surpassed by that of the acid chlorides; a property which is

doubtlessly due to the strong negative character of the body.

A better example of its substituting power could hardly be

given than the described reactions, which are the first in-

*n. Schiff, Ann. Cliem. Pharra. 154, 26. The action of naBcent hydrogen on syn-
thetical helicin will be studied later more folly, aleo its and natural lielicin'e be-
havior towards a ray of polarized light.

tLisenko, Zeitschr. Chem. 1B64, 577.
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stances of a paraffin chloride substituting directly the base

of an aromatic phenate in the cold.

I have made several preliminary experiments on the substi-

tution of the chlorine atom of acetochlorhydrose, and which

indicate that this compound will permit similar substitution of

the glucose radical—C;H60(OH)4—as the monohaloid deriva-

tives of the paraffins permit with the paraffin radicals. It

yields with ammonia, sodium ethylate and sodium aceto-acetic

ether defined compounds, and acts on an alcoholic solution of

potassium la^vulosate with the formation of acetic ether and

the separation of potassium chloride; on la'vulose itself at 100°

with evolution of chlorhj'dric and acetic acids, forming a small

quantity of a new crystalline compound, possibly dextro-

IjBVulose* or cane sugar.

I called attention in the beginning of this paper to the

stability of many of the glucosides towards easily reducible

metallic salts; this is the case with helicin, which has just

been shown to contain the aldehyde group of glucose un-

changed. I do not think that at presentany satisfactory

explanation can bo given for this anomaly, and it therefore

remains a fact which is not in accordance with the rational

formula of the compound. On the other hand, the ease with

which helicin is decomposed by acids will be understood when
we consider the facility with which acetochlorhydrose substi-

tutes its chlorine atom; it is owing to the same reason, the

nei^ative character of the fjlucose radical which enters into

the composition of the glucoside.

Action of Acetochlorhydrose on an Alcoholic Solution of Sodium

Saligenin.

The action of metallic sodium on a solution of saligenin in

ether yields, according to the experiments of Beilstein and

Seelheim,t a sodium derivative of saliretin, and the results I

have obtained by the action of acetochlorhydrose on the com-

pound tend to confirm their view.

* The proof that helicin is an ether of glucose and salicylic aldehyde, notwith-
standing its stability towards metallic salts, stren^'theus the hypothesis of cane-

sugar being a mixed ether of glucose and la-vulose ; since the principal objection

against this view is in the much greater stability of cane sugar than glucose towards
easily reducible salts, whereas a natural supposition would have given it a jjreater

reducing power, since it contains two aldehyde groups.

I-Ann. Chem. Pharm. 117, 89.
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Acetochlorbydrose acts on an alcoholic solution of sodium

saliretin very readily, forming acetic ether and potassium

chloride. The filtrate left on evaporation an oily substance,

which solidified to a yellow, gelatinous, bitter mass, soluble

in cold water, and which is very probably the glucoside of

saliretin, since it is decomposed by dilute sulphuric acid or

emulsin in glucose and saliretin.

The above described reaction will probably permit the

synthesis of many of the glucosides, and promises to be of

considerable interest in those cases in which doubt exists as

to the constitution of these compounds, as, for instance, is the

case with arbutin. I shall return to this subject in some

future paper.

Buffalo, N. Y., Oct. 11, 1879.

ON A NEW FORMATION OF STILBENE AND
SOME OF ITS DERIVATIVES.

By Arthur Michael.

The following investigation was made above a year ago, and

I had hoped to be able to complete it in a more satisfactory

manner, but as there is little probability that I shall in some
time be able to return to this subject, I intend to give a short

description of the results I obtained, notwithstanding their

incompleteness.

W. H. Perkin found, several yeai's since, that by the action

of anhydrous sodium acetate on a mixture of benzoic alde-

hyde and acetic anhydride, the synthesis of cinnamic acid

could easily be effected, and generalized this reaction by
taking not only different aromatic aldehydes, but also various

fatty acid anhydrides. The action of sodium acetate on a

mixture of phthalic and acetic anhydrides gives, as Gabriel

and myself have shown, a remarkable acid, which we have
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called phthalylacetic acid ;* subsequently, we found that the

same reagent when used to dehydrate mixtures of phthalie

anhydride and organic acids, instead of their anhydrides,

always gave ketones ;f this was shown to be the case with

pheuylacetic, succinic and isobutyric acids, and the reaction is

doubtlessly much more general. It seemed to me to be of con-

siderable interest to examine the action of dehydrating agents

on mixtures of aromatic aldehydes and organic acids, which

should give, were the reaction similar to that of phthalie

anhydride and acids, unsaturated hydrocarbons, instead of

unsaturated acids obtained by the reaction of Perkin.

1 first examined the action of sodium acetate on a mixture

of benzoic aldehyde and phenylacetic acid, and have obtained

stilbene, in this manner, in large quantities. For this purpose,

equivalent quantities of benzoic aldehyde, phenylacetic acid

and anhydrous sodium acetate, were heated to boiling in an

open flask, connected with a condenser, but I found that

under these conditions no action ensued. The same Tuixture

was next heated in a closed tube for about 12 hours at 250°,

and upon opening the tube it was found to contain a consid-

erable quantity of carbonic acid. The contents of the tube

were extracted with boiling water, subsequently with warm
dilute ammonia, to remove traces of unchanged phenyl-

acetic acid, and the insoluble residue, which melted under

warm Avater, was treated with animal charcoal, and finally

crystallized several times from warm alcohol. The substance,

* Deutsch, ch. Ges. Ber. 1877, 391. The rational formula of phthalylacetic acid,

C6H4p[]»CH - COOH, was based, not only on the properties of this compound, but

also on the analogy it thus presented to the phthaleins of Baeyer. Lately, Baeyer
has shown that the phthaleins are derivatives of tripbeuylniethane, and, therefore,

by the dehydration that it is the carbonyl-oxygen atom (C = O), and not the anhy-

dride oxygen atom (S^>o) which enters into the formation of the eliminated mole-

cule of water. This brings the formula of phthalylacetic acid agrain into question,

which would have the rational formula, C6H4qq>0'°°^'^ ~ COOH, ^g^g ^^g reac-

tion in this case similar to that of the phthaleins. This new formula explains the
behavior of the acid towards bases very satisfactorily, but the dibasic acid formed,

^''^'COOH
"° ^^ ~ ^^*^^' ought to possess properties, which would not be in

accordance with those of the acid obtained. Not only are we at a loss to understand

its remarkable instability towards heat and bases, but the compound obtained by the

action of bromine upon it, which would have the rational formula, 01)114^^.^011

CHBr.', vields, when decomposed by bases, bromoform and phthalie acid, whereas,
according to the new rational formula, methylene bromide, phthalie and hydrobromic
acid should have been obtained. There are other decompositions of phthalylacetic

acid which would not be satisfactorily explained by the new formula, and it is, there-

fore, advisable to accept for the present the formula as originally proposed.

t Deutsch. ch. Ges. Ber. 1877, 1559, 2207; 1878, 1007, 1679.
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dried at 100°, was analyzed with the following results: .2105

gr. of substance gave .7187 gr. of CO2, and .1309 gr. of HjO.



Calculated for CnHis.



Calculated for C14H12O.
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ON A NEW METHOD FOR THE SEPARATION AND
SUBSEQUENT TREATMENT OF PRECIPI-

TATES IN CHEMICAL ANALYSIS.*

By F. a. Gooch.

The introduction of Bunsen's method of filtration and imme-
diate ignition of precipitates in the moist condition has left

little to be desired as regards accui-acy of result and rapidity

of execution, in the treatment of precipitates which may be

submitted to high temperatures in contact with carbonaceous

matter. In analytical methods which require that filter-paper

and precipitate shall be ignited apart, or dried together at a

temperature below the point at which paper begins to char,

the same degree of exactness has not, in general, been hithei-.to

attained.

To obviate the difficulty of bringing a paper-filter of ordi-

nary dimensions, particularly when covered with a voluminous

precipitate, to a definite condition of desiccation, the sand-

filters of Dr. Gibbs and Taylor,| the porous cones of ]\Iunroe,J

and finally the process of reverse filtering, first applied to

quantitative work by Carmichael,§ improved by Casamajor,||

and thoroughly elaboi-ated by Professor Cooke,^ have been

successively brought forward.

The latter process gives most excellent results in the separ-

ation of precipitates which settle quickly and completely;

and, inasmuch as many precipitates which of themselves are

not inclined to fall rapidly may be made to do so by proper

treatment (by boiling, for example, the addition of ammonium
salts, Chatai'd's** method of granulating gelatinous precipi-

tates, or other similar device), the field of usefulness of this

process is wide.

The sand-filters in skilful hands, and the porous cones with

no more than ordinary care, give accui-ate results, and possess

Presented to the American Academy of Arts and Sciences. Communicated by
the Author.

t Am. Jour. [2], vol. xliv. p. 215. $Am. Jour. [S], vol. i. p. 1.

§Zeit8chr. f. Chem. [n. f.], Bd. 6, p. 481. i|
Am. Chera. vol. v. p. 441.

tProc. Am. Acad. Arts & Sci. vol. xii. p. 124. ** Am. Jour. [2], vol. 1, p. 247.
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moreover the advantage of being applicable'to the filtration

of liquids which quickly destroy woody fibre. The length of

time required to dry them thoroughly, and their sensitiveness

to atmospheric conditions, are their great drawbacks.

For the simple filtration of corrosive liquids without refer-

ence to a subsequent estimation of the precipitate, filters of

sand, broken glass, garnets, and fibrous asbestus have for a

time been used. More recently, asbestus has been moulded

into the shape of an ordinary filter : in the dry state by

Loewe,* by rubbing between hollow and a solid wooden cones
;

in the wet state by Grunerjf by grinding asbestus, mixed in a

mortar with water, to a pulp, transferring the mixture to a

funnel choked with asbestus, inserting an accurately fitting

cone of brass gauze, which presses the asbestus against the

walls of the funnel, pouring off the water, cai'cfully removing

the cone and drying the layer of asbestus which adheres to

the glass. Boettger X has used filters of gun-cotton ; and Bun-

sen § has devised a filtering apparatus for corrosive liquids to

be attached to his pump, which consists of a disc of artificial

pumice fitted to a conical tube and packed round its edge with

fibrous asbestus.

None of these later-mentioned methods, however, are well

adapted to the quantitative estimation of precipitates.

Impressed with the desirability of further improvement in

those pi'ocesses of quantitative analysis which involve the use

of dried filters, or the separation of filter and precipitate before

ignition, I have had the good fortune, in taking the matter up

in turn, to succeed in devising and preparing a felt of anhy-

drous asbestus, which is capable of filtering liquids with a

rapidity and efficiency at least as great as may be obtained by

the use of good filter paper; is light, compact, incombustible

at the highest temperatures used in analytical pi-ocesses ; is

not acted upon by acids (excepting hydrofluoric acid) or alka-

lies; is sufficiently coherent to resist entirely the disintegrating

action of a liquid forced thi-ough it under the pressure of the

Bunsen pump, and which may moreover be prepared by a

very simple process ; in short, a filtering matei'ial which, in

my belief, makes it possible to reach a high degree of accuracy

*Dmgl. pol. Jour, cxlviii. 444. t Jahresb. Chem. 1869, p. 990.

% Dingl. pol. Jour. civ. p. 403. § Ann. Ch. Pharm. cxlviii. p. 290,
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Fig. 1.

Fig. 2.

in many analytical processes which hitherto have been none
of the best, and to add to those already known new methods
which previously have been impracticable.

My mode of preparing and using the asbestus felt is as fol-

lows :

—

First, white, silky, anh3-drous asbestus,* is scraped to a fine

short down with an ordinary knife-blade, boiled with hj'dro-

chloric acid to remove traces of iron or other soluble matter,

washed by decantation and set aside for use.

Secondly, a platinum crucible of ordi-

nary size, preferably of the broad low

pattern (Fig. 1), is chosen, and the bot-

tom (Fig. 2) perforated with fine holes

(the more numerous and the finer the

better) by means of a steel point ; or,

better still, the bottom may be made of fine plati-

num gauze. Next, a Bunsen funnel of the proper

size is selected, and—following Munroe's plan for

holding his porous cones—over the top a short

piece of rubber tubing is stretched and drawn down

until the portion above the funnelf ar-

ranges itself at right angles to the direc-

tion of the stem. Within the opening in

the rubber, the perforated crucible is

fitted as shown in figure 3, and the funnel

is connected with the receiver of a Bun-

sen pump or other exhausting apparatus

in the ordinaiy manner.

To make the asbestus felt, the pressure

of the pump is applied, and a little of the

asbestus prepared as described, and sus-

pended in water, is poured into the cru-

cible. The rubber and the crucible are

held together b}^ the pressure of the

vacuum-pump with sutficient force to make an air-tight joint

;

the water is drawn through, and the asbestus is deposited

*Note, November 1S79. I have found it very hard to procure asbestu? »/ the

proper qualitv from dealers in this country : but it would appear Irom the fact that

peveral lots imported from Germanv at ditlerent times have proved to be serviceable,

and some of them excellent, that the difficulty is not due to a scautiness in the natu-

ral supply.

tNote, November 1819. It is better, as Professor H. B. Hill suggests, to leave a

margin of the inner edge projecting upward.

Fig. 3.
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almost instantly in a close compact layer upon the perforated

bottom ; more asbestus (if necessary) in suspension as before

being poured upon the first, until the layer becomes suificiently

thick for the purpose for which it is intended. Finally, a

little distilled water is drawn through the apparatus to wash

away any filaments that might cling to the under side, and

the filter is ready for use : the whole process occupying less

time than is necessary to fold and fit an ordinary paper-filter

to a funnel.

To prejDare the filter for the estimation of a precipitate, the

crucible with the felt undisturbed is removed from the funnel

and ignited. In case the precipitate, to be subsequently col-

lected, must be heated to a very high temperature for a long

time, it is better to enclose the perforated crucible with its

felt within another crucible; because, in such cases, asbestus

felt is apt to curl at the edges, and without such precaution

some of the precipitate might drop through the perforations

and be lost. For drying at low temperatures, however, and

even for ordinai-y ignitions, a second crucible is unnecessary

;

but, during the ignition of an easily reducible substance, care

must be taken to prevent the contact of unburnt gas with the

perforated bottom.

To perform the filtration, the crucible is replaced in the

funnel, the pressure applied, and the process conducted pre-

cisely as in an ordinary filtration by the Bunsen pump. It is

necessary to observe that the vacuum-pump is to be started

before pouring the liquid upon the filter. The final drying or

ignition, as the case may be, of precipitate and filter is made
without diflaculty, or need of extra precaution.

When turbid liquids are to be filtered, or gelatinous precipi-

tates to be separated, instead of the per-

<:r~— ^-J~~'~~-> forated crucible, I prefer to use aplatinum

Vg^--^ ' ,—^ cone (Figs. 4 and 5), the upper part of foil

^^^^^^^^ (to make a tight joint with the rubber

^^^^^m fitting of the funnel), the lower of gauze.

^^^m The method of covering the gauze with

^mf felt is identical with that described above.

pjg_ 4_ By reason of the larger filtering surface

of this apparatus, the tendency to become
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Fig. 5.

clogged is, of coarse, very much dimin-

ished. When subjected to prolonged ig-

nition, the gauze cone is encircled within

a crucible or a cone of platinum foil.

Id operations in which platinum is

liable to receive injury, a porcelain cru-

cible, with a perforated bottom, may be

used ; but recourse to this is rarely neces-

sary, particularly when one may use the

gauze cone protected, as it is, by asbestus

felt; moreover the perforation of porce-

lain with numei'ous fine holes is a matter

of considerable difficult}'' and expense.

Asbestus felt may be also used in the process of'reverse fil-

tering, it being merely necessary to dip the platinum rose into

the asbestus mixture, after starting the vacuum-pump, in

order to make the felt. The rose, with the felt attached, and

the vessel in which the precipitate is collected, are to be

weighed together, both before and after filtration.

Nothing can be simpler than the whole method of prepara-

tion and use of the apparatus which I have described, and its

efficiency is extremely great. Clean water may, under the

pressure of a Bunsen pump, be passed through a gauze cone

coated with asbestus felt, which exposes a filtering surface of

twenty-four square centimetres (nearly the same as that of a

paper filter eight centimetres in diameter, when folded in the

ordinary manner), with ease at the rate of a litre per minute.

When the filtering sui-face is less, the rapidity of filtration is, of

course, somewhat diminished, but, supposing the asbestus used

to be of the best quality, always exceeds that of paper of the

same dimensions. When the felt is deposited upon gauze, the

layer may be sui-prisingl}^ thin and yet be efficient enough for

all ordinary purposes. If the layer of felt be quite thick, the

filtrate from baric sulphate freshly precipitated in the cold,

may be made to pass through clear. But the great superiority

of asbestus felt lies in its constancy of weight, whether dried

at high or low temperatures, the rapidity with which it may
be safely and completely dried, and its refractoriness as regards

acids (excepting hydrofluoric acid) and alkalies. These advan-

tages appear most prominently in processes which involve the

separation and desiccation :

—

42
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First, of precipitates which (like K^PlClg, [HgjJClj) must be

dried at low temperatures, on account of a tendency to de-

compose spontaneously at high temperatures;

Secondly, of precipitates which (like SbjSs, PbSO^, ZnCOj)

have usually been dried slowly and tediously at low tempera-

tures, or have been separated from the filter before ignition, to

avoid the danger of reduction by heating in contact with

carbon
;

Thirdly, of precipitates which (like (NH4)jMg2P208,

(NH4)2Mn2Pa08) may be ignited in contact with carbon, but

which make its complete combustion difficult.

In all cases, the time required to dry or ignite precipitate

and filter is a minimum, inasmuch as heat may be applied as

soon and to as high a degree as the precipitate itself will permit.

Even in processes in which paper filters find their most con-

venient application, pajDer has generally no superiority over

asbestus felt.

To illustrate the cohesiveness and refractory nature of the

felt, I append the account of a single experiment. All of the

liquids used had been previously filtered, excepting the dis-

tilled water with which the filter was washed, after the pas-

sage of each liquid. This precaution was considered unneces-

sary in the case of the water j but, if it had been taken, the

slight increase of weight which was observed during the ex-

periment would probably have been prevented.

Weight, in grammes, of crucible and felt, after ignition 20.2020

after second ignition 20.2020

after passing 100 cm' of strong HCl through the

filter ten times, washing and igniting .... 20.2020

after passing 100 cm' of strong HNO3 through

the filter ten times, washing and igniting , . . 20.2021

,

after passing 100 cm' of strong H2SO4 through

the filter five times, washing and igniting . . 20.2022

after passing 100 cm' ofa mixtui*e of strong H2SO4

and water in equal parts, ten times through the

filter, washing and igniting 20.2024

after passing 100 cm' of water, containing in so-

lution 50 grammes of NaOH ten times through

the filter, washing and igniting 20.2028

Weight of crucible 20.1932

" "felt 0088
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The whole process, involving, in all, the filtration of five

litres of liquid (of which one litre was viscous), more than
forty changes of the receiver, together with the ignition,

cooling, and weighing of the crucible and felt seven times, was
completed in two hours and ten minutes. The disc of felt was
eleven millimetres in diameter.

ON SEVERAL SPANISH MINERALS.

By F. a. Genth, Jb.

During spring of last year I had occasion to examine some
minerals which had been presented to the University of Penn-

sylvania by the Spanish Government, at the close of the late

Centennial Exhibition.

Among these were tAvo of more than ordinarv interest.

The first, which formed the principal portion of an ore, and

was indicated in the Spanish catalogue as " Sulfo-ai'seniui*o de

nikel," from Benahanis, Province of Malaga, proved to be a

cobaltifei'ous gersdorffite ; the other, labelled "Sulfuro de anti-

monio argentifero," from the Province of Huelva, was found

to be a massive variety of jamesonite.

Cohaltiferous Gersdorffite.

The gangue-rock, in which the gersdoi-ffite occurs, is cal-

cite. This is found in large, white, crystalline, cleavable,

masses, oftentimes so intimately mixed with the gersdorffite

that .they seem to be but one mineral of a light grey color. It

then has a conchoidal fracture.

When placed in dilute hydrochloric acid the calcite dissolves,

and the gersdorffite remains behind as a very fine crystalline

powder, the particles of which are too small and indistinct for

one to recognize any definite form. Granular massive. H = 5
;

Sp. gr. = 5.856. Lustre metallic, but somewhat tarnished.

Streak greyish-black. Color grey.
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Before the blowpipe, in the closed tube, it gives a yellowish-

brown sublimate of sulphide of arsenic, and sulphur above the

same. In the open tube fumes of sulphurous oxide are given

off, and a white crystalline sublimate of arsenious oxide is

formed on the cold parts of the tube. On charcoal it is re-

duced to a white, bright, and brittle globule, with the emission

of arsenical and sulphurous fumes.

Treated with successive portions of borax, the iron, cobalt,

and nickel reactions are produced.

It is not acted upon by hydrochloric acid, but is decomposed

by nitric acid, with the separation of sulphur and arsenious

oxide. The solution is of a brownish green color.

An analysis of the gersdorfiite, in which the cobalt was sep-

arated from the nickel by KNO2, gave the following result:

s
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(e) Qlivenite, (?) in globular aggregations of a deep green

color; very probably olivenite, as it gave the reaction for

copper.

(/) Aragonite, in white elongated needles and speai'-shaped

cr\'stals, radiating from common centres, but too small and

indistinct to determine their form. A qualitative test gave

CaO and CO,.

Jamesonite.

The " Sulfuro de antimonio argentifero," from the Province

of Huelva, is a mineral which is indistinctly crystalline, the

particles showing lamination. Massive. Fracture uneven.

H = 2.5. Sp. gr. = 5.467 ; soils paper. Lustre metallic.

Color dark steel grey. Streak almost black. Opaque.

Before the blowpipe it fuses easily, giving a sublimate of

sulphur and antimonious sulphide in the closed tube, and a

white sublimate of antimonious oxide, and sulphurous oxide,

in the open tube. On charcoal, with soda, it yields a metallic

button of lead and antimony, surrounded by a white incrusta-

tion which is yellow nearer the assay.

Soluble in hydrochloric acid, with the evolution of hydrogen

sulphide, and separation of plumbic chloride ; in nitric acid

with the separation of antimonious oxide, plumbic sulphate,

and sulphur.

The mineral appeared to be homogeneous, with the excep-

tion that a considerable quantity of pyrite was disseminated

throughout the entire mass, so that it was impossible to obtain

material for analysis perfectly free from it.

There was also present a yellowish white soft mineral, with

a waxy lustre, which was not further examined.

The analysis gave the following result

:

Fo
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Another Sb determination gave 33.27 per cent.

This would give the formula (Pb Fe)2 SbjSj, together with

a small quantity (-^^) of pyrite. After deducting the pyrite,

the pui'e mineral has the following composition :

Sb ... 34.03

S ... 22.31

Pb ... 38.49

Fe ... 5.16

99.99

Chemical Laboratort of the University op Pennsylvania,
West Philadelphia, November \4th, 1879.

A METHOD FOR ESTIMATING BISMUTH
VOLUMETRICALLY.

By M. Kuhara,

Felloiv in Vhemistry, Johns Hopkins University.

Bismuth may be estimated gravimetricall}' as 2BiAsO^.H20

(dried at 100°-120°), by precipitating its nitric acid solution

with arsenic acid or sodic arseniate, collecting the precipi-

tate on a weighed filter after washing it by decantation, and

weighing the filter and precipitate together.* In carrying

out this process of estimation, however, various difficulties are

met with.

It occurred to me that by taking advantage of Boedeker's

method for the estimation of arsenic acidf the gravimetric

method above referred to might be converted into a volu-

metric. My hopes were completely realized, as the new
method gives very accurate results.

The method was based upon the precipitation of bismuth, as

BiAs04, from its nitric acid solution, by adding a measured

* H, Salkowskl, Jour. pr. Ch. 104, 170. Zeit. f. anal. Ch. 8, 205.

tFresenius Quant. Analysis, p. 256.
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quantity of standard solution of disodic arseniate in slight ex-

cess, and upon the determination of the amount of residual

arseniate by means of standard uranic nitrate. In carrying

out the estimation, the nitric acid solution of bismuth under

examination must be free from hydrochloric acid, as well as

substances precipitable by arseniate. Before entering upon the

process of actual analysis, the amount of bismuth in a solution

to be examined was approximately ascertained by the same

method as that employed in the actual analysis.

Kow a convenient quantity of the solution under examination

was taken, a slight excess of disodic arseniate solution whose

exact strength had been previousl}' ascertained by a known
weight of bismuth, was added to the solution, which was then

agitated well without heating, and the mixture was set aside

for a time to complete the reaction. The mixture containing

the precipitate was rendered slightly alkaline with ammonia
and then slightly acid with acetic acid. Now uranium solu-

tion, the relative strength of which as compared with that of

arseniate had been previously ascertained, was allowed to run

in from a burette very slowly, the mixture having been con-

stantly well agitated to complete the reaction. The end of

the reaction was recognized in the ordinary manner by means
of ferrocyanide of potassium. From the amount of uranium

solution used the excess of arseniate can be calculated ; and

fi"om the actual amount of arseniate found by subtracting the

excess from the whole amount taken, the quantity of bismuth

can be easily calculated.

The following results were obtained :

For the standard solution of arseniate about 20.87 gr. of

disodic arseniate were dissolved in 1 litre of water, and for the

uranium solution about 35.6 gr. of uranic nitrate.
J3'

Eelative strentrths of arseniate and uranium solutions :

—

&

(1)

(2)

(3)

(4) ... _
Mean = 10.06

1 c. c. of arseniate = 1.005 e. c. of uranium solution.

C. c. of arseniate
taken.
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Standardization of arseniate in terms of bismnth :-

Grams of bismuth C. c. of arseniate C. c. of uranium
taken. taken. solution used.

(1)
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Standardization of ai-seniate in terms of bismuth by usin^
uranic nitrate solutions of different strengths •

Grams bismttth C. c. of arsen. C. c. of uran. C. c. of arsen.
taken. taken. used. used

(1)

(2)

(3)

"^

Mean = 7.295

1 c. c, of arseniate =: .0137 gr. of bismuth.

The following results were obtained by using known weights
of bismuth :

—

1
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A platinum crucible containing about 10 c. c. of water, having

in solution .1000 gr. of impure uranic acetate, was connected

with the zinc pole of a bichromate battery of two cells, (pint

flasks), while to the carbon pole was attached a copper wire

carrying a platinum spiral, which was immersed in the cold

aqueous solution. Upon allowing the current to act for about

one quarter of an hour, a slight iridescent coating was per-

ceptible upon the crucible sides. Thinking that heat might be

of avail, I placed the platinum receptacle upon a water bath

and heated the contents of the latter to about 60° -70°C. Yery

soon the crucible sides became covered with a thin pale film,

which gradually grew thicker, while the liquid slowly lost its

yellow color. Finally, when the solution was colorless, I per-

ceived a change in the yellow deposit ; it was graduall}^ assum-

ing a black color. The action of the battery was continued

until the entire yellow colored mass had changed to black.

The crucible was now disconnected from the battery, the clear

liquid decanted through a filter and tested for uranium, but

not any detected.

The black deposit was hastily examined, but nothing defi-

nite learned in regard to its composition. Not more than one

and a half hours were required to precipitate the uranium and

convert it into the black colored deposit.

A second portion of uranium acetate was treated as just

mentioned, and when I had fully convinced myself that the

precipitation of uranium in this form was complete, I took

steps to procuring the black deposit in larger quantities in

order that I might be able to learn its true composition.

To the solutions with which I experimented I invariably

added a little free acetic acid, in order that the yellow hydrated

uranic oxide might not separate too rapidly, and thus become

mixed with the black, and escape conversion into the latter.

To render this certain, I always treated the black deposit with

warm dilute acetic acid before allowing it to dry.

The coating upon the crucible appeared black in color, and

adhered tenaciously to the sides. In all experiments the pla-

tinum vessel in which the deposition occurred was placed on

a water bath, and the temperature previously mentioned care-

fully preserved. Prom solutions of about .1 gr. substance in

10 c. c. HjO the precipitation is most rapid.
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When a rather large quantity of material had been obtained,
it was dried by standing over sulphuric acid several days, and
then subjected to analj'sis.

Analysis of Black Deposit.

1. 1.2061 gr. substance were placed in a carefully weighed
platinum boat = 2.3968 gr., and this then introduced into a

perfectly dry combustion tube of Bohemian glass, to one end
of which Avas .attached a calcium chloride tube weifhino-

21.2554 gr. After strong ignition in a combustion furnace,

with a stream of dr^- oxj'gen gas playing over the substance,

the calcium chloride tube was d&tached and reweighed. Its

weight now equalled 21.3906 gr., showing an increase of 0.0542

gr. due to water. The platinum boat was carefully removed

from the tube and weiirhed a second time.»

3.5470 gr, represented the UrjO^ + boat.

2.3968 " " plat, boat alone.

1.1502 " " UrjO,

The fii'st weight of boat + substance = 3.6029 gr

and this minus the boat + UrjO^ = 3.5470

.0559 gr.

which represents loss sustained upon ignition. The slight

difference between this loss and the actual increase of the

calcium chloride tube may be attributed to error in weighing,

or perhaps to a slight loss of oxygen suffered by the uranium

protosesquioxide.

The 1.1502 gr, UrjO^ contained 0.9765 gr, uranium, corres-

ponding to 80.96 per cent. Ur, The increase in weight of the

calcium chloride tube equalled .0542 gr. water, corresponding to

4.63 per cent, H.^0.

Analysis of Black Deposit.

2, The platinum boat + sub. dried over sulphuric

acid as before weighed 3.5141 gr.

Platinum boat — sub, = 2.3968 gr,

1,1451 gr.
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material for analysis. This, upon ignition in a combustion

tube, as described in (1)^ gave the following result:

Wt. of CaCl„ tube + H„0 21.3189 gr.

" " " — " 21.2738 gr.

represent the HjO.
.0451 gr,

The platinum boat carefully removed and reweighed, gave,

weight of boat + UrgOi = 3.4645 gr., and 3.5141 (first weight

of boat + sub.) minus 3.4645 = .0496 = weight of H^O.

The slight difference here again between the amount of

water found by actual increase in the weight of the calcium

chloride tube and that indicated by the loss in weight of the

boat is, unquestionabl}'', to be ascribed to the loss of oxygen on

the part of the UraOi.

Now, .0451 gr. H„0 = 4.05 per cent. 11,0, and 3.4645 gr.

(UrjO, + boat) minus 2.3968 gr. (wt. of boat) = 1.0677 gr.

XJrgO^ := .9065 gr. uranium, corresjDOnding to 81.13 per cent. Ur.

The result of analysis would then be 81.13 per cent, uranium,

4.05 per cent, water, and 14.82 per cent, oxygen, calculated

from the weight of pi"otosesquioxide of uranium obtained.

Upon calculating with a view of arriving at the chemical

formula of the oxide from the above analysis we get

:

Anal3^sis 1.

80.96 per cent. Ur -120 = 67) 6 3

14.39 " O - 16 = 89
f

-i- 11 = 8 or 4
4.63 " H.,0 - 18 = 25 3 2 1

Analysis 2.

81.13 per cent. Ur -r 120 = 67) 6 3

14.82 " O - 16 = 90 ^-r 11 r= 8 or 4
4.05 " H^O-i- 18 = 22) 2 1

The numbers 3:4:1 would therefore represent the ratio in

which the several constituents are present, or the black oxide

as thrown out by the battery and as proven by analysis may
be expressed by the formula UraO^HaO, which requires the

following:
81.44 per cent, uranium

4.07 " water

14.49 " oxygen
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The black material never experienced any loss in weight by
standing over sulphuric acid.

All the analyses which I have since made point to the above
composition as being correct. When the dark deposit is dis-

solved in sulphuric acid, and potassium permanganate allowed
to pass into the solution, a considerable quantity of ui-anous

oxide was shown to be present. A number of qualitative tests

confirmed this.

In some instances in the course of my work I noticed that

the yellow hydrated sesquioxide remained on the crucible

sides, and upon ignition, passed first into the anhj'drous Ur^Oj,

then into UraO^. The occurrence of the sesquioxide will

always be observed, unless the electric current is permitted to

pass into the solution until the deposition on the crucible walls

becomes thoroughly dark in coloi-. Of course this precaution

is not necessary when a simple determination of the uranium
in solution is solely regarded.

To discover how reliable this method of precipitation would
be, various salts were prepared and the uranium determined

by this means.

Double Acetate of Uranixini and Sodium.

