A REVISION OF THE ATOMIC WEIGHT OF ARSENIC. 297

richs,! Dubreuil? and Leduc.®! The electrochemical equivalents of oxy-
gen and hydrogen have been studied by Lehfeldt.* On the silver volta-
meter and coulometer there are elaborate papers by Duschak and Hulett,”
and by Smith, Mather and Lowry.® In the latter research the electro-
chemical equivalent of silver is fixed at 1.11827 mg. per coulomb.

In the International Table, published in this Journat for March, there

is a serious misprint. Zn should be 65.37 instead of 65.7.
WasHINGTON, D. C.
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Below is a summary of the previous work upon the atomic weight of
arsenic,? the results obtained by the several investigators having been re-
calculated with the use of the following atomic weights:® O = 16.00>;
Ag=107.880; Cl=35.457; Br=179.916; S=32.07; K=39.096; Na=22.977;
Cr=52.01; Pb=207.09.

1816 Thomson, Schweigger Jour., 17, 421, 2As: Ag0, 76.35
1818 Berzelius, Pogg. Ann., 8, 1, 2As,0,: 350, 75.03
1845 Pelouze, Compt. rend., 20, 1047, AsCl,: 3Ag 74.93
1855 Kessler,  Pogg. Ann., 95, 204, 34As,0,: 2K,Cr,0, 74.95
345,0,: 2KCIO, 75.23
1859 Dumas, Ann. Chim. Phys. [3], 85, 174, AsCly: 3Ag 74.87
1859 Wallace, Phil. Mag. (4), 18, 279, AsBr,: 3Ag =4.20
1861 Kessler, Pogg. Ann., 113, 140, 3As,0,: 2K Cr,0, 73,01
1896 Hibbs, Doctoral Thesis, Univ. of Penn., Na,As,0,: 4NaCl 4. 88
1902 Ebaugh, Jour. Amer. Chem. Soc., 24, 489, Ag;AsO,: 3AgCl 75.02
Ag;AsO,: 3Ag 74.92
Pby(450,),: 3PECL,  73.06
Pb,(AsO,),: 3PbBr, 74.88

A glance at this rather discordant series of results shows the neces-
sity for a redeterniination of the atomic weight of arsenic. FEven in the
more recent investigations of Hibbs and Ebaugh there exists an extreme
variation of nearly two-tenths of a unit in the averages of the five series.

Y Chem. Zent., 1908 (1), 1240; Compt. rend., 146, 971; 147, 797, and 147, 1302.

2 Compt. rend., 147, 627, 836, and 1300.

8 Ibid., 147, 972.

4 Pril. Mag. [6], 158, 614.

8 Trans. Amer. Electrochem. Soc., 12, 257

8 Phil. Trans., 207, A, 545.

7 Clarke, A Recalculation of the Atomic Weights; Smith, Misc. Coll., Constants
of Nature, Part V, p. 213 (1897). For an excellent critical discussion of previous
work, by Brauner, see Abegg’s Handbuch der anorganischen Chemie, 3 (2), 491 (1907).

8 Richards, Jour. chim. phys., 6, 130 (1908).
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In this research silver arsenate was chosen for analysis, first, because
the compound is unchanged by moderate heating, and hence may be
dried at a temperature high enough to expel all but a very small amount
of moisture. In the second place, silver compounds may be analyzed
with great ease as well as accuracy by precipitation of the silver as sil-
ver halogen compounds. Furthermore, preliminary experiments con-
firmed the statement by Ebaugh that it is possible completely to con-
vert the arsenate into chloride by heating in a current of hydrochloric
acid gas. Such a process has the advantage that no transfer of material
is involved.

Purification of Materials.

Silver Arsenate—~—All the sampl:s of silver arsenate were prepared by adding to a
fiftteenth-normal solution of silver nitrate a solution of similar concentration of an
equivalent amount of an arsenate of sodium: or ammonium, the differences between
the different saniples consisting chiefly in the nature of the soluble arsenate employed.
Precipitation was carried out in a room lighted only with ruby light. After the sil-
ver arsenate had been washed by decantation many times with pure water, it was
dried in a preliminary way by centrifugal settling in platinum crucibles, and then
by being heated in an electric oven at a temiperature of about 130° C. The salt was
powdered in an agate mortar before the final heating in a quartz tube or platinum
boat, as explained later. It was shown by tests with diphenylamine that the arsenate
cou'd he washed free from nitrates,

Although oue of the hydrogens of arsenic acid resembles the liydrogen of strong
acids in its dissociating tendency, the other two hydrogens are those of weak acids.?
Hence perceptible liydrolysis takes place in solutions of salts of this acid, even when
the base is strong, that of the tertiary salts being of course greatest in extent. It
is 1ot an easy matter to predict the effect of this hydrolysis upon the composition of
a precipitate of silver arsenate, for while the Phase Rule allows tlie existence of only
one solid in equilibrium with the arsenate solution except at certain fixed concentra-
tions, the possibility of the occlusion of cither basic or acid arsenates by the silver
arsenate still exists. Experiments only are able to throw light on this point. Ac-
cordingly arsenate solutions of different conditions of acidity and alkalinity were
used in the precipitations, and the compositions of the different precipitates were
compared.

