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final alkaline liquid some sodium amalgam, gently heating, and
finally adding a drop or so of very dilute solution of potassium
permanganate. In the presence of either iod-eosin or brom-
eosin green fluorescence is developed. This test, however, pre-
sents no advantage in the case of brom-eosin,

THE ELECTROLYTIC SEPARATION OF THE TMETALS OF
THE SECOND GROUP.
By SaMUEL C. SCHMUCKER.

Recejved July 8, 18¢3.

F recent years the determination of metals quantitatively
by the methods of electro-chemical analysis has grown
into great popularity. The exceedingly accurate results, the
simple forms obtained, and the ease with which it is possible to
determine the absolute purity of the deposits all combine to make
electrolytic methods highly desirable. Hitherto most of the
operations have served simply to determine quantitatively the
amount of one ingredient present, while comparatively less suc-
cess has attended the separations of metals from each other.
It is true that many valuable separations are known, the results
of which have been published in the various chemical journals
and in the few books devoted to the subject. But the list of
separations of metals in the same group, and of separations of
the different groups, is far from complete; and it is to this
point that those chemists interested in electrolytic work are now
giving their most earnest attention. Here the field seems at
present likely best to repay the investigator.

As an example of a gap desirable to fill, I would cite the case
of those metals known to analytical chemists as the metals of
the second group, viz.: arsenic, antimony, tin, mercury (ic), lead,
bismuth, copper, and cadmium. We have no electrolytic
method serving for the separation of the first three from any of
the later members. An examination of the literature of the sub-
ject would disclose to tlie student of electrolysis that should he
encounter, for instance, a mixture containing copper, arsemnic,
antimony, aud tin, he would find himself advised to abandon
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the current and employ the usual gravimetric method of digest-
ing with sodium sulphide to effect the separation of copper from
the other constituents, Nor is this by any ineans a solitary ex-
ample. It is true, individual separations have been made in
this group. For example, Smith aud Fraukel' succeeded in sep-
arating copper from arsenic, both in cyanide solution and in am-
nioniacal solution iu which the arseunic was in the form of pentox-
ide and there was much free aimmonia. The results in this lat-
ter iustance liave been confirmed by McKayv. Very recently,
Smith and Wallace ( /. Anal. Appl. Chem., 7. 4) have print-
ed an account of their successful separation, iu very varying
proportious, of copper from antimony, in alkaline tartrate solu-
tions. These are the first successful results where antinmony was
present as more than a bare trace. Copper has never been sepa-
rated from tin. Cadmium has no recorded separation from either
antimony or tin; it has, however, been separated by Smith and
Frankel from arsenic in cyanide solution. The case is in 1o
wise better with either lead or bismuth. Solutions of either of
these with any of the other three (As, Sb, Sn) have defied sepa-
ration. Comncerniug mercury (ic) there is a little more to be said.
If a mercuric solution coutains also arsenic in the peutoxide
form, and a decided excess of potassium cyanide, the mercury
can be separated without difficulty. These results have sug-
gested the question whether it ispossible to find a general method
suitable for the separation of any of the basic oxides of this
second group from any or all of tlhie acid oxides of the same
group. Thisproblem I have endeavored to solve. The method
employed by Smith aud Wallace for the separation of copper
from antimouy, suggested that in the alkaline tartrates might
lie the key to the situation; and the separations from arsenic
suggested, also, that it would be well to have the acid oxides
in their highest state of oxidization. The results have fully jus-
tified my utmost expectation, and so far as they have been
prosecuted, have been uniformly accurate. Inasmuch as we
already have a separation of copper from arsenic, and of copper
from antimony, my first attention was turned to the separation of

Ydm. Chema, J., 12, 428,
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COPPER FROM TIN.