The properties of this compound are suflSciently well known
not to require a detailed description here. After obtaining it

in the characteristic hemihedral form, (tetrahedrons), the

crj^stals Avere reduced to a powder, carefully dried and , an-

alyzed with the following results :

1. 0.1575 gr. double acetate were dissolved in about 10 c. e.

water in a platinum crucible. The latter was placed upon a

Avater bath, the temperature of which was about 70°C, and the

connections made with two cells of a potassium bichromate

battery. In the course of two to three hours the uranium was

completely thrown out of solution as protosesquioxide, forming

a black deposit upon the crucible sides. The crucible was now
disconnected, the liquid filtered through a small filter, thus

catching any loose particles of the oxide. After washing the

deposit several times with hot water, the crucible and contents

(the small filter having been added) were dried upon a warm
plate and then ignited. '[j]}on cooling the weight was taken.

Found .0943 gr. Vl\0^, which equalled .08006 gr. uranium, cor-

responding to 50.83 per cent. Ur.
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The filtrate and washings were evaporated and tested for

uranium, but none was detected.

2. 0.1240 gr, material treated as just described above, gave

.0743 gr. UrgOi, corresponding to .0630 gr. uranium = 50.80

per cent. Ur. The time required for complete separation was

the same as in (1).

3. 0.1461 gr. substance gave, after three hours' action of bat-

tery, .0815 gr. UrgO^, equal to .07429 gr. uranium, correspond-

ing to 50.84 per cent. Ur.

A combustion of the salt was then made to obtain the amount

of carbon and hydrogen.

1. .2853 gr. dried double salt gave, upon burning with lead

chromate in a stream of oxygen, .1640 gr. CO. = 15.66 per

cent, carbon and .0580 gr. PI„0 = 2.26 per cent, hj^drogen.

2. 0.2385 gr. substance treated as in (1) gave .1401 gr. COj
= 16.00 per cent, carbon and .0490 gr. HoO = 2.26 per cent,

hydrogen.

These results show that this double salt is apparently a

union of one molecule of uranium acetate with a like amount

of sodium acetate. An examination of the theoretical and

found percentages would indicate this:

{CJ^,0,)V^O,, CJI,0,Nn(Ur = 120), requires:

Found.

50.84 per cent.



New Results in Electrolysis. 335

0.8250 gr. salt carefully burned with lead ehromate afforded

.4192 gr. carbon dioxide, equalling .1143 gr. carbon, corres-

ponding to 13.85 per cent. C; and .14099 gr. H,0 == .0156 gr.

hj-drogen or 1.87 per cent. H.

(C,H30,),U,0„ aH30,K + 2H,0 requires :

Found.

Carbon 14.22 per cent. 13.85 per cent.

Hydrogen 1.77 " 1.87 "

Uranium 47.42 " 47.43 — 47.7

The ratio of the acetates in this salt is also 1 : 1.

Double Acetate of Uranium and Barium.

This salt carefully prepared presents fine, shining, light yel-

low colored spangles. Only two determinations of the uran-

ium by the battery were made, inasmuch as these were deemed

sufficient to show that the method was perfectly applicable in

such instances. In the first analysis the salt was not as pure

as in (2) ; and this therefore would account for the low result in

that instance.

1. 0.1090 gr. double salt gave .0528 gr. Vv-Pi, corresponding

to 41.11 per cent, uranium. Two hours were necessary for the

deposition.

2. 0.1134 gr. salt gave .0556 gr. UrsO^, equalling 41.63 per cent,

uranium. About two hours were required for the complete

separation of uranium oxide and its conversion into protoses-

quioxide.

3. Barium Estimation. 0.1835 gr. salt gave .0384 gr. BaSO«

= .0225 gr. Ba, corresponding to 12.2 per cent. Ba.

The formula 2{C^^^0^).;\J.,0^] (CH^OO^Ba + 6H,0 requires:

Found.

Uranium 41.99 per cent. 41.11 and 41.63 per cent.

Barium 11.98 " 12.20.

This method has also been employed in the analysis of cer-

tain silicates containing uranium, and afforded excellent re-

sults.*

From the preceding analyses it will be seen that the method

* This Journal, Vol. 1, No. 2, p. 88.
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admits of a good separation of urauium from the alkalies and

alkaline earths. The usual methods are more tedious and cer-

tainly not more accurate.

The method was extended to other salts of uranium with a

view of ascertaining their behavior towards the electric cur-

rent, and as they may perhaps be of interest, I append the

results.

Uranium Nitrate, containing but five molecules of water, was

first examined. 0.1200 gr. material dissolved in water in a small

platinum crucible, and in the course of about three hours—the

current being energetic—the precipitation was complete, and

I obtained .0698 gr. UrjO^, corresponding to .05926 gr. Ur or

49.38 per cent. Ur. The amount required theoretically 49.37

per cent. Ur. Free acid was not found in the solution.

I spent considerable time in endeavoring to throw out the

protosesquioxide from a neutral solution of the chloride of

uranium. The precipitation was indeed eff'ected, only, how-

ever, after a number of hours, which of course rendered this

salt useless for practical determinations. A constant liberation

of chlorine gas was noticeable.

A neutral solution of the sulphate was experimented upon,

but the precipitation proved to be vei*y slow.

The double formate of uranium and sodium was made, and

in aqueous solution subjected to the action of the battery. The
uranium was thrown out as protosesquioxide as in the double

acetates.

A solution of the double tartrate of uranium and sodium was

evaporated, and permitted to stand for houi's. Crystals were

not formed, only a gelatinous mass remained. This salt was

rediSBolved, and to the aqueous sohition an excess of alcohol

added, which caused the precipitation of the double tartrate as

a light yellow-colored flocculent mass. After washing with

alcohol the compound was dried and a weighed quantity dis-

solved in water. The aqueous solution was then brought in

contact with the batterj^, but even at the expiration of two

days' action of the electric current there was not any uranium

precipitated.

The double citrate of uranium and sodium, prepared as the

preceding salt and treated in a similar manner, gave like result.

The salt is soluble in warm alcohol.
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Molybdenum.

Molybdenum in the form of ammonium molj'bdate in aque-

ous solution was placed in a platinum crucible, and the latter

connected with a two-celled bichromate battery (see Uranium).
The cui-rent was allowed to act upon both cold and warm so-

lutions. In a very short time a beautiful iridescence appeared

upon the crucible walls, and as the action continued the deposit

gradually became thicker and black in color. Just hei'e I might
add that if very dilute solutions of ammonium molybdate be

ti-eated in this way, an exceedingly thin and durable coating

can be deposited upon metallic surfaces. Further investigation

may perhaps render this of practical value.

I made several efforts to leai-n whether molybdenum could

or could not be thrown out of solution — neutral or am-
moniacal—completely b}^ this method. One experiment in

which 0.2000 gi*. molybdic acid were dissolved in aqua ammonia,

required for complete separation of the black deposit about one

hundred hours. The liquid from the deposit, after the addi-

tion of nitric acid, was treated with sodium phosphate, but

not the slightest ti'ace of amnion io-phospho-molybdate was

observed.

Ordinarily the black deposit api^eared to form rapidly, but

I soon observed that, after the coating had attained a certain

thickness, the galvanic action almost ceased. Upon the addi-

tion of water to the solution, and thus exposing a fresh sur-

face, the action was revived. This would indicate that the

dark deposit was a poor conductor. Even when a large sur-

face was exposed, the deposition, although complete, was so

very slow that this method of determination was practically

of little value.

The deposit was invariably washed very carefully with

water and di-ied by exposure to the air. In acids it is veiy

slowly soluble. The solution in hydrochloric acid diluted with

water, possessed a brownish pink color. Ammonium hydrate

precipitated from the same a brown mass. The deposit ignited

in a closed crucible was converted into beautiful colorless leaf-

lets of molybdic acid.

I prepared a rather large quantity of the black material and

analyzed it, and found it to be the hydx-ate oxide.

44
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Water Determination.

The air-dried substance was weighed in a platinum boat,

and the latter then placed in a carefully dried Bohemian com-

bustion tube, to one end of which a weighed calcium chloride

tube was attached. Dry carbon dioxide was conducted through

the same, and when the air had been expelled the tube was

brought to low redness; the passage of carbon dioxide being

continued until the end of the operation.

.1310 gr. aii*-dried material treated as just described, gave

.0250 gr. water, corresponding to 19.08 per cent. HjO.

The residue in the boat possessed a color very similar to po-

tassium permanganate. It was then treated with strong nitric

acid in a beaker, and gradually converted into molybdic acid,

ammonium hydrate added, and the solution then brought to

boiling. When the excess of ammonia had been expelled, a

dilute solution of lead acetate was added in slight excess. The
ebullition was continued until the precipitate became granular.

This it did in a few moments. It was then allowed to subside,

the supernatant liquid filtered, the precipitate slightly washed,

dried and weighed.

1. .0903 gr. ignited material treated as just mentioned^ gave

.2766 gr. lead molybdate, corresponding to .0722 gr. Mo =
79.95 per cent.

2. .1161 gr. ignited substance gave .3643 gr. lead molybdate,

equivalent to .0922 gr. molybdenum = 79.60 per cent. Mo.

These results apj^roach very closely those required by molyb-

denum oxide, and this unquestionably is the composition of the

black deposit.

M03O3.3H2O requires 18.36 per cent. HjO, and the analysis

above gave 19.00 per cent. The ignited residue gave 79.95

per cent, and 79.60 per cent, molybdenum, and the anhydrous

MO2O3 requires 79.96 per cent. Mo.

Tungsten.

Several salts of tungstic acid were prepared and studied.

Ammonium tungstate (.1000 gr. to about 30 cc. of water) was
placed in a platinum crucible, about which circled the wire

from the zinc pole of a two-celled bichromate battery, while

into the solution dijiped a platinum spiral attached to the cop-
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per wire leading from the carbon pole. There was a brisk

evolution of gas, which continued for twelve houi-s, without
any visible alteration of the tungstate solution. The same i-e-

sult attended the action upon a sodium tungstate solution.

After boiling a portion of powdered sodium tungstate with

acetic acid, and allowing the current to pass thi'ough the solu-

tion, the liquid at once acquired a deep blue color, and gradu-

ally a very thin blue deposit formed on the crucible walls.

By prolonged action of the current this was in part altered

to brown, and on exposure to the air the latter slowly passed

back to blue. I never succeeded in getting enough material

for analytical purposes, although these wei"e really supei-fluous,

the blue deposit being undoubtedly the W2O5 oxide ordinarily

found in the reduction of tungsten solutions, while the brown

was probably W(OH), (?)

Vanadium.

Employing a solution of ammonium vanadate and having

the same battery connection as in tungsten, I noticed, after

brief action of the current, that the originally colorless liquid

became yellow and gradually blue or green-yellow. Not any

other change was observed.

"With vanadium chloride like results were got. There was

always a strong evolution of chlorine.

With the sulphate (excess of acid having been removed) I

obtained in time an exceedingly minute, dark brown colored

deposit, scattered here and there upon the crucible. This was

observed, too, when the sulphate solution was mixed with

ammonium sulphate in excess.

Didymium.

Neutral sulphate solution did not give any result whatever.

With an acetate solution a deposit was noticed upon the zinc

pole. This occurred, too, when a niti-ate solution was em.

ployed. The slight deposition gave reliable reactions for

didymium.

Cerium.

Solutions of the nitrate, sulphate, acetate, and double nitrate

of cerium and ammonium were experimented with, but the



340 Bart

results were unsatisfactory. With a solution of the chloride

I had quite a large deposit upon the zinc pole of the battery,

which was light yellow in color. There was always some

chlorine liberated. The separated oxide acted as a non-con-

ductor, and the precipitation was at the most exceedingly

slow. In presence of didymium some of the latter was always

co-precipitated. This method of separating cerium could never

be of any practical value.

I hope to continue this work upon the behavior of various

inorganic salts towards the electric current, as time may per-

mit. The tendency to this field of investigation has induced

me to publish the above at this moment.

Labobatobt op the Ukiv. op Penn., Nov. 21, 1879.

NITROSULPHOBENZOIC ACIDS AND SOME
DERIVATIVES.*

By Edward Hakt.

Certain distinctive properties have been recognized as

belonging to ea-ch of the three classes of bi-substituted ben-

zenes known as ortho, meta, and para respectively. Ortho

compounds melt and boil at lower temperatures than meta

and para, fiesta compounds come next in this respect, and

para highest. This distinction, though a marked one, is not

without numerous exceptions. Besides this difference, we
recognize certain others more or less general. As a rule,

ortho compounds are easily soluble, meta less so, and para

least of all. Further, ortho compounds when treated with a

mixture of potassium bichromate and sulphuric acid, are

either completely destroyed and converted into compounds
belonging to other series, or they suffer no change whatever.

This does not apply to oxyacids, however, as Remsenf has

*From the Author's Thesis presented to the Johns Hopkins University for the
degree of Ph. D.

t Liebig's Annalen, 178, 295.
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shown. Probably exception should also be made of amido
compounds, which are easily broken up. This last distinctive

property of ortho compounds loses much of its value in view
of the fact that other oxidizing agents, as, for example, nitric

acid and potassium permanganate, do not act in this way, but

oxidize all three classes in nearly the same manner.

The object of this investigation has been to determine as

far as possible the influence of the position of the substitutino-

gi'oups upon the physical properties of substituted benzenes.

A very large number of bi-substituted benzenes have been

prepared, and some of them carefully studied, but the only

generalizations with regard to their physical properties that

have yet been made are those mentioned at the beginning of

this article. The tri-substituted benzenes offer a better field

for such work, since here the possibilities of isomerism

increase, and the comparison can be made to cover more
ground. None of these have been studied with sufficient care

for this purpose, and it seemed best to commence by pi-eparing

all possible isomers of such a series, fix the position of the

substituting groups in each, and then carefully study and

compare the compounds themselves and their like deriva-

tives.

The nitrosulphobenzoic acids were chosen for this purpose,

for which they have several advantages. (1) They appear to

be very stable compounds, a matter of the greatest importance.

(2) All three substituting groups are unlike, and therefore a

lai'ger number of isomers are possible (in this case 10, while,

with all groups alike but 3, with two alike, 6, are possible).

(3) They are bibasic acids, hence a larger number of similar

derivatives can probably be prepared. (4) They can probably

be easily prepared in lai'ge quantity if at all, and from a

number of different sources, thus making it easier to fix

accurately the position of the substituting groups.

Two nitrosulphobenzoic and three amidosulphobenzoic

acids had been made before this investigation was undertaken.

In none of these were the relative positions of more than two

groups known. They had all been prepared in small quantity

and not very carefully studied.

By treating metanitrobenzoic acid with fuming sulphuric

acid at a temperature near the boiling point of the latter
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Mulder* obtained granular crystals of a new salt, which may-

have been the barium salt of a nitrosuiphobenzoic acid, but

which he did not examine further. By treating metasulpho-

benzoic acid with a mixture of fuming nitric and sulphuric

acids, Limpricht and Uslarf obtained a nitrosuiphobenzoic acid,

and by reduction with ammonium sulphide the corresponding

amido acid. GriessJ treated metamidobenzoic acid with sulph-

uric acid, and obtained two amidosulphobenzoie acids.

Finally, by heating parasulphaminebenzoic acid with a mix-

ture of nitric and sulphuric acids, Remsen§ obtained another

of these nitrosuiphobenzoic acids, and prepared and analyzed

its barium salt. He further indicated a method by which the

constitution of the acids then known might be determined, as

follows: "Three isomeric nitrobenzoic acids are known, and

their constitution is also understood. If it were now possible

to introduce the sulpho group in these^ compounds would be

obtained of which two would be identical with the known
nitrosuiphobenzoic acids. The constitution of the latter

could then be easily determined."

Metanitroparasulphobenzoic Acid.

This is the acid of Eemsen, and was prepared according to

his directions, except that I used parasulphobenzoic, and not

parasulphaminebenzoic acid. Parasulphobenzoic acid was first

prepared nearly according to Eemsen's directions, from the

mixture of toluene sulphoacids by oxidation with potassium

bichromate and sulphuric acid. Afterwards I found it much
simpler to use potassium permanganate as the oxidizing agent.

The yield is in this case much larger, and the process requires

much less time. The method adopted after several trials is as

follows : 100 gr. toluene is dissolved in the smallest possible

quantity of fuming sulphuric acid. The solution is diluted,

neutralized with chalk filtered from the calcium sulphate and

evaporated to a small bulk. 350 gr. potassium permanganate

is dissolved in warm water and added to the solution of the

calcium salts ; the volume of liquid is then made up to about

5 litres by adding water, and the solution heated over the lamp

or on the steam bath until it becomes colorless. The liquid is

* Liebig's Annalen, 34, 302. tLiebig's Annalen, 100, 3T.

J Jour, fuer prak. Chemie, 113, 244. § Liebig's Annalen, ITO, 288.
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then filtered from the oxides of manganese and the filtrate

supersaturated with hydrochloric acid ; barium chloride is

then added, which throws down the parasulphobenzoic acid as

the acid barium salt. This is purified by crj'^stallizing once
from its solution in boiling water. 100 gr. toluene yield about

200 gr. of the acid barium salt.

From the acid barium salt of parasulphobenzoic acid, meta-

nitroparasulphobenzoic acid is prepared by ti-eating it with

a mixture of equal parts by weight of fuming nitric and sul-

phuric acids. 20 gr. acid barium salt require 100 gr. of the

mixed acids. The mixture is heated in an evaporating-dish

over the lamp until the nitric acid is driven off, diluted, neu-

tralized with bai'ium carbonate, and the barium salt obtained

from the filtrate by evaporation. The acid is obtained from
the barium salt by exact precipitation of the barium with

sulphuric acid.

SO3H
Metanitroparasulphohenzoic acid, CeHgCO^H + 2H2O, crystal-

lizes from water, in which it is very soluble, in short, thick

prisms. The acid is very slightly soluble in alcohol, and

almost completely insoluble in ether, chloroform and carbon

bisulphide. The hydrated acid melts at 130°-131°. As the

acid blackened and appeared to decompose at a temperature

insutficient to drive off all the water, the amount of this was

determined by adding a weighed portion to a weighed portion

of Iceland spar, and the calcium salt so obtained heated until

all water was driven off. In this way .2096 gr. acid + an

excess of Iceland spar lost .0715 gr. HjO + CO^. Theory

requires .0725 gr.

Barium Salt. ^
CO. \

CSH3SO3/ ^^ "^ ^^'^" This is the salt described by Eemsen,

the method of prepai'ing which has already been described.

The jneld from 20 gr. acid barium salt of parasulphobenzoic

acid was in one case 15 gr. 1 am satisfied, however, that it

often largely exceeds this. Eemsen gives the salt \h mole-

cules H,0. The difference is probably due to the fact that the

salt analyzed by Eemsen was dried over sulphuric acid, while
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the figures here given are for the air-dried salt. Experiment

shows that the salt loses water very slowly over sulphuric acid,

and it seems probable that Eemsen's salt was not perfectly

dried before analysis. The salt loses a little less than 3 mole-

cules of water over sulphuric acid at the ordinary temperature.

It crystallizes in yellow needles which unite at the ends,

forming concentric groups. They are moderately soluble in

cold and easily in hot water,

I. .2915 gv. salt lost .0435 gr. at 200°, and gave .1497 gr.

BaSO,.

II. .2817 gr. salt lost. 0318 gr, over sulphuric acid, and gave

.1451 gr. BaSO,.

III. .3298 gr. salt lost .0382 gr. over sulphuric acid, and

.0516 gr. at 235°.
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acid, evaporating to crystallization, and reciystallizing the

product, or by dividing a solution of the neutral salt in two
equal portions ; exactly precipitating the barium in one por-

tion by sulphuric acid, and adding the other to it. It crystal-

lizes in long prismatic needles, which attain great length

under favorable circumstances. The crystals are neai'ly

white. They are easily soluble in water—more soluble than

the neutral salt. Solutions of the salt show a very marked
tendency to creep up the sides of containing vessels. The salt

loses three molecules of water over sulphuric acid.

I. .2104 gr, salt lost .0152 gr. over sulphuric acid, .0297

gr. at 180°, and gave .0669 gr. BaSO,.

II. .3758 gr. salt lost .0554 gr. at 210°, and gave .1209 gr.

BaSO,.

III. .2481 gr. salt lost .0190 gr. over sulphuric acid, and

.0357 gr. at 210°, and gave .0465 gr. BaSO,.

Calculatod. Found.

CO,H
CfiHs NO2 S- 492 66.76

I. II. III.

SO3 J,
Ba 137 18.59 18.68 18.91 18.72

6H,0 108 14.65 14.12 14.72 14.39

737 100.00

3H,0 7.31 7.22 ... 7.65

Copper Salt.

r. TT c/?* ^Cu + 5II2O. This salt forms small, hard, bluish-

NO,
green crj^stals. It was obtained by evaporating a solution of

the salt over sulphuric acid. The salt is difficult to obtain in

the pure state, as the solutions deposit a grecnish-Avhite sub-

stance when evaporated, which appears to be a basic salt.

The salt loses two molecules of water over sulphuric acid, and

the remainder at a higher temperature.

I. .1945 gr. salt lost .0208 gr. over sulphuric acid.

II. .1285 gr. salt lost .0269 gr. at 250° and gave .0205 gr. Cu.

45
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Found.
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and evaporatiug the solution on the water bath until the

fumes given off no longer blacken lead paper; upon filtering off

the sulphur which has separated, and adding hydrochloric

acid, the acid mixed with sulphur is precipitated. It may
be purified by converting it into the barium salt, filtering

through animal charcoal to remove coloring matter, and

reprecipitating with hydrochloric acid. The acid forms a

white powder, which, when precipitated from a hot, not too

concentrated solution, takes the form of warty masses with a

slight tendency to crystallize. It is difiicultly soluble even in

boiling water, almost entirely insoluble in alcohol, ether and

carbon bisulphide. When heated on platinum foil it blackens

without previously melting, and gives off fumes with the odor

of sulphur dioxide. The watery solution of the acid shows

no fluorescence.

Barium Salt.

CO \.

r TT SO^ ^Ba+ SHjO. Obtained by treating the acid with

water and barium carbonate. It crystallizes in well formed,

sharply pointed crystals, wliich have a very beautiful lustre.

A solution of the salt slowly decomposes when evaporated, or

even if allowed to stand for a long time, becoming dirty brown

or yellow. If such a solution be allowed to crystallize, the

crystals are almost black. By filtering through a long tube

containing animal charcoal, the coloring matter of such solu-

tions may be removed, and the solutions then show a marked

blue fluorescence. This fluorescence is less marked than in the

case of another acid and its barium salt, to be presently

described.

I. .1712 gr. salt lost .0232 gr. and gave .0953 gr. BaSO^.

II. .2200 gr. salt lost .0296 gr. and gave .1252 gr. BaSO,.

Calculated.
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No. I. was made with a specimen of the salt which had
considerable color and which was prepared before the proper
method for purification was discovered. No. II. was made
with white and quite pure salt.

This acid seems to be identical with one of those made by
Griess. I have made the acid of Griess according to his method,

and have no doubt thatthe two are identical, though no analyses

have yet been made to test the matter thoroughly. These

two methods of preparation—on the one hand from parasul-

pbobenzoic acid, and on the other hand from metamido-

benzoic acid—are sufficient proof that the name metamido-

parasulphobenzoic acid eox'rectly indicates its constitution.

This proof is supported by another, to be considered hereafter.

Faranitroorthosulphobenzoic Acid.

In a preliminary notice* it was stated that by treating

paranitrotoluene with sulphuric acid and neutralizing with

chalk, two calcium salts had been obtained, one containing 4,

the second 6 molecules of water of crystallization, and which

were believed to be the salts of two isomeric acids. A more

careful study has, however, led to the -conclusion that the first

assumption was a mistaken one, and that the two salts diifer

only in the amounts of water of crystallization which they

contain. When treated with phosphorous pentachloride and

afterwards with ammonia, they are converted into amides of

similar appearance, and melting at precisely the same tem-

jDerature, 189°. Further, they both yield upon oxidation the

same acid—paranitroorthosulphobenzoic. In this connection it

may be noticed that Schwanertf has obtained a calcium salt

of this acid containing but one molecule of water of crystalli-

zation. The proof for the constitution of the above toluene-

nitrosulphonic acid was given by Ascher.J He converted the

nitro into an amido acid, replaced the NH^ group by H by

means of Griess's reaction, and by fusing the resulting toluene-

sulphonic acid with potassium hydroxide obtained salicylic

acid, thus showing that the sulpho group occupies the ortho

position.

*Ber. der deut. chem. Gesell. X. 1046.

tLiebig's Annalen, 180, 850.

$ Liebig's Annalen, 161, 1, and Ber. der deul. chem. Gesell. IV. 649.
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The potassium salt of the new acid was obtained from the

above tolueneparanitroorthosulphonic acid by the oxidation

of the calcium salt with potassium permanganate. Paranitro-

toluene was dissolved in fuming sulphuric acid. The solution

was gently heated and allowed to stand in a warm place, until

on diluting with water a clear solution was obtained. The
mixture was then diluted, neutralized with chalk, filtered from

the calcium sulj^hate and excess of chalk, evaporated to a

small bulk, and to the solution heated upon a water-bath po-

tassium permanganate was added in small quantities at a time,

until the solution was not decolorized after 4 or 5 hours'

heating. The excess of permanganate was then destroyed by

a little alcohol, and the filtrate from the oxides of manganese

evaporated until the neutral potassium salt of the new acid

crystallized out.

Neutral Potassium Salt.

CO3K
CeHsSOgK. Obtained as above described. The salt is anhy-

drous and crystallizes in groups of short, thick, opaque prisms,

which mostly have a faint yellow color. They are tolerably

soluble in cold and moi-e easily in boiling water. The appear-

ance of the crystals is very characteristic.

I. .2698 gr. salt gave .1444 gr KaSO^ = 24.02 per cent. K.

II. .2733 gr. salt gave .1461 gr. K^SO^ = 24.00 per cent.

K. Theory requires 24.19 per cent. K.

A determination of the sulj^hur by the method of Fahlberg

and lies, which Dr. Fahlberg kindly made, gave: .31225 gr.

salt gave .2125 gr. BaSO^ = 9.35 per cent. S. Theory re-

quires 9.46 per cent. S.

Acid Potassium Salt.

CO^H
CgHsSOgK 4- H2O. The salt was prepared by adding hydro-

chloric acid to a concentrated cold solution of the neutral salt.

It crystallizes in long, fine white needles, which are only

moderately soluble in cold water. By slow evaporation of a

saturated solution it may be obtained in thick, short, trans-

parent prisms. The needles were analyzed with the following
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result: .2339 gr. salt lost nothing over sulphuric acid; .0146

gr. at 150°, and gave .0662 gr. KaSO^.

Calculated.
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water bath, and adding hydrochloric acid to the filtered

solution. The acid forms long, delicate needles, which are

very slightly soluble in cold, more easily in boiling water;

almost entirely insoluble in alcohol and ether. Solutions of

the acid when evaporated do not become colored. If the

solution be made neutral or alkaline, however, decomposition

commences if the solution is kept hot, and soon becomes of a

dirty brown or black color.

Barium Salt.

CO \.
n XT ar^^^B^ + H2O. Obtained by adding barium chlo-

ride to a solution of the ammonium salt. Very fine needles,

which unite to form groups. When a solution of the salt is

rapidly evaporated, it separates in mica-like plates with a

pearly lustre. The salt is diflScultly soluble in water.

I. .1919 gr. salt lost .0100 gr. and gave .1201 gr. BaSO, =
5.21 per cent. H2O and 36.80 per cent. Ba.

II. .1742 gr. salt dried at 220° gave .1156 BaSO, = 39.02

per cent. Ba. Theory requires, for the hydrated salt, 4.87

per cent. HjO and 37.03 per cent. Ba ; for the dried salt,

38.92 per cent. Ba.

Orthonitroparasulphohenzoic Acid.

This acid was made by treating orthonitrotoluene with

fuming sulj^huric acid, neutralizing with chalk, evaporating

the filtrate to a small bulk, and oxidizing the product by

addition of potassium permanganate in small quantities at a

time. The solution is filtered from oxides of manganese,

neutralized with hydrochloric acid, and evaporated to a small

bulk. Hydrochloric acid is then added in excess, which

precipitates the acid potassium salt, which is easily purified

by recrystallization.

Potassium Salt

Is very soluble in water, by which it is readily distinguished

from the corresponding salt of paranitroorthosulphobenzoic

acid. No analysis was made.
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Acid Potassium Salt.

CO,H
CeH3S03K Anhydrous prismatic plates, which are tolerably

NO,
soluble in hot, less in cold water. .1980 gr. salt gave .0599 gr.

KjSOi = 13.58 per cent. K. Theory requires 13.71 per

cent. K.

Barium Salt.

CfiHsSOg/ ' -' 3 • ij^ijig ig obtained from the neutral
no,

potassium salt by adding barium chloride to a strong solution*

The salt forms small granular crystals of a yellowish color,

which are difficultly soluble in cold, more easily in boiling

water.

.2199 gr. salt gave .0202 gr. H^O = 9.19 per cent., and .1204

gi\ BaSO^ which gives for the dried salt 35.45 per cent. Ba.

Theory requires 8.61 per cent. HjO and 35.86 per cent. Ba.

These results, though not as accurate as could be wished,

when taken in connection with the analysis of the acid potas-

sium salt sufficiently indicate the composition of the acid.

The barium salt was prepared in small quantity, and was not

as pure as was desirable. Another analysis will be made
when lai'ger quantities have been prepared.

The proof for the constitution of this acid is as follows :

The toluenenitrosulphonic acid, from which it is derived by

oxidation, was obtained by Boilstein and Ivuhlberg* by the

action of fuming sulphuric acid upon orthonitrotoluene (called

metanitrotoluene b}^ B. and K., as salicylic acid was at that

time supposed to be a meta compound). The same acid was

likewise obtained by Engelhardtf b}'^ treating his. a-toluene-

sulphonic acid with nitric acid. Anna WolkowJ has shown

that the a-acid of Bngelhardt is tolueneparasulphonic acid,

and she has also made the tolueneorthonitroparasulphonic

acid from it by treating it with fuming nitric acid.

Orthoamidovarasuli)hobenzoic Acid.

Kade from the nitro acid by treating the potassium salt

with ammonium sulphide. The acid is precipitated from a

Liebig's Annalen, 155, 8. t Ibid. 155, 10. t >5cit. f. Chemic, 18T0, 334.
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concentrated solution of its salts on adding hydrochloric acid.

It crystallizes in beautiful rhombic plates of a yellowish color,

and is tolerably soluble in hot water, slightly in cold water

and in alcohol ; almost entirely insoluble in ether and chloro-

form. Dilute solutions of the acid and its barium salt show a

beautiful blue fluorescence. An estimation of the sulphur gave

the following result

:

.1951 gr. acid gave .2072 BaSOi = 14.59 per cent. S.

Theory requires 14.70 per cent. S.

The barium salt of this acid has been prepared in small

quantity, but no analysis has yet been made. The salt is

white, dissolves tolerably easily in hot water, and separates in

small orj'stals which unite to form groups. The salt easily

decomposes in solution when evaporated.

In speaking of metamidoparasulphobenzoic acid it was stated

that in addition to the proof there given, another considera-

tion led to the same result. This second proof is found in

connection with the above orthonitroparasulphobenzoic acid.

According to accepted ideas, but two nitroparasulphoben-

zoic acids are possible which would have the following for-

mulae :

COjH COH

9
NO,

SO«H

Of these, according to the method of its formation, we must

accept 2 as the correct formula for the acid last described.

This leaves 1 as the only possibility for the other acid, and

leads to the same result as the method of proof already given

under the latter acid. A comparison of the acid first obtained

by Eemsen and the one made from orthonitrotoluene, as well

as of their salts, given below, shows that they are entirely dif-

ferent.

Metanitroparasulphobenzoic

acid contains 2H2O and melts

at 130°-131° easily soluble.

Potassium salt; small hard

prisms, easily soluble in water.

Orthonitroparasulphohenzoic

acid contains no water of crys-

tallization.

Potassium salt; very soluble

in water.
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Acid potassium salt con- Acid potassium salt is an-

tains HHjO. hydrous.

Barium salt contains 4H„0. Barium salt is anbj^drous.

Tolerably soluble. Loses Very slightly soluble.

3H,0 over H.SO,.

Amido-acid; white pow- Amido-acid ; rhombic crys-

der, very insoluble, no fluo- tals, quite soluble, strong fluo-

rescence, rescence.

Barium salt contains 3HjO. Barium salt contains no

water.

The work so far done may be summed up in the statement

that two new nitrosulphobenzoic acids have been made, and
their structure, as well as that of Remsen's acid, determined.

The corresponding amido acids have also been prepared and

so far examined that there will be no difficulty in recognizing

them, should they again be met with. The acid of Limpricht

and Uslar, and the second acid of Griess, have also been

prepared in quantity. They are different from any of those

examined. As soon as time offers, an attempt will be made
to fix the position of the substituting groups. The number
of nitro or amido acids now known, which differ from one

another, is five. Other possible sources of nitrosulphobenzoic

acids are as follows : (1) Action of nitric acid upon ortho-

sulphobenzoic acid.* (2) Of sulphuric acid upon orthoniti'O-

benzoic acid. I have attempted to introduce the sulpho gi'oup

into metanitro and paranitro benzoic acids in many ways, but

entirely without success. (3) Action of sulphuric acid upon

ortho and paramido benzoic acids. In the case of paramido

benzoic acid the experiment has already been tried by Michael

and Norton, j- who obtained, not an amidosulphobenzoic acid,

but one having the formula CitHjjNjSOg. (4) Action of

sulphuric acid upon metanitrotoluene and oxidation of the

product. (5) It ma}'' be that by treating the two nitro-ethyl-

benzenes with sulphuric acid, positions will be taken by the

sulpho-group different from those in the nitrotoluenes.