Sample A.—Commercial C. P. disodium arsenate was recrystallized four times,
all but the first crvstallization being conducted in platinum vessels, The mother
liquor froin the fourth crystallization, after the removal of the arsenic by hydrogen
sulphide, gave no test for phosphate. The calculated amount of redistilled ammonia
to make disodium ammonium arsenate was added to a solution of the purified salt
before the precipitation of the silver arsenate.

Sample B—~This sainple was made from disodium arsenate which had hLeen re.
crystallized five times in platinum vessels. Silver arsenate was precipitated with
a solution of this salt without the addition of ammonia.

Sample C.—Commercial C. P. arsenic trioxide was recrystallized three times from
dilute hvdrochloric acid solution, and, after being rinsed with water and centrifugally

! Washburn calculates from Waldea's conductivity measurements the constant
for the first hvdrogen of arsenic acid to be 4.8.107¢. THIS JOURNAL, 30, 35 (1908).
The constants for the second and third hydrogens are probably lower than those of
phosphoric acid, 2.1.1077 and 3.6.107'3, [bid., 30, 38.



A REVISION OF THE ATOMIC WEIGHT OF ARSENIC. 299

drained, it was converted into arsenic acid by means of nitric and hydrochloric acids
in a porcelain dish. The hydrochloric and nitric acids were expelled by evaporation
nearly to dryness, and the residue was twice evaporated to dryness with nitric acid
in a platinum dish. After the residue had been dissolved in water, the solution was
allowed to stand for some time in order to allow pyro- and metarsenic acids to be con-
verted as completely as possible into orthoarsenic acid. Then sodium carbonate
which had been twice crystallized in platinum was added to the solution in amount
sufficient to form disodium arsenate, and the product was crystallized four times in
platinum vessels.

Sample D.—A portion of the arsenic acid made for the preparation of Sample C
was converted into ammonium dihydrogen arsenate by adding the calculated amount
of redistilled ammonia, and the salt was recrystallized five times in platinum. A
sufficient quantity of ammonia to form triammonium arsenate was added to a solu-
tion of this salt before the precipitation of the silver arsenate. One specimen of silver
arsenat" made in this way was discarded, since its composition was very irregular.

Sample E.—To a portion of the arsenic acid used for Sample C recrystallized sodium
carbonate was added in amount sufficient to form disodium arsenate. After the solu-
tion had been evaporated to dryness, the salt was recrystallized four times in platinum.
Enough ammonia to form disodium ammonium arsenate was added to a solution of
this salt before the precipitation of the silver arsenate.

Sample F.—A portion of the disodium arsenate prepared for Sample B was con.
verted into trisodium arsenate by means of recrystallized sodium carbonate, and
the trisodium arsenate was recrystallized six times in platinum vessels.

Sample G.—Arsenic trioxide was twice resublimed in a current of pure dry air and
then once crystallized from dilute hydrochloric acid solution. Next the arsenious
acid was oxidized to arsenic acid exactly as described under Sample C. TFinally the
arsenic acid was converted into trisodium arsenate by means of pure sodium carbonate,
and the salt was crystallized four times in platinum.

In all the foregoing crystallizations the crystals were thoroughly drained in a centrif-
ugal machine employing large platinum Gooch crucibles as baskets,' and each crop
of crystals was once rinsed with a small quantity of pure water and subsequently
drained in the centrifugal machine.

Silver Nitrate—The silver nitrate used in the preparation of the different samples
of silver arsenate was recrystallized several times in platinum vessels, with centrifugal
drainage, until the mother liquor gave no opalescence upon dilution when tested in
the nephelometer.

Hydrobromic Acid.—One quarter pound of commercial bromine was converted into
potassium bromide by addition to recrystallized potassium oxalate. In the con-
centrated solution of this bromide, in a distilling flesk cooled with ice, three pounds
of bromine were dissolved, in several separate portions, each portion being distilled
from the solution into a flask cooled with ice before the addition of the next succeed-
ing portion. A portion of the purified bromine was then converted into potassium
bromide with pure potassium oxalate as before, and the remainder of the bromine
was distilled in small portions from solution in this pure potassium bromide. The
product obtained was thus twice distilled from a bromide, the bromide in the second
distillation being essentially free from chlorine. This treatment has already been
proved sufficient to free bromine from chlorine,?