A solution of copper sulphate was made containing o. 0999
grams of metallic copper in each portion measuring ten cc.
About one-tenth of a gram (varying from 0.1020-0.1057 grani)
of metallic tin was dissolved in hydrochloric acid, and bromine
water added until the solution remained colored with the bro-
mine to insure comiplete oxidation. I was led to suspect the
presence of iron in the tin, and as this metal is deposited by the
current from an alkaline tartrate solution, it becaime necessary
to secure its removal. The tin solution was accordingly
evaporated to dryness, taken up with caustic soda, the solution
diluted, the iron filtered off, and the filtrate containing the tin
(as sodium stannate) was neutralized with tartaric acid. To
this solution four grams of tartaric acid were added and, as soon
as this was thoroughly dissolved, ten cc. of ammmmonium hydrox-
ide (sp. gr. 0.932). To this (after filtering off slight impurities
brought in with the tartaric acid) ten cc. of the above mentioned
cupric solution (containing 0.0999 grams copper) were added,
the whole transferred to a platinum dish having a capacity of
about 200 cc., and the solution diluted to 175 cc. with distilled
water. A current, generated by five or six gravity cells coupled
in series, was run through the solution, the anode being a flat
platinum spiral. There was a voltameter also in thie circuit,
The precipitation was started at four P. M., aud allowed to run
during the night. The currents employed most successfully
generated from 0.4 cc. to 1.2 cc. of electrolytic gas per minute.
Immediately on interrupting the current, the liquid contents of
the dish (which should smell quite strongly of ammonia) must
be rapidly poured off, luke-warm distilled water poured into the
dish, allowed to flow around the inside and gently eniptied out.
The washing with warm water should be repeated three or four
times quite rapidly, and be followed by similar washings with
small quantities of absolute alcohol. The dish can then be care-
fully dried on the edge of a warm plate, allowed to cool and
weighed. Great care must be exercised during the drying to
see that the dish does not get too warm, or the metal will readily
oxidize, for the copper deposited from an alkaline tartrate solution
does not have the lustrous sheen of that precipitated from solu-
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tions containing free acid or potassium cyanide ; it has a velvety
dark red appearance, but is tlioroughly adliereut to the dish.
If the current is strong enough to generate one ce. of electrolytic
gas per winute the precipitation is completed iu five minutes. A
decided excess of annuouia has no deleterious effect.  The follow-
ing examples will serve to illustrate the operation:

Experiment 1.—0.1087 gram of metallic tin was dissolved in
hydrochloric acid, oxidized, evaporated to dryuess, taken up
with water and sodium hydroxide, filtered, neutralized with tar-
taric acid, four grams of solid tartaric acid and then teu cc. of am-
mouium hydroxide added. Teu cc. of the copper solution (0.0999
gramcopper) were added, the whole transferred to a platinum dish,
diluted to 173 cc., and the current applied. The current deliv-
ered 0.4 cc. of electrolytic gas per minute, and was allowed to act
for seventeen hours. The deposit of copper weighed 0.1001 gram.

Experiment 2—0.1039 gram was treated as above. Ten cc.
of copper splution were used, four grams tartaric acid and fifteen
cc. of ammionium hydroxide added, and a current generating
oue cc. of electrolytic gas per minute acted for fifteen and oue-
half llours. The precipitated copper weighed 0.0997 gram.

FExperiment 3.—0.1044 gram of tin was treated as before:
Four grams of tartaric acid and twenty cc. of ammonium hydrox-
ide added, together with ten cc. of the copper solution. A cur-
rent geuerating 1.2 cc. electrolytic gas per minute acted for five
hours. The deposited metal weighed 0.0997 gram.

It having now been found possible to separate copper from
arsenic, from antimouy, and from tin, my attention was next
turned to the possibility of separating copper from the other
three collectively.

COPPER FROM ARSENIC, ANTIMONY, AND TIN.

Here, guided by the experience of Smith, Frankel, and Wal-
lace, I decided to have the three acid oxides in their highest
state of oxidation. Accordingly the solutions were made up as
follows: A quantity of arsenious oxide weighing 3.3342 grams
was dissolved in nitric acid (sp. gr. 1.3), and tlie solution evapo-
rated to dryness. The arsenic acid thus formed was taken up
with water, any slight linpurities filtered off, and the filtrate
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diluted to 250 cc. with distilled water. This gave a solution
containing o0.1009 gram metallic arsenic in each ten cc. For
the antimonic solution a portion of potassio-antinionious tartrate,
C,H,(SbO)KO,+ 1 H,0, was dissolved in water, diluted largely,
and then boiled with addition of bromine water until the solu-
tion remained discolored for a cousiderable time by the bromine,
thus indicating the complete oxidation of the antimouy. The
addition of a small quantity of tartaric acid prevented the slight
tendency to precipitation of oxysalts. The solution was filtered
and diluted to 250 cc., thus giving o0.1024 gram inetallic anti-
mony -in each ten cc. The tin solution was prepared as de-
scribed under the section on copper and tiu, and was made of
such a strength as to contain o.1031 gram metallic tin to every
ten cc. The copper solution was made by dissolving a little
more than twenty grams of copper sulphate aud diluting to 500
cc. Ten cc. of this solution as determined by direct trial con-
tained o.1016 gram metallic copper.

