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it in pure ice and then to stir into the ice an increasing amount of
the standard solute until the desired point on the thermometer was
reached and maintained. An analysis of the commingled solution,
with the help of the curve, would then at once give the temper-
ature which the thermometer ought to have recorded, and hernce
the error of the given point on the thermometer. Hydrochloric
acid would perhaps be the best substauce for this purpose, sitce it
is easily prepared in a pure state and may be determined volu-
metrically in a variety of ways.

Such a means of calibrating thermometers would be theoretic-
ally as exact as any other, for according to the phase rule, with
two components, four conditions must be fixed in order to fix a
point. In the present case, the four conditions would be two
phases, pressure, and the concentration of the dissolved substance.
The experience gained iu the trials recorded above scens to indi-
cate that this metinod is practically feasible as well as theoretically
sound, and in the near future more accurate data concerning the
true course of some such curve will be obtained here.

Besides this, it is my object to study with the liclp of the new
method a number of electrolytes and uon-electrolyvtes with all
possible accuracy, using a platinum resistance therniometer.

SUMMARY.

It is pointed out that in the presence of much ice the equilibrium
concerned in the freezing-point of solutions is obtained with great
speed and convenience. Several forms of apparatus are suggested
for this determination, and results are given, showing that the
plan is capable of practical execution. The exactness seems to be
so great that the method may be of use in standardizing ther-
mometers. The few data found are consistent with the hypothesis
of ionization.
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Tug splendid research work upon complex inorganic acids, by
Dr. Wolcott Gibbs, has brought to view numerous classes of most
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interesting bodies. So full of interest have they been that other
students have ventured to enter the field and, as mightbeexpected,
have extended the limits of our knowledge in this particular do-
main of chemical science. Yet, the end seems not reached, for a
glance at the ammonium vanadico-phospheo-tumgstate described by
Smith and Exner? discloses again a new class or series of complex
inorganic acids, in which there exists a triple complex acid. Wol-
cott Gibbs described somewhat similarbodiesinwhich,however,the
vanadium oxide present was the dioxide and not the trioxide as is
the case with the compound isolated by Smith and Exner. To
reproduce the body obtained by these chemists and gain further
insight into its constitution and deportment was the primary pur-
pose of the present investigation which has resulted in the dis-
covery of a number of analogous derivatives, a description of
which will now be given.

AMMONIUM PHOSPHO-VANADIO-TUNGSTATE,
13(NH,),0.2P,0,.8V,0,.34WO, + 86H,0.

Preparation.—In the preparation of this salt various amounts
of ammonium phosphate, ammonium vanadate, and ammonium
tungstate were boiled together for six hours. The solution, after
filtration, was evaporated and allowed to crystallize. The crystals
formed in every case were identical in physical appearance and, as
will be seen later, had the same chemical composition.

The best results were obtained when 1 gram of ammonium
phosphate, 15 grams of ammonium tungstate, 3 grams of ammo-
nium vanadate, 20 cc. of ammonium hydroxide, and 700cc.of water
were brought together, in a liter flask, and boiled for six hours.
At first the solution was colorless, but soon changed to yellow and
then to red. At this point the ammonium tungstate dissolved very
rapidly, and the solution became much darker in color. The slight
residue was filtered off, and the filtrate evaporated to a specific
gravity of 1.115. On standing over night, the salt separated.
The mother-liquor was again evaporated, and a second crop of
crystals was obtained.

Properties—The product of the above procedure gave dark red-
colored crystals, which were octahedra and cubes in form; very
soluble in cold and hot water-; insoluble in alcohol, ether, carbon
disulphide, benzene, and nitrobenzene. No change was produced

! This Journal, 24, 573.
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when the crystals, reduced to a fine powder, were treated with
dilute nitric or hydrochloric acid. Strong hydrochloric acid gave
a yellow precipitate, with the evolution of chlorine, on boiling.
Strong nitric acid produced a yellow precipitate, which dissolved
on the addition of water. With ammonium hydroxide, there was
no change. Caustic potash or soda gave a yellow precipitate,
which dissolved on boiling, with the evolution of ammonia. Mer-
curous nitrate formed a yellow precipitate, which turned red when
dry; insoluble in boiling water or an excess of the reagent; but
rendered soluble by a few drops of nitric acid. This precipitate
was found to be the mercury salt of phospho-vanadio-tungsticacid,
and from it the acid was prepared. A discussion of this acid, and
its salts with the heavy metals, is 1ot within the scope of this
paper. It may not, however, be out of place to give some of the
priucipal points at this time. Starting with amnioninm phosplio-
vanadio-tungstate, the silver or mercury (better silver) salt was
precipitated. This precipitate was washed, and dried; or, i1 most
cases, was placed in a flask with a few drops of uitric acid and
brought to boiling.  When the solution was complete, it was
filtered and evaporated to a small volume, and, on staud-
ing over night, crystals of silver phospho-vanadio-tung-
state were deposited.  These crystals were removed and dis-
solved in water, and to the solution hvdrochloric acid was added,
a few drops at a time, until all of the silver was precipitated. The
silver chloride was filtered off and the filtrate evaporated on the
water-bath to a small volume. From this solution the acid was
deposited in dark red, octahedral crystals. A solution of this acid
gave the same reaction with the heavy metals as those produced by
the ammonium salt. With ammonium phospho-vanadio-tungstate,
and also with phospho-vanadio-tungstic acid the precipitates
formed were found to be due to the deposition of metallic deriva-
tives of the above-mentioned acid.