Hydrobromic acid was synthesized from the pure bromine by bubbling hydrogen
gas (made by the action of water on “hydrone”) through the bromine warmed to

! Baxter, THIS JOURNAL, 30, 286 (1908).
2 Baxter, /bud., 28, 1322 (1906).
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40—44° and passing the mixed gases over hot platinized asbestos in a glass tube. The
apparatus was constructed wholly of glass. The hydrogen was cleansed by being
passed through two wash bottles containing dilute sulphuric acid, and through a tower
filled with beads also moistened with dilute sulphuric acid. The hydrobromic acid
wus was absorbed in pure water contained in a cooled flask. In order to remove iodine
the solution of hydrobromic acid was diluted with water and twice boiled with a small
quantity of free bromine. Then a small quantity of recrystallized potassium per-
manganate was added to the hydrobromic acid solution, and the bromine set free
was expelled by boiling. Finally the acid was distilled with the use of a quartz con.
denser, the first third being rejected. It was preserved in a bottle of Nonsol glass
provided with a ground.glass stopper.

The purification of the hydrobromic acid was carried on in conjunction with Dr.
Grinnell Jones, who was engaged in a parallel research upon the atomic weight of
phosphorus.  Using this acid, he found that 10.48627 grams of silver bromide were
obtained from 6.02386 grams of the purest silver. This ratio of silver bromide to
silver of 100.0000 to 57.4432 is in close agreement with the most probable value, 100.-
0000 tO 57.4453.}

Hydrochloric Acid—A solution of this acid was purified by distillation after dilution,

Hydrochloric acid gas was generated by dropping C. P. concentrated sulphuric
acid into C. P. concentrated hydrochloric acid. The acids were shown to be essen-
tially free from arsenic.

iFater.—All the water used in the research was purified by distilling the ordinary
distilled water of the laboratory, once with alkaline permanganate and then once
alone, in botir cases with the use of block tin condensers which required no cork or
rubber connections to the distilling flask.

Utensils.—Quartz or platinum vessels were always employed in place of glass, when-
ever glass was unsuitable.

Methods of Analysis.

The first method of analysis employed was that of converting the silver arsenate
into silver chloride by heating in a current of hydrochloric acid gas. Since this process
does not involve transfer of material it should be capable of giving results of great
accuracy. Glass and porcelain are unsuitable for containing the arsenate during this
process on account of the certainty of their being attacked. The first attempts at
using quartz for the purpose resulted in slight etching of the surface of the tube where
it came in contact with the salt. Experience showed, however, that with careful
mnanagement the attacking of the quartz could be wholly prevented. The vessel used
to contain the arsenate was a quartz tube nearly two centimeters in diameter but
joined to small tubes at each end. These tubes were exactly like those employed
by Richards and Jones in the conversion of silver sulphate into silver chloride.® After
the tube liad been weighed by substitution for a counterpoise similar in shape and
size, a suitable quantity of silver arsenate was introduced, and the tube and contents
were heated in a current of pure dry air for between seven and eight hours at 250°.
Although this treatment is not sufficient to expel last traces of moisture, it was hoped
that by uniform treatment of the arscnate in all the analyses the proportion of water
retained by the salt could he reduced to a coustant percentage, which could be de-
termined in separate experiments. The complete drying of the salt by fusion was
not pernissible because of deconiposition of the arsenate at temperatures in the neigh.
borhood of its fusing point. During the drying of the arsenate the quartz tube was
surrounded with a cylinder of thin platinum foil and was contained in a hard glass

LPHIs JOURNAL, 28, 1322 (1906).
2 Jbid., 29, 833 (1907).
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tube connected with an apparatus for furnishing a current of pure dry air. The hard
glass tube was heated by means of an oven made of two solid aluminum blocks." In
order to purify and dry the air it was passed through a tower filled with beads moist-
ened with dilute silver nitrate solution, through a tower filled with small lumps of
solid potassium hydroxide, then through three towers filled with beads moistened
with concentrated sulphuric acid, and finally through a tube filled with resublimed
phosphorus pentoxide. The apparatus was constructed wholly of glass, with ground
joints.

J After being heated, the quartz tube was transferred to a desiccator and allowed
to come to the temperature of the balance case before being weighed. The quartz
tube was then placed upon hard glass supports, in a horizontal position, one end being
slipped into a larger tube through which could be passed a current of either dry hydro-
chloric acid gas or dry air. The other end of the quartz tube slipped into one of the
arms of a large U-tube filled with glass pearls, which served to condense any silver
chloride vapor which might escape from the quartz tube. The other arm of the U-tube
was connected with the flue of a hood, the suction thus caused being sufficient to pre-
vent the escape of gaseous arsenic compounds from the apparatus, The quartz tube
was protected from dust by a covering of sheet mica.

The usual method of procedure was as follows: The quartz tube containing the
silver arsenate being in place, a current of hydrochloric acid gas was passed through
the tube, and the tube was slowly revolved with pincers tipped with platinum wire
in order that the salt might be thoroughly exposed to the action of the acid. Neglect
to do this at the commencement of the reaction always resulted in the caking of the
salt in the tube, thereby rendering the action of the acid less rapid. The hydrochloric
acid was dried by passing through three towers containing beads moistened with con-
centrated sulphuric acid. The apparatus for generating and purifying the acid was
constructed wholly of glass.