The solution which proved best for the separation contained
eight grams of tartaric acid, thirty-one cc. of ammonium hydrox-
ide, and ten cc. of each of the solutions of copper, antimony,
arsenic, and tin described above. Five hours proved sufficient
time, and a current generating 0.8 cc. electrolytic gas per
minute proved of sufficient strength to effect a thorough precipi-
tation of the copper eutirely free from any of the other three
metals. The copper has the same appearance as when sepa-
rated from tin, and must be washed and dried in the same way.
It is, however, absolutely necessary to keep the quantity of tar-
taric acid and of free ammionia as high as indicated or antimony
to the amount of fully one-half of that present will be precipi-
tated. I give the following results:

Experiment r.—Eight grams of tartaric acid were dissolved
in water, thirty cc. of ammonium hydroxide added, and the
solution filtered. To this were added ten cc. of each of the
solutions of arsenic, antimony, tin, and copper (o.1016 in
ten cc.) previously mentioned, and the solution diluted to 175
cc. The current generated 0.8 cc. electrolytic gas per minute,
and was allowed to act for five hours. The precipitated copper
weighed o.1019 gram.
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lexperiment 2. —HExactly the same quantities as in 1 were ex-
posed with the same strength of current and for the same leugth
of time. This resnlted in the deposition of o.1010 gram of
metallic copper iustead of 0.1016 gram.

Having thus succeeded in the separation of copper, I next
directed my attention to cadmium, and as autimony scemed to
give tlie most trouble I began with the separation of

CADMIUM FROM ANTIMONY.

The antimouy solution was the one previously described.
The cadmium solution was the uitrate and contained o0.0916
gram of the metal in ten cc. of solution as determiuned by electro-
Ivtic deposition from the cyanide solution. There is ouly oue
difficulty presented in this separation, and that is that the cur-
rent mnst be weak, or the deposited cadmium will be too spougy
to wash. Accordingly, it is necessary to allow the current to
act thirough the night. The deposit of wetal shows a tendeucy
to form spongy masses here aud there. These can be washed
witliout loss if care be exercised in pouring the wash water on
aud off. Tle dish containing the deposit is washed with water
simply—tlie washing with alcohol being wnuecessary—and then
dried on the edge of the hot plate. As actual results I give tie
following :

Lixperiment r.—Five grams of tartaric acid were dissolved in
liot water, fifteenn cc. of ammonium hvdroxide were added, and
the solution filtered free from impurities introduced by the acid.
Ten cc. of the antimony solution aund ten ce. of the cadmium solu-
tion (0.0916 gram inetallic cadmium) nientioned above were
added, the whole trausferred to a platinum dish, diluted to 173
cc., and the curreut allowed to act over night. The cadmium
was washed with hot water and dried. It weighed 0.0920 gram.

FExperiment 2.—The solution liere was made up in the same
way as i1 the preceding experiinent. The curreut gave 0.3 cc.
electrolytic gas per minute. It acted over uight. The cadmium
deposit weighed 0.0925 gram.

Experiment 3.—The solution was just the same as in the last
case. The current gave 0.4 cc. electrolytic gas per minute and
acted for sixteen hours. The deposit of wmetallic cadinium
weighed 0.0g925 gram.
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CADMIUM FROM TIN.

In this case the tin solution was the same as that employed in
the separation of arsenic, antimony, and tin from copper, and
indeed, throughout the rest of these trials the arsenic solutions
(0.1009 gram metallic arsenic in ten cc.), the tin solutions
(0.1031 gram metallic tin in ten cc.), and the antimony solu-
tions (0.1024 gram of antimony in ten cc.) are the same. The
separation presents no difficulties and the nietal is deposited in
good form if the precaution previously mentioned is observed,
namely, to use a long-continued weak current. The metal
should be waslied with hot water only, and dried on the edge of
a warm plate.

Experiment 1.—Five grams of tartaric acid were dissolved in
water, fifteen cc. of ammonium hydroxide added, then ten cc.
of the tin solution, and ten cc. of the cadmium solution (0.0916
gram). This was diluted to 175 cc. in the platinum dish, and a
current liberating o.1 cc. of electrolytic gas per minute allowed
to act upon the mixture for eighteen and one-half hours. The
cadmium deposit was washed with hot water, dried and weighed.
It equaled 0.0914 gram.

Experiment 2.—The conditions and quantities were here just
the same as in the last experiment save that the current deliv-
ered 0.2 cc. of electrolytic gas and was allowed to act for
eighteen hours. The cadmium weighed 0.0918 grani.

CADMIUM FROM ARSENIC.

The solutions emploved in this case were those used pre-
viously. The amount of tartaric acid was five grams and of
ammonium hydroxide fifteen cc. This quantity proved the best
for all separations where but two metals were present and was
adhered to under these circumstances throughout the rest of the
work., When more than two elements are present it becomes
necessary to increase the amiounts of tartaric acid and of am-
monium hydroxide to eight grams and thirty cc. respectively.
The tartaric acid was dissolved in water as before, the ammo-
nium hydroxide added, followed by the arsenic and cadmium,
the solution transferred to the platinum dish, diluted to 175 cc.,
and then electrolyzed. The deposit differed in no wise from
that obtained in the separation of cadmium from tin.
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Lxperiment 1 —Five grams of tartaric acid were dissolved in
water, fifteen cc. of ammonium hyvdroxide were added, followed
by ten ce. of the cadminmn solntion (== 0.0g16 gram cadmivmy,
and ten cc. of the arsenic solution. The yixture was mtroduced
ito a platinum dish, diluted to 175 ce.. and a current that gave
0.3 cc. of electrolytic gas per minute atlowed to act {or a period
of sixteen liours.  The cadmmiuin deposit weighed 0.0913 gram.