To come back to the ammonium salt again: It was found that
copper nitrate produced no change in the solution: but when
ammoniacal copper nitrate was added. a red precipitate was
formed, insoluble in boiling water, but dissolving very readily
when a few drops of uitric acid were added. Ammoniacal cad-
mium chloride gave an orange-colored precipitate, slightly soluble
in boiling water; but very soluble in nitric acid. Stannous chlo-
ride gave a gray precipitate, rapidly taking on a blue tint. An-
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moriacal cobalt nitrate produced a greenish gray precipitate,
which turned red when dried. Zinc acetate gave a yellow pre-
cipitate quite soluble in boiling water. Barium chloride,
in an ammoniacal solution, gave a light yellow precipitate, which
remained insoluble on boiling, but dissolved readily when a little
nitric acid was added.

Method of Analysis—The methods proposed by Gibbs!' and
Friedheim? could not be used in the analysis of the black crystals
obtained by Smith and Exner ; neither were they applicable to this
salt. After trying various means the following was found to
give very satisfactory results:

The air-dried salt was reduced to a fine powder, and a known
quantity introduced into a tared crucible. It was heated gently
at first, then the temperature was increased, and continued until
constant weight was obtained. The loss represented the water
aud ammonium oxide. The residue was boiled with dilute nitric
acid in which the vanadium pentoxide and phosphorus pentoxide
dissolved, leaving the tungsten trioxide insoluble. After standing
several hours, the precipitate was filtered off. It was washed with
a little water containing nitric acid, dried, ignited, and weighed as
tungsten trioxide. The tungsten trioxide nearly always held
some vanadium pentoxide which was removed by gently heating
in a current of hydrochloric acid gas. The filtrate from the
tungsten trioxide was evaporated to dryness in a weighed porce-
lain crucible on the water-bath, and then gently heated over the
flame. The mass fused. In this way the combined weight of
the phosphorus pentoxide and vanadium pentoxide was deter-
mined. The fusion was taken up with water containing a little
nitric acid, in which it dissolved readily on warming. The phos-
phorus pentoxide was thrown out with a magnesia mixture, The
ammonium magnesium phosphate was dissolved in dilute nitric
acid, and reprecipitated by addition of ammonium hydroxide,
when it came down free from vanadium. The vanadium pentox-
ide was then determined by difference. To make sure, however,
that the difference was vanadium pentoxide, in a number of cases,
vanadium was thrown out from the filtrate, with concentrated
ammonium chloride and alcohol. On ignition of the ammonium
vanadate so found vanadium pentoxide was produced, which in

L Ant. Chem. J. 1, 217 2, 217. 281} 3, 119; 4, 377: 8, 391 7, 313, 392.
2 Ber. d. chem. Ges., (1890), PP. 353, 1503, 1530, 2600.
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each case corresponded to the amount obtained by difference. The
ammonium oxide was ascertained by boiling a new portion of the
salt with canstic potash, the liberated ammonia being collected
in a standard solution of hydrochloric acid, and the excess titrated
with ammonium hydroxide. The anunonium oxide found by this
means was subtracted from the ammouium oxide and the water
determined by ignition. The difference gave the true water
content.

Result of Analysis~—The percentages as given below are for
salts prepared from eight different combinations. It shows,
therefore, that the same compound was always produced.

Found.
Theory.
(NH,),0.... 571 s§72 s§77 3577 557 587 55 559 58
P,Og.eevenns 2.39 2.32 260 260 243 252 233 250 2.2§
V05 ceeevnne 12,28 12.09 12,25 11.91 12.50 I2.23 I2.03 I1.68 12,07
WOz cevennns 66.55 66.33 66.39 66.32 66.35 66.44 66.41 66.39 66.35
HO ....oov 13,07 13.17 1278 13.16 13.09 12,97 13.63 13.77 12.84

100.00 99.63 99.89 99.76 99.94 100.03 99.99 99.94 99.40
SILVER PHOSPHO-VANADIO-TUNGSTATE,
13Ag,0.2P,0,.8V,0,.33W0, 4+ 41H,0.