In the earlier experiments the salt was gently heated from the commencement of
the reaction. To all outward appearance it was entirely converted into silver chloride
in a few hours, Upon fusion, however, it presented a very cloudy appearance, owing
to the presence of considerable arsenic, which could not be completely removed even
by keeping the silver chloride fused in the current of hydrochloric acid for as long as
eight hours, Tlis is the cause of the larger quantities of arsenic found in the chloride
obtained in the earlier analyses. Furthermore, the longer period of heating at a tem-
perature above the fusing point of silver chloride accounts for the larger amounts
of volatilized silver chloride found in these experiments.

As experience was gained it was found best to expose the salt first in the cold for
about eight hours to the action of the hydrochloric acid gas, next to heat the salt gently
below its fusing point for from ten to fifteen hours, and finally to keep it barely fused
for from five to ten hours longer. When the reaction was apparently at an end, the
current of hydrochloric acid gas was stopped, and dry air was passed through the tube
for about fifteen minutes in order to eliminate hydrochloric acid. The silver chloride
was then allowed to solidify in a uniform thin layer around the inside of the quartz
tube by slowly revolving the tube during solidification. The platinum wire used in
weighing the tube was slipped on, the tube was transferred to its desiccator, and after
standing several hours beside the balance it was weighed.

In order to make sure that the reaction was complete the silver chloride was again
fused, and exposed to the action of hydrochloric acid for several hours longer. As a
rule, no change in weight was observed. In all cases constant weight was obtained
upon heating in the same way for a third time.

! Baxter and Tilley, THIS JoURNAL, 31 201 (1909)
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After making certain that only a small quantity of arsenic, if any, remained in the
silver chiloride, tlie contents of the quartz tube werce dissolved in amnionia, and the
silver chloride wuas reprecipitated by boiling the solution to expel the amimonia and
adding a small quantity of sulphuric acid. The solution, after evaporation, was added
to a Berzelins—-Marsh apparatus containing arsenic-free zinc and sulphuric acid, and a
miirror of arsenic was deposited in a hard glass capillary tube in the usual way. The
hydrogen was dried by calcium chloride before passing into the hard glass tube, and
the generating Qask was coofed witlt water ur prevent the evolution of hydrogen sul-
phide.

The arseuic mirror formed was compared with a photograph of standard arsenic
ntirrors,' the original mirrors showing that comparison with the photograph was equally
satisfactory. The correction was applied by assuming that the arsenic was present
inn the silver chloride as arsenic trichloride, although if present as siiver arsenate the
correction would be much smaller. In any case the correction for residual arsenic
is so small as to be almiost without effect upon the final result.

Iibaugh used essentially the same miethod of heating the arsenate in hydrochloric
acid, althicagh the periods were shorter, so that it is probable that the small guan-
tities of arscnate nsed (scarcely over one gram in any analysis) did not retain weigh-
able amounts of arsenic.

The U-tube beyond the quartz tube was washed out thoroughly with dilute ammonia,
aud the solution was ruade up to definite volume after nearly all the animonia had been
expelied by boiling. The silver content of the solution was then compared in the
neplielometer with that of standard solutions of silver, cure being taken that the tubes
were treated in as nearly as possible the same way.

The second method of analysis consisted in heating the silver arsenate in a platinum
boat and, after weighing, dissolving the arsenate in nitric acid and precipitating the
siiver as chloride or bromide. The platinum boat was heated in a hard glass tube
forming part of a bottling apparatus,? by means of which the boat could be transierred
to the weighing bottle in which it was always weighed without exposure to moist air.
The boat and bottle were weighed by substitution by comnparison with a counterpoise
similar both in shape and volunie.

After the silver arsenate had been weighed, the boat with its conteuts was trans-
ferred to a flask, and the salt was dissolved in warin nitric acid of density about 1.15.
Then the solution wus carefully transferred to a large glass-stoppered precipitating
flask and diluted to a volumne of about one liter. A slight excess of either hydro-
chloric or hydrobromic acid was diluted to about six hundred cubic centimeters, and
the solution was slowly poured into the solution of silver arsenate in the precipitating
flask, Alter a few mwments’ shakivg the precipitate was allowed to stand for several
thays, with occasional agitation.

‘I'he precipitated silver chloride or silver bromide was next collected upon a weighed
Gooch crucible, dried, and weighed. “The moisture retained by the precipitate was
determined by fusion in a porcelain crucible and the asbestos mechanically detached
‘rom the Gooch crucible was collected upon a small filter. Dissolved silver halides
in the filtrate and wash waters were determined nephelometrically after evaporation
to small bulk.®

! Sanger, Proc. Amer. Acad., 26, 24 (1801).