After all possible ways have been tried, a thorough study of

Since the above was written an acid which appears to be new has been pre-

pared in this way. The barium salt contains 3H2O, which it loses completely over

sulphuric acid.

+Ber. der deut. chem. Gesell. 10, 580.
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the salts, ethers, &c., of the isomeric acids will be made. It is

proposed to compare 1st, melting points; 2d, solubility ; 3d,

crystalline form, especially of anhydrous compounds; 4th,

number of molecules of water in isomeric salts.

This investigation was undertaken at the instigation of

Professor Eemsen, and most of the work was done in his

laboratory.

REVIEWS AND REPORTS.

Brief Review op the most important Changes in the Industrial
Applications op Chemistry within the last pew Years.

{Continued from page 284.)

Heavy Chemical Manufactures— Continued.

Salts.

Nitre.— An important addition to our knowledge on the

much examined but still obscure subject of nitrification has
been lately made by the researches of Mueller, Schloesing,

Muentz, Warington and Storer, in reference to the influence

of a living ferment in producing this peculiar form of

chemical change in nitrogenous material. At the same time
new observations have been made upon the range of tempera-
ture within which nitrification takes place, upon the unfavor-

able influence of light, the importance of the presence of

calcium carbonate or equivalent basic material, the circum-
stances under which a nitrite rather than a nitrate is pro-

duced, &c. These observations and experimental results will

undoubtedly admit of useful application whenever the manu-
facture of nitre in the so-callett " beds" has to be resorted to.

Some of the facts recorded by Warington in regard to the
influence of light and temperature are quite in accord with
results afforded on a larger scale by nitre beds established in

the Southern States during the war of 1861-5. The manu-
facture of ordinary nitre from Chilian sodium nitrate, begun
in Germany on a larger scale for the supply of Kussia during
the Crimean War, has become an established industrj^, the
saline residue from the vinasse of beet-root molasses distilla-

tion and the potassium chloride from Stassfurt carnallite
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being in turn used as the source of the potassium — the latter
much the more extensively at present. To no small extent
has this process permitted the purchase of Indian saltpetre to
be dispensed with, practically removing it from the market of
several countries of Continental Europe.

Potassium chloride.—One of the greatest of new industries

based upon saline pi-oducts is certainly the manufacture of
this compound from the great beds of carnallite, crude sylvine,

&c., overlying the rock salt of Stassfurt and Kalucz. The
process is essentially the simple repetition of crystallizations

from solutions in which the double salts of magnesium and
potassium are broken up, but in its details the method
involves nice attention to the varying character of the crude
saline mass treated, to the strength of the solutions at vaiious

stages, to the temperature, and to the time permitted for ci-ys-

tallization. In the regulation of temperature, steam-jackets

to the pans and coils of steam pipe furnish most useful aid, as

they do in a host of other processes of modern chemical
industr3^ Much judgment has, moreover, been shown in

determining the extent to which the process of purification

may be profitably carried in order to supply the different

demands of chemical manufactures and of agriculture.

Potassium sulphate.— This salt is also obtained from the

material furnished by the Stassfurt beds, and on a much
larger scale than was practicable before the discovery of these

valuable sources of supply. It has been made by the action

of sulphuric acid upon potassium chloride, in decomposing
pans like tho.-e used in the first stage of the Leblanc soda

process, and turning out a product analogous to the common
"salt cake," but to a much larger extent from the potassium

chloride of carnallite by double decomposition with the mag-
nesium sulphate occurring in adjoining beds as kieserite, or

obtainable by the action of water on kainite from other

portions of the same remarkable series of deposits.

It is not yet twenty years since these potassium salts were

but sparingly obtained by-products from the eva])oration of

sea-water and from kelp-working. The}^ now represent of

themselves important branches of industry, and have served

to give new vigor to all manufactures in which potassium

compounds are necessar}'^ materials.

Potassium chlorate.—The production of this salt has acquired

increased importance from its fast extending use in calico-

printing and in medicine, as well as in pyrotechny and the

making of some kinds of friction matches. The older method

of producing it, by passing chlorine into a hot solution of

potassium carbonate, has become quite obsolete, and is replaced

by the action of chlorine upon milk of lime, followed by con-

version of calcium chlorate into the corresponding potassium

salt by means of potassium chloride, thus avoiding the
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measurable waste of potassium by conversion of a dearer into

a cheaper salt (carbonate into chloride) to the extent of five-

sixths of the whole amount used, and rendering the process

at the same time more manageable and well defined. It is

interesting to observe that the use of lime was first suggested

(though not quite in the way afterwards proposed b}^ Liebig

and now practiced) b}' Graham, whose name we are much more
accustomed to associate with researches in pure chemistry

and phj'sies than with technical improvements, though for

the importance of the latter he seems ever to have had a

lively interest.

Potassium pyro-chj'omate.— For this there is also increased

demand owing to extended and varied use, chiefly in dyeing
(logwood black, &c.), preparation of pigments for painters'

use, and for pigment printing (with chrome A'ellow, vert

Guignet, &c.), and as an oxidizing agent. New sources of

supply of the raw material for its manufacture, chromite,

have been opened in various directions, including localities in

Australia, New Zealand and New Caledonia. The chromite
of western North Carolina does not seem to be yet worked,
probabl}' on account of defective means of transportation.

The use of lime in the roasting of the ore, replacing in part,

or sometimes altogether, the potash or more expensive nitre

formerly used, proves of much advantage by preventing clear

fusion of the alkaline material Avith subsidence of the heavy
ore out of reach of atmospheric oxygen, while potassium
sulphate affords the means of converting the calcium salt

formed into one of potassium.

Potassium ferro- cyanide.— The history of this salt for some
years past has been one of declining production for more
direct use in developing dyers' and calico-printers' colors,

Prussian blue having been in large measure replaced by the

coal-tar colors and ultramarine; but, on the other hand, of

increased consumption in making potassium cyanide for the

purposes of the electro-plater and photographer. The im-

mense loss of nitrogen, at least 75 per cent, of that contained

in the animal matter used, and no small loss of potash, leave

this manufacture in the list of those still much needing im-

provement. The main conditions for diminishing the waste
of organic nitrogen being a high temperature, thorough
exclusion of air, and rapid heating up of the solid materials

introduced into the furnace, it would seem worth trial whether
advantage would not be derived from a mechanicall}^ regulated

feed of very small charges raj^idly following each other into a

Siemens furnace with non-oxidizing atmosphere. This salt

has within the last few years come to be a minor secondary
product of the Leblanc process as applied to making potas-

sium carbonate from the Stassfurt chloride. Recent patents

for the manufacture of potassium ferro-cyanide from ammo-
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nium sulpho-cyanate of gas liquor, or from the same salt made
by the action of ammonia on carbon disulphide, seem to be

still in the experimental stage only.

Potassium cyanide.— The manufacture of this now largely

used compound presents nothing specially new since Liebig's

process— fusion together of potassium ferro-cyanide and car-

bonate— came generally into use, save that soda is often

added, and so a mixed product of potassium and sodium
cyanides is obtained. No economically successful process has

yet been secured for making this or other cyanides from
atmospheric nitrogen, in spite of the numerous attempts at

producing such a result.

Sodium chloride.—With ever-increasing consumption of com-
mon salt, there is little to note of recent important changes in

the methods of preparation. In working the mother-liquors

from the Mediterranean " salt gardens," the necessity for

great storage reservoirs, in which to keep the concentrated

solution over until it may be crystallized in the cold weather

of winter, has been obviated by the introduction of machiner}''

for the production of artificial cold ; but the importance of

working these mother-liquors has been much diminished by

the products having now to compete with those from the

Stassfurt deposits.

Sodium nitrate.— The very simple process of solution and

crystallization by which the "Chili saltpetre" of South

America is obtained admits of little modification, but the work
has been systematized of late years an«> carried out with

improved mechanical arrangements and upon a much larger

scale than formerly, so as to provide for the greatly increased

demand both for agricultural and manufacturing use.

Sodium sulphate.— The most intei-esting advance in the

manufacture of this salt, so largely in demand for modern

glass-making, has been its production by the mutual decom-

position of common salt and kieserite (magnesium sulphate),

both furnished by the Stassfurt beds. The purity of the

product gives it the advantage over ordinary "salt-cake" for

the glass manufacture.
Borax.—Greatly increased production is chiefly to be noted,

due mainly to the discovery of new sources of supply of the

raw matei'ial, partly the boro-natro-calcite (" tiza ") of South

America and the boracite of Stassfurt, but much more the

great quantities of crude borax and "tiza " of California and

Nevada. Extending use of the salt is observable chiefly m
the manufacture of pottery and in connection with washing

but this is hardly in proportion to the greatly increased

abundance and lower price.

Ainmonium chloride.— The recent proposal of Gerlach de-

serves attention—namely, to work the "ammonia-soda" pro-

cess with a view to producing sal-ammoniac, making the
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sodium carbonate obtained a secondary product only, and not
regenerating the ammonia. To this end gas liquor, or that
from bone-black works, is to be simply distilled—best in some
such apparatus as that of Solvay— the concentrated distillate

mixed with brine and treated with carbon dioxide gas under
pressure, the precipitated acid carbonate of sodium removed,
some ammonium carbonate recovered from the residual solu-

tion by distillation, and ammonium chloride then crj'tallized

out, separating it from I'emaining common salt. A similar

process is proposed for making ammonium sulphate and
nitrate. It may be worth noticing in relation to these salts,

for which the demand is constantly increasing, that enormous
waste of ammoniacal Hquor prevails, or did but a few years
back, at most of the gas works of the United States.

Calcium chloride.— Attention has already been drawn to the

great importance of devising a workable process for economi-
cally making fi'oni this salt and from the corresponding mag-
nesium compound hj'drochloric acid or free chlorine. To the

list of many other industries which tend to turn out more and
more calcium chloride as a waste product may be added salt-

boiling in certain regions, as in Ohio, where the mother-liquors

are loaded with it.

Calcium acid phosphate.— The immense extension which the
trade in ''super-phosphate of lime" has taken of late years
has led to many small improvements in the mechanical appli-

ances of the manufacture, and some small changes in the

chemical treatment used, so as to adapt it to the various
phosphatic materials brought into the market, but no change
of general importance has been made.
Magnesium sulphate.— The various methods formerly de-

pended upon for the production of this salt have lost interest

in view of the immense masses of kieserite found in the upper
portion of the Stassfurt beds, this requiring onl}^ somewhat
prolonged treatment with water to get it into. solution, and
subsequent cr3'stallization. Although used for a larger number
of purposes than heretofore, including sundry applications

requiring a cheap soluble sulphate, the price is very low and
the available supply in excess of the demand.
Aluminum sidphaie.—This salt, though alwaj's open to the

objection of variability of constitution as it reaches the market,
has been made of better quality of late than in former years,

more nearly definite in character and freer from iron. Es-
pecially is this true of the so-called "porous alum " made from
kryolite. Under the name "alum clay cake," that made from
clay and still retaining silica in admixture with it finds

extensive use among paper-makers and for some of the less

refined processes of dyeing, and is manufactured upon an
increasing scale, both for such direct use and for conversion
into alum.
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Alum.-^The working of alum shale and alum earth, though
still practiced upon a very large scale, has of late years been
relatively fiilling behind, some large establishments having
even been abandoned, while clay, beauxite and cryolite have
assumed increased im])ortance as sources of the aluminum
required, sodium aluminato being first made from the two
latter, partly used as such and partly converted into alum.
In working shale, moreover, sulphuric acid is largely used
now, instead of depending upon the oxidation of the dissemi-
nated pyrites.

As regards the alkaline sulphate used in making the double
salt, the tendency for a number of years has been towards the
substitution of potassium by ammonium sulphate, but this has
to some extent been checked, particularly in Germany, by the
abundant supplies of potassium compounds from Stassfurt.

Iron (ferrous) and copper sulphates.— Nothing of special

importance as to these heavj^-metal salts requires notice,

except that an extension has been given to the material for

their manufacture as secondary products of metallurgic opera-
tions, in the growing production of "cementation" copper
in the wet way, and in the extraction of gold and silver from
copper regulus or copper mattes employed as the means of
concentrating the precious metals.

J. W. Mallet.
( To be continued.)

Report on Pkogress in A.nalytioal Chemistkt.

{Vontinned from }>. 291.)

Potassium.— R. Hornberger* has shown that the method
usually employed for the determination of the alkalies in the

ashes of plants is defective, inasmuch as the solution con-

taining these as chlorides— and from which all other con-

stituents of the ashes are supposed to have been removed—
still contains phosphoric acid. Hence an error is made in

considering as chloride of sodium the difference between the

weight of the residue remaining after the evaporation and

the amount of chloride of potassium found by means of

platinum chloride. The presence of phosphoric acid in this

solution is due to the decomposition of 'phosphate of calcium

by carbonate of ammonium, when this reagent, ammonia and

oxalate of ammonium are added to the ash solution for the

purpose of removing other constituents than the alkalies. It

is therefore proposed to precipitate the phosphoric acid as

phosphate of calcium by means of ammonia, and remove it by

filtration before adding the carbonate and oxalate of ammo-
nium.

* Zeitsch. anal. Ch. 18, .361.

47
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H. Precht* announces that the method proposed by A.

Carnotf for the volumetric estimation of potassium by means
of subnitrate of bismuth, hyposulphite of sodium and a stan-

dard solution of iodine does not yield satisfactory results.

Lithium.— C. EammelsbergJ; has confirmed, by means of

new experiments, his former assertion that the precipitate

obtained by treating a solution of a lithium salt with phos-

phate of sodium is in all cases a sodium lithium phosphate;

and hence that lithium cannot be correctly determined by the

method of Mayer.
Magnesium.— Schlagdenhauffen§ proposes as a sensitive re-

agent for magnesium a solution obtained by dissolving iodine

in two per cent, caustic potassa or soda until its color becomes
golden-yellow. This reagent produces a brownish-red pre-

cipitate, or reddish coloration in very dilute solutions of mag-
nesium sulphate or chloride ; and the presence of barium,

strontium or calcium does not interfere with the detection of

magnesium by means of it.

Zinc.—C. Mann|| determines zinc indirectly by treating the

washed sulphide— obtained by conducting sulphide of hydro-
gen into the acetic acid solution — with moist chloride of

silver, and ascertaining by means of Volhard's method the

amount of chlorine which passes into solution as chloride of

zinc. According to the author the exchange of sulphur for

chlorine between zinc and silver takes place rapidly at the
boiling temperature of water.

To determine zinc electrolytically, F. Beilstein and L.

Jawein^ treat the solution of sulphate or nitrate with caustic

soda until a precipitate forms, then with cyanide of potassium
until a clear solution is obtained, insert the platinum electrode,

and connect with a Bunsen's battery consisting of four cells.

The zinc precipitates at the rate of about 0.1 gr. per hour.

Cadmium.— To determine cadmium electrolyticall3', Beil-

stein and Jawein** dissolve the sulphide or oxide in nitric

acid, neutralize with caustic potassa, add cyanide of potassium
until the ]>recipitate is barely dissolved, dilute so that 75 c. c.

of the solution contain ox\\y about 0.2 gr. of cadmium, place

the beaker in a vessel of cold water, insert the electrode, and
connect with a Bunsen's battery of three cells. The average
precipitation of cadmium is 0.080-0.090 gr. per hour.

Silver.— Bronner'j""!' describes how the gas furnace invented

by Dr. Hempelj;| ma}' be advantageously employed for the

purpose of illustrating the process of cupellation, and even for

quantitative assa3nng.

*B(;r. d. chem. Gcsell. 12, 1134—IVom Correspondenzb des Ver. analyt. Chemiker.
6-10.

tComptes vendiii?, 83. .390; 84, 1504: 85, 301; 80. 478.

t Jour. Chem. Soc. 1879, IS. SZeitsch. anal. Cli. 18, 97.

l!
Zeitsch. aual. Ch. 18, IbS. 1 Ber. d. cbem. Gesell. 13, 44(5.

**Ber. d. cliciii. GeseH. 12. 7.59. ttZeitsch. anal. Ch. 18, 81.

JifZeitsch. aual. Ch. Ki, 454.
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Mercury.—J. W. Bruebl* recommends ugitution with ji diliito

solution of chromic acid iis the most effectual method of puri-
fying mei-cury.f L. Meyer| describes a modification of the
apparatus formerly proposed by him§ for the purification of
mercury, in which he makes use of ferric chloride instead of
nitric acid.|| G. Attwood^—" Quantitative Assay of the Ores
and Compounds of Mercury by the Blowpipe."

Cobalt.— Gr. Papasogli** and T. Tattersallff announce that
minute quantities of cobalt may be detected by means of the
red color developed by yellow sulphide of amtnonium in a
solution of cobaltocyanide of potassium. The presence of
cyanide of nickel or any other soluble cyanides, except that
of cop])er, does not interfere with the reaction. Papasogli
and also H. W. VVileyJJ found it possible by means of this test
to detect with certainty the presence of 0.0001 gr. of a
cobaltous salt when dissolved in 1 c. c. of water.

Iro?i.—C. Doelter§§ describes an arrangement of apparatus
which mtiy be used with advantage in decomposing silicates

with sulphuric and hj^drofluoric acids, when it is desired to

determine the ferrous iron contained in them by meatis of
permanganate of potassium.
W. F."K. Stock :1||| "On a new Form of Apparatus for the

Production of Ferrous Salts for Titration."

Manganese.—F, Kessler:^T[ "On the Determination of Man-
ganese, especially in Iron-Manganese Alloys."

To determine manganese. C. Poessler*** makes use of the
fact that, when a solution containing a manganous salt and
nitrate of silver is treated with an alkali, a precipitate is

obtained which contains fixed relative quantities of the two
metals, namely Ag^O-MujOs. The solution of manganous salt,

which must be free from substances that precipitate silver or

reduce the nitrate, is placed in a measuring flask ; a measured
quantity of a standard solution of silver nitrate, more than is

required for the precipitation of the manganese, added; the

flask heated upon the water bath, and both manganese and
the excess of silver precipitated by means of carbonate of

sodium. Ammonia is now added, the flask cooled and filled

to the mark, a part of the contents filtered off through a dry
paper, and the excess of silver in a measured portion of the

filtrate determined by means of Volhard's method. The
presence of ferric iron does not interfere with the determina-

tion of manganese by this method. The author has found it

necessary, however, in the case of solutions of iron-manganese

alloys to first remove the ii'on by means of acetate of sodium,

* Ber. d. chem. Gesell. 12, 204. tThis Journal, 1, 68.

ifBer. d. chem. Gesell. 12, 437. JZeitsch. anal. Ch. 2. 241.

i| This Journal, ]. 213. «[ Jour. Chem. Soc. 1879, 207.

**Ber. d. chem. Gesell. 13, 297—orig. Gazz. Chim. ital.

ttChem. News, 39. 66. $}; This Journal, 1, 211.

SSZeitsch. anal. Ch. 18, 50. [|!| Chem. News, 39, 46.

•ft Zeitsch. anal. Ch. 18, 1.
*** Ber. d. chem. Gesell. 12, 925.
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since such solutions, previous to the removal of the iron, con-

tain substances which reduce the nitrate of silver,

J. Pattinson* has ascertained that all the manganese in a

manganous salt may be precipitated in a state of oxidation

equivalent to that of the metal in the superoxide, if the solu-

tion containing it and an equal or larger amount of ferric

chloride is treated with h^'pochlorite of calcium or bromine,

the temperature raised to 60° or 70°, and an excess of calcium
carbonate added. The author utilizes this fact in the deter-

mination of manganese in manganiferous iron ores, &c., by an
indirect volumetric method.

Chromium.—E. Donathf detects, chromate of potassium in

the presence of bichromate by means of manganese sulphate,

bichromate in the presence of chromate by treating with a

hot solution of sodium hyposulphite, and free chromic acid in

the presence of bichromate by means of potassium iodide.

W. J. Sell;|; converts chromous compounds into chromic acid

by slowly adding to their acidified, boiling solutions a dilute

solution of permanganate of potassium until the color of the

latter no longer disappears. The conversion is complete
;

but, since the reduction of the permanganate towards the end
of the reaction is only partial, the method cannot be employed
to determine chromium volumetrically. To do this the author,

after having rendered the solution alkaline with carbonate of

sodium, added alcohol and filtered, makes use of the iodine

method. To decompose chrome iron ore he recommends fusion,

first Vi^ith potassium hydrofluoride or sodium fluoride and acid

sodium sulphate, and then with acid sodium sulphate alone.

Gold.—H. von Jueptner:§ "On the Separation of Gold and
Silver, and on the Determination of the same in Alloys."

Lead.—To determine minute quantities of lead in solution

colox'imetrically, Gr. Bischof|| evaporates to dryness, ignites

the residue, digests with the least possible excess of pure
hydrochloric acid, filters, washes, conducts sulphide of hydro-
gen into the filtrate, neutralizes with ammonia, and finally

acidifies with hydrochloric acid.

Vanadium.—O. Lindemann^ determines vanadic acid volu-

metrically by titrating in an acid solution with ferrous-

ammonium sulphate, which has been strongly acidified with
sulphuric acid. The vanadic acid or the corresponding anhy-
dride is reduced to the dioxide. Ferricyanide of potassium,

with which a small portion of the solution is from time to

time tested, serves to indicate the completion of the reduction.

The presence of salts of iron, aluminium, chromium, and the

alkalies does not diminish the accuracy of the results.

Hydrocarbons.—W. Hempel** finds, that if a mixture of free

*Jour. Chem. Soc. 1879, 365. tZeitsch. anal. Ch. 18, 78.

J Jour. Chem. Soc. 1879, 292. §ZeitBch. anal. Ch. 18, 104.

llZeitsch. anal. Ch. 18, 7.3. •[ Zeitsch. anal. Ch. 18, 99.

*Ber. d. chem. Geeell. 13, 1006.
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hydrogen, marsh gas and atmospheric air is passed over
superficially oxidized palladium under such conditions that
the temperature cannot rise above 100°, the hydro^-en is
completely converted into water, while the marsh gas is

wholly unaffected. Mallard and Le Chatolier* recommend
the use of the hydrogen flame as a means for detecting the
presence of fire-damp in mines. The flame becomes disti'^ictly

blue when the atmosphere contains 0.25 per cent, of marsh
gas; while at least 3 per cent, is necessary'- to produce the
same effect upon the flame of the ordinary miner's lamp, even
when a blue glass is used.

E. Angus Smith :f "Detection of Fire-Damp."
Hydroxyl Derivatives of Hydrocarbons.—Ch. Eardy and L.

Bordet| describe in detail their procedure in determining the
methyl alcohol contained in commercial methylenes by Krell's
method. §

H. E. Proctor|| :
" WeselsUy's Eeaetion for Phloroglucin."

Organic Acids, Esters and Salts.—To determine acetic acid
contained in wine, L. Weigert^ places a flaslc containing a
measured amount of it in a water bath filled with a strong
solution of common salt, and distils under diminished pressui-e.

Water is added to the residue, and the distillation i-epoated

as often as may be necessary, and the quantity of the acid

ascertained by means of a standard solution of alkali. A.
Stromeyer** states that to ascertain the value of crude com-
mercial acetate of calcium, the acetic acid should be deter-

mined, instead of relying on a determination of the calcium
as is frequently done ; since, by the latter practice, results too

high b}" 4-5 per cent, are obtained.

In order to obtain further confii-mation of the presence of

so-called ethyldiacetie acid in a urine, which gave the char-

acteristic dark cheriy-i'ed color when treated with ferric

chloride, A. Hilgerff mixed 300 c. c, of the urine with 50-60

c. c. of concentrated hydrochloric acid, and distilled off two-

thirds of the volume. The residue gave no reaction with

ferric chloride. The distillate, however, smelled strongly of

acetone, and yielded ci-ystals of iodoforni when treated with

potassium hydroxide and a solution of iodine in potassium

iodide. To further prove the presence of both acetone and

eth}'! alcohol in the distillate, it was subjected to fractional

distillation, and the fractions treated with chromic acid. The
portion collected at and under 56° j'ielded on oxidization

formic acid ; while that collected after the temperature had

risen above 56°, was free from the odor of acetone, yielded

the iodoform reaction, and on oxidation, acetic acid and carbon

* Comptes rendus, 88. 749. + Chem. News, 39, 267.

% Bull, de la Soc. Chini. 32, 4. § Ber. d. chem. Gesell. 6, 1030; 7, 1492; 9, 1928.

II Chem. News, 39. 245. ^Zeitsch. aual. Ch. 18, 207.

** Ber. d. chem. Gesell. 12, 1135; orig. in Correspoudenzb. d. Vereins analyt.

Chemiker.
ttLiebig'8 AnBulen, 195, 314.
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dioxide. To determine approximately the amount of ethyl-
diacetic acid contained in the urine, 60, 80, or 100 c. c. Avere

mixed Avith 8tron<^ h3'drochloric acid, and distilled as before;

the distillate treated with potassium h^nlroxide and a strong
solution of iodine in iodide of potassium, gently warmed, and
alloATed to stand in a closed vessel twenty-four hours. The
iodoform was then collected in a weighed lllter paper, washed
with cold Avater, dried over sulphuric acid and Aveighed. In
this manner, closely agreeing results Avere obtained from
different portions of the same urine.

B. £. Dietzell and M. G. Kressner;* "Investigation of

Butter Fat."

J. Koettstorferf proposes, as a new method for detecting the
presence of foreign fats in butter, to determine the quantity of

caustic potussa required for the complete saponification of a

given Aveight of it. The author found as the result of an
examination of thirteen specimens that one gram of unadul-

terated butter requires for its saponification between 0.2215

and 0.232-1 gr. of potassium hydroxide, Avhile the same Aveight

of other fats required in no case more than 0.197 gr.

E. Eeichert;}; has published a method for the analysis of

butler which is based on the foct that the pi-oj)Ortion of volatile

acids in butter is much larger than in other fats. He saponifies

a given weight of the material under examination, decomposes
the product Avith sulphui'ic acid, distils and titrates the acids

in the distillate Avith a standard solution of caustic soda.

According to A. Gruyard,§ a saturated boiling solution of

oxalic acid decomposes chlorates, bromates and iodates with
liberation of a portion of the chlorine, bromine and iodine,

and the reaction may be employed Avith advantage to detect

the presence of these salts. If a solution containing the three

is treated Avith a sufficient quantity of oxalic acid, the chlorate

is completely decomposed and the free chlorine driven out by
the aqueous vapor and carbon dioxide, while the bromate and
iodate remain intact. The addition of more acid, however,
immediately induces a decomposition of the bromate. This
second stage of the reaction, too, is completed and the free

bromine expelled before the third, the decomposition of the
iodate, begins.

H. Schiff and S. Paglianij] find that the characteristic reac-

tion of salicylic acid Avith ferric chloride is prevented when
400 parts of sulphuric, 385 of nitric, or 36 of hydrochloric
acid are present.

In order to detect salicjMic acid in beer and similar

dark-colored liquids by means of ferric chloride, Aubry^ sub-

jects them to dalysis. Bias,** having examined the different

Zeitsch. anal. Ch. IS, 83. t Ibid. 18. 199. * Ibid. 18. 68.

J Bull, de la Soc. Chim. 31. 299.
!l
Ber. d. chem. Gesell. 12, 385.

T Ber. der chem. Gesell, 12, 1135— orig. in Corre^pondeuzb. d. A^ereius analyt.
Chemiker. **Jour. f. prak. Cbemie, 19, 43.



Reviews and Reports. 367

methods recommended for the detection of salicylic acid in

beer, concludes that it is simplest and surest to test the urine
with ferric chloride a few hours after the consumption of the
beer. In this manner the acid may be readily detected when
the beer contains only 0.025 gr. to the liter.

Carbohydrates.—F. W. Pavy* has published a method for
the volumetric determination of glucose which is founded on
the fact that a solution of the sugar reduces and decolorizes
an ammoniated Fehling's solution without precipitation. The
end of the reaction is indicated by the disappearance of the
last traces of color from the copper solution. Pavy states

that when 100 c, c. of Fehling's solution is mixed withSOO c. c.

of ammonia of 0.880 sp. gr. and 600 c. c. of water, one molecule
of sugar reduces six atoms of copper from the cupric to the
cuprous condition, instead of five, as in the ordinary Fehling's
solution. The addition of one gram of potash to 20 c. c. of the
solution thus obtained does not alter the ratio of sugar decom-
posed to copper reduced. If, however, more than one gram
and less than five is added, the relation is 1 : 5— 6; while
when five or more grams are added it is 1 : 5, as in the
ordinary Fehling's solution. He therefore recommends the
use of a solution which is obtained by mixing 120 c. c. of
Fehling's solution with 300 c. c. of ammonia of 0.88 sp. gr. and
diluting to 1000 c. c. 100 c. c. of this will produce the same
reducing effect as 10 c. c. of Fehling's solution.

O. Hehnerf has examined the method and found it capable

of yielding excellent results when the original Fehling's solu-

tion contains between 120 and 150 gr. of sodium hydroxide
per liter. Between these limits the relation of sugar to

copper given bj^ Pavy (1 : 6) holds good, but not otherwise.

A controversy has arisen between P. Cazaneuve, D'Arsonval
and P. Picard with respect to the merits of CI. Bernard's
method for the determination of glucose in blood.

J

E. Salkow8ki:§ "On the Compounds of Grape-Sugar with
cupi'ic Hydroxide."

J. Eiban :|1 "On the Transformation of Starch into Glucose

by Cold Water."
To determine quantitatively the amount of starch in sau-

sage, L. Medicus and E. Schwab^ decompose it by means of a

diastase solution, treat the products with a little hydrochloric

or sulphuric acid, and estimate the grape sugar thus produced

by titrating with Fehling's solution,

Mtro Covipoxinds.—F. Hess**: "On the Separation of Nitro-

glycerin from Nitrocellulose."

Alkaloids.—Dragendorff'tt : "On a New Brucine Eeaction."

E. Dannenberg J|:
"Detection of Colchicine in Cases of Poi-

sonincr." H. N. Morse.
&

* Cheiin. News, 89, 77. tibid. 39, 197. % Comptes rendns, 88 : 595, 753, 755 and 8(i4.

SZeitsch. anal. Ch. 3. 79. II
Bull, de la Soc. C'him. 31, 10.

1 Ber. d. chem. Gesell. 12, 1285. *'-Zeitsch. anal. Ch. 18, 352.

ttZeitsch. anal. Ch. 18, 107. $t:Zeitsch. anal. Ch. 18, 129.
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A Device for the rapid Filtration of the Carbon in Cast Iron

and Steel Analyses.

In the analysis of cast iron and steel, much time is consumed
in the separation of the carbon by filtration. Even under
the most favorable circumstances the operation requires

several hours. All attempts at rapid filtration by Bunsen's
method, using the usual asbestus filter, proved unsuccessful.

The increased pressure either forced the plug of asbestus

through the funnel, or if the asbestus was more closel}' packed,

the filtration was rendered exceedingly slow. In order to

overcome this delect if possible, a piece of apparatus was
constructed, which seems to fulfil all the requirements very
successfully.

A piece of platinum foil about .01 mm. in thickness, is

cut into a disc, having very near the same diameter as the

funnel used, whicii latter is of the same kind ordinaril}'' used
in the estimation of carbon. This disc (Fig. 1.) is

perforated with five or six holes, about 1 mm. in

diameter, and to its centre at right angles to its

plane is soldered, with a minute piece of gold, a

stout platinum wire about 1 mm. in diameter, and of
such a length that it may extend a short distance

below the contracted portion of the funnel

(Fig. 2). When the disc is in position, the
wire extends down through the smaller
portion of the funnel, and tends to keep
the platinum plate always horizontal (Fig.

3). Upon this plate is placed a thin laj'or

of pure asbestus. The lower portion of

the funnel may be placed through the
cork of the receiver of a Bunsen's pump
or any other convenient aspirator, as in

the usual method of rapid filtration.

The asbestus should be moistened, and
the pump set in action before the filtra-

tion commences, in order that the asbestus

may become well packed before the finely divided

precipitate is thrown upon it.

After the operation is finished, and the precipi-

tate well washed, the pump should be allowed to

run for a few minutes in order that the precipitate may

Fig. 1.

Fig. 2.

Fig. 3.
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become comparatively dry. In the state in which the carbon
now remains, it may be pushed out of the funnel in a solid
coherent cake, by pressure applied to the projecting platinum
wire. The tube only requires to be wiped with a s'mall piece
of aabestus to render it perfectly clean from the adhering pre-
cipitate.