When silver nitrate is added to a solutionofammonium phospho-
vanadio-tungstate a brick-red precipitate is formed, whichissoluble
to some extent in water, and is completely dissolved by water to
which a few drops of nitric acid are added. The compound is
obtained pure by washing with water until the wash-water gives
no test for nitric acid. The following method of analysis may be
employed :

Method of Analysis.—Have the precipitate dried at 70° for one
hour after being air-dried, in the state of a fine powder, and heat
a weighed amount of it to dull redness; the loss will give the
amount of water of crystallization. Another portion is dis-
solved in water containing a few drops of nitric acid; then hyvdro-
chloric acid is added to remove the silver as silver chloride. The
filtrate from the silver chloride is evaporated to dryness in a
weighed crucible with a little nitric acid, and the weight, after
strongly heating, represents the combined tungsten trioxide,
phosphorus pentoxide and vanadium pentoxide. This mass is
then digested with dilute nitric acid, and the tungsten trioxide
filtered off and weighed: as this trioxide mayv coutain a little
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vanadium pentoxide, it is always necessary to heat in a current of
hydrochloric acid to remove the last trace of vanadium. The
filtrate from the tungsten trioxide is treated with ammonium hy-
droxide to alkaline reaction, and the magnesia mixture added
to throw out the phosphoric acid. As the magnesium ammonium
phosphate also contains some vanadium, it is necessary to dissolve
it and reprecipitate. The amount of vanadium pentoxide is
determined by difference, i. e., the phosphorus pentoxide plus the
tungsten trioxide, subtracted from the total phosphorus pentoxide,
vanadium pentoxide, and tungsten trioxide.

RESULTS OF ANALYVSIS,

™ Found.

eory .=

Ag0 . eenns 22,93 22.81 22,66 21.91 22.44 23.17 22.83 23.17
PyOgevvennn 2,15 2.18 2.14 2.12 2,19 2.0 2,21 2.08
VyOgevvnnen 11.09 1II1.23 I1.09 I3.31 12,17 II.I7 IL.21 11.2§
WO venens 58.22 58,01 58.11 57.56 57.66 58.02 58.17 58.05
HO....... 561 559 551 573 S5.65 553 557 5.47

100.00 99.82 99.5I 100.63 I00.II 99.90 §9.99 99.97

In this case, a mean of the results is taken for the derivation of
the formula and corresponds very closely with that found for the
ammonium salt. The difference of 1 molecule of tungsten tri-
oxide may be eliminated if a number of the results under the
analysis of the ammonium salt had been chosen for the calculation
instead of a mean of all them.

It will be observed that red-colored salts were obtained by the
methods pursued in the preceding paragraphs, while the ammo-
nium salt described by Smith and Exner had a deep black color.
Later, it was discovered that this color was caused by the reduc-
tion of the vanadium to a lower oxide; therefore, the following
salt was prepared:

AMMONIUM PHOSPHO-VANADICO-TUNGSTATE,

15(NH,),0.2P,0,.6V,0,.44WO, 4+ 106H,0.
Preparation.—The salt was obtained by bringing together 1
gram of ammonium phosphate, 15 grams of ammonium tungstate,
1.1 grams of vanadium trioxide (prepared by heating 1.6 gramsof
ammonium vanadate with strong hydrochloric acid, and evapo-
rating to dryness on a water-bath), 23 cc. of ammonium hydroxide
with 700 cc. of water, and boiling the mixture for six hours. By
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this means a black-colored solution resulted, which was evapo-
rated to a specific gravity of 1.030 and allowed to stand over night
in a cool place. The crystals obtained had a deposit of ammonium
chloride on the surface. This was removed by washing them
with a little cold water, and the product was finally dried on filter-
paper.

Properties—The salt as prepared in the above manner gave
black crystals with octahedral and cubic habit, the octaliedral
being far in excess and truncated by the faces of the cubes. The
compound was soluble in water; insoluble in alcohol, ether or ben-
zene. Dilute nitric acid produced a slight change in color on
boiling. The same thing occurred with dilute hydrochloric acid.
Strong hydrochloric acid produced a yellow precipitate, but with-
out the evolution of chlorine on boiling. Concentrated nitric acid
gave a yellow precipitate, which dissolved on adding water. Am-
moniim hydroxide produced 1o change. Potassium hydroxide
gave a yellow precipitate, which partly dissolved on boiling, at the
same time giving off ammonia, while a black residue remained.
Mercurous nitrate gave a yellow precipitate, which remained in-
soluble on boiling, but dissolved on adding a little nitric acid.
Silver nitrate gave a greenish black precipitate. Barium chloride
produced a gray precipitate which dissolved when heated, but
separated again on cooling. The composition of the salt was very
much like that obtained from tlie mother-liquor of ammonium
paratungstate by Smith aud Exuer, but differed from it in some
of its properties.

Method of Analysis.—The same method was applied as for the
first salt, except that the resulting vanadium pentoxide was calcu-
lated into vanadium trioxide, and the difference added to the per-
centage of water of crystallization.

RESULT OF ANALVYSIS.