¢ Richards and Parker, Ibid.. 32, 59 (1896). See also THIs JourNaL, 31, 16 (1900).

% For details concerning these operations see Richards and Wells, THIS JorrNaL,
27, 515 (1903); Baxter, Ibid, 28, 1320 (1900).
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Insoluble Residue.

All the specimens of silver arsenate, after being heated at 250°C., when dissolved
in dilute nitric acid, were found to contain a small amount of insoluble residue, which
would dissolve only in rather concentrated nitric acid. Although the proportion
of this residue was apparently increased by exposure to light, specimens of the arsenate
which had been prepared wholly in the dark room were not free from it. No process
of purification to which the soluble arsenate used in the preparation of the silver ar-
senate was subjected seemed to have the slightest effect upon the proportion of in-
soluble matter. A similar phenomenon was met by Dr. Grinnell Jones in tlhie prepara-
tion of silver phosphate.

Although the amount of this residue in one gram of silver arsenate which had been
treated as in the analyses for silver was not over 0.00003 gram, it was important to
deternine its silver content. This was done in three cases in which the proportion
of residue had been purposely increased as much as possible by exposure to light.
The arsenate was dissolved in dilute nitric acid, and the residue was collected upon
a weighed platinum Gooch crucible, the detached asbestos shreds being carefully
determined by filtration upon a filter paper. The weight of residue was found by
reweighing the crucible. After the residue had been dissolved in concentrated nitric
acid and the solution had been diluted to definite volume, the silver content of the solu-
tion was ascertained by comparison with standard silver solutions in a nephelometer.

The first of the above determinations was made with a sample of silver arsenate
which had been exposed to bright light inside a desiccator for a month. During this
time the quartz tube containing the salt showed no perceptible change in weight.

Weight of Weight of Weight of
silver arsenate, insoluble residue. silver, Per cent of

Grams. Gram. Gram, silver.

4.26 0.00198 0.00143 72.3
10.00 0.00228 0.00162 71.1

.28 0.00057 0.003500 6.1
AVEIage. it e e 73.2
Theoretical per cent. of silver in silver arsenate................... 70.0

The third determination also was made with a sample of salt which had been exposed
to bright light for three weeks in a dry state. In the second determination the salt
was exposed to light under water for one week.

Two facts show that the presence of the small proportion of the residue in the arse.
nate could have had no important effect upon the results. In the first place, the
formation of the insoluble matter under the influence of light is not attended by change
in weight. In the second place, the silver content of the residue is very near that of
silver arsenate. Nevertheless care was taken to protect the arsenate as far as possible
from exposure to light.

The Determination of Moisture in Silver Arsenate.

T. W. Richards' and others have called attention to the fact that it is not possible,
without fusion, to dry completely a substance formed in aqueous solution, owing to
the mechanical retention of liquid in pockets within the solid. In the case of silver
arsenate, although it is possible to fuse the salt, the temperature necessary is so high
that decomposition of the salt takes place to some extent. Hence the loss in weight
on fusion cannot be used as a true measure of the water content of the salt. Since
decomposition of the salt could produce only easily condensible substances and oxygen,
the difficulty was overcome in the present instance by fusing weighed quantities of

VZ. physik. Chem., 46, 106 (1903).
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the salt in a current of pure dry air and collecting the water vapor in a weighed phos-
phorus pentoxide tube, Of course great pains was taken to treat the salt used in the
water determinations in exactly the saine way as that used in the analyses for silver.

The procedure was as follows: A sample of salt very nearly as pure as that used in
the silver unalyses was weighed in a copper boat which had been previously cleaned
and ignited iu the blast lamp to remove organic matter, ‘Ilie boat was placed in a
hard glass tube and was heated for between seven and eiglit hours at 250° in a current
of dry air. In these experiments, before passing through the drying towers the air
had first been passed over hot copper oxide in order to oxidize any organic miatter
it might coutain. Furthermore, the concentrated sulphuric acid in the drying towers
liad been heated with a small quantity of potassium dichromate. One end of the hard
glass tube was connected to the apparatus for supplying pure air, by means of a well-
fitting ground joint upon which no lubricant was used, The other end was sealed
to a small hard glass tube which was surrounded witli a damp cloth during the fusion
of the salt in order to facilitate condensation of any silver or arsenic compounds
vaporized from the salt.  As a matter ol fact, very little sublimation actually took
place.

In order to fuse silver arsenate within the hard glass tube it was necessary to use
the lhottest flame of the blast lamnp, the tube being covered with a semi.cylinder of
sheet iron. Furthermore, since at this temperature even the hard glass becane very
solt, it was found necessary to wrap the tube with asbestos and closely wound iron
wire for several inches at the point where fusion took place. This also served to dis-
tribute the heat more evenly and to prevent the tube from cracking during the experi-
lent,

Just before the salt was fused a carefully weighed U-tube containing resublimed
pliosphiorus pentoxide was attachied to the end of the tube, and beyond this was joined
another similar tube which served as a protection against any moisture which might
diffuse back into the weighed tube from the outside air, These phosphorus pentoxide
tubes were provided with one-way ground glass stopcocks lubricated with Ramsay
desiccator grease.