With this apparatus, a filtration which, under ordinary
circumstances, would occupy several hours, requires but from
twent}' minutes to half an hour for its completion.

J. Creagii Smith.
University of Pennsylvania, Nov. 1879.

Potassium Permanganate and the Strychnine Test.

However unsatisfactory they may be, the color reactions of
strychnine are still in common use. After dissolving ihe
suspected substance in strong sulphuric acid, it has been
customary to add small bits of some oxydizing agent, such as
the dichromate or permanganate of potassium, or the dioxides
of lead or manganese, and to note the colors which follow.
The permanganate was introduced by ^y. A. Guj-,* who

claimed for it superiority to the dichromate, and peculiar
excellence in respect to brilliancy and delicac}^ of reaction.
As is well known, however, the strong acid present may act
upon the salt; slowlj-, when cold, more quickly Avhen warm,
causing evolution of oxygen and vapors of permanganic acid ;f
at the same time more heat is developed, the va])ors rise and
condense above the liquid in a lustrous film, in which rose-

colored drops shortly appear, and finally undergo still further
changes of color. Of course the mixture absorbs water with
great avidity, and it is asserted by TerreilJ that the solution of
permanganic acid with sulphuric acid containing three atoms
of water is violet in color. Wurtz§ describes the solution of
])ermanganic acid as of a beautiful red crimson b}' reflected

light, violet hj ti'ansparent light, and of veiy great coloring

power. It is also known that the solutions of manganic and
permanganic salts are colored by many reducing agents, || and
it is a fact easily shown, that if readilj^ decomposable organic

matter is present, as is often the case in toxical work, the

reaction may occur WMth destructive energy. It will be seen

that these reactions, while not necessarily leading to errors,

may, nevertheless, under varying conditions, give colors un-

comfortably like some of those to be looked for.

VVenzell,^ b}'- a long series of experiments, arrived at the

• *Pharm. Journal aud Trans. ISGl, pp. 558, 002, &c.
t Watts, Diet. Chem. 3, p. 819; also. Second Snpp., p. 772.

t Quoted bv Watts, Diet. Chem. 3, 820.

§Dict. Chimie, p. 300.
Ranimclsberg, Leitfaden, &c., 1874, p. 34.

• Am. Jour. Fharm. 1870, p. 385.
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opinion that the permanganate gives the most delicate reac-

tion, thus confirming the statement of Guy. His results have
been widely quoted, though they have not displaced the use
of the dichromate; many still adhering to the latter as alto-

gether superior; others, as Fresenius,* according to the per-

manganate equal rank.

I had tested for strychnine the exti'act from an infusion of
ewpatorium, mentioned in the succeeding note, using dichromate
and dioxide of manganese, and had obtained no blue coloration

whatever. Using permanganate, however, I secured a most
magnificent bluish purple, which was usually developed
somewhat slowly, and remained for some time, but at length
faded into a dirty reddish brown. Blank experiments showed
no such coloration, but if, into one of these a piece of filter

paper were let fall, the same blue color soon appeared. Fur-
ther experiments show that not only filter paper, but bits of

woody fibre, tea paper and shreds of cloth give the same
reaction, and in one case, very nearly the proper succession

of strychnine colors was obtained. The reaction is so delicate

.that if two dishes are properl}^ cleaned, rinsed with distilled

water and dried, one by heat, the other by a clean towel or a

sheet of filter paper, the former will give no reaction, the
latter a ^gyj perceptible blue. Keesef states that the pro-

duction of a violet color has been noticed in the case of various
organic matters by at least one other observer, but does not
reject the permanganate on that account. It is not claimed
that the succession of colors given by strychnine is ordinarily

developed
;
yet, in view of the possible colors which may

ai'ise from the reagents alone, giving nearly every required

shade except blue; and in view of the fact that many sub-

stances, if present, will afford early in the reaction a very
striking blue color; we ought, hereafter, to limit the use of

permanganate rigorously to work upon the pure alkaloid.

Its employment in toxical cases, where even a minute amount
of organic matter may be present, so long as dichromate may
be had, is not only unnecessary but dangerous.

W. T. Sedgwick.

The Relations of Eupatorium and IStrychnine.

In a case of suspected poisoning by strychnine which was
before the courts not long ago, the affidavit of the chemist
employed by the State to make an examination for strychnine
reads, according to the newspaper report, as follows : ".

. . .

The residue obtained from the alcohol in which the stomach
was preserved gave, faintly, one of the reactions of strychnine
. . . . when dissolved in sulphuric acid and treated with

* Qualitative Analysis. t Manual of Toxicology, 18T4.
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bichromate of potash. As the alkaloid 'curare' produces
a similar play of colors, and it is stated that they have
been had from organic matter alone, a7id I have found them
to appear in the extract from an infusion of boneset similarly
treated, it is necessary to insist upon all the other character-
istic proofs to identify strychnine. . .

." It should be added
that the italics are mine, and that special importance attached
to this remark because the deceased had drunk largely of
boneset (eupatorium) just before his death. JMot having met
the statement elsewhere, and knowing the very extensive use
of the plant as a domestic remedy with no recorded case of
lethal effects produced by it, I determined to experiment for
myself. Accordingly, in August Avhen the plants were just
coming into blossom, I collected a very large supply, dried it in

a hot room, pulverized by means of a hay cutter and a drug
mill a large amount, using for the purpose the whole plant
except the root. Twelve litres of water were brought to 100°
in a copper dish and seven hundred gi-ams of the pulverized
product put in, the whole kept just below 100° for several
hours, and finallj' filtered hot through cloth and paper.
The filtrate was now concentrated over the water-bath and
filtered from time to time, the ])recipitates being preserved.
The mass which had been extracted with water was now
treated with sulphuric acid, so that the latter was of .2 per
cent, strength, and kept warm for some time, the liquid

filtered off and also concentrated. An attempt was made to

dialyse some of the fluid, in the hope of getting rid of coloring
matter and of securing, outside, a suli^hate of the alkaloid if

any existed. It met with no success.

The aqueous extract having become very concentrated, so

that it was black, heavj' and bitter, an attempt Avas made to

separate from it any strychnine or other alkaloid which might
have been present. Some of the liquid was made alkaline

with dilute ammonia, ether was added, the whole well shaken
and allowed to stand in a separating funnel. Meanwhile
some of the same concentrated solution had been carried to

dryness over the water-bath, yielding a black, hard and shining

extract of very bitter taste. Tests were then made with sulph-

uric acid and successively dichromate of potassium, dioxide

of manganese and permanganate of potassium. Neither the

extract from the ether, which was yellowish, amorphous and
exceedingly bitter, though scanty, nor the aqueous extract,

nor any of the various jirecipitates obtained by concentration,

nor the result of extraction made afterward with ether in acid

solution and with chloroform, gave the slightest indication of

any reaction similar to tliat given by strychnine when the

dichromate or peroxide was used. The permanganate, how-

ever, yielded a beautiful blue passing in some cases into

reddish colors, so that but for the discovery described in the
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pi'eceding paper I should have suspected a reaction similar to

strychnine as belonging to Eupatormm perfoliatum, L. The
extract with sulphuric acid gave results precisely similar, so

that I utterly failed to get reactions which would lead to con-

fusion of eupatorium with strychnine.

Since making my experiments I learn that Dr. Antisell of

the U. S. Patent Office has been led by the obvious import-

ance of the subject to make a similar investigation, and has

also completely failed to get any strj-chnine reaction from
either the aqueous or alcoholic extract by using sulphuric

acid and dichromate of potassium, with which alone he

worked. I have been told that physiological effects have
been attributed to eupatorium similar to those produced by
strj'chnine. Some experiments which I have lately made
upon frogs do not show the least resemblance between them.

W. T. Sedgwick.
Johns Hopkins University, Not. 1879.

Latest Developments in the Chlorine Question.

F. Seelheim has described an experiment which he has

performed, showing that the metal platinum is slowly con-

verted into vapor when heated in a current of chlorine gas.

He considers this fact in its bearings upon Victor Meyer's

recent experiments on the specific gravity of chlorine at high

temperatures, and concludes that Meyer's results are entirely

vitiated by it. It will be remembered that Meyer, in his

experiments, used platinous chloride, PtjCl^, and assumed that

all the chlorine of this compound is liberated at the tempera-

ture' employed, while the platinum remains behind.

—

(^Ber. d.

chem. Gesell. 12, 2066.)

V. Meyer has replied to Seelheim, saying that in his experi-

ments the platinum from the platinous chloride is always

found in the form of a solid mass, weighing almost exactly

what it should weigh if none of it were converted into vapor.

He has further found that the amount of platinum actually

converted into vapor when heated in a rapid current of

chlorine, is exceedingly small— so small that it could not

possibly exert an appreciable influence on the results. More
than this, iodine, which is used in the solid form, gives results

analogous to those reached in connection with chlorine.

—

{Ber. d. chem. Gesell. 12, 2202.)

Conservatism in Chemistry.

Sainte-Claire Deville, in commenting on the recent dis-

cussions concerning vapor densities in the French Academy,
concluded his remarks in the following words :

" For more
than twenty years past I have endeavored in my teachings
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and in my writings to combat the intervention of the idea of
force in the sciences— of affinity and atomicity in chemistry,
for example. I have sought, at least in teaching, to avo'id
hypotheses which are absolutely gratuitous, like the hypo-
thesis of atoms, of molecules and of hypothetical states of
matter, abstractions which always end by being incorporated.
I am convinced that all which cannot be demonstrated ought
to be rejected, that nil which is useless in science is injurious,
and I am of the opinion, with my learned friend M. BeVthelot,
that chemists are following a dangerous road which has been
resolutely avoided for several years by the great minds who
have laid the foundation of Thermodj^namics, Thermochem-
istry and modern Physiology.

"Before speaking vaguely of gases and vapors, of their
atoms, of their molecules, of their combination and their
decomposition, it is necessary to study the analogies of gases
with liquids, and even with solids, and to endeavor, not to
find their constitution, as is said nowadays somewhat boldly,

but to find their functions and what they have in common
with the functions of substances which are more completely
within the percej)tion of our senses. This shall be the sub-

ject of a subsequent communication."*

Action of Ozone on Carbon Monoxide.

A. E. Leeds* has shown that, when carbon monoxide and
oxygen are passed together through an improved ozonizing
battery constructed by him, carbon dioxide is formed ; while,

if free ozone be brought together with carbon monoxide out-

side of the ozonizing battery, no union takes place. The
latter result confirms that reached some years since by Remsen
and Southworth. As Leeds worked with more concentrated

ozone than has hitherto been used in like experiments, it

seems now to be pretty firmly established that ozone cannot
transform carbon monoxide into the dioxide, at least at ordinary

temperatures. The transformation which takes place in the

ozonizing battery is probably due to the unstable condition

into v/hich the ox3'gen is thrown by the conditions there

surrounding it. It may be regarded as in the nascent state.

This nascent oxygen probably effects two changes : 1st, that

of a part of the oxygen into ozone, and, 2d, that of a part

of the carbon monoxide into carbon dioxide.

* We quote this remarkable passage, uot because we are in thorough sympathy
with the spirit of the speaker, but to call attention to the fact that Virchowism
has its representatives in chemistry as well as in biology. If everything "which
cannot be deiiioustratecl ought to be rejected,"' the impulse to original investiga-

tion would surely be much weaker than it now is. "Working hypotheses" are

the salvation of any science —Eli.

t Journal Am. Cbem. Soc. 1, 450.
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The Future of Animal Tar.

Not many years ago the substance knoAvn as coal-tar was
regarded by chemists as well as by laymen in the light of an
uninviting and almost hopelessly complex mixture. To-day,

as is well known, it is the source of a large group of highly

interesting bodies, and forms the basis of many important
industries, some of which are still in their infancy. Certain

recent developments in connection with animal tar seem to

indicate that there is a future in store for this substance as

interesting and as important as the present of coal-tar. It is

obtained in largest quantity as a secondary product in fac-

tories in which bone-black is made by dry distillation of bones

and other animal material. By fractional distillation the tar

can be divided into sevei'al distinct portions, among which are

the bases known as pyridine, C5H5N, and picoline, C6H,N,
which are the first two members of an homologous series.

Now, through the researches of Dewar,* liamsay,f Weidel,|

Hofmann,§ and others, it has been shown that these bases are

intimately connected with such alkaloids as quinine, cincho-

nine, cinchonidine, berberine, piperine and nicotine. All of

these alkaloids when oxidized yield acids which are simple
derivatives of pyridine or some other member of the series.

The chemistr}^ of the alkaloids is then, in all probability, to be

discovered through a careful study of the bases of the pyridine

series, and this probability has of late led a number of workers
to turn their attention to these bases. It can fairly be

prophesied that at no distant time our knowledge of the

alkaloids will be materially increased through the aid of

investigations now in progress.

*Zeitschr. f. (;hem. 1871, 111).

tl'hil. mag. 18T7, 24(i; Ber. (I. chem. Gesell. 11, 325.

t Aun. d. (Jliem. 105. 328 ; IIS, 176 ; Ber. d. chem. Gescjl. V2, 198'J.

§Ber. d. cUem. Gesell. 12, i)S4.
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A METHOD FOR THE PROXIMATE ANALYSIS
OF PLANTS.

By Henuy B. Parsons.

At the request of my friend and foi'mer instructor, Prof.

Albert B. Prescott, of the University of Michigan, I have

prepared the following scheme for the analysis of plants.

This method will appear, in substance, in his new Proximate

Organic Analysis, now nearly completed.

The plan submitted is the outgrowth of a quite varied

experience in the proximate analysis of plants ; no claim to

originality is made, the sole aim being to arrange in one

simple scheme those methods best suited to insure accuracy.

It must be premised that no one method is applicable in all

cases, and that the operator will so niodify and adapt the

proposed processes as to best attain the truths he seeks. If

the present scheme shall serve merely as an example, to be

improved upon as discoveries multiply, it will at least have

served to stimulate to the more thorough study, this side the

Atlantic, of a much neglected, yet very important, branch of

analysis. The American student, when first entering upon

the study of plant analysis, is perplexed and disheartened,

owing to the lack of any elementary treatise in which he

49
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may find directions for the quantitative estimation of the

various plant constituents. The works of Eochleder and

Wittstein, while giving most valuable assistance in the investi-

gation of special constituents and their separation from large

quantities of the crude herb, still fail to give clear and

practicable directions for the quantitative estimation of each

constituent. Von Mueller's latest enlarged edition of Witt-

stein's Plant Analysis gives a scheme, most excellent in many
respects, yet cumbered with tiresome methods of extraction

and manipulation, which serve to unnecessarily lengthen the

time required for making the analyses without increasing the

accuracy of results obtained.

Too manj^ American analyses of plants have been sum-

marized thus: "The plant contains gum, resin, tannin, a

volatile oil, and a peculiar bitter principle, to which may be

ascribed its medicinal activit3^" The foreign journals bring

occasionally most excellent examples of accurate examinations

of vegetable substances ; as instances may be cited the ex-

amination of ginger, by J. C. Thi-esh,* and of ergot,f aloes,J

and other articles, by Pi-of. Dragendorff. To these sources

the student must look for his best models, until a more

thorough and systematic training is given American students

in proximate organic analysis.

In following the plan now presented, the use of the appa-

ratus for repercolation is strongly urged for the extractions

with benzole, alcohol, and other volatile solvents. A very

simple and inexpensive apparatus has been described by

various American and foreign chemi8ts.§

" In any convenient water- tight vessel is a worm of block

tin pipe, having an internal diameter of 9 m. m., and a length

of about 2.5 metres. The lower (external) part of this worm
is fitted, by an ether-soaked, velvet cork, to a glass percolator

having a diameter of 4 c. m., a length of 20 c. m. to the

constriction, and 5 c. m. below. Within this percolator is a

smaller tube, flanged at the top and bottom, and suspended by

fine platinum or copper wires. This tube has a diameter of

* Phar. Jour. Trans. [3], 10, 81. Aug. 1879.

tPhar. Jour. Trans. [3], «, 1001, June 17,1876.

t Werthbestimmung, 1874, p. 110.

§B. Tollens, Zeitsch. f. Anal. Cheni. [17], 320. 1878; New Remedies, [7], ?jS5, Nov.
1878; W. O. Attwater, Proc. Am. Chem. Soc. [2], 8, p. 85; S. W. Johnson, Am. Jour.
Sci. Arts, [13], 196; H. B. Parsons, New Remedies, [8], 293, Oet. 1879.
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2,5 to 2.8 e. ra,, and a length of 14 c, m. ; the bottom is

covered by filter paper and fine washed linen,* tied on by
linen thread. The weighed sample of the finely powdered
herb is placed within this tube for extraction. A light glass

flask, Aveighing about thirty grams, is fitted by an ether-

soaked cork to the outer percolator." Having introduced the

solvent into this glass flask, the connections are made secure,

and heat is applied, bj^ a water-bath, to the flask. If the

liquid is too slowly volatilized, the addition of a little common
salt to the water in the bath serves to remove the trouble.

Next in importance is the use of a good tared filter. The
form originally presented by P. A. Gooch| leaves little to bo

desired. It may be made by perforating with fine holes the

bottom of an ordinary platinum crucible, and fitting it accu-

rately to a perforation made in a large rubber cork; this cork

connects it with a receiving vessel, which, in turn, is connected

with a Bunsen's pump. Fine asbestus suspended in water is

poured into the crucible, the air exhausted from the receiving

vessel, and thus a firm thin layer of asbestus is deposited on

the bottom of the crucible. After ignition and weighing, the

crucible is readj^ for the reception of any precipitate which it

is desired to separate and weigh.

The use of these two pieces of apparatus will eliminate two
grave sources of error, viz., incomplete extraction of soluble

mattei-s, and inaccuracies introduced by the use of tai*ed

paper filters.

The other necessary apparatus is simple, and includes one

or more platinum crucibles and evaporating dishes, accurate

burettes and graduated cylinders, a good balance, sensitive to

at least .5 milligram, and the ordinary glass and porcelain

ware found in all laboratories.

It is assumed that whoever attempts the analysis of a plant

is informed as to the normal constituents to be sought, that

he has had considerable experience in inorganic analysis, and

in the identification of the principal classes of proximate con-

* In place of the lineu and filter paper may be substituted fine brass or platinum
wire gauze. Asbestus tiuspeudeil in water may then be poured in to form a flue felt.

The lube can then be dried and weighed, and ttie amounts extracted may be found by
the loss of weight of the tube and t-ubstance. A little experimentation will »h«w
the operator how to prepare and use the tube. It is but an adaptation of the Gooch's
filter here recommended.

tl'roc. Amer. Acad. Sci. [13], 343, 1878; New Kemedics, [7], 290, Oct. 1878; This
Journal, 1, 317.
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stituents which he now undertakes to estimate quantitatively.

Accordingly tests for identification will not be here presented
;

they should, however, never be omitted. The necessity of

recording in detail all physical and chemical peculiarities, with

every weight that is taken, is self-evident.

A Method for the Proximate Analysis of Plants.

I. Preparation of Sample.

The air-dry specimen should be carefully examined, and
all extraneous substances removed. The entire sample should

then be ground, or beaten in an iron mortar, until it will all

pass through a sieve having from forty to sixty meshes to the

linear inch. After thoroughly mixing this sample, take of it

about one hundred grams, which should be further pulverized

until it will all pass through a sieve having from eighty to one

hundred meshes to the linear inch. Prom this smaller portion

remove all iron, derived from mill or mortar, by use of a

magnet. Then place in a clean dry bottle, which should be

labelled and securely corked. This small sample is for the

analj'sis ; the larger portion should be reserved for the sepa-

ration of those proximate principles which seem, from the an-

alysis, to be worthy of more extended investigation.

II. Estimation of Moisture.

Dry rapidly, at 100 to 120°C., two or more grams of the

sample ; the loss of weight equals moisture, and occasionally a

little volatile oil. In some cases it is best to dry at a lower

temperature, and at other times the drying should be con-

ducted in a stream of hj'drogen or carbonic anhydride.

III. EstimaUon of Ash.

In a weighed crucible gently ignite two or more grams of

the sample until nearly or quite free from carbonaceous

matter; the heat should not be permitted to rise above faint

redness, or loss of alkaline chlorides may occur. Weigh this

residue as crude ash, and in it determine :

a. Ariioimt soluble in Water.—This portion may contain

chlorides, sulphates, phosphates, and carbonates of potassium

and sodium, also slight amounts of chlorides and sulphates of

calcium and magnesium.



The Proximate Analysis of Plants. 381

b. Insolubh in Water; Soluble in dilute Hydrochloric Acid.—
The residue from a should be treated with a slight excess of

hydrochloric acid, and evaporated in a porcelain dish over a

water-bath until all free acid has been expelled ; it should then

be again moistened with hydrochloric acid, water added, and
be filtered from any remaining insoluble substances. This

treatment removes carbonates (with decomposition) and phos-

phates of calcium and magnesium, sulphate of calcium, and

oxides of iron and manganese.

c. Insoluble in Water ; Insoluble in dilute Hydrochloric Acid

;

Soluble in concentrated Sodic Hydiyitc—^BoW the residue from

b with a solution containing about twenty per cent, of sodic

hydrate. This treatment removes combined silica of the ash.

The residue still insoluble is sand and clay which adhered to

the specimen ; this residue should be separated, washed thor-

oughly, and weighed.

Always determine the amounts removed by the above treat-

ment by Aveighing the dried, undissolved residues. The ash,

as thus estimated, usually includes a little unconsumcd carbon,

together with more or less carbonic anhydride (COj), most, or

all, of which was not originally present in the jilant, but was

produced by the combustion of the organic matter. For most

purposes it is unnecessary to estimate and exclude from the

ash this carbonic anhydride ; where great accuracy is desired,

a complete quantitative analysis should be made, the amount

of each base and acid being determined, and in the statement

of results only those should be included which existed origi-

nally in the plant. For this purpose it is necessary to burn

from twenty to one hundred grams of the sample ; for further

directions consult text-books on agricultural and inorganic

analysis.

IV. Estimation of Total Nitrogen.

In half a gram or more of the sample determine total nitro-

gen by combustion with excess of soda-lime, as directed by

Prof. S. W. Johnson and E. H. Jenkins.* If later in the ana-

lysis no other nitrogenous substances are discovered, calculate

the total amount of nitrogen to albuiyinoids by multiplying by

6.25. When other nitrogenous compounds are present, their

*Eeport Couu. Agric. Exp. Station, 18T8; Chem. News, July 18, 1879, p. 28 ;
This

Journal, 1, p. 77.



382 Parsons.

content of nitrogen should be determined directly or by dif-

ference ; after proper deductions have been made, the rem^ain-

ing nitrogen should be calculated to albuminoids.

V. Estimation of Benzole Extract.

In a suitable apparatus for repercolation completely exhaust

5 grams of the sample with pure coal-tar benzole (sp, gr. .85-

.88, boils at 80-85° 0, leaves no residue w^hen evaporated). The

extraction requires from four to six hours' continued action of

the solvent. Carefully evaporate this liquid to drj-ness in a

weighed disb, and record its weight as total benzole extract.

This extract may contain volatile oils and other aromatic com-

pounds, resins, camphors, volatile or non-volatilo organic

acids, wax, solid fats, fixed oils, chlorophyll, other colors, vola-

tile or fixed alkaloids, glucosides, almost no ash.

To the weighed extract add water, again evaporate on the

water-bath, and complete the drying in an air-bath at 110°C.

In absence of other vaporizable substances the loss of weight

approximates the amount of volatile oil. If the presence of a

volatile alkaloid is suspected (from a characteristic odor or an

alkaline reaction), add a drop of hydrochloric acid to prevent

its volatilization. Camphors are partially dissipated by this

treatment; hence, when they are present, this evaporation

should be dispensed with.

Treat, now, the residue with a moderate amount of warm
water, allow to stand until cool, then filter through fine paper

by aid of a Bunsen's pump. In half of the aqueous filtrate de-

termine total organic matter and ash ; test the remaining half

for alkaloids, glucosides, and organic acids by salts of lead,

silver, barium and calcium. Care must be taken not to

mistake a slight amount of suspended matter, frequently resi-

nous, for other substances actually soluble in water.

The still undissolved residue should be again removed from

filters and dishes by solution in benzole, the benzole solution

being again evaporated to di'yness. Treat this residue with

warm, very dilute bj^drochloric acid, allow to cool, and filter

through paper. The filtrate should be tested for alkaloids and

glucosides'. The amount extracted by acid, if any, may be de-

termined by weighing the still undissolved residue. Treat

this residue with several considerable portions of eighty per
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cent, alcohol (sp. gr. .8483 at 15.6°C.), allowing at least an

houi' for each treatment. Filter through j)aper and determine

by evaporation the matter dissolved; this usually consists of

chlorophyll with one or more resins, which may sometimes be

separated by use of petroleum naphtha, chloroform, or similar

solvents. Purified animal charcoal removes chlorophyll and

some resins from alcoholic solution, while certain other resins

are not removed. If camphors were present in the plant the

greater portion will be found in the alcoholic liquid.

The substances undissolved by eighty per cent, alcohol may
be fixed oil, solid fat, wax, and ver}'' rarely a resin : their

separation may be attempted by refrigeration and pressure,

or by use of ether, chloroform, etc.

Eecapitulation.

1. Loss by evaporation, with pi-ecautions: volatile oil.

2. Soluble in water : alkaloids, gliicosides, organic acids.

3. 1
^"^1"'''.'' in water.

) Alkaloids, possibly glucosides.
(Soluble m dilute acids,

j
' ^

.

^ r Kemoved b}'' ani-

Insolublc in water.
|

jmal charcoal:

I

'
j
chlorophyll, some

4.^ Insoluble in dilute acids. ) : ^resins.

iNot
removed by

animal charcoal :

so7ne resins.

i
Insoluble in water. "|

Insoluble in dilute acids.
J-

: wax, fats, fixed oils.

Insoluble in 80 per cent, alcohol.
)

It is frequently advantageous to extract the plant with

petroleum naphtha (sp. gr. .66-.70, boils at about ^O^C,

wholly volatile) before treatment Avith benzole
;
by reference

to the accompanying table of comparative solubilities it will

be seen that this treatment may serve to separate fixed and

volatile oils and some resins and colors, from certain solid fats,

wax, other resins and colors.

Where benzole of sufficient purity cannot be had, pure

chloroform is the best substitute. The use of ether is ob-

jectionable in this place, as its solvent properties are less

distinctly marked than are those of naphtha, chloroform and

benzole ; in other words, more plant constituents are sparingly
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soluble in ether than in the above mentioned solvents.

Consequently many substances which should properly be
extracted b}' 80 per cent, alcohol, would be sparingly dissolved

if ether were used, while benzole, chloroform, and naphtha
would have no perceptible solvent action upon them; tannic
acids may be cited as instances illustrating this point.

VI. Estimation of Eighty per cent. Alcohol Extract.

That part of the plant not dissolved by benzole should

be dried at 100°C. and then completely exhausted by
eighty per cent, alcohol (sp. gr. .8483 at 15.6°C.). This

requires from twelve to fourteen hours' continuous treat-

ment with the solvent. Keniove, dry, and weigh any
crystals or powder that may separate upon concentrating

and cooling the alcoholic percolate. Make the clear liquid

to a definite volume by adding more eighty per cent,

alcohol. In an aliquot part of this liquid determine total

organic matter and ash : in another equal portion deter-

mine total organic matter and ash soluble in xoater, and, bj^

difference, total organic matter insoluble in water.

The remaining clear alcoholic liquid should be cvapoi*ated

carefully to dryness, pulverized, and treated with several

considerable portions of absolute alcohol (sj). gr. .7938 at

15.6°C.).

A. Soluble in Absolute Alcohol.

a. Soluble in water.

a^. Precipitated by subacetate of lead.

Tannin and most organic acids ; some extractives

;

some inorganic acids of the ash. Weigh in Gooch's

filter, ignite cautiously, and again weigh
; loss equals

organic matter precipitated,

a*. Not precipitated by subacetate of lead.

Alkaloids, glucosides, some extractives and colors.

Determine by difference between a and a^

b. Insoluble in water.

b\ Soluble in dilute hydrochloric acid.

Alkaloids, glucosides (rarely), some extractives. De-

termine by difference between b and 6^

b\ Insoluble in dilute hydrochloric acid.

50
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b^. Soluble in dilute amnionic hydrate.

Most acid resins, some colors. Determine by differ-

ence between 6* and 6*.

b*. Insoluble in dilute amnionic hydrate.

Neutral resins, some colors, albuminoids (in some

seeds). Eedissolve in alcohol, evaporate and weigh.

B. Insoluble in Absolute Alcohol.

c. Soluble in water.

c\ Precipitated, by subacetate of lead.

Some colors, extractives, albuminoids (rarely), organic

acids, and inorganic acids of the ash. Weigh in

Gooch's filter, ignite cautiously, and again weigh ; loss

equals organic matter precipitated.

c^ Not precipitated by subacetate of lead.

Alkaloids, glucosides, sucrose, glucose, some extract-

ives. Determine by difference between c and c\ Re-

move Pb by HjjS, H2SO4, NajCOj, or other means, and

titrate for sucrose and glucose.

d. Insoluble in water.

d^. Soluble in dilute hydrochloric acid.

Some alkaloids and glucosides. Determine by differ-

ence between d and d^.

d^. Insoluble in dilute hydrochloric acid.

Few resins, some extractives, and color substances.

Dissolve in alcohol, evaporate and weigh in a tared

dish.

In some cases it may be preferable to use the following

method for analysis of the eighty per cent, alcohol extract; it

is more desii'able when the plant examined contains a consid-

erable amount of sugars, tannic acid, etc.

Alcohol Extract, dilute to 200 c. c. with eighty per cent,

alcohol.

1. In 20 c. c. determine total organic matter and ash.

2. In 20 c. c. determine total organic matter and ash that are

soluble in ivater, and, by difference, total organic matter insoluble

in water.

3. Evaporate the remaining 160 c. c. to dryness, treat with

water, filter, and make the filtrate measure 160 c. c. Kesorve

the insoluble matter on the filter for examination. (10).
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4. in 20 c. c. of the aqueous solution determine tannin oravi-\

metrically by A. Carpeni's method ;* precipitate by ammoni-
acal acetate of zinc, use a Gooch's filter, wash the precipitate

with very weak ammonia, dry at 120°C., weigh, ignite cau-

tiously, again weigh. The loss by ignition equals tannic acid,

in absence of certain interfering substances.

5. Precipitate 20 c. c. by normal acetate of lead, and deter-

mine, as before described, the amount of organic matter after

drying at 100-120°C. This precipitate will contain, if the

substances are present in the plant, tannic, gallic, and most

other organic acids, some colors, rarely albuminous substances,

some extractives, and most inorganic acids of the ash. Deter-

mine, by difference, the amount not precipitated by this treat-

ment.

6. In 20 c. c. determine in like manner the amount precipi-

tated by basic acetate ("subacetate ") of lead. This reagent

precipitates a greater number of acids, colors and extractives

than are precipitated by the normal acetate, hence it is fre-

quently possible to estimate such substances by subtracting

the amount precipitated by one reagent from the amount pre-

cipitated by the other. To the filtrate add a slight excess of

dilute hj'drochloric acid, boil gently for half an hour, and de-

termine in the liquid total glucose by use of Fehling's solution.

7. Precipitate 20 c. c. by subacetate, exactly as in 6, and use

the precipitate as a duplicate to check the amount there

estimated. To the filtrate add a verj^ slight excess of solution

of carbonate of sodium, filter from the carbonate 'of lead, wash

well with water containing a little alcohol, and in the filtrate

e^xXxnixiQ actual glucose. If the glucose thus found is appreci-

ably less than that in 6, subtract it from that amount ; this

glucose may be due to the presence in the plant o^ sucrose or

some glucoside. If due to sucrose, the amount of the latter

may be found by multiplying this residual glucose by .95 ; it

to a glucoside, a fit subject for an extended investigation is

presented. The properties, formula, and decomposition pro-

ducts of the newly-found glucoside should be carefully studied.

8. Precipitate 20 c. c. with subacetate of lead, as in 6 and 7,

employing the precipitate as material from which to separate

* Chem. News, July 9, 1875, p. 1!», from Gaz. Chim. Iial. 1875, No. 3 ; Proc. Am. Ph.

Assn. 1675, p. 341.
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organic acids, after removal of lead bj' sulphuretted hydrogen.

Acidulate the filtrate with sulphuric acid, add an equal vol-

ume of alcohol, allow to stand two hours, filter, wash the pre-

cipitate with fifty per cent, alcohol, and evaporate the filtrate

until all alcohol has been dissipated. Test the acid solution

for alkaloids, glucosides, sugars, extractives.

9. Keserve the remaining 40 c. c. for duplicating any unsat-

isfactory determinations.

10. The residue mentioned in 3 as insoluble in water may
contain resins, albuminoids (especially from seeds), colors, alka-

loids, glucosides. Dilute acids remove alkaloids and some glu-

cosides, dilute ammonic hydrate will remove some resins, colors,

and glucosides. Any still insoluble residue probably contains

albuminous or resinous substances.