Found.
‘I'heory.
(NH,},0. ... 5.5 544 544 532 532 535
POy ovvvvennnt. 2.02 1.94 2.03 1.84 1.94 1.94
VyOgeeveneinnn 6.39 6.34 6.34 6.32 6.06 6.26
WO ereeenn 72.50 72,34 72,23  72.55 72.99 72.52
HO ovivvvnnn 13.56 13.60 13.59 13.43 13.69 13.55

100.00 99.66 99.63 99.46 100.00  99.62
AMMONIUM PHOSPIIORICO-VANADIO-TUNGSTATE.
It was thought that this salt would result when ammonium
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phosphite, ammonium tungstate and ammonium vanadate were
brought together. Such, however, was not the case. The com-
pound produced proved to be ammonium phospho-vanadico-tung-
state. This, no doubt, was due to the reducing action of phos-
phorus trioxide on vanadium pentoxide,

AMMONIUM PHOSPHORICO-VANADICO-TUNGSTATE,
14(NH4)20'2P203'7V2O3'3IW03 + 78H20'

Preparation.—The next thought to present itself for considera-
tion was to see if a salt could be prepared having the phosphorus
and vanadium both in the lower state of oxidation. To accom-
plish this, 1.5 grams of ammonium phosphite, 1 gram of vanadium
trioxide, 20 grams of ammonium tungstate, 25 cc. of ammonium
hydroxide, and 700 cc. of water were brought together. After
boiling for five hours, the black-colored solution was filtered, and
evaporated to about one-fourth of its original volume.

Properties.—The resulting black octahedral crystals were sol-
uble in water; insoluble in alcohol, ether, carbon disulphide, and
benzene. The action of dilute or strong nitric or hydrochloric
acid, mercurous nitrate, or even silver nitrate was the same as in
the previous salt. Barium chloride produced no change when first
added to the solution; on standing, an olive-green precipitate was
formed.

Method of Analysis.—The same method was used as in former
cases; except that a few drops of nitric acid were added to the
mass after ignition. The excess of acid was driven off by warm-
ing in the water-bath, and the crucible again strongly heated. The
resulting vanadium pentoxide and phosphorus pentoxide were
calculated to vanadium trioxide and phosphorus trioxide, the
difference being added to the percentage of water,

These seem to be all of the possible combinations in this series;
that is, in which we have one base united to one oxide of each of
the three acid-forming elements.

RESULT OF ANALYSIS.

Found.
‘Theory.
(NH,)0 cevvves 685 680 6.86 6.8  6.75 6.75
PyOgeevnvennnes 2.07 2,03 2.02 1.94 2,11 2.00
VoOgerenvennnnn 9.89 10,08 10.21 T10.06 9.91 9.38
WO v eevnsenens 67.98 67.91 67.73 66,77 68.11 68.02
HO .oovvvennn 13.21 12.93  12.45 12,77 12,74 13.74

100.00  99.75 99:54 99.40 99.62 99.89



306 ALLEN ROGERS.

It has been demonstrated that phosphorus, vanadium, and tung-
sten combine to form a series of complex inorganic acids. These
acids have also been shown to be stable bodies, and capable of
giving salts with many basic radicals. The reactions obtained
with the heavy metals show a difference from those produced by
salts of any of the individual members. The conclusion drawn
from these reactions and the constant composition given by anal-
vsis is that the compounds under consideration are definite bodies,
and not mixtures of phosphates, vanadates, and tungstates.

In the same group with phosphorus is arsenic. This element
has maity properties in common with phosphorus. The question
arose: Can we have a series of compounds in which arsenic takes
the place of the phosphorus? The idea appeared to be plausible.
Ammonium arsenate and ammonium arsenite were, therefore,
substituted for the correspouding phosphorus salt and the follow-
ing series of compounds prepared:

Avmonium arseno-vanadio-tungstate.
Ammonium arseno-vanadico-tungstate, and
Ammontum arsenico-vanadico-tungstate.

AMMONIUM ARSENO-VANADIO-TUNGSTATE,
18(NH,),0.2A5,0,.13V,0,.30WO, 4+ 88H,0.

Preparation.—To 700 cc. of water, made alkaline with 15 cc. of
ammoninm hydroxide, 1 gram of ammonium arsenate, 15 grams
of ammonium tungstate and 1 gram of ammonium vanadate were
added. The mixture was heated to boiling and maintained at
that temperature for five hours. The solution was, at first, color-
less, but soon changed to yellow, and then to red, but the red was
not as intense as in the case of the phospho-salt. The filtered so-
lution was evaporated and ou standing over night the salt sepa-
rated.