The salt was heated for twenty-five minutes with the hottest flame of the blast
lamip, being then completely fused, and was further heated for thirty-five minutes at
a considerably lower temiperature in order to make certain that all moisture was carried
into the absorption tube by the current of air. Finally the phosphorus pentoxide tube
wis reweighed.

The pentoxide tube was weighed by substitution with the use of a counterpoise of
the same size and weight filled with glass beads. Before being weighed both tubes
were carefully wiped with a damp cloth and were allowed to stand near the balance
ase Tor otie hour.  One stopeock in each tube was opened immediately before the tube
was hung upon the balance, in order to insure equilibrium between the internal and
external air pressure. Thie stopcock of the counterpoise was left open during the
weighing, Owing to the considerable length of time required for the tubes to come
to equilibrium on the balance, it was considered unsafe to leave the stopcock of the
pentoxide tube open during the weighing. As a check on the first weight of the
pentoxide tube one stopcock was opened and closed and its weiglht deterniined a secod
time. Ordinarily no change in weight was observed.

Siice it seemed possible that the hard glass tube itself, when heated nearty to fusiou,
miglit give off traces of water vapor,' two blank determinations were niade by hieating
the empty hard glass tube in exactly the same way as in the water determinations.

LW, A, Noyes has suggested thut moisture nay diffuse through the viscous glass.
Tins JOU'RNAL, 29, 1725 (1908).
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These determinations showed a gain in weight of the pentoxide tube of o.00022 and
0.00037 gram respectively, the average being o0.00030 gram. This correction was
confirmed in another experiment in which the hard glass tube was kept at the highest
temperature obtainable with the blast lamp for one hour. The observed gain in weight
of the absorption tube was 0.00048 gram. A negative correction of 0.00030 gram was
applied in each water determination.

Weight of Weight of Weight of
silver arsenate. water, water per
Grams, Gram. gram of salt.
11.09 0.00083 0.000075
13.59 0.00073 0.000054
17.23 0.00085 0.000049
12.57 0.00057 0.000045
Average.......... 0.000056

In order to allow for moisture the weight of the arsenate was therefore always cor-
rected by subtracting 0.000056 gram per gram of salt. Ebaugh took no notice of the
water contained in silver arsenate which had been dried at only 170°.

The Specific Gravity of Silver Arsenate.

In order that the apparent weight of the silver arsenate might be corrected to a
vacuum standard, the specific gravity of the arsenate was found by deterinining the

Weight of Weight of

silver arsenate displaced toluene Specific gravity
in vacuum, in vacuum, of silver
Grams,. Gram, arsenate 25°/4°.
5.1090 0.6688 6.662
5.0729 0.7350 6.652
Average........ 6.657

weight of toluene displaced by a known quantity of salt. The toluene was first dried
by means of solid sodium hydroxide and was then distilled, with rejection of the first
portion of the distillate. Its specific gravity at 25° referred to water at 4° was found
to be 0.8620. Pains was taken to remove air from the arsenate when covered with
toluol by placing the pycnometer in an exhausted desiccator.

The following vacuum corrections were applied:

Specific value, Vacuum correction.
Weights. . .ovvvveii i, 8.3 L.
Toluene........coovvviiviiiiiie 0.862 +0.00126
Silver arsenate..............ooin. . 6.657 4 0.000036
Silver chloride....................... 5.56 +0.000071
Sitver bromide........... ... .. ... ..., 6.473 4 0.000041

Balance and Weights.
All weighings were made upon a nearly new short-armed Troemmer balance, easily
sensitive to one fiftieth of a milligram with a load of fifty grams.

The gold-plated Sartorius weights were several times carefully standardized to
hundredths of a milligram by the method described by Richards,! and were used for
no other work.