VII. Estimation of Cold Water Extract.

That part of the plant remaining insoluble after treatment

with alcohol should be dried at 110°C. and completely ex-

tracted by cold water. When the plant contains considerable

mucilaginous matter, this is best removed by placing the

substance in a flask or graduated cylinder, and then adding a

measured volume of cold water. Allow to macerate, with

frequent agitation, for from six to twelve hours ; then filter

through fine washed linen, and evaporate an aliquot portion of

the solution. In this residue determine total organic matter

and ash. This residue usually contains little but gum; in

analysis of fruits and fleshy roots 'pectin bodies, salts of organic

acids, rarely a substance resembling dextrin, and small amounts

of albuminous substances and coloring matter. Usually the

sepai'ation of these substances is very diflacult. The un-

evapoi'ated liquid should be used for such qualitative reactions

as are necessary to show the nature of the substances

extracted. The insoluble residue should be well washed with

water, transferred to a crucible, and completely dried at 110°

C. This residue should be then weighed,

VIII. Estimation of Acid Extracts.

The dried residue insoluble in cold water should be trans-

ferred to a beaker containing 500 c. c. of water and 5 c. c. of

1
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coucentrated sulphuric acid (sp. gr. '1.84). Boil for six hours,

on a gauze support, adding water to keep the volume of liquid

unchanged; if the substance be very starchy, a longer boilimr

may be necessary. This treatment will convert starch and its

amorphous isomers to dextro-glucose, and will occasionally

remove some salt of an organic acid, with usuall}' traces of

albuminous and indeterminate substances.

The total amount extracted may be found by washing, drying

at 110°C., and weighing the yet insoluble residue, and sub-

tracting the weight from the one taken after extracting with

cold water. The amount of starch and isomers may be found

b}^ determining in a given volume of the acid nitrate the

amount of glucose, using Fehling's solution ; the glucose thus

found multiplied by .9 equals starch and isomers. The total

extract minus starch and isomers equals acid extract not starch.

This includes a small amount of ash, which may be approxi-

mately determined by evaporating and igniting a known

volume of the solution.

Where it is wished to separate the extracted matter from

the sulphuric acid, boil the liquid with an excess of powdered

barium carbonate until no acid reaction remains. Filter, and

evaporate to dryness. The residue consists chiefly of hy-

drated dextro-glucose (CeHi.Oe-HoO), witli some ash.

IX. E.-<ti/nation of Alkali Extract.

Wash well and dry at 110°C. the residue from treatment

with acid, and i-ecord its weight. Boil this residue, for two

hours, with 500 c.c. of a solution containing. 20 grams of sodic

hydrate to the litre. Filter through fine washed linen, and

wash the residue thoroughly with iiot water, alcohol and

ether. Transfer it to a weighiHl crucible, dry at 110-120°C.,

and weigh the residue as crude fibre and ash; this weight

subtracted from the previous one shows the total alkali extract.

This extract is largely albuminous matter and various modifi-

cations of pectic acid, Fremy's '• cutose," and various coloring,

humus, and decomposition compounds in small amounts. Most

of the extracted substances may be precipitated by excess ot

an acid with or without the presence of alcohol.
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X. Cellulose.

The crude fibre from IX should be treated with from 50 to

100 c.c. of TJ. S. P. solution of chlorinated soda and allowed

to stand twenty-four hours. If not then bleached white,

slightlj'" acidulate with hydrochloi'ic acid, and set aside for

another day. Filter through fine linen, or G-ooch's filter,

wash with hot water, dry at 110-120°C., and weigh, ash free, as

cellulose. The loss of weight by this treatment state as lignose

and color.

Remarks.

It is advisable to determine always, in addition to what has

already been directed, the amounts extracted directly fi-om

the sample by water, ether, alcohol of various percentages,

methylic alcohol, naphtha, chloroform, carbon disulphide, etc.

In each exti-act estimate total organic matter and ash, determine

qualitatively, and quantitatively when possible, its constitu-

ents, by treating with such solvents and reagents as are indi-

cated. Each extract being composed of certain distinct sub-

stances, it is necessary to account for them in every case.

The amounts present of some constituents may be found by

subtracting the weight extracted by some one solvent from

the weight extracted by some other. It will be seen that this

is a method of limited applicabilit}^, which can only be applied

in those cases where the difference between the solvent action

of the two liquids is veiy sharply defined. Certain special

methods for the estimation of single constituents may be used,

care being taken that all interfering substances be first re-

moved. The methods of preparation of known substances as

given in Husemann's Pflanzenstoffe, and to a considerable

extent in Watt's Dictionary, may serve as suggestions for

work. Treatment with benzole, eighty per cent, alcohol, and

water, removes from nearly all plants the constituents of

greatest chemical and medicinal interest, but in analjmes of

grains, fodder, and food materials those compounds extracted

by dilute acids and alkalies hav-e great value. There are

substances in plants, seemingl}'^ isomers of starch and cellulose,

which have pi'operties more or less resembling those of cellu-

lose, and are changed by boiling with dilute acids to glucose.

In absence of an established nomenclature it has seemed best
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to use the terms "starch isomers," or "amylaceous cellulose"

for these substances * while those constituents, not albuminous,

which are not removed by dilute alkali have been termed
"alkali extract." These substances have been investii^ated

by various chemists, but no definite and authoritative nomen-
clature has yet been adopted. Thomsen jrives the name
" holz-gummi ",f xcood-gum, to a white substance extracted

from plants by dilute sodic hydrate, while Fremy regards

these various compounds as modifications of pectic acid, pectin,

and " cellulose bodies."^ Starch also may exist in some
seeds (as of sweet corn) in a form soluble in water.§

It will be seen that the field for investigation is limitless,

and almost unoccupied as yet, and that there is great need for

improved methods for proximate analysis. The analyst will

find" that a study of any common plant will require of him

much more than unthinking, mechanical habits of manipula-

tion, while every careful investigation will reveal to him some

constituents deserving moi'e full and accurate study.

WjLSHixeTON, D. C, Nov. 2«</t, 1879.

ON THE ESTIMATION OF PHOSPHORIC ACID
AS MAGNESIC PYROPHOSPHATE.!!

Bt F. a. Gooch.

The investigation of which this paper is an account, was

undertaken at the request of Dr. Wolcott Gibbs, for the

purpose of finding, for use in his work upon the complex

inorganic acids, the best mode of proceeding in determining

the phosphoric oxide of phosphotungstates and phosphomolyb-

dates by precipitation as ammonio-magnesic phosphate and

estimation as magnesic pyrophosphate. During the course of

* U. S. Dept. of Ajrric. Report, 1878, p. 189.

t Kolbi'V Jour, i'rak. Chem. Bantl 11», p. 146.

JCompt. reud. Ixxxiii. llSti; Jour. Ch. Soc. 1877, p. 22'J.

§ U. S. Dept. of Agric. Keport, 1878, pp. 15:i-156.

1. Presented to the American Academy of Arts and Scieucei.. Conimuuicatcd by

the Author.
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the work it has been found necessary to review much of what
has been previously published concerning this method of de-

termining phosphoric acid.

In a paper upon this subject, Kubel* criticised Fresenius's

correction "}" (subsequently withdrawn |) for the solubility of

ammonio-raagnesic phosphate in water containing free am-

monia and magnesia mixture, and asserted that such correc-

tion is not only unnecessary^, but that the results of the analysis

are of themselves much higher than theory indicates, unless

the precipitate is, after washing, dissolved and reprecipitated.

Kubel's method was to add hydrochloric acid and then am-
monia, or amnionic chloride, or ammonia, to a measured

amount of a solution of sodic phosphate, to precipitate with

magnesic sulphate mixture, and after twelve hours to filter

off and wash with dilute ammonia containing one part of

strong ammonia to three of water. A number of analyses

made in this way gave amounts of phosphoric oxide varying

from 101.5 to 104.3 per cent, of the real quantity present,

—

the actual weight being in each case 0.1986 gr. Another set of

analyses in which the precipitate was, after washing, dissolved

in hj'drochloric acid and again thrown down with ammonia,

but which were otherwise treated in the same manner as the

first, gave figures for phosphoric oxide varying from 99.8 per

cent, to 100.5 per cent, of the real amount. When the pre-

cipitate Avas twice dissolved and twice reprecipitated, the

amount of phosphoric oxide indicated was 99.8 per cent., and

when three times dissolved and reprecipitated, 99.2 per cent,

of the real amount. While noting that the precipitate is not

absolutely insoluble in ammonia, more especially if it contain

amnionic chloride, Kubel concludes, supposing that a basic

sulphate or hydrate of magnesium is thrown down with the

first precipitate, that this precipitate must be dissolved after

washing and again thrown down with ammonia.

Kissel,§ by using large amounts of ammonic chloride,

washing copiously in order to make the solubility of the

precipitate compensate for the inclusion of foreign matter, and

taking care to use no great excess of the magnesic sulphate

mixture, obtains in one set of experiments from 99.4 to 99.6

* Zeitschrift f. anal. Chem. VIII. 125. t Auleitung zur Quant. Anal. 5 Aiifl. .3.33.

t Ibid. 6 Aufl. 184. • § Zeitschrift f. anal. Chem. VIII. lO'J.
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per cent., in another from 99.8 to 100 per cent., of the correct

amount of phosphoric oxide. Of three filtrates from the

precipitated aramonio-magnesic phosphate, two gave weak
reactions for phosphoric acid with acid amnionic molybdate,

and one no reaction. The wash-water tested by the same
method gave in every case a plain reaction. Heintz* supports

Kubel so far as to say that in presence of any considerable

excess of magnesic sulphate mixture the precipitate must be

dissolved after incomplete washing. Brnnnerf points out

that the solution must not be precipitated hot by magnesic

sulphate mixture on account of the danger of throwing down
magnesic hydrate. Schumann J supports Kissel in the view

that the solution of the first precipitate is unnecessary, but

adds a caution against the addition of ammonia after the

magnesic sulphate mixture.

Finally, Abesser, Jani, and Mfercker§ substantiate Kubel's

results, and having proved the presence of a sulphate in the

precipitate, obtain somewhat better figures bj' igniting over

the blast. Adopting the method of precipitating by magnesic

chloride mixture previously suggested by Brassier
1|

and

Bunsen,^ and recommended in the works of Eose** and

Fresenius,ff their analyses show from 99.96 per cent, to 100.48

per cent, of the true amount of phosphoric oxide. The

weight of phosphoric oxide used in each of their experiments

was not far from 0.1250 gr. The precipitate was washed

until the reaction for chlorine with argentic nitrate failed to

appear in the filtrate acidified with nitric acid. The method

of precipitating with magnesic chloride and igniting over the

Bunsen lamp, gave in their hands from 99.96 to 100.48 per

cent. ; the method of precipitating with magnesic sulphate

and igniting over the blast, from 100.4 to 100.7 per cent.

;

and the method of precipitating with magnesic sulphate and

igniting over the Bunsen lamp, from 101.4 to 103.1 per cent,

of the actual amount of phosphoric oxide.

All agree that the precipitated amnionio-magnesic phosphate

is soluble to a very considerable extent in dilute ammonia,

and to a greater extent in ammonia containing ammonie

* Zeit^ch. f. anal. Chem. IX. 16. t Ibid. XI. 30. J Ibid. XI. 382. § Ibid. XII. 239.

lAnn. de Cbim. et de Pbys. [4] VII. 335. ^ Zeit.-chrift I. anal. Cbeni. X. 405.

** Rose-8 aualytische Chemie, VI. Aufl., 512, bearbeitet von Finkeuer.

ttAuleit. zur Quant. Anal., G Aufl., 403.
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chloride ; that the presence of a magnesia salt tends to pre-

vent the solution of the precipitate ; and that when magnesic

sulphate is used in excess as a precipitant, the precipitate

includes, mechanically or otherwise, an appreciable amount

of magnesic sulphate, or magnesic hydrate, or both. Kissel

and Schumann aim to arrive at correct results by precipitating

with as little excess of magnesic sulphate mixture as possible,

and compensating for foreign inclusions by dissolving a part

of the precipitate. Kubel and Heintz strive to reach the

same end by removing the excess of the precipitant, together

with the included impurit}", by filtering off, dissolving, and

again throwing down the precipitate.

With this preface, I proceed to the description of my own
experiments upon this subject.

I have worked with measured portions of solutions of

hydro-disodic phosphate, or of microcosmic salt, the standards

of which were, in all cases but one, determined by evaporating

a known volume to dryness, igniting the residue and weighing

the remaining sodic pyrophosphate or metaphosphate as the

case might be. In the one exceptional case, a known weight

of microcosmic salt, freshly crystallized and dried, the volatile

constituents of which had been determined by igniting separate

portions, was dissolved in a known volume of water. The

experiments which fixed the standards of these solutions are

given below.

I. Two portions of 20 cm.^ each of a solution of hydro-

disodic phosphate were evaporated to dryness, and the

residue was ignited and weighed as sodic pyrophosphate.

(1) gave of Na.PA 0.1217 gr.

(2) " " 0.1214 gr.

The solution contained, therefore, 0.1298 gr. of P2O5 to every

40 cm."

II. A quantity of microcosmic salt was recrystallized, dried

between papers by pressure, and the amount of loss on

ignition determined in two portions.

(1) 1.1419 gr. gave of NaPOs 0.5836 gr. =. 51.11 per ct.

(2) 0.9846 gr. " " 0.5027 gr. = 51.06 per ct.

Of this salt 3.7583 gr. were dissolved in water and the solution

diluted to one litre. The solution contained, therefore,

0.0512 gr. of PA to every 40 cm.'
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III. The solution contained hydro-disodic pliosphiitt*.

(1) gave Na^PoO, from 40 cm.^ 0.3490 gr.

(2)
" " " " 0.3490 gi-.

Every 40 cm." contained, therefore, 0.1863 gr. V.,0„.

IV. The solution contained hj^dro-disodic phosphate.

(1) gave Na.PjO, from 40 cm.» 3530 gr.

(2)
" " " " 0.3533 gr.

Ever}' 40 cm." contained, therefore, 0.1885 gr. P^Oj.

V. The solution contained hj'dro-disodic phosphate.

(1) gave Na,P„0, from 40 cm.* 0.3512 gr. /^-^

(2)
" " " '^ 0.3514 gr.

Every 40 cm.* contained, therefore, 0.1875 gr. P3O5.

VI. The solution contained hydro-disodic phosphate.

(1) gave Na.PA fi'om 40 cm.'' 0.4112 gr.

(2)
" " " " 0.4113 gr.

Every 40 cm.^ contained, therefore, 0.2195 gr. P2O5.

VII. The solution contained hydro-disodic phosphate.

(1) gave Na,P,0, from 40 cm." 0.3429 gr.

(2)
" " " " 0.3429 gr.

Every 40 cm.* contained, therefore, 0.1831 gr. P^.
VIII. The solution contained microcosmic salt.

(1) gave NaPOs from 40 cm.'' 0.3077 gr.

(2)
" " " " 0.3078 gr.

P]very 40 cm.*, therefore, contained 0.2142 PjOj.

IX. The solution contained microcosmic salt.

(1) gave NaPOs fi'om 40 cm.^ 0.2897 gr.

(2)
" " " " 0.2900 gr.

Every 40 cm.* contained, therefore, 0.2017 gr. PaOj.

X. The solution contained hydro-disodic phosphate.

(1) gave Na.P^O, from 20 cm.^ 0.0247 gr.

(2)
" " " • u 0.0249 gr.

Every 40 cm.^ contained, therefore, 0.0265 gr. P3O5.

XI. The solution contained hydro-disodic phosphate.

(1) gave Na.P^O, from 20 cm.* 0.0249 gr.

(2)
" " " " 0.0250 gr.

Every 40 cm.* contained, therefore, 0.0266 gr. P^Oj.

XII. The solution consisted of 71.5 cm.* of Solution IV,

diluted to 500 cm.* Every 40 cm.* contained, therefore,

0.0270 gr. P,05.

XIII. The solution consisted of 71.5 cm.* of Solution IV.
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diluted to 500 cm." Every 40 cm.* contained, therefore,

0.0270 gr. P,05.

XIY. The solution consisted of 61.3 cm.' of Solution YL
diluted to 500 cm,^ Every 40 cm.* contained, therefore,

0.0269 gr. P,05.

XV. The solution consisted of 61.3 cm.^ of Solution VI.

diluted to 500 cm.' Every 40 cm.'' contained, therefore,

0.0269 gr. PA-
XVL The solution consisted of 125.6 cm." of Solution VIII.

diluted to one litre. Every 40 cm.' contained, therefore,

0.0269 gr. PA-
Each of the following experiments was made with 40 em.*

of another of these solutions diluted (if necessary), so that

the volume after precipitation should for the weaker solutions

be about 100 cm,^, and for the stronger solutions from 125

cm.* to 150 cm.*

Precipitation was effected in cold solutions unless the

contrary is stated, and, when not otherwise specified, either

by a magnesic sulphate mixture consisting of one part of

crystallized magnesic sulphate, two of amnionic chloride, four

of concentrated ammonia, and eight of water; or by a mag-

nesic chloride mixture containing three parts of crystallized

magnesic chloride, eight of ammonic chloride, sixteen of

concentrated ammonia, and thirty-two of water. The pre-

cipitate of ammonio-magnesic phosphate was, in every ease,

finally collected on asbestus felt in a perforated platinum

crucible according to the process previously described by me,*

washed with 60 cm.* to 70 cm.^ (applied in successive portions)

of a solution of one part of concentrated ammonia to three

of water,— this amount being found to be more than sufficient

for washing, when the asbestus process is used, until the

filtrate ceases to show the presence of chlorine when treated

with nitric acid and argentic* nitrate,—moistened with a few

drops of a solution of ammonic nitrate in ammonia, dried on

the vacuum pump, ignited on a platinum crucible-cover, at first

gently until fumes of ammonic nitrate no longer appeared,

then at a full red heat until the spreading of a glow over the

whole residue indicated the formation of the mao-nesic

pyrophosphate.
"a'

* Proceedings Amer. Acad. Arts and Sci. XIII. 342; and This Journal, 1, 317.
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The results of the experiments are tabulated below. The
figures of the first column show the weiirhts of macnesic
pyrophosphate found, those of the second the corresponding
weights of phosphoric oxide, those of the third the weight of

phosphoric oxide required by the determinations of the stan-

dard of the solution used, those of the fourth the absolute

error in the determination of phosphoric oxide, and those of

the fifth the percentage error referred to the actual amount
of phosphoric oxide present. The Eoman numeral standing

against the record of each experiment shows which phosphate

solution was used in that experiment.

Alkaline Phosphates.

Experiments (1) to (10) inclusive were made with 40 cm.'

each of the phosphate solution. Portions (1) and (2) were

precipitated with 20 cm.' of magnesic sulphate mixture.

Portions (3) to (6) were treated with 20 cm.* of a magnesic

sulphate mixture containing only a small amount of free

ammonia, but the same weights of magnesium and ammonium
salts as the regular mixture. The first precipitates of (3) and

(4) were dissolved in hydrochloric acid and again thrown

down by ammonia in presence of the excess of the precipitant,

and those of (5) and (6) were dissolved and reprecipitated in

this manner twice. Portions (7) to (10) were precipitated

with 20 cm,^ of magnesic sulphate mixture after being acidu-

lated—(7) and (8) with hydrochloric acid, (9) and (10) with

0.5 gr. of citric acid—and made alkaline with ammonia.

X.^
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Experiments (11) to (16) inclusive were made with portions

of 40 cm/ each of Solution II. Portions (11) and (12) were

acidulated with hydrochloric acid and, after the addition of

ammonia in excess, precipitated with 6 cm.* of magnesic

sulphate mixture. Portions (13) and- (14) were acidulated

with 0.5 gr. of citric acid and, after the addition of ammoniaj

treated with 6 cm.'' of magnesic sulphate mixture ; which

amount failing (on account of the presence of a citrate) to

throw the phosphoric acid down entirely, 6 cm.^ more of the

same mixture were added to complete the precipitation.

Portions (15) and (16) were acidulated with hydrochloric acid

and 0.5 gr. of citric acid, ammonia added in excess and pre-

cipitation effected with 12 cm.^ of magnesic sulphate mixture.

The precipitates of (11), (13), and (15) were filtered off, washed

and ignited; those of (12), (14), and (16) were filtered off on

paper, drained, dissolved (without previous washing) in

hydrochloric acid, thrown down again with ammonia, and,

the precipitate having settled, filtered off, after the addition

of a lew centimetrs of magnesic sulphate mixture, upon

asbestus, washed and ignited. The precipitates were all

thrown down the first time from hot solutions.

II.
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III

( (17)

J (18)

)
(19)

I (20)

MgsPsO-. PjO.-) found. PsOr, required. Error.

0.2928 gr. 0.1873 gr. 0.1863 gr. + 0.0010 gr.

0.2937 gr. 0.1878 gr. 0.1803 gr. + 0.0015 gr.

0.2923 gr. 1869 gr. 1863 gr. + 0.0006 gr.

0.2925 gr. 0.1871 gr. 1863 gr. + 0.0008 gr.

Per cent,
error.

+ 0.54

+ 0.80

+ 0.32

+ 0.43

In experiments (21) to (26) inclusive, 40 cm/ of magnesic
sulphate mixture, from which the ammonia had been removed
by boiling, were in each case added to 40 cm.' of the phosphate

solution ; in (21), (22), (23), and (24) direct!}-, in (25) and (26)

after acidifying with 5 cm.^ of strong hydrochloric acid and

then making faintly but distinctly ammoiiiacal. In every case

dilute ammonia was added gradually at first, and 5 cm.* of

sti'ong ammonia after, the settling of the precipitate. Portions

(21) and (22) were precipitated hot.

J

VIII.

(21)

(22)

] (23)

I (24)

(25)

(26)

Mg.PsO:.

0.3112 gr.

3114gr.

0.3028 gr.

0.3048 gr.

0.3469 gr.

3514 sr.

P2O5 found

0.1991 gr

0.1992 gr

1936 gr

0.1949 gr

0.2219 gr

2248 gr.

I'iOi required. Error.

0.1875 gr. + 0.0116 gr.

0.1875 gr.

0.1875 gr.

0.1875 gr.

2142 gr.

2142gr.

+ 0.0117 gr.

+ 0.0061 gr.

-I- 0074 gr.

+ 0.0077 gr.

4- 0.0i06 gr.

Per cent,
error.

+ 6.18

+ 6.24

+ 3.25

+ 3.94

+ 3 59

+ 4.94

For experiments (27) to (39) inclusive portions of 40 cm.*

each of the phosphate solutions were taken. To portions

(27) and (28) were added 12 cm.* of magnesic chloride mix-

ture ; to (29) and (30) 5 cm.* of strong hydrochloric acid,

strong ammonia to neutralization and 10 cm.^ beside, and then

12 cm.^ of magnesic chloride mixture; to portions (31) to

(39) inclusive 5 cm.^ of strong hydrochloric acid, 20 cm.* of

strong ammonia and 10 cm.^ of magnesic chloride mixture,

5 cm.* more of the same being added, except in experiment

(31), after the settling of the precipitate.

VI

r {27)

J (28)

\ (29)

I (30)

Mg2P207. P^Oo found. PiO.i required. Error.

0.3430 gr. 0.2194 gr. 2195 gr. — 0.0001 gr.

0.3438 gr. 0.2199 gr. 0.2195 gr. + 0.0004 gr.

0.3425 gr. 0.2191 gr. 0.2195 gr. — 0.0004 gr.

0.3435 gr. 0.2197 gr. 0.2195 gr. + 0.0002 gr.

Per cent.
error.

— 0.04

+ 0.18

— 0.18

+ 0.09
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hydrochloric acid, made alkaline with ammonia— about 4 gr.

of amnionic chloride being produced in the process— and pre-

cipitated with 40 cm.* of magnesic chloride mixture. In

experiments (54) to (60) inclusive 40 cm.* of magnesic chloride

mixture from which the ammonia had been expelled by boiling

were added to the phosphate solution— in experiments (56),

(57), (58), (59) and (60) directly, in (54) and (55) after adding

enough ammonia to make the solution smell distinctly of it—
and ammonia afterward strong in (57), (58), (59) and (60), but

dilute at first in (54), (55), and (56) and strong after the

settling of the precipitate. Solutions (59) and (60) were pre-

cipitated hot.
Per cent.

Mg»P20;. P2O5 fouud. P2O5 reciuired. Error. error.

f (48) 0.2880 gr. 0.1842 gr. 0.1831 gr. + 0.0011 gr. + 0.60

(49) 0.2881 gr. 0.1843 gr. 0.1831 gr. + 0.0012 gr. + 0.6G

(50) 0.2886 gr. 0.1846 gr. 0.1831 gr. + 0.0015 gr. +0.82

(51) 0.2888 gr. 0.1847 gr. 0.1831 gr. + 0.0016 gr. + 0.87

(52) 0.2882 gr. 0.1844 gr. 0.1831 gr. + 0.0013 gr. + 0.71

(53) 0.2883 gr. 0.1844 gr. 0.1831 gr. + 0.0013 gr. + 0.71

(54) 0.2865 gr. 0.1832 gr. 0.1831 gr. + 0.0001 gr. + 0.05

(55) 0.2870 gr. 0.1835 gr. 0.1831 gr. + 0.0004 gr. + 0.22

(56) 0.2931 gr. 0.1875 gr. 0.1875 gr. 0. 0.

(57) 0.2940 gr. 0.1880 gr. 0.1875 gr. + 0.0005 gr. +0.37

{ (58) 0.2950 gr. 0.1887 gr. 0.1875 gr. + 0.0012 gr. +0.64

I
(59) 0.2983 gr. 0.1907 gr. 0.1875 gr. + 0.0033 gr. +1.70

[ (60) 0.3017 gr. 0.1930 gr. 0.1875 gr. + 0.0055 gr. +2.98

In experiments (61) to (66) inclusive 5 cm.* of strong hydro-

chloric acid were added to 40 cm.* of the phosphate solution,

and then ammonia in slight excess. Portions (61). (62), (63),

and (64), were precipitated with 20 cm.* of magnesic chloride

mixture. To (65) and (66) were added 20 cm.* of magnesic

chloride mixture from which the ammonia had been expelled,

and afterward ammonia dilute at the first and strong after the

precipitate had settled. Solutions (63), (64), (65) and (66)

contained previous to precipitating 3 gr. of sodic chloride

each.
Per cent.

Mg.PaOi. P2O.-, loimd. P20a required. Error. error.

r(61) 0.0426 gr. 0.0272 gr. 0.02G9 gr. + 0.0003 gr. +1.11

1(62) 0.0427 gr. 0.0273 gr. 0.0269 gr. + 0.0004 gr. +1.49

]
(63) 0430 gr. 0.0275 gr. 0.0269 gr. + 0.0006 gr. + 2.23

^^^•M64) 0.0431 gr. 0.0276 gr. 0.0269 gr. +10.0007 gr. +2.60

(65) 0.0426 gr. 0.0272 gr. 0.0269 gr. + 0.0003 gr. +1.11

^(66) 0.0426 gr. 0.0273 gr. 0.0269 gr. + 0.0003 gr. +1.11

52
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PhospJiotungstates.

In each of the following experiments upon the determina-

tion of phosphoric oxide in phosphotungstates 1 gr. of crystal-

lized normal sodic tungstate (Na2W04.2H20) was dissolved

and added to 40 cm.^ of a phosphate solution, the phospho-

tungstate produced by the addition of acid in measured

amount or until the yellow color of the solution indicated its

formation, and ammonia added until the precipitate first

formed redissolved.

In experiments (67) to (76) inclusive there were added to

each portion containing the phosphate and tungstate 0.5 gr. of

citric acid, hydrochloric acid, until the solution became j^ellow,

ammonia until it gave its odor distinctly to the solution, and

then 20 cm.* of magnesic sulphate mixture. Portions (75) to

(79) inclusive were treated in a similar manner, excepting that

5 cm.^ of strong hydrochloric acid and no citric acid were

added to them. The precipitates of (67), (68), (69) and (70)

were filtered off on asbestus, washed, and ignited in the manner
previouslj^ described. The precipitates of (71), (72), (73) and

(74) were filtered off on paper, washed with magnesic sulph-

ate mixture, and then with a few centimeters of ammonia,

dissolved in hydrochloric acid and reprecipitated Avith ammonia,

a few centimeters of magnesic suljohate mixture being added

after the precipitate had settled. The precipitates of (75) to

(79) inclusive were filtered off on paper, washed with mag-

nesic sulphate mixture, dissolved in hydrochloric acid and

thrown down again with ammonia, a few centimeters of mag-

nesic sulphate being added after the settling of the precipitate.

The second precipitates were filtered off on asbestus, washed

and ignited as usual.

X.
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pQP cent.
Mg.PsOi. F2O5 found. P2O5 required. Error. error.

r (77) 0.0424 gr. 0.0271 gr. 0.0270 gr. + 0.000 1 gr. + 0.37

XIII. ^(78) 0.0427 gr. 0.0273 gr. 0.0270 gr. + 0.0003 gr. +1.11
((79) 0.0428 gr. 0274 gr. 0.0270 gr. + 0.0004 gr. +1.48

In experiments (80) to (82) and (85) to (88) inclusive there

were added to each portion containing the phosphate and

tungstate 0.5 gr. of citric acid, hydrocliloric acid until the

solution became yellow, ammonia in excess and 20 cm.' of

magnesic chloride mixture ; in experiments (83) and (84), and

(89) to (91) inclusive, 5 cm.' of strong hydrochloric acid, with

no citric acid, ammonia in excess and 20 cm.* of magnesic

chloride mixture. The precipitates of (85) to (91) inclusive

were filtered off on paper^ washed with magnesic chloride

mixture, dissolved in hydrochloric acid and thrown down
again with ammonia. The first precipitates of experiments

(80) to (84) and the second precipitates of portions (85) to

(91) were collected on asbestus, washed and ignited as usual.

Per cent.
Mg2P207. P2O5 found. P2O5 required. Error. error.

((80) 0.0454 gr. 0.0290 gr. 0.0266 gr. + 0.0024 gr. + 9.03

XI. ^(81) 0.0464 gr. 0.0297 gr. 0.0266 gr. + 0.0031 gr. +11.65

((82) 0.0466 gr. 0.0298 gr. 0.0266 gr. + 0.0032 gr. +12.03

((83) 0.0444 gr. 0.0284 gr. 0.0269 gr. + 0.0015 gr. + 5.58

^^^-
1(84) 0.0447 gr. 0.0286 gr. 0.0269 gr. + 0.0017 gr. + 6.33

r(85) 0.0405 gr. 0.0256 gr. 0.0270 gr. — 0014 gr. —5.18

(86) 0.0414 gr. 0.0265 gr. 0.0270 gr. — 0.0005 gr. —1.85
^^^-

1 (87) 0.0414 gr. 0.0265 gr. 0.0270 gr. — 0.0005 gr. —1.85

L(88) 0416gr. 0.0266 gr. 0.0270 gr. — 0.0004 gr. —1.48

((89) 0.0423 gr. 0.0270 gr. 0.0270 gr. +0. 0.

XIII. -5 (90) 0.0424 gr. 0.0271 gr. 0.0270 gr. + 0.0001 gr. + 0.87

((91) 0.0430 gr. 0.0275 gr. 0.0270 gr. + 0.0005 gr. +1.85

In experiments (92) to (101) inclusive 5 cm.' of strong

hydrochloric acid were added to each portion containing the

phosphate and tungstate, ammonia in distinct excess, magnesic

chloride mixture— in (92), (93), (94) and (95) 1.5 cm.^and 1.5

cm.=^ more after the precipitate had settled ;
in (96) and (97) 2

cm.^ in (98) and (99) 5 cm.^ in (100) and (101) 10 cm.' drop

by drop, and then 10 cm.' more at once— and finally after the

precipitate had settled, ammonia until the solution evolved a

strong amoniacal odor.
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to 40 cm.' of a phosphate sohition, 5 cm.* of sti'ong hydro-

chloric acid added and ammonia in distinct excess. To por-

tions (116) to (120) inchisive were added 20 cm.^ of magnesic
chloride mixture, and to portions (121) to (122) 20 cm.'' of

magnesic sulphate mixture. The first precipitates of (119),

(120), (121) and (122) were filtered off on paper, dissolved in

hydrochloric acid and thrown down again with ammonia,

collected on asbestus (as the first precipitates of the other

portions were), washed and ignited as usual. Portions (123)

and (124) were px*ecipitated with 1.5 cm.* of magnesic chloride

mixture, 1.5 cm.^ being added after the precipitate had settled,

together with ammonia in strong excess. Portions (125) to

(129) inclusive were precipitated with 20 cm,* of magnesic

chloride mixture from which the ammonia had been expelled,

and ammonia was added in strong excess after the settling of

the precipitate.

Per cent.

Mg2P207. PiOo found. PaOo required. Error. error.