Properties.—The small octahedral crystals which were formed
above were soluble in water, but insoluble in organic solvents.
Dilute hydrochloric acid or nitric acid was without action. When
boiled with strong hydrochloric acid, chlorine was evolved, and a
vellow precipitate produced; on further boiling, the precipitate
dissolved, but reappeared when the solution had become cold, or
on the addition of water. Mercurous nitrate gave a yellow pre-
cipitate, which remained insoluble ou boiling, but dissolved when
nitric acid was added. From this precipitate it seems probable
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that the acid can be obtained. Silver nitrate gave a red precipi-
tate, soluble in boiling water, hastened by a drop or two of nitric
acid. Lead acetate, ammoniacal copper nitrate or other salts of
the heavy metals gave precipitates, which resembled those obtained
from the corresponding phospho-compound. As far as studied,
these precipitates were derivatives of arseno-vanadio-tungstic acid.
A more complete study, however, may bring out many interesting
facts. But as the purpose of this paper is to point to the different
possibilities, rather than to go too much into detail, we will leave
the thought, and, as time goes on, and more work is carried out
in this line of investigation, let us hope that the gaps may be
filled, and that the completed structure may have its proper place
in the great family of inorganic compounds.

Method of Analysis—The same procedure was employed as for
the phospho-salts.

RESULT OF ANALYSIS.

Found,
Theory. A
(NH),0 ....uts 6.51 6.63 6.63 6.73 6.73 6.68
AsyOf -evvvnnnn 3.18 3.17 2.94 3.11 3.11 3.08
VyOp e vevvennnns 16.39 1680 16,75 16,22 16.26 16.51
WOg e raenvnnns 62.95 62.70 6275 62.81 6286 62.80
HOovvvvvnnnn 10.97 I0.54 10,51 10.83 10.58 T10.61

100,00  99.84 99.58 99.70 99.54 99.68
AMMONIUM ARSENO-VANADICO-TUNGSTATE,
17(NH,),0.2A5,0,.1415V,0;20WO0O, 4+ 98H,0.

Preparation.—In the synthesis of this body 1 gram of ammo-
nium arsenate, 15 grams of ammonium tungstate, I gram of
vanadium trioxide, 25 cc. of ammonium hydroxide and 700 cc. of
water were boiled for five hours. 'The filtered solution was evapo-
rated on the water-bath to about one-half of the original volume.
It was then removed to a cool place and allowed to stand over
night. The crystals were usually covered with a deposit of am-
monium chloride which was removed by a little cold water. The
crystals from the mother-liquor were often mixed with other salts.
In order, therefore, to get concordant results, crystals of the first
crop were submitted to analysis.

Properties—The salt, as prepared above, consisted of black
octahedral forms, sparingly soluble in cold water; readily soluble
in boiling water; insoluble in alcohol, ether, benzene, carbon di-
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sulphide, chloroform, acetone, acetic anhvdride, nitrobenzene, and
aniline. Dilute nitric acid produced a change in color from black
to red. Dilute hydrochloric acid changed the color likewise wlien
it was boiled with this reagent. Strong nitric acid gave a yvellow
precipitate, which dissolved on the addition of water. Strong
hydrochloric acid gave a yellow precipitate. Mercurous nitrate
produced a red precipitate, which remained insoluble on boiling,
but dissolved when nitric acid was added. Silver nitrate gave a
dark green precipitate. An attempt was made to get the acid
from this salt, but through the action of nitric acid an oxidation
took place, the result being that arseno-vanadio-tungstic acid was
produced. It may be possible, however, to liberate arseuo-
vanadico-tungstic acid by some other method, and from the acid so
obtained many new compounds would result.

Method of Analysis—The method used for the correspouding
phospho-salt was emploved in this case.

RESULT OF ANALVSIS:

Found.
Theory.
(NH{),0-vvvnee 7-34 7.26 7.25 7.29 7.29
AS,Opevnveennen 3.82 3.77 3.80 3.77 3.62
VyO04ge o vveensen 18.06 18.11 18.06 17.33 18.17
WO eevensvnen. 56.12 56.04 35.99 56.04 56.07
HO...oovven 14.66 14.41 14.46 14.35 14.40

100.00 99-59 99.56 99.78 99-55
AMMONIUM ARSENICO-VANADIO-TUNGSTATE.

By analogy, the production of this compound was looked upon
as improbable. A mixture, however, of ammonium arsenite, am-
monium vanadate and ammonium tungstate was boiled for six
hours. The solution turned dark in color, and finally became
black, due to the formation of ammonium arseno-vanadico-tung-
state. It may be possible, however, under proper conditions to
obtain this salt, as the reduction is not so marked as in tlie case of
the ammonium phosphorico-vanadio-tungstate.

AMMONIUM ARSENICO-VANADICO-TUNGSTATE.
16(NH,),0.5As,0,.15V,0,.26 WO, + 101H,0).

Preparation.—In the production of this compound the same line

of thought suggested itself as in case of the corresponding phos-
phorico-salt. If vanadium could unite with arsenic as arsenic
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pentoxide in two ways, it seemed probable that it would unite with
it as arsenic trioxide. A number of different combinations were
tried to determine this, but on boiling together 1 gram of arsenic
trioxide, 12 grams of ammonium tungstate, 1 gram of vanadium
trioxide, 50 cc. of ammonia and 700 cc. of water, the best results
were obtained. After boiling for five hours, the solution was
evaporated to about one-half its original volume. On standing in
a cool place for twenty-four hours the salt separated.