' THIS JOURNAL, 22, 144 (1900).
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SERIES 1.
3AgCl: Ag;As0,.
Corrected Correctea
No. weight of Weight of weight of
of Samiple AgAsOy AgCl Residual  volatilized AgCl Ratio
anal. of i vacuuut. in vacuuni, AsCly, AgClL in vacuum, 3AgCl:
vsis. Ag;AsOy. Grams, Grams, Grant, Gram, Grams. Ag3AsOy.
1 A 3.172760 2.94912  0.00004  0.00014 2.949?2  0.020344
2 A 2.65042 2.46364 ©0.00004  0.00007 2.46367  0.929539
3 A 3.51128 3.26395  ©0.00001 0.00002 3.26396  0.929564
4 B 5.836I4 5.42499 ©0.0000I  0.0000%  5.42503  0.9203558
5 U 877282 8.3IY47 0. (OO0T 0. 00001 5.31947 0.0293568
AVErage. ... o 0.9295355
SERIES II.
3AgCl: Ag;AsO,.
Corrected Corrected
No. weight of Weight of Dissolved weight of
of Sample Ag;AsO, AgCl Weight of AgCl Loss on AgCl Ratio
aunal. of in vacuum. in vacuum, asbestos. from filtrate. fusion. in vacuum. 3AgCl:
ysis. Ag;As04.  Grams. Grams, Gram. Gram. Gram. Grans. AgsAsOy.
0 C 4.59149 4.26815 0.00008 0©.000I2 0.00039 4.26796 0.929537
7 D 3.38270 3.14401 0.00037 O.000I3 0.00015 3.14436 0.929542
AVerage. ... . e e e 0.929540
Average of all analyses i Series Tand 1I................. 0.920350
Per cent. of Agin AgASO,. ... .. . . i 69. 960y!
SERIES III
3AgBr: Ag,AsO,.
Corrected Corrected
No. weight of Weight of Dissolved weight of
of Sample Ag3;AsO; AgBrin Weight of AgBr Loss ou AgBr Ratio
anal-  of i vacuum. vacuum, asbestos. from filtrate. fusion. in vacuum, 3AgBr:
ysis. AgzAsOy. Grams. Grams. Grant. Gram. Gram, Grams, AggAsO,.
8 C 8.75751 10.66581 0.00008 0.00004 ©0,00040 10.665353 1.21787
9 D 6.760988 8.24329 0.00024 0.00007 0.00015 8.24545 1.21790
10 D 5.19424 6.32369 ©.00017 0.00009 0.00003 6.32590 1.21787
11 D 5.339I4 6.50251 0.00009 0.00006 0.00008 6.50258 1I1.21791
1z E 8.24054 10.03497 0©0.00033 0.000I4 0.000I2 10.03552 1I1.21;782
13 E 7.57962 9.23I34 0.0002I 0.000035 ©0.000I13 §.23I47 1.21793
14 Ig 6.035230 7.37060 0.0003% 0.00005 0,00003 7.371006 1.2178¢9
AVEIAZR. . vt e 1.21789
Per cent. of Agin AgaAsO,. ... 69.9622°
Average per cent. of Agin AgAsO,. ... ... ..o 69.9616

' Ag: AgCl = 0.752032:
(1903).
* Ag: AgBr

1.000000.

0.574453: 1.000000. Baxter, Ibid,, 28, 1322 (1g06)

Richards and Wells, THIS JOURNAL, 27, 450
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SERIES IV.
3AgCl: AgyAsO,.
Corrected Corrected
0. weight of Weight of N weight of
of Sample  AgzAsOg AgCl Residual  Volatilized AgCl Ratio
anal. of in vacuum. in vacuum, AgCl AgCl, in vacuum. 3AgCl:
wsis. AgiAsOq. Grams, Grams. Gram. Gram, Grams, AgszAsOy.
s K 4.67268  4.34393 ©.00006 ©0.00002 4.34389 ©0.920636
16 F 7.71882 7.17602 ©0.00007 ©0.00002 7.17597 ©.929672
57 G 5.28049 4.90908 ©0.0000I ©.0000I  4.90908  0.920664
18 G 4.25346  3.95422 ©.00000 0.00002  3.95424 ©.920652
K9 G 3-47340 3.22892 ©0.00000 0.0000I  3.22893 0.929016
20 G 5.17269 4.80877 ©.00000 0.00002 4.80879 ©0.929650
21 G 4.10766  3.81856 o0.00000 ©0.00002 3.81858 ©0.929624
AVErage. .. ..ttt 0.929645
SERIES V.
3AgCl: Ag,AsO,.
Corrected Corrected
No. weight of Weight of Dissolved weight of N
of Sample AgzAsO, AgClin Weightof AgClfrom Losson AgClin Ratio
anal. of in vacuum. vacuum. asbestos. filtrate, fusion. vacuum., 3AgClL:
ysis, AgsAsQ;.  Grams, Grams, Gram. Gram. Gram. Grams, AgsASOy,
22 G 5.47133 5.08686 0.00009 0©0.000I14 ©0.00066 5.08643 0.929652
Average of all analyses in Series Vand VI............. 0.929646
Per cent. of Agin AgAsO ... ovviiiiviiii i, 69.9681
SERIES VI,
3AgBr: Ag,AsQ,.
Corrected Corrected
No. weight of Weight of Dissolved weight of
of Sam le  AgyAsOy AgBr. Weight of AgBr Losson AgBr Ratio
anal. in vacuum. in vacuum. ashestos. from filtrate. fusion. in vacuum. gAgBr:
ysis. AgaAso‘ Grams, Grams. Gram. Gram, Gram. Crams, ARg3AsOy,
23 G 4.96261 6.04438 ©.00004 ©0.00010 0.00012 6.04440 1.217988
24 G 5.31743 6.47645 ©.00015 ©0,00009 ©0.000I1 6.47658 1.217991
25 G 4.46882 35.44273 0.00026 0.000II ©0.000I0 5.44300 I1.217995
26 G 4.16702 5.07533 0.000I0 ©.00004 ©0.00008 5.07539 I.2I17990
Average....... N v e . 1.21799I
Per cent. of Ag in AgsAsO‘ ......... e 69.9678
Average per cent. of Agin AgyAsO,.............. . 69.9680

arsenate to the chloride give essentially identical results.