( (116) 0.0441 gr. 0.0283 gr. 0.0370 gr. + 0.0013 gr. + 4.44

XII. < (117) 0.0453 gr. 0.0389 gr. 0.0370 gr. + 0.0019 gr. + 7.04

((118) 0458gr. 0.0393 gr. 0.0370 gr. + 0.0033 gr. +8.02

f(119) 0.0433 gr. 0.0371 gr. 0.0370 gr. + 0.0001 gr. +0.37

„.,. ) (120) 0.0425 gr. 0.0272 gr. 0.0270 gr. + 0.0003 gr. + 0.74

\ (121) 0.0423 gr. 0.0371 gr. 0.0370 gr. + 0.0001 gr. + 0.37

L (122) 0427 gr. 0.0373 gr. 0.0370 gr. + 0.0003 gr. +1.11

f (123) 0.0433 gr. 0.0270 gr. 0.0369 gr. + O.OOOl gr. + 0.37

J (124) 0.0434 gr. 0371 gr. 0369gr. + 0.0003 gr. +0 74
^^^-

]
(135) 0.0434 gr. 0.0371 gr. 0.0269 gr + 0.0002 gr. + 0.74

[(126) 0.0425 gr. 0.0373 gr. 0.0269 gr. + 0.0003 gr. +1.11

I (127) 0.3168 gr. 0.2026 gr. 0.2017 gr. + 0.0009 gr. + 0.44

IX. -^ (128) 0.3173 gr. 0.2030 gr. 0.2017 gr. + 0.0013 gr. + 64

((129) 0.3180 gr. 0.2033 gr. 2015gr. + 0.0016 gr. +0.79

Experiments (1) to (10) inclusive (11), (13) and (15) demon-

strate that the method of estimating the phosphoric oxide of

alkaline phosphates by precipitation with magnesic sulphate

mixture and washing until the chlorine reaction vanishes from

the filtrate gives results far too high when the amount of the

precipitant used is in any considerable excess of the amount

theoretically required. Thus, in experiments (1) to (6), in

each of which 20 em.* of magnesic sulphate mixture were

used, the amount required by theory being about 5.2 cm.*, the
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error varies from + 0.0033 gr. to + 0.0060 gr. on 0.1298 gr. of

phosphoric oxide, or from + 2,54 to + 3.39 per cent. ; in

experiments (7) to (10), in each of which 20 cm.=* of the pre-

cipitant were used, while theory requires about 1.1 cm.*, the

error upon 0.0265 gr. of phosphoric oxide varies from +0.0004
gr. to + 0.0021 gr., or from + 1.51 to + 7.92 per'cent. ; in

exj)eriment (11) in which 6 cm.* of the precipitant were used,

while about 2.1 cm.^ were theoretically required, the error is

+ 0.0007 gr. upon 0.0512 gr. of phosphoric oxide, or + 1.37

per cent. ; and in experiments (13) and (15), in which 12 cm/
of the precipitant were used, while about 2.1 cm.* were theo-

retically required, the error upon 0.0512 gr. of phosphoric

oxide was + 0.0017 gr., or + 3.31 per cent.

Experiments (21) to (26) inclusive show that when the process

was varied so as to precipitate the phosphate solution, either

containing no free ammonia or a very small quantity, by a

magnesic sulphate mixture from which the ammonia had been

expelled, the error of the result varied from + 0.0061 gr. to

+ 0.0117 gr. upon 0.1875 gr. of phosphoric oxide, or from

+ 3.25 to + 6.24 per cent. ; and from + 0.0077 gr. to + 0.0106

gr. upon 0,2142 gr. of phosphoric oxide, or from + 3.59 to

+ 4.94 per cent.— the greatest errors appearing naturally in

the experiments made with hot solutions containing no free

ammonia in which cases the hydro-magnesic j)hosphate first

thrown down was partiallj'^ changed into tri-magnesic phos-

phate by the action of the heat, and therefore not converted

into ammonio-magnesic phosjDhate upon the subsequent addi-

tion of ammonia.

Experiments (12), (14), (16) and (17) to (20) inclusive indi-

cate that tolerably good results may be obtained by draining

the first precipitate, dissolving in hydrochloric acid and repre-

cipitating with ammonia; the first three experiments showing

incidentally that the addition of small amounts of citric acid

does not prevent precipitation to any very marked degree in

presence of a considerable excess— in this case about 10

cm.* to 0.5 gr. of citric acid— of magnesic sulphate mixture.

Thus in experiments (12), (14) and (16) the error was ; and

in experiments (17) to (20) the error varied from -f- 0.0006 gr.

to + 0.0015 gr. on 0.1863 gr. of phosphoric oxide, or from

+ 0.32 to + 0.80 per cent., the mean error being about

+ 0.0006 gr., or + 0.32 per cent.
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It appears from these experiments that the method of pre-

cipitating by magnesic sulphate mixtui-e without the solution

and second precipitation ought to give an accurate determina-

tion of phosphoric acid, providing only that the amount of

the precipitant used were just sufficient to complete the pre-

cipitation. But this condition renders the process practically

useless in ordinaiy cases; and inasmuch as in Kissel's method

of compensating for enclosed material by excessive washing

the amount of washing must necessarily be proportioned both

to the weight of phosphoric acid present and to the excess of

the precipitant,— elements which introduce a great deal of

uncertainty,— it would appear that if magnesic sulphate mix-

ture is to be the precipitant the method of precipitating twice

is the only one which can be relied upon on all occasions to

give tolerably correct results.

The results obtained in experiments (27) to (66) by precipi-

tatinir with magnesic chloride mixture are diffei-ent as the

method of treatment varies. It will be noticed that in ex-

periments otherwise essentially similar the variations in the

amount of the precipitant produce differences in the results.

Thus, in experiments (27) to (43), in which 10 cm.'' or 12 cm."

of the precipitant were used, the error varies from — 0.0008

gr. to + 0.0012 gr., or from —0.42 to + 0.64 per cent., the

mean error being nearly 0; while in the experiments (48) to

to (53), in which 40 cm.' of the precipitant were used, the

error varies from + 0.0011 gr. to + 0.0016 gr., or fi-om + 0.60

to + 0.87 per cent., the mean error being about + 0.0013 gr.,

or + 0.71 per cent.' It will be seen also that while it makes

no apparent difference whether the precipitant is added to the

phosphate directly, as in (27) and (28), or after treatment

with hydrochloric acid, as in (29) to (39), the dissolving of a

precipitate, by adding hydrochloric acid to the supernatant

liquid, and reprecipitation with ammonia tend to reduce the

results below those of experiments in which this has not been

done, but which are similar in other respects. This appears

very distinctly in a comparison of experiments (40) and (41)

with (42) and (43), where the mean error is reduced from

about + 0.0010 gr. upon 0.1875 gr. of phosphoric oxide, or

from + 0.56 per cent, to 0; or of experiments (44) and (45)

with (46) and (47), where the mean error is reduced from
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+ 0.0022 gr. to about + 0.0003 gr. upon 0.1885 gr. of phos-

phoric oxide, or from + 1.17 to + 0.18 per cent.

It appears, further, from a comparison of experiments (54)

to (58) with experiments (48) to (53), that results got by

precipitating solutions containing either no free ammonia, as

in (56), (57) and (58), or only a small amount, as in (54) and

(55), by a magnesic chloride mixtui-e deprived of ammonia
are more nearly correct than those got by preci2)itating under

essentially similar conditions with the ammoniacal magnesic

chloride mixture, as in (48) to (53). Thus, in (48) to (53) the

error varies from + 0.0011 gr. to + 0.0016 gr. upon 0.1831 gr.

of phosphoric oxide, or from + 0.60 to + 0.87 per cent., the

mean error being about
-f-

0.0013 gr. or +0.71 per cent.;

while in (54) to (58) the error varies from to -|- 0.0012 gr.

upon 0.1831 gr. or 0.1875 gr. of phosphoric oxide, or from

to 0.64 per cent., the mean error being about + 0.0004 gr. or

+ 0.22 per cent.; and it is to be remarked that in (54), (55)

and (56), in which dilute ammonia was added after the non-

ammoniacal magnesic chloride mixture, the mean error—
about j^ 0.0002 gr. or + 0.10 per cent.—is much smaller than

the mean error of (57) and (58)—about +0.0008 gr., or + 0.44

per cent.—in which strong ammonia was added after the non-

ammoniacal magnesic chloride mixture. The high results of

experiments (59) and (60), in which the non-ammoniacal

magnesic chloride mixture was added to the hot phosphate

solution, are explained by the fact that a part of the hydro-

magnesic phosphate first formed was decomposed b}- the heat

with the formation of trimagnesic phosphate, and therefore

not completely converted into ammonio-magnesic phosphate

by the ammonia subsequently added. From experiments (61)

to (64) it will be seen that the presence of 3 gr. of sodic

chloride in the phosphate solution raises the figures of the

analysis materially when precipitation is effected by the

ammoniacal magnesic chloride mixture, even with small

weights of phosphoric oxide, and that better results are got

in (65) and {QQ') by using the non-ammoniacal mixture.

The use of an excessive quantity, too, of amnionic chloride

tends apparently to reduce the error. Thus, in experiments

(48) to (53) the mean error was about + 0.0013 gr., or + 0.71

per cent., while in (44) and (45), in which free ammonia, but
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no ammonic chloride beyond the amount in the magnesic
chloride mixture, was used, the mean error is + 0.0022 or

+ 1.17 per cent., although less of the precipitant was used in

the latter.

The cause of all these differences in the accui*acy of the

determination of the phosphoric oxide of alkaline phosphates

by precipitation with magnesic chloride mixture seems to lie

in the variations of the rapidity with which the aramonio-

magnesic phosphate is ciystallized from solution. The sudden

addition of a large amount of the precipitant, or of an excess

of the precipitant to a strongly ammoniacal solution of the

phosphate, or of strong ammonia to a solution of the precipi-

tate in acid, tends to hasten the deposition, and so to prevent

the complete exclusion of foreign material from the crystal-

line structure; while in the precipitation of solutions contain-

ing large amounts of ammonic chloride, or of weakly ammo-

niacal solutions, or of solutions of the precipitate in acid, by

the gradual addition of ammonia the process of crystallization

goes on moi'e slowly and perfectly.

The differences between i-esults got by using a magnesic

sulphate mixture and those obtained with a magnesic chloride

mixture may be, perhaps, partly explained by the supposition

that magnesic sulphate resists exclusion during the crystalli-

zation of the ammonia-magnesic phosphate more effectively

than magnesic chloride, and partly by the fact that magnesic

sulphate enclosed in a precipitate would probably not change

materially in composition during an ignition over a Bunsen

burner in a crucible standing on platinum foil, while magnesic

chloride ignited in presence of aqueous vapor under like cir-

cumstances would be converted into magnesic oxide whose

molecular weight is but one-third of that of the sulphate. It

is difficult, at all events, to conceive how the contamination

of the precipitate can be other than mechanical; for the

trimagnesic phosphate could only be produced by a reaction

between the ammonio-magnesic phosphate and magnesic

sulphate,— which is quite improbable, at least in the cold,—

and the formation of a magnesic hydrate or basic sulphate

would seem to be altogether unlikely under the circum-

stances.

53
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In the experiments upon the phosphotungstates the mean

error of the method involving a single precipitation with

magnesic sulphate mixture (experiments 67 to 70) was about

+ 0.0021 gr. upon 0,0265 gr. and with magnesic chloride mix-

ture (experiments 80 to 84) about + 0.0024 gr., upon 0.0266

gr. or 0.0269 gr., of phosphoric oxide, or about + 8.44 per

cent. The mean error of the method of double precipitation

upon nearly the same amounts of phosphoric oxide, the pre-

cipitant alone being used to wash the first precipitate and no

citrate being present, was, with magnesic sulphate mixture

(experiments 75 to 79) about +0.0004 gr., or + 1.51 per cent.,

and with magnesic chloride mixture (experiments 89 to 91)

+ 0.0002 gr., or + 0.74 per cent.; the mean error when the

first precipitate by magnesic sulphate mixture was washed

with the precipitant and afterwards with ammonia water

(experiments 71 to 74) being about—0.0015 gr., or —5.66 per

cent. ; and when the first precipitate was thrown down in

presence of a citrate by magnesic chloride mixture and washed

with the precipitant (experiments 85 to 88), about — 0.0007

gr., or — 2.59 per cent. When precipitation was eff'ected with

1.5 cm. ^ of magnesic chloride mixture, the same being added

after precipitation (experiments 92 to 95) the mean error upon

0.0269 gr. of phosphoric oxide was + 0.0004 gi". or + 1.49 per

cent. ; when by 2 cm.* (experiments 96 and 97) about + 0.0006

gr., or + 2.23 per cent. ; when by 5 cm.^ (experiments 98 and

99) + 0.0011 gr,, or + 4.09 per cent. : and when by 10 cm.*

added drop by drop, with 10 cm.-' more subsequent to precipi.

tation (experiments 100 and 101) + 0.0015 gr., or + 5.58 per

cent. The mean error of the determination by precipitating

with 20 cm.* of non-ammoniacal magnesic chloride mixture,

in slightly ammoniacal solutions (experiments 102 to 107 and

110 to 115) was about + 0.0018 gr. upon 0.0269 gr. of phos-

phoric oxide, or + 6.69 per cent. ; about + 0,0065 gr. upon

0.2017 gr. of phosphoric oxide, or + 3.22 per cent., in solutions

containing no citrate, and in solutions containing a citrate

+ 0.0170 gr., or + 8.35 per cent. The mean error when 20

cra.^ of non-ammoniacal magnesic chloride mixture was added

to the solution of phosphate and tungstate containing no free

ammonia (experiments 108 and 109) amounted to about

+ 0.0063 gr. upon 0.0269 gr. of phosphoric oxide, or + 23.60

per cent.
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The use of citric acid in manj- of the experiments above, in

accordance with a suggestion of Dr. Gibbs, appears to be
attended with unfavorable results. Thus in experiments (85)
to (88), in which the first precipitates were dissolved and re-

precipitated, this appears to have lowered the results below
those of (89) to (91); while in experiments (80) to (82) and in

experiments (112) to (115), in which the first precipitate was
not dissolved, it appears to have raised the results above those

of (83) and (84), and (110) and (111) respectively,— facts

which are perhaps to be explained by attributing to the citrate

both a solvent and contaminating action upon the precipitate.

Of the experiments upon the phosphomolybdates (123) and

(124), in which the precipitation was effected by 1.5 cm.^ of

magnesic chloride mixture,. 1.5 cm.' of the same being added

afterward, show a mean error of less than + 0.0002 gr. upon

0.0269 gr. of phosphoric oxide, or + 0.55 per cent. ; and ex-

periments (116) to (118) in which 20 cm.' of the san^.e precipi-

tant were employed + 0.0018 gr. upon 0.0270 gr. of phosphoric

oxide, or + 6.66 per cent.; experiments (119) to (122), in two
of which the precipitation was effected by magnesic sulphate

mixture, and in two by magnesic chloride mixture, the first

precipitate being washed with the precipitant, dissolved in

hydrochloric acid and again thrown down, less than + 0.0002

gr. upon 0.0270 gr. of phosphoric oxide, or -\- 0.65 per cent.

In experiments (125) to (129) in which 20 cm.' of the magnesic

chloride mixture deprived of ammonia were added to slightly

ammoniacal solutions, the mean error was less than -f 0.0003

gr. on 0.0269 gr. of phosphoric oxide, or + 0.92 per cent,, and

less than + 0.0013 gr. on 0.2017 gr. of phosphoric oxide, or

+ 0.62 per cent.

It will be noticed that in the experiments with phosphates

and phosphomolybdates a large excess of the magnesic chloride

mixture was not markedly prejudicial to the accuracy of

results when precautions were taken to induce a slow forma-

tion of the precipitate, while in the experiments with phos-

photungstates the reverse was true. The reason for this ex-

ceptionally unfavorable action in the case of the phosphotung-

states is probably indicated in the facts that the addition of

free ammonia beyond a certain amount to the solution of a
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phosphotungstate produces turbidity,[and that^the addition of

magnesia mixture to a clear solution of normal sodic tungstate,

ammonic chloride and ammonia renders the solution opalescent

and occasions the deposition, after some hours, of an almost

invisible precipitate ; but it is to be noted in this connection

that the action of magnesia mixtui-e upon a clear ammoniacal

solution of ammonic molybdate and ammonic chloride is

similar to its action upon the tungstate solution.

Summary.

It would appear from the preceding account that in deter-

mining the phosphoric oxide of alkaline phosphates, free from

sulphates or other substances likely to contaminate a precipi-

tate, accuracy is most conveniently and surely attained by

adding to the somewhat dilute solution of the phosphate

ammonia in slight but quite distinct excess, then an excess of

magnesic chloride mixture containing no free ammonia (made

by dissolving three parts of crystallized magnesic chloride and

eight parts of ammonic chloride in water, adding water con-

tainincr ammonia until the volume of the solution reaches

forty-eight parts, filtering and boiling off the free ammonia),

and, after the precipitate has settled, ammonia until the liquid

evolves a strong odor of it. In determining the phosphoric

oxide of phosphotungstates the best results are to be got by

adding to the solution containing free ammonia an excess of

either of the magnesia mixtures, washing the precipitate with

the precipitant, dissolving in hydrochloric acid, diluting if

necessary and reprecipitating with a little dilute ammonia,

adding strong ammonia after the precipitate has settled; or,

when working with small amounts, by proceeding as in the

case of the phosphates, taking sjiecial care, however, that the

solution is distinctly ammoniacal before precipitating, and

that no great excess of the precipitant is used. In the deter-

mination of the phosphoric oxide of phosphomolybdates, the

method recommended for use in the case of the phosphates

serves very well when the amount of phosphoric oxide does

not exceed (let us say) 0.05 gr., but for amounts larger than

this the method of double precipitation recommended for the

phosphotungstates is more accurate.

As to the time which should be allowed to pass between
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precipitating and filtering, my experiments support those of
Abesser, Jani, and Maercker * in pointing to the condition
that a precipitate may be filtered with safety as soon as it has
completely subsided, or, after ten or fifteen minutes.
The use, for the filtration and ignition of the precipitate, of

the method which I have employed in the experiments de-
scribed above greatly expedites the analysis. Thus, with two
perforated crucibles at my disposal, I have completed within
four and one-half hours from the measuring out of the first

solution seven determinations of the phosphoric oxide of an
alkaline phosphate,— the ignition of each precipitate requirino-

less than five minutes.

LABORATORY NOTES.

By Arthur MiCHAEii.

I.—ON MONO-ETHYLPHTHALATE.

The aim of the following experiments, made several years

ago, was the preparation of ortho-formylbenzoic acid, and for

which purpose mono-ethylphthalate was subjected to the

action of phosphorus trichloi'ide, in the hope of obtaining the

chloride of that compound, which I intended to reduce with

nascent hydrogen.

To prepare mono-ethylphthalate absolute alcohol was

allowed to act on phthalic anhydride, a reaction similar to

that of the formation of mono-ethylsuccinate by the action of

alcohol on succinic anhydride.f Equal parts of absolute

alcohol and phthalic anhydride were heated in a flask con-

nected with an upright condenser for ten hours at 100°.

The whole of the anhydride was never converted into

the ether in question, even if the time of heating was pro-

longed and the relative amount of alcohol to anhydride greatly

increased. The excess of alcohol was evaporated at a low

*Zeit8Chntt f. aual. Chem. XII. 250. tHeintz, Pogg. Ann. 108, 70.
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temperature, and the residue which remained was dissolved

in water and neutralized in the cold with pure barium car-

bonate, thus forming the barium salts of mono-ethylphthalate

and phthalic acid. To effect a separation of the two salts

advantage was taken of their diflfei-ent solubility in water

;

the former salt being extremely soluble in moderately warm
water, whereas barium phthalate is much less soluble. The

precipitate which settled on neutralization was therefore

barium phthalate, and by evaporating the filtrate from this

precipitate to a small bulk, and filtering the solution while

warm from the precipitate which had then settled, and, if

necessary, repeating the operation again, the two barium

salts were easily separated. The filtrate yielded on cooling

the barium salt of the new acid in long, concentrically grouped,

white needles, which are very soluble in cold and in all pro-

poi'tions in warm water.

The barium analj-ses showed that this salt has the formula

*coo
.5360 gr. of substance, dried at 100°, gave .2405 gr. of barium

sulphate.

.6812 gr. gave .3148 gr. of barium sulphate.

Found.

Calculated. I. II.

Ba. ... 27.24 26.83 27.17

A concentrated aqueous solution of the barium salt is pre-

cipitated by silver nitrate, forming the corresponding silver

salt. This salt crystallizes from water in beautiful, long

needles, which on exposure to the light soon blacken. They

are moderately soluble in cold and quite soluble in warm water.

The results of the silver analyses correspond with the for-

mula CeH,^^.QQ^-g/

.5210 gr. of substance, dried in vacuo, gave, after ignition,

.1883 gr. of metallic silver.

.6364 gr. gave .2314 gr. of silver.

.5776 (jr. £cave .2078 gr. of silver.

Found.

Calculated. I. II. III.

Ag ... 35.88 36.11 36.33 35.98
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The free mono-etbylpbthlate was easily obtained by treat-

ing an aqueous solution oftbe barium salt with the calculated

amount of sulphuric acid, and evaporating the filtrate from
the barium sulphate in vacuo, and is a heavy oil which is

moderately soluble in water. It is remarkably unstable

towards heat; upon distillation it decomposes in phthalic

anhydride and alcohol, and gradually undergoes the same de-

composition when heated upon a water-bath.

/POOP T-T

To obtain the chloride, ^e^ts^COGl ^ ^' ^^l^'^'^^lcnt quan-

tities of mono-ethylphthalate and phosphorus trichloride were

mixed in a retort connected with a condenser, and, finding

that no reaction ensued in the cold, the retort was gently

warmed on a watei'-bath. The reaction was quite violent,

and a considerable quantity of chlorhydric acid was evolved.

The contents of the retort were then treated with cold water,

and left a heavy oil, which was dried over H2SO4 in vacuo.

The oil was found to be free from chlorine. A proximate

analysis gave results which correspond with the formula of

di-ethylphthalate, and a comparison of the properties and

boiling points of the two substances showed them to be

identical.

.2218 gr. of substance gave .5284 gr. of COo and .1301 gr.

of H,0.

Calculated for C6H4(COOC2H5)2 Found.

C ... 64.86 64.97

H ... 6.30 6.52

The reaction, evidently, proceeded quite diff"erently from

that anticipated, and I deemed it advisable to examine the

gases formed in the reaction more thoroughly. On passing

the gases evolved through water only a portion was absorbed,

which proved to be chlorhydric acid ;
the unabsorbed portion

burned with a green flame and contained chlorine. On pass-

ing through a tube placed in a cooling mixture it condensed

to a volatile liquid, which proved to be ethylchloride.

The first step in the above described reaction is doubtless

the formation of CeH, ^cocf'^'' ^ reaction which may be

expressed by the equation :
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But the chloride of mono-ethylphthalate possesses that re-
;

markable property of the phthalic compounds of undergoing

easily a condensation, and even at the temperature of the reac-

tion it decomposes into phthalic anhydride and ethylchloride:

P TT /COOC0H5 p TT /CO\q 4- n h ni I

*^«^^\C0C1 — <-6ii4^co/^^ -^ J

To explain the formation, of di-ethylphthulate, we may 1

suppose that part of the ethylchloride acted on unchanged
j

mono-ethylphthalate, forming chlorhydric acid and di-ethyl-
j

phthalate.
I

The action of phosphorus pentachloride on mono-ethyl- 1

phthalate proceeded in the cold, and I hoped to obtain the 1

chloride in this way ; bat I found the reaction was in this
j

case similar to that of the trichloride, the same products being
i

formed.
I

The described reaction illustrates well the condensation
|

power of the phthalic compounds, since the analogous com-
j

pounds
coci^'^'

^""^ ^'^^^XCOOll^^'
^'''" ^""^^^ ^^ distilled

\

without undergoing decomposition,

II.—ON A NEW FORMATION OF ETHYL-MUSTARD OIL.
j

i

A. W. Hofmann,* shortly after Gautier and himself demon-

strated that the alkylcarbamines could be obtained by the 1

action of alkyliodides on silver cyanide, examined the action

of ethyliodide on silver sulphocyanate, in the hope of obtain-
;

log ethyl-mustard oil. He found, however, that only ethyl-

sulphocyanate was formed in the reaction. Several years
;

later, Y. Meyer,f after the remarkable results obtained from
|

silver nitrite, repeated this experiment, and obtained as
j

result the sulphocyanate free from even the slightest trace

of mustard oil. These results evidently indicate, that tbe

silver atom in silver sulphocyanate is joined with the sulphur
j

and not with the nitrogen atom, a molecular juxtaposition
|

which is doubtless owing to the greater aflSuity of silver for

sulphur than for nitrogen.

It seemed possible by employing a metallic sulphocyanate,
|

in which the metal had a greater affinity for nitrogen and a I

* MonatBber. d. ber. Acad. 1867, 650. t Ann. Chem. ITl, 47.
j
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less aflSnity for sulphur than silver, that mustard oils might

be obtained by the action of alkyliodides on such a salt. I

was therefore induced to reinvestigate the action of ethyl

iodide on mercuric sulphocyanate, Schlagdenhauffen* had

alreadj'^ made this experiment; he obtained ethylsulphocya-

nate and a red mass, which was not farther examined.

Ethyliodide acts on mercuric sulphocyanate even at 100°,

but I found it advisable to heat the mixture at a hiirhcr

temperature. For this purpose a tube containing 20 gr. of

Hg(SCN)2 and 30 gr. of CJljl was heated for about two and

one-half hours at 140-150°. Upon opening the tube the

strong penetrating odor of ethyl-mustard oil was observed,

and a dark red sediment had formed. The contents of the

tube were brought into a flask connected with a condenser, and

treated with steam as long as an oil passed over. This oil

was separated from the supernatant water, dried over calcium

chloride and distilled; that portion which passed over under

135° was collected separate!}-. The penetrating odor of this

portion indicated the presence of ethyl-mustard oil in it, but

the small quantity of oil obtained, although I had used a

number of the tubes, only allowed a very imperfect sepa-

ration from the sulphocyanate, which is formed in much

greater quantity in the reaction than its isomer. To ])rove

the presence of ethyl-mustard oil in the lower boiling

portion it was mixed with aniline, and the mixture allowed

to stand for several days. A crystalline precipitate gradually

settled from the liquid, which also lost the odor of mustard

oil and had now that of ethyl-sulphocyanate. The pre-

cipitate was purified by crystallization from water, and a

comparison of its properties with those of phenyl-ethyl-

sulphocarbamidef showed that the two compounds were

identical, thus proving indirectly the presence of ethyl-mus-

tard oil in the original liquid. The amount of mustard oil

formed in this reaction is very small— I should judge about

three per cent, of the amount of sulphocyanate ;
but even this

compound is formed in quantities which are very small in

comparison to the amount of the ingredients employed. The

red mass mentioned by Schlagenhauffcn is the principal

product of the reaction. This red compound is possibly a

*Ann. ch. phys. (3), 56, 297. t Weith-Deutsch. cb. Gesell. licr 1B75. 1524.
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double compound of ethyl-mustard oil Avitb mercuric iodide;

it contains Hg, C, S and I. It yields upon distillation a

heavy oil containing sulphur. I hoped to decompose it by
boiling with a concentrated aqueous solution of potassium

cyanide, as Gautier decomposed the compound CaHjNCAgNC,
but it proved to be without action on it.

Meth}'! and amyl iodides acted in a similar manner on mer-

curic sulphocyanate, and formed liquids which had the strong

penetrating odor of mustard oils. Although the method is of

no importance for the preparation of mustard oils, still it is of

theoretical interest as characterizing an important difference

in the action of paraffin iodides on the mei'curic and silver

salts of sulphocyanic acid.

III.—ON THE PREPARATION OF METHYL ALDEHYDE.

1 have latel}^ had occasion to use a considerable quantity of

methyl aldehyde, and found that the methods hitherto in use

only permitted its preparation in large amounts with much
difficulty. This is the case with the method of Butlerow*

and that of Heintz.f The method recently proposed by

A. W. Hofmann,! b}^ the oxidation of methyl alcohol, yields a

dilute methylalcoholic solution of the aldehyde, but this

solution is much less adapted to my purpose than an aqueous

solution. I have found that the action of water on mono-

chlormethylacetate, a compound discovered by L. Henry § by

the action of chlorine on methylacetate, yields almost the

theoretical amount of an aqueous solution of methyl aldehyde.

For the preparation of mono-chlormethylacetate 500 gr. of

methylacetate were placed in a flask surrounded by cold

water and connected with a condenser, and a current of dry

chlorine gas passed through the liquid in the flask for about

seven hours. The contents of the flask were distilled, and that

jDortion distilling between 90-130° was finally redistilled; the

portion which now j)assed over between 100-120° was mono-

*Ann. Chem. Pharm. 144, 38.

tAnn. Chem. Pharni. 138. 40.

JBer. d. chem. Ge^^ell. 1878, H)85.—The formation of methylaldehyde by the oxida-
tion of methylalcohol may easily be shown in tlie lecture-room by allowing a drop
of methylalcohol to fall on a heated platinum crucible so tliat it takes a spheroidal
state; the strong penetrating odor of the aldehyde is almost immediately noticed.

§Ber. d. chem. Gesell. 1ST3, 42.
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chlormethj'lacetate. The portion boiling under 100° may bo
again subjected to the action of chlorine, and yields a further
quantity of mono-chlormethylaeetate. The yield of the niono-

chlor-compound is very satisfactory, and it may be obtained
in this manner in large quantities.

Henry, in the above-mentioned memoir, has already called

attention to the fact that this compound is easily decomposed
by alkalis, and gives rise to the odor of methyl aldehyde. It

is, however, preferable to decompose it with water. For this

purpose 110 gr. of mono-chlormethylacetate and 55 gr. of

distilled water were heated in a strong, closed flask for about

one-half to one hour* at 100°. The water, which at first

formed a layer over the ether, mixed, after being heated for

that time, to form a homogeneous liquid, which smelt strongly

of methj^l aldehyde. The contents of the flask were neutralized

exactl}^ with a very concentrated solution of sodium hydrate,

about 73 gr. of that compound being necessary to neutralize

the amount taken. The solution thus obtained was distilled

from a flask placed in an oil-bath, and yielded a colorless

distillate, which was usually slightly acid, and which was

easily obtained neutral by a subsequent neutralization and

distillation. The white solid remaining in the flask con-

sisted of sodium chloride and acetate. From 110 gr. of chlor-

methylacetate'about 140-150 gr. of the aqueous solution were

obtained, and which contained 16 to 18 per cent, of methyl

aldehyde, as the following estimations show:

13 gr. of solution treated with HaS 3'ielded 2.34 gr. of

thioformaldehyde.

20 gr. yielded 3.28 gr. of thioaldehydo.

The formation of methyialdehyde by the action of water on

mono-chlormethylacetate may be expressed by the equation :

CH,^ Q _ Q(^ _ (.g^ ^ jj Q ^ cH,0 + C,HA + HCl.

10 gr. of mono-chlorether should yield, according to this

equation, 2.76 gr. of CHoO, and 2.34 gr. were obtained, that

is, 81 per cent, of the theoretical yield.

Trioxymethyleue may be obtained from the solution in

question by allowing it to evaporate in vacuo, but not with-

out considerable loss; 26 gr. of solution yielded 2.17 gr. of

* If heated too loug the flask opened iiuder atroug pressure.
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trioxymethylene, which is about 40 per cent, of the theoretical

yield. The aqueous solution of methyl aldehyde evaporates in

vacuo to about one-third of its original bulk before a separa-

tion of trioxymethylene begins, and in this manner an aqueous

solution containing about 40 per cent, of methyl aldehyde may

be obtained.

This method has allowed me to obtain a large quantity

of methyl aldehyde, and to examine its behavior towai'ds

potassium and sodium salts, as well as the alkaline bases. I

have obtained very interesting results, which I shall describe

later.

IV.—ON THE "MIGRATION OF ATOMS IN THE MOLECULE"
AND REIMER'S CHLOROFORM ALDEHYDE REACTION.

The formation of a liquid in the action of aniline chlor-

hydrate on methyl alcohol at a high temperature, which

boiled at a higher temperature than dimethylaniline, was first

observed by Chas. Lauth,* and he considered the liquid thus

formed as consisting of polymers of that compound. Several

years later A. W. Hofmann and C. A. Martiusf examined this

oil more thoroughly, and succeeded in isolating from it

dimethyltoluidine, and even higher homologues of dimethyl-

aniline. Hofmann and Martins explained the formation

of these compounds in that the methyl chloride formed in

the reaction, after having substituted the hydrogen atoms of

the amido-group, attacked the hydrogen of the benzene

nucleus. Later, Hofmann,| in a remarkable memoir, again

returned to this subject, and by a series of interesting experi-

ments threw new light on the nature of this reaction. He
stated that naturally the formation of tri-methylphenyl-

ammonium chloride would, in the first place, be expected, and

was thercfoi-e induced to examine the behavior of the corres-

ponding iodide under similar conditions towards heat. This

compound yielded, when heated at 230°C. in a closed tube, a

mixture of two isomeric toluidines and methylxylidine; at the

temperature of melting lead, cumidine. The explanation given

by Hofmann of these facts is the " migration of atoms in

the molecule," the methylgroups changing places with the

hydrogen atoms of the benzene nucleus.