Properties.—Black octahedral crystals sparingly soluble in cold
water, which dissolved readily when boiled. Dilute nitric acid
produced a change in color. Strong hydrochloric acid gave a
vellow precipitate. Nitric acid gave a yellow precipitate, which
remained insoluble on boiling, but dissolved when water was
added. Silver nitrate produced a greenish black precipitate, which
readily dissolved on the addition of a little nitric acid. Barium
chloride gave a gray precipitate, insoluble on boiling; readily
soluble in dilute nitric acid.

RESULT OF ANALYSIS.

Found.

Theory.
(NH,),0. ...... 6.96 7.02 7.02 7.02
AS,O5 vevevinnns 8.28 8.26 8.12 8.41
VO3 cevveeve oo 1883 18.97 18.95 18.99
WO evevvsnnens 50.70 50.69 50.57 50.71
HO .evvvnnnn 15.23 15.18 15.23 15.13

100,00 100.12 99.89 100.26

AMMONIUM PHOSPHO-VANADIO-VANADICO-TUNGSTATE,
14(NH,),0.2P,0,.7V,0,.3V,0,.27WO, + 66H,0.
Preparation.—After proving that compounds could exist in
which the phosphorus and vanadium were in either state of oxida-
tion, the question arose: Can a compound be prepared in which
the same element is present in both conditions? It seemed pos-
sible, as Gibbs has shown, that such bodies can exist. It remained
to determine if the presence of phosphorus would have any effect
on the combination. For the preparation of this salt, 1 gram of
ammonium phosphate, 1 gram of ammonium vanadate, 1 gram of
vanadium trioxide, 16 grams of ammonium tungstate, 30 cc. of
ammonium hydroxide, and 700 cc. of water were used. This
mixture was boiled for five hours. The solution was then filtered,
and the greenish black liquid was evaporated on the water-bath;
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when reduced to about one-half of the original volume it was set
aside to crystallize.

Propertics.—The product obtained from the above solution
gave greenish black octahedral crystals, which were sparingly
soluble in cold water, but dissolved on boiling. Dilute nitric acid
or hydrochloric acid changed the color to red. Strong
hydrochloric acid decomposed it, with the evolution of chlo-
rine. Strong nitric acid gave off fumes of nitrogen peroxide,
while a green precipitate was produiced, which dissolved on addi-
tion of water. Mercurous nitrate gave a vellow precipitate,
which remained insoluble on boiling; but dissolved wlen nitric
acid was added. Barium chloride produced a greenish grayv pre-
cipitate, which dissolved on boiling, but reappeared when cooled.

Method of Analysis—The procedure was, for the most part, the
same as it former cases. The total vanadium was determined as
vanadium pentoxide. A separate portion was boiled with hydro-
chloric acid, when vanadium pentoxide was reduced to vanadium
dioxide, with the elimination of chlorine. The evolved gas was
conducted into a solution of potassium iodide, and tlie liberated
iodinte titrated witl standard sodium thiosulphate.

I, :V,0, :: Amt. of Na,S,0, X Strength : r,
The true amount of vanadium pentoxide was tliis ascertaited.

This result subtracted from the total vanadium gave tlie vanadium
pentoxide from which the vanadium trioxide was calculated.

RESULT OF ANALVYSIS,

Found.

Theory.
(NH,),0 «vovvne 7.14 7.34 7.23 7.23
P,0; coveverrnes 2,78 2.66 2.74 2.57
V305 0 -evvneres 12,50 12.62 12.68 12.68
VyOy evvveens 4l 4.33 4.36 4.17
WO, ceervvene. . 61.48 61.28 61.40 61.15
HO.....c..ou 0 11.69 11.64 11.55 11.80

100.00 99.87 99.96 99.60

AMMONIUM ARSENO-VANADO-VANADICO-TUNGSTATE,

17(NH,),0.2A5,0,.7V,0,.4V,0,.32WO, + 73H,0.
Preparation—From the readiness with which arsenic entered
into combination in the salts already studied, it seemed likely that
a body related to the oue just described could be prepared by
introducing arsenic pentoxide in place of phosphorus pentoxide.
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This was accomplished by using I gram of ammonium arsenate, I
gram of ammonium vanadate, 1 gram of vanadium trioxide, 16
grams of ammonium tungstate, 30 cc. of ammonium hydroxide,
and 700 cc. of water.

The boiling was continued for four hours. The solution, which
was greenish black in color, was evaporated on the water-bath
until it had reached about one-half its original volume. It was
then filtered while hot; and being placed in a crystallization dish,
was set aside to cool. In most cases, at the end of twenty-four
hours the salt had separated. The mother-liquor was again
evaporated and a second crop of crystals was obtained. The yield
of salt was much larger in these vanadio-vanadico-compounds than
in the vanadico salt.