Discussion of Results.

The first point to be noted in the foregoing tables is that the results
can be divided into two distinct groups according to the samples of atse-
nate employed, Series, I, I, and III, with Samples A to E, giving values
for the per cent. of silver in the arsenate lower than Series IV, V, and VI,
with Samples F and G.

In the second place, both methods for determining the ratio of the

This is shown

by the agreement of Series I and II, and that of Series IV and V.
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Finally, the per cent. of silver in silver arsenate found in Series I and
II agrees within less than two thousandths of a per cent. with that found
in Series III. This agreement. together with that of the individual
analyses of each series, indicates both uniformity in the material em-
ployed and purity of the hydrochloric and hydrobromic acids, as well
as accuracy in the analytical work. The agreement of Series IV and V
with Series VI is closer still.

In the following table are given the sources of the various samples of
silver arsenate:

Sample A Na,NH,AsO, Sample E Na,NH,AsO,
Sample B Na,HAsO, Sample F Na,AsO,
Sample C Na,HAsO, Sample G Na;AsO,
Sample D (NH,),AsO,

It is to be expected that the basicity due to hvdrolysis would be most
marked with Samples F and G, less in the case of Samples A and E, still
less with Sample D, and least in the case of Samples B and C. In the
case of Samples B and C, acid accumulates in the solution during the
precipitation of the silver arsenate. In comparing the results from the
different samples of silver arsenate it must be noted that occluded basic
salt would increase the apparent percentage of silver in the arsenate.
In the case of Samples F and G the conditions are most favorable for the
occlusion of basic salts, and these two samples actually yield a higher per-
centage of silver than the other samples. On the other hand, accumula-
tion of acid in the solution in which the precipitation of the silver arsenate
is taking place is found to have no tendency to promote occlusion of acid
salts, since Samples B and C give results agreeing closely with those of
Samples A, D, and E. These two facts lead to the conclusion that Sam-
ples A to E represent normal trisilver arsenate, and that Samples F and
G contain basic impurities.

In order to calculate the atomic weight of arsenic from the per cent. of
silver in silver arsenate a knowledge of the ratio of the atomic weights
of silver and oxygen is necessary. Some uncertainty exists as to this
ratio, hence calculations have been made upon the basis of several possi-
ble values for silver, oxygen being assumed to have the value 16.000.
This has been done only with the results of Series I, II, and III, since,
as has been pointed out, they are probably nearer the truth than those
of Series IV, V, and VI. The difference between the two sets of results
amounts only to six one -hundredths of a per cent. in the atomic weight
of arsenic.

SeriesI and II. Series 111.
If Ag = 107.930, As = 75.026 75.017
If Ag = 107.880, As = 74.961 74.953
If Ag = 107.83%0, As = 74.923 74.914
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When the results of Series I and II are averaged with those of Series
III, it is found that

If Ag = 107.930 As = 75.021
If Ag = 107.8%0 As = 74.957
If Ag = 107.850 As = 74.918

The atomniic weight of arsenic will be further investigated in this labora-
tory.

The most important results of this research may be briefly summed
up as follows:

1. Methods for the preparation of normal trisilver arsenate were de-
vised.

2. It is shown that trisilver arsenate precipitated by means of tri-
sodium arsenate probably contains occluded basic impurity.

3. It is shown that silver arsenate cannot be completely dried with-
out fusion.

4. The specific gravity of unfused trisilver arsenate is found to be 6.66
at 25°/4°.

5. The per cent. of silver in silver arsenate is found to be 69.9616 by
three closely agreeing methods.

6. With several assumed values for the atomic weight of silver re-
ferred to oxygen 16.000, the atomic weight of arsenic is found to have
the following values:

If Ag =107.93 As = 75.02
If Ag =1c7.88 As = 74.96
If Ag =107.85 As = 74.92

A grant from the Carnegie Institution of Washington has been of great
assistarice in the pursuit of this investigation. We are also indebted
to the Cyrus M. Warren Fund for Research in Harvard University for
much indispensable platinum apparatus.

CAMBRIDGE, MASS., November 24, 1908.
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Theoretical.

According to Ramsay and Shields* liquids may be divided into two great
classes. One of these, the so-called non-associated liquids, following
the law

VZ. physik. Chem., 12, 43375 (1893).