*Bull. soc. chim. [2] 7, 448. + Ber. d. chem. Gescll. 1871, 742.

i Ber. d. chem. Geeell. 1872, 704.
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It seemed to mc that by considering the behavior of the
tetra-alkj^himmonium halogens on distillation a more intimate
knowledge of the nature of the reaction in question might be
obtained. These compounds decompose at a high tempera-
ture into tri-aik^'lamines and alkylhalogens. Bearing on this

subject is also the behavior of the haloid acid salts of di- and
tri-alkylamines toward.: heat, and which decompose into

mono- and di-alkylamines and alkylhalogens.

Let us now consider the behavior of tri-methylphenyl-

ammonium iodide when heated in a closed tube at a hi><-h

temperature. The first result would be its decomposition

into di-methylaniline and methyl iodide ; and when we con-

sider the facility with which benzoylchloride, chloroform,

phosphorus tri-chloride and other halogen compounds act on

the hydrogen of the benzene nucleus in di-methylaniline, there

is little doubt that under the favox-able conditions of a high

temperature, and where the direct combination is impossible,

the methyl iodide would act on the hydrogen of the benzene

nucleus, forming di-methyltoluidine and iodh^^dric acid. The

acid thus formed then acts on the di-methyltoluidine,* forming

mono-methj'ltoluidine and methyl iodide. The latter com-

pound acts on the hydrogen of the nucleus forming mono-

methj'lxylidine and methyl iodide ; and these compounds again

reacting in a like manner, give as final products iodhydric

acid and cumidine. That a higher temperature is necessary

to realize the two last steps of the reaction, is owing to the

stability of the dimethyltoluidine towards iodhydric acid at

a temperature at which tri-methylphenylammonium iodide

already decomposes into dimethylaniline and methyl iodide.

By the action of aniline chlorhydrate on an excess of

methyl alcohol Hofmann and Martius obtained, as already

mentioned, homologues of dimethylaniline. This result is

due to the facility with which chlorhydric acid acts on

methyl alcohol, and it is easy to understand that, in this case,

aniline chlorhydate would be finally converted in penta-methyi-

dimethylaniline chlorhydrate, providing sufficient methyl

alcohol were present, and the time of heating sufficiently pro-

lono-ed. Hofmann t also examined the behavior of the chior-

* Methyltoltiifline flir'tillert in a current of chlorhydric acid yieldn toluidiue and

methylcbloridc—Lauth (Jiull. coc. chim. [i] 19. 48!)J.

t Deutsch. ch. Ges. Bcr. 1873, 730.
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and iodhydrates of mono-methylaniline in a closed tube at 350°,

and found that the former salt yielded para-toluidine, while

from the latter salt the ortho-compound was obtained. That

methyl chloride and iodide should form isomers in their action

on the hydrogen of the benzene nucleus would not be in the least

unexpected; but I believe a clue to the different results ob-

tained in these reactions will be found in the greater stability of

methylaniline ehlorhydrate towards heat, than the jodhydrate

of the base. It is hardly necessary to mention instances in

which when both ortho- and para-substitution products of ben-

zene are simultaneously formed, where the relative amount of

each of the isomers formed depends on the temperature at

which the reaction proceeded ; the ortho-derivative predomi-

nating when a moderate, and the para-compound when a high

temperature is employed. If then the iodhydrate decomposes

into aniline and methyl iodide at a temperature lower than the

ehlorhydrate does into aniline and methjd chloride, it would

naturally tend to form an ortho-derivative. Moreover, it is

ver}'- probable that methyl iodide is able to substitute the

hydrogen of the nucleus at a lower temperature than methyl

chloride, and this property doubtless plays a role in the

diffei'ent results obtained.

The above considerations make it probable that were the

vapors of methyl chloride and aniline, both heated to a temper-

ature above that at which methylaniline ehlorhydrate decom-

poses into meth}^ chloride and aniline, and the gases mixed at

this temperature, para-toluidine would in this manner be

formed.

A reaction apparently of an altogether different nature from

that we have just considered, is the formation of ortho- and

para-oxybenzoic aldehydes by the action of an aqueous solu-

tion of sodium hydrate and chloroform on phenol, which was

discovered by K. Reimer* in 1876. Keimer and Tiemann,f

in a subsequent paper, called attention to the analogy of the

reaction in question to that of the formation of salicylic acid,

by the action of carbonic acid on sodium phenolate, since the

formic acid containing an atom less of oxygen than carbonic

acid, would, therefore, form the aldehyde corresponding to

the acid obtained by the action of carbonic acid. H. Kolbe J

* iier. d. chem. Gesell. 1876, 433. tlbid. 1876, 826. } J. p. Chem. (N. F), 14, 332.
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lays stress on the fact that the formic acid which enters into

this reaction is in a nascent state ; the i-eaction expressed
graphically is :

CeH.ONa + HCOOH = CeH,/^^^ + H,0.

But can we well suppose that formic acid formed in the

presence of a strong alkali would not immediately enter into

chemical combination with it, to form a formate? It was,

however, a question of experiment whether formic acid would
act on a mixtui-e of sodium iiydrate and phenol to form

aromatic oxy-aldehydes, and all experiments in this direction

have given negative results. Evidently, if formic acid is the

means of introducing the formyl group in phenol, it must have

properties which are quite different from those of the acid

commonly understood under this name, and, in fact, both

Kolbe, and Reimer and Tiemann, attach importance to the fact

that the acid entering into this reaction is in a nascent state.

But, Ave may ask, how explain the different properties of

nascent and free formic acid ? Is it not the same acid, and

in the same molecular state ?

The comparison between the action of carbonic acid and

chloroform and sodium hydrate, would be doubtless correct

were carbon monoxide the principal product formed in the

latter reaction. That it may be formed appears not improb-

able, since we know that Geuther* noticed its formation by

the action of a dilute alcoholic solution of potassium hydrate

on chloroform. But this view is also open to serious objec-

tions : first!}', the fortnation of carbon monoxide in the reac-

tion of Eeimer could hardly have escaped notice ;
secondly, the

amount of carbon monoxide, if formed, would not justify the

yield obtained of aldehydes ; and finally, numerous attempts to

obtain salicylic aldehyde by the action of free as well as

nascent carbon monoxide have not succeeded.

There is still an hypothesis which appears to me to explain

the reaction in question more satisfactorily, than those we

have just considered. The action of an aqueous solution of

sodium hydrate on chloroform proceeds very slowly, even on

boiling. We have, however, in sodium hydrate a compound

which possesses a strong affinity for chlorhydric acid, and we

* Ann. Chem. Pharm. 123, 121.



424 Michael.

can easily understand that the alkali should extract the com-

ponent parts of chlorhydric acid from sodium phenolate and

chloroform ; the hydrogen can, of course, only come from the

benzene nucleus of the phenolate :

CeH^ONa + CCI3H + NaHO = C6H4('^^''^j^ + NaCl + H,0.

The compound first formed is, therefore, sodium oxyben-

zylidenchloride, the salt of a compound discovered by L.

Henry,* and this salt is doubtless soluble in the solution in

which it is formed. We know, however, that benzyliden-

chloride in an alcoholic alkaline solution is easily converted

into benzoic aldehyde,f and there is no reason to doubt that

sodium oxybenzylidenchloride under the influence of the

excess of sodium hydrate employed in the reaction would

undergo a like decomposition, thus forming the sodium salt of

an oxy-aldehyde and sodium chloride

:

^«^*\CHCi„ + 2NaH0 = CeH4(cH0 + ^^^^^ "^ ^=^'

It is easy to mention well-characterized reactions which

bear a strong analogy to the reaction of Keimer, when it is

considered in this light. For instance, the formation of the

compound CeH^—PCI2 by the action of phosphorus trichloi'ide

on benzenej resembles the first step, and that this compound

yields on contact with water C6H5P(OH)2, corresponds with

the second step of the Ivcimer reaction. Again, the formation

of triphenylmethane by the action of aluminium chloride on a

mixture of chloroform and benzene is similar. The first step

of this is doubtless the formation of benzylidenchloride ; and

were this compound formed in the i^resence of an alcoholic

alkaline solution, or even, perhaps, a metallic oxide, benzoic

aldehyde would probably be formed. It is hardly necessaiy

to call attention to the fact that the hydrogen atoms in the

nucleus of phenol show a much greater reactive power than

those of benzene, and that the conditions under which the

formyl group is introduced, by the action of sodium hydrate

and cbloroform on phenol, are especially favorable for this

reaction.

The results obtained by Eeimer and Tiemann§ by the action

of sodium hydrate and chloroform on para-oxybenzoic acid

* Ber. d. chem. Gesell. 1809, 135. t Compt. rend. 66, 222.

$Ann. Chem. 181, 205. § Ber. d. chem. Gesell. 1876, 128C.
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rtre extremely interesting. We have seen that the formyl
group has a tendency to substitute in phenol, the hydrogen
atoms occupying in the nucleus the ortho- and para-positions

towards the hydroxy! group. Reimer and Tiemann obtained
from para-oxybenzoic acid orthoformyl-para-oxybenzoic acid

and para-oxybenzoic aldehyde, the latter compound being

formed by the substitution of the carboxyl of para-oxybenzoic

acid by the formyl group. Reimer and Tiemann direct atten-

tion to the formation of aldehydes by the distillation of the

calcium salts of organic acids with calcium formate, and con-

sider this reaction as an analogous instance of the substitution

of a carboxyl by the formyl group. But this reaction may be

explained in a different manner, and according to which the

analogy between the two instances in question disappears:

I. II.

CH3
HCO

COOca CH,.CO
Oca H

Oca

COOca

The reaction as expressed by II. is, I believe, the common
acceptation, and is the most probable. For instance, according •

to I. we must suppose that the bond between two carbon

atoms is broken in order that one of these atoms should bo

subsequently joined with a different carbon atom. To explain

the formation of para-oxybenzoic aldehyde in the present

instance, we may suppose that chloroform, with its tendency

to enter in the para-position towards the hydroxyl group of

phenol, acts on the sodium atom of the COOISTa group,

forming at first the compound ^eH^vQQQ CHCI ^^'^^^^ ^*

then decomposed by sodium hydrate into sodium chloride and

C6H,'^^?Q_P,TTQ This compound, owing to the negative

character of the group — COO — CHO, is unstable towards

bases, they absorbing that part for which they have the

greatest affinity, and which is carbonic acid, thus leaving the

forrayl group.

Finally, Reimer and Tiemann * found that by the action of

carbon tetrachloride on an alcoholic solution of sodium hydrate

and phenol a mixture of ortho- and para- oxybenzoic acids was

Ber. d. chem. Gesell. 1877, 1285.
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formed. This reaction, in forming the ortho- and para-acids by
the use of sodium hj'drate, shows clearly that it is not due to

the previous formation of carbonic acid, since otherwise only

the ortho-acid would have been obtained. The reaction may
be explained in a similar manner to the chloroform-aldehyde

reaction, the sodium hydrate extracting chlorh3-dric acid

according to the equation :

CgHsONa + CCl, + NaliO = CeH,:^^^|^+ NaCl +H,0.

^'«^^\Ca? + 4NaH0 - CeH,^^^^^^ + 3NaCl + 2H,0.

Buffalo, Nov. 8{h, 1879.

ON THE OXIDATION OF SUBSTITUTION PRO-
DUCTS OF AROMATIC HYDROCARBONS.

iV.—ON THE OXIDATION OF ORTHOTOLUENESULPHAMIDE.

By Ira Remsen and C. Fahlberg.

Some years ago* in the course of an investigation on the

oxidation of the sulphonic acids derived from toluene, one of

us (R) attempted to convert ortbotoluenesulphonic acid into

orthosulphobenzoic acid. The analogous transformation in

the para-series takes place very easily, both with chromic acid

and permanganate of potassium. It was at that time shown

that in the ortho-series chromic acid, as in other similar cases,

fails to effect the desired oxidation. Attention Avas turned to

the permanganate, but definite results were not reached, as is

indicated by these words, quoted from the original paper:

"It is possible that other oxidizing agents, as for instance

potassium permanganate, may yield more satisfactory results.

A preliminary experiment made with this salt in an alkaline

solution showed that oxidation took place readily ; and I shall

soon commence the study of this reaction in detail."

* Amer. Jour. Sci. and Arts, v. 179, 274, 354 ; and Anu. der Chemie. 178, 275.
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Numerous circumstances have prevented until the present
the fulfilling of the promise here made. In the meantime one
of the chief reasons for desiring the preparation of ortho-

sulphobenzoic acid has lost much of its importance. It was at

first hoped that, just as the meta- and para-acids can be con-

verted into the corresponding phthalic acids by means of

Victor Meyer's reaction, the ortho-acid might yield ortho-

phthalic acid ; and, as at that time no direct passage from a

toluene derivative to phthalic acid was known, the importance

of the hoped-for transformation will be readily recognized.

Somewhat later Weith * succeeded in oxidizing ortliotoluic

acid by means of potassium permanganate in alkaline solution,

and thus orthosulphobenzoic acid was robbed of much of the

interest previously connected with its existence. We have

nevertheless undertaken the investigation of the phenomena
observed in connection with the oxidation of ortbotoluene-

sulpliaraide, a complete understanding of these being necessary

as a foundation for the series of investigations which have been

in progress for some time in the laboratory of this University.

The results of the investigation proved to be more than usually

interesting as the description will show.

Preparation of Orthotoluenesulphamide.

Two and a half pounds of pure toluene, boiling at 111-112^,

wei'e treated with fuming sulphuric acid until the toluene was

completely dissolved. By means of the usual reactions the

sulphonic acids thus obtained were converted into the corres-

ponding chlorides, and these were first thoroughly washed

with water at the onlinary tcnnperaturc. The mixed chlorides

were now brought upon an asbestus filter and the liquid

drawn off as completel}'- as possible by means of a filter-pump.

Cold water was finally drawn through the solid "mass on the

filter until the filtrate ceased to appear oily. The liquid

chloride was now separated from the wash-water and cooled

down to — 15^ C. Some of the solid again separated, and

this was filtered off as above described. The liquid filtrate

was very nearly pure orthotoluenesulphochloride. This, by

treatment with ammonia, yielded an amide which after one

* Ber. d. cheui. Gesell. vii, 1057.
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crystallization fused at 153-154°, i. e., the fusing point of pure

crthotoUienesulpbaniide. The amide was converted into

salicylic acid by fusing it with potassium hydroxide, and not

a trace of paraoxybenzoic acid was formed at the same time.

An analysis was made of the amide, which gave 18.72 per cent,

sulphur, while the formula requires 18.71 per cent, sulphur.

Formation of Benzoic Sulfinide.

A small portion of the amide was treated with a solution

of permanganate of potassium, and, as oxidation was seen

to take place readily, the process was undertaken on a larger

scale. The following proportions were found to yield satis-

factorj'' results : 10 grams of the amide and 40 grams of

permanganate dissolved in 1 litre of water. This mixture

was heated from eight to ten hours on a water-bath. The

excess of permanganate was reduced b}'^ a few drops of alcohol,

and the insoluble manganese compounds filtered oif. The

perfectly colorless filtrate was evaporated down to about 200

c. c. and again filtered. After cooling, hydrochloric acid was

added and a precipitate was formed. This was easily obtained

perfectly pure by recrystallization from water. As it ex-

hibited all the properties of a chemically pure substance, it was

analyzed.

I. 0.26245 gram substance gave 0.33655 gram BaSO^ =
0.0462 gram S.

II. 0,2344 gram substance gave 0.2964 gram BaSO^ =
0.0407 gram S.

III. 0.206 gram substance gave 0.2651 gram BaSO^ =
0.0364 gram S.

lY. 0.2493 gram substance gave 16.9 c. c. N, at 15° at 761

m. m. Barom. = 0.019807 gram N.

Foiiud.
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t'THsOsNS, whereas the formula of the sulphamine acid, the
formation of which was looked for, is, C,H,04NS, or

^®'^*\Co!h
* "^^^ calculated percentages of sulphur and

nitrogen in the latter substance are 15.92 per cent, sulphur

and 6.97 per cent, nitrogen. Instead then of obtaining the

normal sulphamine acid, as in the case of the corresponding

para-compound, we obtained a product which differs from the

sulphamine acid in that it contains a molecule of water less.

It is a sort of anhydride, or a condensation-product, in which
the groups CO and SO^NH are probably connected as repre-

sented in this formula : CgH^^t^Q -Lxt, which is certainly the

simplest that can be suggested.

Similar condensation-products are known in considerable

numbers, and they are almost entirely confined to the ortho-

series, though a few examples are known which indicate the

possibility of their formation in the isomeric series. The kind

of grouping represented in the above formula is, to a certain

extent, the characteristic feature of some of the compounds

allied to indigo. In these we have, in all probability, a carboxyl

and an amido group united as in our new product, but there

are some differences in the conditions which are suggestive.

—CO.CO
In isatine, for instance, we have the group

|
taking

—NH
the place of two hydrogen atoms in the benzene nucleus,

whereas in the new product under consideration the complex

—CO
group

I

plays a similar part. It is well known that

—SO2.NH
the groups CO.H. and NII^ can e.xist in the ortho-position

with reference to each other in the benzene nucleus, ortho-

amidobenzoic acidCeH,^^^^^^ being a stable compound. If,

however, cither the carboxyl group be removed from direct

connection with the nucleus, as in the case of isatine through

the intervention of the group CO, or the amido group be

similarly removed, as in the case of our product through the

intervention of the group SO,, then the peculiar condensation

takes place. Whatever the character of the influence may be
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which is exerted upon the groups directly connected with the

benzene nucleus, and which prevents' the fornaation of the

condensation-product from orthoamidobenzoic acid, it is thus

seen that this influence is not conveyed through the gi'oups

CO and SO^.

In our first notice concerning this investigation* the name
anhydroorthosidpliaminehenzoic acid was proposed for the con-

densation product. The only serious objection to this name
is its length. As other similar products have since been

discovered in this laboratory, it seems now desirable to devise

a shorter generic name for this class of compounds. The
characteristic feature of these compounds is the presence in

— CO
them of the group

|
. We propose to designate all

— SOjNH
compounds which contain this group as suJfinides, and. as they

always correspond to some carboxyl derivative, to use the

name of the latter to specify the particular sulfinide to

be defined. Thus, the compound with which we are now
concerned corresponds to, or is, in a certain sense, a derivative

of benzoic acid. Hence its full name would, according to this

principle of nomenclature, be benzoic sidjinide. A compound
bearing the same relation to toluic acid can be imagined. Its

/coi
formula would be CjHj— SO^NII, and its name toluic sulfinide.

\CH.
Compounds of a similar nature bearing the same relation to

isophthalic and terephthalic acids have actually been prepared.

These may be called isophthalic and terephthalic sulfinide.

Benzoic sulfinide (or anhj^drosulfaminebenzoic acid) is diffi-

cultly soluble in cold water. It is much more soluble in hot

water, and can be obtained in crystallized form from its

aqueous solution. It crj'stallizes in short thick prismatic

forms, which are not well developed. Alcohol and ether

dissolve it very easily. It fuses at 220° (uncorr.), but under-

goes at the same time partial decomposition. It possesses

a very marked sweet taste, being much sweeter than cane-sugar.

The taste is perfectly pure. The minutest quantity of the

substance, a bit of its powder scarcely visible, if placed ujjon

the tip of the tongue, causes a sensation of pleasant sweet-

* Ber. d. chum. Gesell. xii. 4tiU.
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ness througbont the entire cavitj' of the mouth. As stated

above, the substance is soluble to only a slight extent in cold
water, but if a few drops of the cold aqueous solution be
placed in an ordinary gobht full of water, the latter then
tastes like the sweetest syrup. Its presence can hence easily

be detected in the dilutest solutions by the taste. Orthonitro-

benzoic acid has this same property, but the sweetness is by
no means as intense as in the case of benzoic sulfinide.

Fused with potassium hydroxide, benzoic sulfinide is con-

verted completely into pure salicylic acid. The reaction is

a perfect one, the salicylic acid being obtained immediately

in pure condition.

Phosphorus pentachloride does not act upon benzoic sulfin-

ide either at the ordinary temperature or when heated.

These facts indicate, of course, that the substance contains, as

represented in the formula, no hydroxyl. Attempts were

made to prepare the eth}'! ester by passing di-y hydrochloric

acid gas into the alcoholic solution, but mostly without success.

In nearly every case the unchanged sulfinide was obtained in

undiminished quantity. It was found, however, that the sul-

finide is more difficultly soluble in alcohol containing hydro-

chloric acid than in pure alcohol, for, after hydrochloric acid

was conducted for some time into the dilute alcoholic solution,

the original substance separated in crystalline form. This

separation was not due to evaporation of the alcohol, as was

determined by separate experiments.

In aqueous solution benzoic sulfinide has the properties of

an acid. By neutralizing the solution with various carbonates

corresponding salts were obtained, and these had the compo-

sition of salts of sulphaminebenzoie acid, CJIi^gQ^jj^jj^.

Strong acids throw down from solutions of these salts benzoic

sulfinide, and not sulphaminebenzoie acid. Wo have not suc-

ceeded in obtaining the acid itself in free condition, and it

hence appears probable that it is not capable of existence.

Barium Orthosidphaminebenzoate,

(gm/^2^^^^^ Ba + 4JHA was prepared by treating the

aqueous solution of benzoic sulfinide with barium carbonate.
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It is easily soluble in cold and hot water, but crystallizes from

a concentrated solution in lustrous needles, concentrically

arranged. By long standing in contact with the air it efflor-

esces, and contains then only 9.02 per cent, or three molecules

of water. It is soluble with difficulty in alcohol. It was

analyzed with the results here given :

I. 0.2571 gram substance lost at 170° 0.0331 gram H,0
= 12.87 per cent. H^O.

II. 0.2455 gram substance gave 0.094 gram = 0.0552

gram Ba = 22.51 per cent. Ba.
Found.

Calculated.
I. II.

(C^HfiO.SN), ... 400 64.72

Ba ... 137 22.17 22.51

4JH2O ... 81 13.11 ... 12.87

618 100.00

Magnesium Oi'thosulphaminebenzoMe,

(CfiH^^^Q^xTTi ) Mg + 6JH2O, prepared like the barium salt,

crystallizes from concentrated solutions in long, transpai*ent,

hard needles. It is easily soluble in water. It crystallizes

from its solution in ordinary alcohol (94 per cent.) with the

same quantity of water of crystallization as it does from

water. It is more difficultly soluble in alcohol than in water,

and can best be obtained pure by crystallization from alcohol,

I. 0.1646 gram of the salt, crystallized from after being

dried by lying in the air, lost 0.03525 gram HjO at 180°

= 12.41 per cent. HA and gave 0.0396 gram MgSO, = 4.81

per cent. Mg.

II. 0.196 gram substance, crystallized from alcohol, lost

0.0425 gram H^O = 21.68 per cent. H^O, and gave 0.0475

gram MgSOi = 4.70 per cent, Mg.
Foiind.

Calculated. ,

, , I.

(C,HeO,SN),

Mg
6^H,0

Calculated.
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I/ead orthosulphaminehenzoate forms a syrupy mass which
even after long standing does not solidify.

The potassium, sodium and ammonium salts are very easily

soluble in hot and cold water and alcohol. They crystallize in

needles from very concentrated aqueous and alcoholic solutions.

The salts of the heav}- metals, as far as they were examined,

do not crj'stallize well. All the salts prepared by us have the

sweet taste which is characteristic of the acid itself. The
effect upon the organs of taste is instantaneous in the case of

the magnesium and barium salts which ai'e more easily soluble

than the sulfinide itself. In the case of the sulfinide, which is

difficultly soluble, an appreciable amount of time intervenes

between the application to the tongue and the sensation of

sweetness.

As stated above, it was found difficult to prepare the ethyl

ester from the sulfinide by treating the alcoholic solution with

hydi-ochloric acid. When very strong alcohol and perfectly

dry hydrochloric acid are used, an oily substance is formed

which can be precipitated by water from the alcoholic solu-

tion. This, though it was not analyzed, we take to be the

ethyl ester. It is soluble in boiling water and separates as an

oil on coolins:. It has the sweet taste characteristic of the

sulfinide.

Orthosulphobenzoic Acid.

When the filtrate from benzoic sulfinide, precipitated

directly after the completion of the oxidation, is further

evaporated to about 75 c. c. and then allowed to stand, a

potassium salt is deposited in well-formed crystals. This was

separated by recrystallization from a little potassium chloride

which was at first deposited with it, and was then perfectly

pure. The separation from the sulfinide is very simple in

consequence of the great difference in solubility of the two

substances. The separation from potassium chloride requires

two or three recrystallizations. The qualitative analysis of

the salt showed that it contained potassium but no nitrogen ;

and, further, that the salt still possessed acid properties, indi-

catino- that it is derived from a poly basic acid. The quantita-

tive analyses gave these results :

I. 0.2700 gram salt gave 0.097 gram K,SO,= 0.0435 gram K,

56
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II. 0.236 gram salt gave 0.2365 gram BaSO^ = 0.03248

gram S.

The salt contains no water of crystallization.

K
S

Calculated.
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grams of the amide there were obtained 5 grams of the sulfi-

nide (dried after the first precipitation and then weighed
before recrystallization) and 4 grams of the acid potassium
salt. As, however, the salt is much more easily soluble in

water than the sulfinide, and hence cannot be as thoroughly

separated from its solutions, it seems fair to conclude that the

two products of oxidation are formed in about equal quanti-

ties, probably in quantities which are proportional to their

molecular weights. In other words, from two molecules of

orthotoluenesulphamide there are probably formed one mole-

cule of benzoic sulfinide and one molecule of orthosulphobenzoic

acid. Both bodies are present in the oxidizing liquid in the

form of potassium salts. On the addition of hydrochloric

acid benzoic sulfinide is thrown down, while the neutral potas-

sium salt of orthosulphobenzoic acid is couvertted into the

acid salt. The question as to what becomes of the nitrogen

which leaves the amide cannot be positively answered as yet.

It was shown that ammonia is not formed. If we assume

that it passes off in the form of free nitrogen, the oxidation

may be expressed by this equation :

I. <<^^.H.(g^;HH,) + 150+ 6KOH= 2(C.H.(^0;K^_)

Orthotolueaesulphamide. Potassium orthosulphamia*-
bQUzoate.

+ '^{Ce^/^oiD + 2N + IIH.O.
^\S03

Potassium orthosulpliO'

btiuzoate.

Then on the addition of hydrochloric acid these changes occur:

TT r-TTi/COaK , p TT /CO,K , ^TTpi_p IT /CO]

Bcuzoio Sulfluiiia.

Mono-potnssium
orthosulphobeuzoate.

In order to determine whether orthosulphobenzoic acid is

formed as a direct product of the oxidation process, or indi-

rectly by the action of hydrochloric acid on the potassium

salt of sulphaminebenzoic acid, a small quantity of the latter

was evaporated on the water-bath with hydrochloric acid. It

remained completely unchanged. Further, instead of evap-

orating at once the liquid from the manganese precipitate

after the oxidation, hydrochloric acid was first added and the

liquid then evaporated. The result was exactly the same as
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in the case first studied and described, so that we are forced

to conclude that orthosulphobenzoic is in reality a product of

oxidation of the sulphamide.

The formation of sulphobenzoic acid by oxidation of toluene-

sulphamide is analogous to the formation of sulphoisophthalic

acid in the oxidation of sulphaminemetatoluic acid.* In both

cases the sulphamine-group is converted into the sulpho-

group, while, at the same time, a methyl-group in the ortho-

position in the original compound is converted into carboxyl.

In both cases, too, under certain circumstances, two products

are formed, one containing nitrogen, the other containing

none.

When benzoic sulfinide is heated in a sealed tube to 150°

with concenti'ated hydrochloric acid, it is converted by a

perfectly clean reaction into orthosulphobenzoic acid. We
did not succeed in replacing the suipho-group by hydrogen.

Parasulphaminebenzoic acid conducts itself in the same way.

Pure parasulphobenzoic acid was obtained and recognized

through its characteristic acid barium salt. The latter

was analj'zed and gave 23.31 per cent. Ba, the formula,

(CeH.^gQ^^) Ba + 3H„0, requiring 23.10 per cent. Ba.

Orthosulphobenzoic acid, Celli^^^Vr, crystallizes from very

concentrated aqueous solutions in beautiful, large plates which

resemble in appearance the acid potassium salt above de-

scribed. It fuses at 240°, at the same time undergoing de-

composition. The acid is not deliquescent and can be kept

in the air without undergoing change. It is very easily

soluble in cold as well as hot water. Alcohol dissolves it

only in small quantity, ether not at all.

Acid Barium Orthosulphobenzoate,

CgH^^ tiQ^ ^ Ba + 2^11.0, was obtained from the easily

soluble neutral salt by adding hydrochloric acid. It

crystallizes in needles which resemble those of the correspond-

ing salt of parasulphobenzoic acid, but it is much more easily

soluble in water than the para-salt. Like the latter, as well

* This Journal, 1, p. 131.
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the possibilit}^ of transformiDg other bibasic acids of the ortho-

series in the same way. At the suggestion of one of us (R),

Mr. Kuhara has undertaken the study of this reaction in con-

nection with phthalic acid, and has already succeeded in convert-

ing phthalic acid into a beautifully crystallized substance, the

C0\
analyses of Avhich indicate that it is the imide, G^i^Q J^H.

Its properties, however, are quite different from those ascribed

to phthalimide by Laurent. Other acids will be taken up

in due time.

Finally, an attempt was made to convert orthosulphobenzoic

acid into phthalic acid by means of the reaction with sodium

formate. Equal parts of the formate and potassium orthosul-

phobenzoate were heated together carefully according to the

directions of Y. Meyer. The mass was dissolved in water and

decolorized with animal charcoal. On being treated with

hydrochloric acid it became turbid. It was repeatedly shaken

with ether, and the ether evaporated from the extract. When
the mass was dissolved in a little hot water and the solution

cooled a crystalline substance separated. This was, however,

not phthalic acid, for it did not fuse until a very high tempera-

ture was reached, and then it underwent decomposition and

gave off, among other things, sulphuretted hydrogen. In all

probability the body is similar to the one obtained by Ador

in the preparation of isophthalic acid from metasulphobenzoic

acid. The product was not examined further, as the quantity

in our posession was very small.*

January, 1880.

ON AN UNUSUAL CASE OF ELECTROLYSIS.

By J. W. Mallet.

A galvanic battery of six couples, of Smee's construction,

the fiat rectangular plates about 15 by 7 centimeters, was

frequently used, in connection with an induction coil, for

*Dr. Falilberg is ensaged in the study of certain otLer phenomena similar to

those described in this i)aper. He will soon communicate his lesults to this Journal
for publication.

i
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lecture-table purposes. When not required in action the
plates, all attached to the same wooden frame, were raised

from the divided stoneware trough by cords wound upon an
axle, and kept suspended above the acid by means of a ratchet-

wheel and pawl. The two terminal copper wires were gen-
erally coiled loosely together, so as to be out of the way,
when the battery was thus set aside.

On one occasion the apparatus was carried from the lecture-

table to an adjoining room, the plates having been raised out
of the acid, and it remained unnoticed for two or three days,

when I perceived that the pawl had slipped from its place

and the plates had fallen down and were fully immersed in

the acid liquid— originally consisting of about one part, by
weight, of sulphuric acid to seven or eight of water, but to

which some additional strong acid had afterwards been added

by pouring directly into the cells when, during a lecture, the

action was found insufficient, the apparatus having been used

at intervals for some time. This additional acid was not

accui'ately weighed or measured, but was poured in, as far as

could roughly be guessed by the eye, in equal quantity into

each cell. On emptying the trough and washing off the

plates, those of zinc were foaind much corroded, and it was

noticed that one of the sheets of thin platinized silver-foil \ying

between them was quite stiff and very considerably thickened.

Detachino; it from the rest— it belonged to the third cell from

one end or fourth from the other— I found that the surface

on both sides was thickly coated with metallic zinc. By
immersing it in pure dilute sulphuric acid in a beaker 14.813

grm. of zinc was removed, and then, the solution taking place

slowly, connection was made with the negative pole of a

small galvanic batter}-, and an insoluble opposite electrode

from the positive pole immersed in the same beaker of acid,

when 15.7G2 grm. more was removed ; so that, the silver foil

being now clean, 30.575 grammes altogether of zinc had been

taken from its surface.