Properties—The body produced in this case gave crystals
which were black in color, and belonged to the same class as in
former cases. The deposit of ammonium chloride was removed
by washing with cold water. The solubilityv was the same as
usual. Dilute nitric or hydrochloric acid changed the color of the
solution from black to light red. Strong hydrochloric acid decom-
posed the salt, giving off chlorine, and producing a bright yellow
precipitate of the hydrated oxide. Nitric acid gave an orange-
colored precipitate, soluble on the addition of water. Mercurous
nitrate, and barium chloride gave olive-green colored precipitates
insoluble in boiling water, but soluble on the addition of a few
drops of nitric acid.

RESULT OF ANALVSIS,

Found,

‘Theory. —~ ~
(NH,),0 «vveees 7-41 7.42 7-42 7.42
A8, Op vevevnnnes 3.84 3.71 3.79 3.63
VyOp cevvenvnnnn 10.65 10,36 10,26 10.26
Vo0 cvvevnnnans 5.02 5.26 5.32 5.27
WO eeveveeeens 62,09 62.12 62,04 62.20
HO.oovvivnnnn 10.99 10.94 10.95 10, §

100.00 99.81 99.78 99.73

It was impossible to introduce phosphorus or arsenic in two
conditions, at the same time having vanadium present as vanadium
pentoxide, the reason for this being that a reduction of the
vanadium pentoxide took place. At the same time the phosphorus
or arsenic was oxidized to the higher condition. Were it not for
the strong reducing action of arsenic trioxide and phosphorus
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trioxide we could expect to obtain six new salts i1 the above
manner. As a matter of fact, it was only possible to get two.

AMMONIUM PHOSPHO-ARSENO-VANADIO-TUNGSTATE,
82(NH),0.12P,0,.3A5,0,.52V,0,.201 WO, 4 567H,0.

Preparation.—After liaving obtained salts, in which the vana-
dium was present in two states of oxidation, the question arose:
Is it possible to have phosphorus and arsenic together with the
vanadium? It remained to ascertain if the arsenic and phos-
phorus would unite, or if the phosphorus would produce one body,
and the arsenic another. This could only be determined by aual-
ysis of the first and second crop of crystals.

111 the preparation of the salt, 1 gram of ammonium phosphate,
I gram of ammonium arsenate, 2 grants of ammonium vanadate,
10 grams of ammonium tungstate, 2o.cc. of ammortium hydroxide,
and 700 cc. of water were boiled for six hours. The solution,
which had taken o1 a deep red color, was filtered while hot. [t
was then evaporated to one-fourtli of its original volume. aid on
standing over night, the salt was deposited, A second crop of
crystals was obtained from the mother-liquor. These were placed
in a separate bottle, for the reason given above.

Properties.—The salt so prepared consisted of dark red crvstals
which were octahedral in form, verv soluble in warm water, but
insoluble it organic solveuts. Dilute nitric or hydrochloric acid
was without actiotr. Strong hvdrochloric acid produced a vellow
precipitate with tlie evolution of chlorine. Strong nitric acid gave
a precipitate, soluble on the addition of water. Mercurous pitrate
gave au orange-colored precipitate. insoluble on boiling. but
rendered soluble by the addition of a few drops of nitric acid.
Barium chloride produced no cliauge in the cold, but on warming,
a light vellow precipitate came down.

Method of Analvsis.—The salt was treated as in former cases,
except that the magnesium pyrophosphate and magnesium pyro-
arsenate, after weighing, were dissolved in hydrochloric acid aud
hydrogen sulphide passed through the solution to throw out the
arsenic. 'Thus phosphorus peutoxide was determined by throwing
out the magnesium pyrophosphate again, giving the arsenic and
phosphorus either direct or by difference.
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RESULT OF ANALVSIS,

Found.
Theory.
(NH,),0vvvvnnn 5.82 5.81 5.79 5.79 5.84
PyOgeceeveeens 2.32 2.24 2.26 2.22 e
AsOgevvvvnenes 0.98 0.98 1.00 0.81
Vo035 vevvs wnnn 12.95 13.07 13.05 13.09
WO vevevenens 63.98 63.85 63.86 63.67 63.91
HO........... 13.95 13.87 13.88 13.85

100.00 99.82 99.84 99-35
AMMONIUM PHOSPHO-ARSENO-VANADICO-TUNGSTATE,
88(NH,),0.12P,0,.2A5,0,.69V,0,. 148 WO, 4+ 484 H,0.

Preparation—Having made the combination of phosphorus
pentoxide, arsenic pentoxide, and vanadium pentoxide, the next
step was to introduce the vanadium as the trioxide. For this
purpose I gram of ammonium phosphate, 1 gram of ammonium
arsenate, 2 grams of vanadium trioxide, 16 grams of ammonium
tungstate, 30 cc. of ammonium hydroxide and 700 cc. of water
were boiled” for four hours. The greenish black solution was
filtered while hot. It was then evaporated to about one-half of
its original volume, and on standing over night, in a cool place,
the salt separated. The second crop of crystals was contaminated
with impurities, and could not be used for analysis.