Obviously the condition of the liquid had not been quite the

same in all the divisions of the trough, the acid having been

of different strength ; doubtless, as the plates lay neglected in

it, it had first become completely converted into zinc sulphate

in this particular cell, in which subsequently, the circuit being
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closed by the loose contact of the terminal wires, the chemical

action of the battery bad transferred itself from hydrogen

sulphate to zinc sulphate, this becoming a "decomposing

cell," and metallic zinc was electrolytically thrown down from

the strong solution of its salt.

Although the explanation of the fact is simple enough, its

actual occurrence is new to me. Such an accident may have

often been observed, very probably by telegraph-operators or

electro-platers, but, if so, I have never seen any notice of it.

It seems therefore worth a passing mention.

Unitbrsitt of Virginia, Jem. 24, 1880.

REVIEWS AND REPORTS.

Brief Review op the most important Changes in the Industrial

Applications of Chemistry within the last few Years.

( Ccyntinued from page 361. ^

Minor Chemical Manufactures.

Inorganic Chemicals.

Iodine.—The chief event in the recent history of iodine

production has been the utilization of the mother-liquors from
which Chilian sodium nitrate has been crystallized. Cupric
sulphate and sodium sulphite being added to the liquid, cuprous
iodide is precipitated, and this, for the most part shipped to

Europe, is afterwards decomposed by sulphuretted hydrogen
or by zinc, and converted into an alkaline iodide ; to a less

extent the solutions are treated with a regulated quantity of

sodium sulphite alone, and the iodine collected as such either

by precipitation or distillation. Kelp has until lately remained
the most important source of supply, although this material

is worked at a serious disadvantage since its potassium and
sodium salts have had to bear in the market the competition

of the products of Stassfurt industry and the greatly extended
Leblanc pi-ocess. Large loss of iodine is known to occur in

burning to kelp the sea-weeds exposed to atmospheric oxygen,
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but the attempt to remedy' this by charring i!i close vessels
instead of burning, utilizing afterwards the volatile product?,
seems to have failed of success from the unwieldy mass of
crude sea-weed requiring transportation to the seat of such
manufacture. The rapid increase of demand, and consequently
of price, for iodine, caused by its extensive use in making
sundry of the coal-tar colors, notably the violets and greens,
has been followed by a partial falling off, due to the efforts to
substitute in this application other smalts for the iodides of the
alcohol radicles. The problem of finding means, physical or
chemical, for obtaining directly from sea-water the minute
amount of iodine it contains seems still perhaps worthy of
consideration.

Potassium Iodide.—The medicinal use of this salt continually
increases the scale upon which its production is required, while
tlie statistics of photography show a still more rapid increase
of the demand for it wherever civilized man is to be found. A
recent paper by E. Schering discusses the different methods
emploj-ed for making it, of which on the whole that which
seems most generally in use is the solution of iodine in aqueous
potassium hydrate, evaporation to dryness with addition of

charcoal powder, and ignition to destroy the iodate formed

;

Schering himself, however, giving the preference to the pro-

duction of iron iodide and decomposition by potassium car-

bonate.

Bromine.— It is but a short time since this was but a rare

laboratory chemical; now it is manufactured by tens, nay
hundreds of thousands of pounds annually, and its production

upon a still larger scale is prevented merely by the low price

which it commands at present. Formerly obtained only from

the " bittern " of sea-water evaporation, and in a verj'- small

wa}^ from kelp, the two new sources of supply which have

proved so much more extensively available are the mother-

iiquors obtained at Stassfurt in working the salts of potassium

and magnesium, and those produced in salt-boiling in Ohio,

West Yirginia and Pennsylvania. One can hardly believe

that new and important uses will not yet be found for this

potent reagent, now mainly devoted to the production of

potassium bromide, the employment of which in medicine

upon a very large scale is the result of but a few years experi-

ence. The substitution of bromine for iodine alcoholic com-

pounds in the manuflicture of the coal-tar dyes was at one

time eagerly attempted, then pronounced unsatisfactory, but

has again, in modified form, come to some extent into use,

while bromine derivatives of the hydrocarbons and phenols

have played some part in the development of other branches

of the industry of artificial dye-stuffs, especially of late in the

production of eosine and other resorcine derivatives. It

seems really desirable that a careful test shall be made of the

57
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economy with which bromine m.ay be substituted for chlorine

in the application of Plattner's process, simplified, to saving
gold from the "tailings" and "beach-sands" of the Pacific

States, It does not appear impossible that such an applica-

tion might be combined with ai-rangements for recovering at

least the greater part of the bromine, but even without this,

there are probably localities at which the method might be

profitably used.

There is little new in the comparatively simple processes by
which bromine is at present made. Some ingenuity has been
shown, however, in devising the means for avoiding danger
and annoyance in the transportation of so active and volatile

a substance ; for example^ it ha,s been shipped, when not at

once made into potassium bromide, as bromide of iron, and of

ethyl, in harmless solid and liquid form.

Phosphorus—In view of the small reason for making at the

present day any special mystery of this manufacture, it is a

little remarkable how difficult it is to obtain accurate infor-

mation as to its details
;
probably the chief cause of this is the

concentration of the manufacture in the hands of a very few
firms. It is said that mineral phosphates, the so-called copro-

lites, Redonda guano, &c., have largely, if not for the most
part, replaced bone-ash as the crude material used. It is re-

ported, too, that instead of limiting the action upon this of

sulphuric acid to the removal of two-thirds only of the calcium,

all is removed as calcium sulphate, and syrupy phosphoric
acid, dried up with charcoal powder, constitutes the material

submitted to distillation. The suggestion made long ago by
Wcehler, to dispense altogether with the use of sul})huric acid,

and procure phosphorus by distilling a mixture of calcium
phosphate, silica and carbon, is said to have been adopted
upon an industrial scale some years since in France, but
whether successfully and persistently may be doubted — the

very high temperature necessary for fairly complete decom-
position of the phosphate is a serious drawback. The failure

of amorphous phosphorus to replace the ordinary variety in

the manufacture of all friction matches has not arrested the

production of the former on the large scale. In making
matches the much more ready inflammability of common
phosphorus causes it to be most extensively employed, but use

is made of the amorphous form of the element to some extent
for matches, and for the surfaces upon which " safety matches "

are ignited, as well as under circumstances which make its

more manageable chemical activity advantageous, as in making
the haloid compounds of ethyl and methyl for the production
of the aniline dyes. A new field for the use of phosphorus in

metallurgy has been opened up by the introduction of phos-

phor-bronze, already referred to in this report.

Carbon disulphide.— This substance, possessing special value
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as a solvent, has been an article of manufacture in a largo way
for but a moderate number of years. The scale upon'^which
it is made has rapidly increased, but has been hardly kept
pace with by improvement in the method used and in economy
of result. Iron retorts have been substituted for those of clay
formerly in use, and the practice has been introduced of dis-
tilling over the sulphur and bringing it into the retort in the
form of vapor to act upon the red-hot carbon. The iron of
the retorts is attacked and gradually converted into sulphide

;

although the walls are made thick enough to last for a con-
siderable time, it seems likely that additional durability
might be gained by washing over the inside surface wiih a
moderately fusible glaze, as of borax and clay. The product
is refined with much greater care than formerly, so that much
of that to be found in commerce is almost quite free from the
very nauseous odor belonging to the crude liquid first con-
densed. A large amount of free sulphur being carried over
with the sulphide, having afterwards to be separated in the
refining process, it would seem well to transmit the mixed
vapors from the fii'st retort through a second, or even a third,

cylinder of glowing carbon before carrying them off to the
condensing apparatus.

Used at first almost solely by the manufacturers of india-

rubber, carbon disulphide has acquired greatly increased im-
portance as furnishing the means of dissolving out fats and
oils from various materials which could not be treated, or

could noL be treated with equal advantage, in anj' other way.
Thus from oil-seed cakes, from the marc of olive oil pressing,

from woolen rags and waste, froni cotton waste used in

wiping machinery and packing stuffing-boxes and axles, and
from bones from which gelatine and phosphates are after-

wards to be made, large quantities of fat are recovered. To
a limited extent the same solvent has been brought into use

to collect sulphur from poor "sulphur-stone," and to extract

delicate perfumes and the aromatic ingredients of spices and

condiments. For all these purposes a rival has appeared in

the shape of the more volatile portions of petroleum, forming

the so-called petroleum spirit or petroleum naphtha. The
abundant supply of this at a very cheap rate has tended for

a few years past to check the extension of the carbon disulph-

ide manufacture. A new and special use for the latter has,

however, quite latelv grown up in its application as such, as

well as of the sulpho-carbonntes, as the means of checking the

ravages of the phylloxera in European, especially French,

vineyards. Later the ethyl- and amyl-disulphocarbonates

have come into use for this purpose.

Potassium amyl-disulphocarbonate is said to have proved

cheapest and most easily prepared by simply bringing to-

gether, with precautions against too great rise of temperature,
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a strong solution of potassium hydrate, amyl alcohol of fusel

oil, and carbon disulpbide.

Arsenic acid — has come to be largely manufactured to be

used in the conversion of commercial aniline oil into fuchsine,

common arsenious oxide being treated with boiling nitric

acid, or dissolved in hot hydrochloric acid and submitted to

the action of a stream of gaseous chlorine. The recovery and
utilization of the arsenic from the residues of fuchsine pro-

duction has been attempted in various ways, none of them
quite satisfactory on both economic and sanitary grounds.

Sodium arseniate constitutes a large portion of the " dung
substitute" used by calico-printers in developing sharp, well-

defined patterns with clear grounds, and has come to be made
on a pretty large scale by treating arsenious oxide with strong
soda-lye, evaporating and fusing the residue with sodium nitrate.

Oxygen gas.— The nearest approach to a process fit for

successful technical use in making gaseous oxygen upon a
lai'ge scale is undoubtedly that of Tessie du Motay, consisting

in exposing sodium manganate at a low red heat to a cui'rent

of superheated steam, reproducing the manganate from the

residue of manganese sesqui-oxide and sodium hydrate by
passing purified air over it at the same temperature. The
cost of the gas is still far from having been reduced to the

point at which it might be, with great advantage, used for

many industrial purposes, notably in the manufticture of

sulphuric acid in closed chambers; but the gas may be said

to have acquired a certain commercial foothold, and its appli-

cation in some directions has been facilitated by the system
of storing it under a pressure of several atmospheres in port-

able iron cylinders. In giving control of a temperature at

which platinum and iridium may be melted into large ingots,

in aifording the means of producing light of an intensity

comparable with that more commonly now derived from an
electric current, and under conditions sometimes more con-

veniently available than the lattei', and in its medicinal appli-

cation the gas has already rendered useful service. Under
this last head the notices in some scientific works and reports

of late years have tended to give an unduly depreciated idea

of the therapeutic value of the substance. While the old

notion of the respiration of pure oxygen having any chemical

value is of course no longer entertained, the relief which may
be afforded a patient in the advanced stages of phthisis, in

pneumonia and any other affection interfering in a purely

mechanical way with the volume of air with which the lungs

can be effectively supplied, if once witnessed, will not be

underrated or denied.

The preparation and sale, in similar compressed form, of

nitrogen monoxide for dentists' use, and of hydrogen for

employment with oxygtn in the pioduction of the "calcium
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light," have become common, though upon no very great
scale For making hydrogen industrially the plan of Tessid
du Motay is worth notice— namely, heating surplus carbon
with slaked lime, giving rise to the reaction" CafHO)^ + H^O+ ^.= CaCOg + 2H2, and reproducing calcium hydrate by
passing steam over the heated carbonate which has been
formed. Save for a few special ])urpose8, as occasionally for
filling balloons so as to give them unusual asccnsive power, it
seems unlikely that the place of pure hydrogen in industrial
applications cannot be equally well or better taken by the
gaseous mixture which contains it along with carbon mon-
oxide, nitrogen, &c., known as "water (>;as " or " o-eneraior
gas."

Many other substances might be named which have grad-
ually been passing, under the eyes of those still of the present
generation, from the domain of the scientific or the pharma-
ceutical laboratory into that of the manufacturing chemist.
There seems no reason to doubt that ozone has for some time
been more or less experimentally used in bleaching sugar,
while hj'drogen dioxide has been brought into the market as
the " Eau de la Fontaine de Jouvence " for partially destroy-
ing the color of human hair, pending any serious use of it in

bleaching textile fabrics. Nitrous acid and nitrites have taken
rank among the regular working reagents of the maker of
coal-tar colors. Silver nitrate is made by tons for the pui-poses
of the pboiographer, as well as for medical and surgical use.

The double salts of ammonium with nickel* or cobalt are con-
sumed in great quantity by the electro-plater, while salts

of such rare metals as vanadium and cerium are regularly

applied in the processes of calico-printing.

Organic Chemicals.

In the production of these much greater changes have
occuri'ed, and much orreater advances have been made within

but few years than has been the case in regard to inoi-ganic

materials. Most of the substances in question, however, find

their application in connection with particular arts, and are

better considered in relation to these, A few may be noted

here.

Methyl alcohol has long been used as a solvent, but more
largely than ever with the progress of manufacturing oi-ganic

chemistry, and under the influence of revenue laws permitting

ordinary alcohol, when mixed with this wood spirit, to be used

without heavy taxation. In the coal-tar color industry, more-

over, methyl alcohol itself and several of its derivatives play

un important part. For the production of the methyl acid

derivatives of rosaniline, &c.,

Methyl chloride has taken the place of the dangerous methyl
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nitrate and to some extent of the more expensive iodide, with-

out, however, displacing altogether the latter, and has also

been brought into use as one of the materials for the produc-
tion of artificial cold by rapid evaporation in closed vessels.

Ethyl alcohol up to almost " absolute " sti'ength and well

freed from foreign alcoholic and other impurities, can now be

hSkd in commerce, distilled in apparatus capable of more rapid

and delicate fractional separation of the distillates than was
industrially common not long ago. Amongst the more exten-

sively prepared products from ordinary alcohol,

Ether and chloroform are made chiefly b}'^ processes long in

use, and which have undergone no important modification of

late (chloroform is made to a small extent from chloral hydrate),

but greater j^ains are taken with the final purification, some-
times now carried out by other hands than those which have
turned out the crude product, and a much higher and more
uniform standard of purity has consequently been attained by
the best makers for medical and surgical use.

Chloral hydrate has taken its well recognized place among
therapeutic agents and become an article of regular manufac-
ture upon a very large scale. In a much smaller way iodoform

has also entered the field of industrial production.

Ethyl iodide and bromide enter largely into the resources of

the coal-tar color maker, and the latter, as above noticed, has
been made the means of safely transporting bromine, to be

afterwards recovered in the free state, if desired, with regen-

ei-ation of ordinary alcohol.

Amyl alcohol has ceased to be regarded solely as a mis-

chievous impurity of distilled spirits, and has, with some of

the compounds obtainable from it, come to find useful applica-

tions. Amylated derivatives of rosaniline and allied color

bases are made from the iodide, bromide and chloride, while

amyl nitrite and valerianic acid, with its salts, have become
common products for medical use.

Few substances have acquired more widely extended im-

portance than glycerine, both on account of its special or

individual properties and those which, in modified form, it

shares with bodies earlier known and used. Its history, how-
ever, rather belongs with that of the fats from which it is

derived.

The manufacture of phenol or carbolic acid has developed a

distinct branch of the man3'^-sided industry of coal-tar, and in

beautifully pure, colorless, crystalline form replaces the coarse,

dark-brown "coal-tar creosote" which alone was known but a

few years ago.

Cresol and thymol have also become regular articles of man-
ufacture.

Benzoic acid, is said to be still made to some extent from

benzoin, or perhaps partly from Australian " acaroid resin"
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{oi Xanthorrhea hastilis), hnt is mainly ami largely obtained
by evaporating the urine of herbivorous domestic animals and
boiling with hydrochloric acid to decompose the hippuric acid
present. Some is also produced in France, by Poirrier and
others, by continuous boiling of benzyl chloride with strong
nitric acid. The conversion of naphthaline into phlhalic aci(f,

and this into benzoic, seems to have proved on the large scale
less advantageous. Beside the consumption of benzoic acid
in making the artifical colors for dyers' use, there is reason
to believe that it enters to some extent into the composition
of the secret nostrums used in flavoring manufactured tobacco.

Salicylic acid may more properlj- be considered in its special
relations among antiseptics. Its synthetic production by
Kolbe's process from phenol-sodium and carbon dioxide repre-
sents one of the most admirable gifts of ])ure chemistry in

modern times to medical, sanitary and industrial progress.
Phthalic acid is another of the products called for by the

maker of artificial chemical dye-stuffs. The use of its anhyd-
ride in the development of eosine and the other beautifully

colored derivatives of Baeyer's phthaleins has led to its being
itself largely made from the naphthaline which was so long
associated almost solely in chemists' minds with the classical

"light-bearing" researches of Laurent.
In connection with the same great field of the last twent}'

years' work upon the colored products obtainable from tar,

innumerable chlorinated and brominated derivatives of hydi'O-

carbons, phenols, acids have been made upon a larger or

smaller scale; and of late still more extensively organo-sulph-

onic acids, but for the most part these have not formed the

final products of separate chemical manufactures, but have

constituted single steps in the work of the producers of the

dye-stuffs themselves.

In regard to the treatment of the natural vegetable alkaloids

recent times have not been without their evidences of progress.

Attention has been given to improving, l)0th in quantity and

qualit}', the supply of original material, notably in the direc-

tion of cinchona cultivation under Dutch and English auspices

in Java and Southern India, and in connection with such

efforts chemistry has aided in some measure as a guide to

practice. The scale upon which quinine, morphine, strychnine

and atropine were formerly made has undergone very great

extension, and although no radical change has probably been

made in the processes by which these alkaloids are extracted,

the final purification has been much improved, especially as

to the more easily alterable bases, and new solvents have

served to cheapen the processes and facilitate crystallization.

The other cinchona alkaloids which accompany quinine have,

either singly or in admixture, been brought to some extent

into use instead of merely accumulating them as worthless
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by-products. Some new substances of tliis class have been

made available for medical purposes and ai'e added to the

list of those manufactured, as for example, the eserine of

Calabar bean ; while among the products of chemical altera-

tion apomorphine has been found valuable. Eesearches of a

purel}' scientific character upon the less known substances

classed as vegetable alkaloids, but turning out to be in some
cases complex mixtures, as aconitine and veratrine, promise to

yield results before long of practical applicability.

Mechanical Applications op Chemical Manufactures in

General.

Among the chief directions of improvement in the "plant,"

appliances, and physical methods of working of chemical

factories may be noted :

Improved grinding mills, especially those run at compara-
tivel}" high speed and aiming at true grinding rather than
crushing.

The extended use of steam coils and steam jackets for heating

purposes, admitting of complete control and nice regulation of

temperature.
Heating by vapor from materials under treatment, such an

adjustment being made of the diffei'ent portions of the work
as to permit of this utilization of otherwise waste heat, and
sometimes allowing of simplification in the working itself.

Heating under pressure greater than that of the atmosphere,
the use of so-called "autoclaves," often arranged with special

ingenuity as to the details of filling, emptying, observing the

progress of reactions occurring within, &c., playing an impor-

tant part in some of the branches of modern chemical industry.

The use of "ice machines" for the production of artificial

cold. These valuable machines have lent most important aid

in various directions, enabling results of solidification, crystal-

lization, rapid cooling to determinate temperatures, &c., to be

secured in climates and seasons, and under temporary" condi-

tions of weather which would otherwise prove serious if not
insuperable obstacles. In many cases uniformity of working is

gained by the control thus given of temperature in the down-
ward, as formerly in the upward, direction. In turn, manufac-
turing chemistry has been called upon to supply the materials

used in most of these machines to produce cold by evapora-

tion, as eth}'! and methyl ethers, methyl chloride, petroleum
spirit (mainly butane), ammonia and sulphur dioxide, the

machine working with air alternately compressed and ex-

panded alone using a material furnished by nature.

Imp/roved, mechanical arrangements for agitation or stirring of

liquids, including under this head not only revolving paddle-
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arms and the like contrivances, but the blowinc^ in of air or
steam, often now made to accomplish the work of stirrinij and
mixinc:, and at the same time that of heating, oxidation, &c.
Extended use of vacuum pans for evaporation, with or with-

out arrangements for condensing the vapor given off. The
vacuum pan has long ceased to be a part only of the special
plant of the sugar refiner}', and has become one of the well
recognized appliances of the general manufocturing chemist,
without which much of the treatment of the more delicate
and easil)' alterable materials he has to deal with could with
difficult}^ be accomplished.

Improved apparatus for distillation, especially that intended
to effect nice fractional separation of liquids differing often but
little in boiling point. The extension upon a manufacturing
scale of the processes of organic chemistry has given to this

increased importance.
Introduction of the method of distillation by means of, or along

with super-heated steam. In certain cases this enables a simple
physical purification of special materials to be effected which
otherwise would require elaborate and tedious chemical pro-

cesses to be used.

The general application o^ " centrifugal machines" or ^^hydro-

extractors " for draining and washing suitably divided solid

materials, especially cr^-stals. The quickness and thorough-
ness with which the work is done, and the limited amount of

wash-water or other fluid necessary, constitute important
advantages.
The use of filters arranged to work with a partial vacuum, so

as to expedite filtration and leave the solid residue in a more
effectually drained condition.

The use offilter presses to mechanically squeeze out the liquid

tenaciously retained by precipitates, sediments, skimmings,

&c. These have been much improved of late by the general

substitution of metal for wood in their construction, the

increased pressui-e obtainable—commonly up to 120 or 130 lbs.

per square inch — the rapidity with which the pressure is

brought to bear and the readiness with which it may be regu-

lated"^ the thoroughness with which a small quantity of washini::

fluid may be made to remove residual soluble matter, and the

substantial and durable character given to the framework and

mechanism. In a multitude of cases chemical industry has

derived most valuable aid from these useful pieces of mechanism

in their more modern forms.
J. W. Mallet.

( To be continued.)
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NOTES.

A New Form of Absorption-Apparatus for Use in Estimating
Ammonia.

In attempting to estimate ammonia by the process which
involves its expulsion from its compounds b}^ the action of
boiling solutions of caustic alkali and its collection in hydro-
chloric acid, it frequently happens, even when great precau-
tion is taken to prevent it, that, on account of the difficult}'^

of regulating the evolution of the gas, small amounts of
ammonic chloride are carried with escaping air through the
absorption bulbs in ordinary use, and discharged visibly
from the apparatus, such loss introducing more or less inac-
curacy into the determination of ammonia when it is made to
depend upon the amount of amnionic chloride retained within
the apparatus, whether this is weighed directly or estimated
indirectly after pi'ecipitation as ammonio-platinic chloride.
The difficulty may be overcome b}'- the use of a very simple

apparatus of the following construction : Through a perforated
rubber stopper fitted to the mouth of a flask having a capacity
of 70 cm.* or 80 cm.* passes a glass tube of about 0.7 cm.
interior diameter, about 20 cm. long, and bent as shown in

the accompanying figure. About midway of the vertical
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part, which has a length of 10 cm., the tube expands to a
small bulb, and at the uppei' end it is joined by means of a
rubber connector to a second tube, which passes throuo-h a
doubly-perforated stopper fitted to the mouth of a test-tube
holding about 30 cm.*, and ends in a valve consisting of a
piece of rubber tubing closed at the lower end with a bit of
glass rod and pierced with a longitudinal slit. Through the
second perforation of the stopper of the test-tube passes a
tube, as shown in the figure, over whose outer end the neck
of a small rubber balloon (such as are sold in the shops
attached to toy-whistles) is drawn and securely fastened.
The apparatus when thus put together must be air-tight.

When a determination of ammonia is to be made with the
aid of this apparatus, the test-tul)e is filled to a point some-
what above the valve with dilute hydrochloric acid and
placed in a vessel of cold water; the ammonia salt is put into

the flask with a bit of platinum ibil (to secure quiet ebullition),

and 20 cm.^ or 30 cm.'* of a sufficiently strong solution of sodic

or potassic hydrate; heat is applied to tbe flask and its

contents rapidly boiled until the greater part of the water has
been converted into steam and the ammonia completely
driven over with the steam through tbe valve (which prevents

the return of any part of the liquid in the test-tube when the

pressure Avavers) into the hj'drochloric acid— the air which
filled the apparatus in the beginning now collecting, together

with that portion of the amnionic chloride which escapes

detention in the acid, in the upper part of the test-tube and in

the balloon, which it distends.

The action proceeds quietly and no special care is required

during the operation. The flask being properly inclined, and

the conducting tube of suitable size, there is no danger of a

transfer of soUd matter from the flask to tbe absorption-tube

by the agency of bubbles ascending the conducting tube ; for,

under these conditions, bubbles rarely appear al. all in the con-

ducting tube and could never b}' an}^ possibility pass the bulb.

At the end of the operation the tubes are disconnected at

the rubber joint, the stopper of the test-tube loosened to

permit the balloon to collapse, and the contents of the test-

tube, together with the rinsings of the test-tube and its acces-

sories— the washing of the interior wall of the balloon, upon

which some small amount of amnionic chloride has fixed

itself, being easily accomplished by throwing a fine stream of

water into the balloon through its connecting tube and

ejecting it again by pressure upon the exterior— transferred

to an appropriate receptacle and treated in one or another of

the usual ways.
The chief points of the device are its eff'ectiveness, conve-

nience and simplicity; and these qualities may render its

application in other analytical processes equally anvantageous.
^ ^

F. A. GoocH.
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Glucose.

It is known that saccharoso combines with bases giving

BucratcB, while glucose by treatment with alkalis yields

glucic acid, which diffei-s in composition from glucose by the

elements of water, and melassic acid, which is allied to the

ulmic compounds. P^ligot has found the following new
facts : Glucose obtained from starch or b}'^ the action of acids

upon sugar combines with lime, forming unstable products
which are rapidly transformed into others. Lime dissolves

largely in water containing 15-20 per cent, of glucose. The
solution is at first alkaline, but gradually loses its alkalinity,

becomes brown and finally deposits a yellow substance, some-
times of crystalline apjDearance. The same precipitate, more
strongly colored, is produced quickly by boiling the filtered

solution. Under these circumstances there is formed glucate

of lime, part of which remains in solution and can be separated

by sub-acetate of lead. At the same time another substance

is formed which has escaped the notice of the author and
other chemists who have worked with these substances for

more than forty years. Accident revealed it to the author.

Resuming the somewhat neglected study of glucic acid, he
found in a kind of molasses, obtained as a by-product in the

preparation of the acid, fine prisms which he first mistook for

glucic acid. This led to further attempts, which were suc-

cessful, to get the substance in this form. These crystals have
the composition of saccharose, Cy^U-iiQu, but the substance is

not sugar ; it does not ferment with yeast, and is not sweet,

but rather bitter to the taste. The author calls it saccharine.

It is distinct from the other substances having the compo-
sition of sugar, is not easily soluble in cold water, and is in

large part volatile. Nitric acid, 36° Beaum^, and concen-
trated sulphuric acid hardly act upon it, nor does it reduce
ammonio-cupric tartrate except by long boiling. It crystal-

lizes very readily when pure. The author is inclined to think
that the sugars instead of being polyatomic alcohols are

esters, and that this action with lime is a true saponification.

He surmises that saccharine may prove to be an alcoholic

substance.

—

{Compt. rend., Dec. 1st, 1879.)

New Metals.

In the Compies rendus for Oct. 22, 1878, Marignac announced
the probable existence, in the erbia of Bunsen and Clbve
extracted from gadolinite, of a new earth, the oxide of a

metal for which he suggested the name ytterbium. The
small amount of material which he possessed prevented the

complete study of the substance, but he was able to describe

certain properties which he considered established its idividu-
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ality. He gave provisionally the molecular weight 131. Its
spectrum was studied by Soret. Nilson ofUpsala then took
up the subject, having larger quantities of material at his
command, and was able to isolate and stud}' chemically pui-o

ytterbia. He found the molecular weight of the oxide 131.92
and 132.17. Thalen studied the substance spectroseopically in

connection with Nilson, and his work tended to show the pi-es-

ence of still another new earth. The latter Nilson called scan-
dia, and made a partial chemical examination of it, finding its

molecular weight below 90, calculated for ScO.* Subsequently
Cl^ve extracted scandia from gadolinitc and yttrotitanite of
Norway, and studied it more fully. He found that the only
oxide of scandium was Sc^O,, and the atomic weight of the
metal 45. This was so much smaller than Nilson's number
that he suspected the presence of another earth. But Thalen
examined its spectrum and pronounced it pure seandia. Nil-

son's substance must hence have been mixed with seven or
eight times its weight of ytterbia. Cl^ve gives an extended
chemical description, and shows that it corresponds almost
completely, point for point, with the description given by
Mendelejeff of the hypothetical metal ehabor, of atomic
weight 44.

Soret, when studying the spectrum of ytterbia, as mentioned
above, was led to suspect the presence in erbia of another new
earth besidesi. ytterbia, and designated it provisionally as X.
The ])robable existence of such a substance had been indicated

by Delafontaine and Marignac. Subsequently Delafontaine

gave the name jj/«7())j^<a to a substance found by him and
considered identical with Soret's X. He gave a partial

chemical and spectral description in Comptes rendus, Oct.

14th, 1878, stating provisionally the molecular weight of the

oxide as 90-95. Soret admits himself unablef upon the pub-

lications of Delafontaine to affirm or deny the identity of

philippia with X. but is inclined to consider them identical.

He thinks the existence of X well established.

Cleve has given reasons based principall}' upon study of

spectra for supposing that erbia contains, besides ytterbia and
seandia, three different earths, which he named erbia, holmia

and thidia.X But Lecoq de Boisbaudran and Soret both pro-

nounce the spectrum of holmia identical with that of X.§

Soret had also called attention, in connection with X, to the

lines which Cleve describes as characteristic of thulia, but he

did not consider the indications of the spectra alone as suffi-

cient evidence for the announcement of a new element. . Lecoq

de Boisbaudran says his own studies, not yet completed, tend

to confirm the idea of Soret, Cleve and Thak^n.

Delafontaine has claimed the discovery of still another

*Compt. rend. March 24th, 1871). t Ibid. Sept. 15ih, ISJlj.

iflbid. Sept. 1st, lS7y. §lbid. bept. 16th, 18(9.
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earth in samarskite, which he calls decipia. He has given a

description of its spectrum * and indicated its approximate
molecular weight as 122.

The same investigator, followed by Lecoq de Boisbaudran

and Soret, has found in the spectrum of the earth known as

didymia evidence tending to show that the substance contains

at least two diflFerent earths. And Lecoq de Boisbaudran
obtaining still more definite results, has proposed the name
Samaria for one of them.
Lawrence Smith announced to the French Academy, Sep-

tember 22d, 1877, the discovery of a new earth in samarskite,

which he called mosandra. But Marignac and Delafontaine,

who examined the substance, pronounced it identical with the

terbia of Mosander.f September Ist, 1879, Smith states that

he has not yet obtained the earth in a satisfactory state of

purity, but claims that it differs from terbia. As it does not

give absorption bands, he is obliged to depend upon chemical

study.

July 7th, 1879, Hiortdahl announced to the same body the

discovery of a new earth designated as norvegia, but gave no

description.

On Coto Bark and its Constituents.

JoBST and Hesse have recently subjected the genuine coto

bark from Bolivia to a careful examination, and have estab-

lished a number of valuable facts concerning it. Without
entering into a detailed description of their results, we may
call attention to a statement made in the original paper which
may prove of very great interest to the general public. The
bark has the reputation in Bolivia of being an excellent

remedy in cases of intestinal diseases. Dr. v. Gietl con-

cludes, as the result of an extensive experience in the use of

this material, that it is a specific against diarrhcea in its different

modifications. Dr. Burkart has shown that the bark and the

tincture cause certain objectionable after-effects if taken into

the system. On the other hand, paracoto'z'n, which can be

prepared from the bark, and which is described by Jobst and
Hesse, is an excellent remedy. A number of cases are cited

illustrating the beneficial effects of administering it in cases

of chronic diarrhoea and Asiatic cholera.

—

{A7in. der Chemie,

199, 82.)

Transformation of Piperidine into Pyridine.

In the last number of this Journal attention was called to

the fact that pyridine and its homologues have of late been
the subject of a number of investigations most of which tend

* Compt. rend. Oct. 28th, 1878. t Ibid. Aug. 12th, Oct. 22d, 1878.
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to show that there exists close rehition between the luitural

alkaloids and the pyridine series. A short time ago Ilofmann
showed that a product can be obtained from piperidine which
resembles very closely one obtained from pyridine. Though
this fact indicated a close relation between jjyridine and
piperidine, no transformation has hitherto been effected which
proves the relation. Koenigs has now succeeded by a simple
process in transforming piperidine directly into p3'ridine. It

is only necessary to heat the former with sulphuric acid at
300° for about seven hours. The change effected is one of
oxidation. It is suggested that the piperidine, CiHuN, bears

to pyridine, C5H5N, the relation of an addition-product. As-
suming Koerner's formula for pyridine to be correct, the
relation may be expressed thus—

HC \^CH
CH

Pyridine.

II

H,C^\ CH

CH,
Piperidiue.
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