Properties.—Greenish black, octahedral crystals, soluble in
water, insoluble in alcohol or ether. Dilute nitric or hydrochloric
acid was without action. Strong hydrochloric acid gave a red
solution, with only a slight cloudiness being formed; on addition
of water a heavy yellow precipitate came down. The precipitate
produced by nitric acid dissolved on the addition of water. Mer-
curous nitrate and barium chloride produced yellow precipitates,
which remained insoluble on boiling, but dissolved when a little
nitric acid was added.

RESULT OF ANALYSIS.

Found.
Theory.
(NH,),0 cvveeen 7.59 7.58 7.52 7.58
POy vovvervennn 2.82 2.88 2.81 2,84
A5,0; chvrninins 0.76 0.76 0.73 0.66
V05 vovvvvnnnnn 17.16 17.09 17.11 17.17
WO ceerevnrens 57.20 57.11 57.1§ 56.89
HO......ovvuts 14.47 14.38 14.36 14.24

100,00 99.80 99.68 99.38
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AMMONIUM PHOSPHO-ARSENO-VANADIO-VANADICO-TUNGSTATE,

99(NH,),0.12P,0,.2A5,0,.661V,0,.6V,0,. 191 WO, — 322H,0.

Preparation—From the previous salts produced, it seemed
possible to introduce vanadium in two conditions together with
the phosphorus and arsenic.

To accomplish this T gram of ammonium phosphate, 1 gram of
ammonium arsenate, I gram of ammmonium vanadate, 1 gram of
vanadinm trioxide, 16 grams of ammonium tungstate, 20 cc. of
ammonium hvdroxide, and 700 cc. of water were boiled together
for six hours. The filtered solution was evaporated, and allowed
to stand over night to crystallize.

Properties—The vield of salt was small. Black octahedral
crystals, however, separated. On evaporation of the mother-
liquor the crystals, which were minute, were mixed with a large
amount of other salts, from which it was difficult to separate
them.

The deposit of ammonium chloride, as well as other impurities,
were removed to some extent by washing with cold water, in
which the crystals themselves were not very soluble. Strong hy-
drochloric acid decomposed the salt, liberating chlorine aitd giving
a deposit of the hydrated oxide. Strong nitric acid gave a pre-
cipitate, soluble on addition of water. Many of the heavy metals
produced precipitates that remained insoluble on boiling, but dis-
solved on addition of a few drops of uitric acid.

RESULT OF ANALVSIS,

Found.

Theory. -
(NH),0 . ovvnne 6.76 6.74 6.74 £.70
P,0; o 2.21 2.54 2.37 2.41
A8, 05 cvvrvienes 0.62 0.61 0.62 0.65
V05 ceveevenens 16,28 16.18 16.18 16.32
V05 vvevvnnnnen 1.22 1.43 1.29 1.28
WO voervvnrens 60.06 39.79 59.81 59.79
HO - ivevinnen. 12.85 12.73 12.46 12.63

100.00 100.02 99.47 99.78

There now remained only two more possibilities in these combi-
nations:

Ammonium phospho-arsenico-vanadico-tungstate, and

Ammonium phosphorico-arsewico-vanadico-tungstate.

They were prepared, but the crystals obtained were not well
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defined, being also mixed with many impurities. After several
attempts to get them, the work was given up. It seems very
probable, however, that they can be obtained pure, and will be a
subject for further study.

CONCLUSION.

The formulas as given above cannot be looked upon as being
definite. 'The writer is well aware that other views and interpre-
tations may be given to his results, but as even these cannot be
absolutely demonstrated, he regards the written formulas as
wholly tentative. They will receive further study. They may be
multiples of the same, or perhaps not so complicated as would
appear. As there is no method, at present, to determine the
molecular magnitude of such bodies, the only recourse was the
result of analysis. It will be readily seen, that a slight error in
the percentage of arsenic or phosphorus would alter the whole
formula. It can only be claimed that such compounds exist, and
that the constitution assigned to them remains open to correction.

UNIVERSITY OF PENNSYLVANIA.

NOTES.

Additional Note on Filtration of Crude Fiber.—The method of
filtering crude fiber described by Mr. Thatcher in the December
Journal is one which, I believe, is practiced in a number of labora-
tories in this country. There is, however, one serious objection
to this process. It frequently happens that it is desirable to make
a chemical examination of the crude fiber and in such cases the
method described by Mr. Thatcher would not answer at all, owing
to the contamination of the material with asbestos.

A method eliminating all these difficulties is found in the use of
a Biichner funnel, using well-fitting filters of hardened paper.
These filters are perfectly resistant to the boiling acid and alkaline
solutions. In the K&nig method it is advisable to dilute the boil-
ing glycerol-sulphuric acid with an equal volume of hot water
before filtering. Using suction, the filtration is very rapid, owing
to the large surface exposed. After washing the fiber with hot
water, it is treated with a little alcohol and, after sucking as dry
as possible, scraped or brushed from the paper into a weighing-