Lixperiment 2. —1ike quantities were taken and treated in the
saile mauiter, except that the current delivered o.2 ce. of elec-
trolytic gas per winute. It acted sixteen hours. The cadmium
deposit weighed 0.0921 gram.

CADMIUM FROM ARSENIC, ANTIMONY, AND TIN.

The solution was now made up by combining the arsenic,
autimony, and tin with the cadmium. The tartaric acid was in-
creased to eight grams and the ammonium hyvdroxide to thirty
cc.  The cadmium separated from the three differed in no re-
spect from that separated from auy oune. It had the same appear-
ance and washed and dried in the same way.

Experiment r.—Eight grams of tartaric acid were dissolved in
water, thirty ce. of annnoniuin hydroxide were added, {followed
Dy ten cc. each of arsenic, antimony, tin, and cadmium solutions.
Tlhie current liberated o.25 cc. of clectrolytic gas per minute
aud acted for eighiteen hours. The metallic cadmium weighed
0.0915 grant.

Fxperiment 2. —The same quantities were used as in experi-
ment 1. The current gave 0.4 cc. of electrolytic gas per minute
and acted sixteen hours. The deposit of cadmium weighed
0.0920 gral.

Experiment 3.—Same quantities were used. The current gave
0.3 cc. of electrolytic gas per minute aud precipitated 0.0918
gram cadmium.

Copper and cadmium having yielded thus easily to the cur-
reut iu the preseuce of arsenic, antimony, aud tin in ammonium
tartrate solutions, iy attention was next turned to bismuth.

BISMUTH FROM ARSENIC.

The solution was made by dissolving 3.8 graws of bismuth
nitrate in water acidulated with enough nitric acid to prevent
the formation of basic salts. The solutioit was diluted to 400 cc.
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and ten cc. taken for'the determination of the bismuth. The
metal was precipitated from the alkaline tartrate solution and
weighed 0.0518 gram. The practice had now become uniform
of adding five grams of tartaric acid and fifteen cc. of ammonium
hydroxide when two metals were present, and eight grams of
acid and thirty cc. of ammonium hydroxide when four metals
were in the same solution. The solution was made up as in all
preceding cases and the process differed in no way until the
washing began. Bismuth does not form so compactly on the
dish as cadmium does or even as copper from the alkaline tar-
trate solution. Accordingly great care was mnecessary in the
washing. In drying, too, it seemed to oxidize with very little
heating. Therefore, when the deposition was complete the
anode was raised, the liquid gently but quickly decanted from
the deposited bismuth, and the wash water gently poured
on and off. This latter was repeated three or four tines, and
was followed by three or four washings with absolute alcohol.
The dish was placed on a very moderately heated plate and the
evaporation of the alcohol facilitated by gentle blowing. It is
best to use a long-continued weak current for bismuth or the
deposit will be spongy and loose, rendering washing difficult.

Experiment 1.—The solution contained five grams of tartaric
acid, fifteen cc. of ammonium hydroxide, 0.1009 gram metallic
arseuic, and 0.0518 gram of bismuth. It was diluted to 175 cc.
The current acted sixteen hours and gave 0.3 cc. of electrolytic
gas per niinute. ‘The precipitated bismuth weighed o.0514
gram,

BISMUTH FROM ANTIMONY.

Here the procedure was exactly similar to that described
under the separation of bismuth from arsenic. The precipitated
inetal resembled that obtained in the preceding experiment.

Experiment r.—The solution contained five grams of tartaric
acid, fifteen cc. of ammonium hydroxide, 0.1024 gram of anti-
mony, and 0.0518 gram of bismuth. It was diluted to 175 cc.
The current gave 0.22 cc. of electrolytic gas per minute. It
acted sixteen and one-half hours. The deposit of metallic bis-
muth weighed 0.0513 gram.



204 ELECTROLYSIS API'LIED Tu THE SECOND GROUP.

BISMUTII FROM TIN.

The method of procedure was just tlie same here as i the
separation of antiwmony or of arseuic from bismuth. The pre-
cipitated bismuth was treated as heretofore and had the same
appearance.

loxperiment. —The solution contained five grams of tartaric
acid. fifteen cc. of annnonium hydroxide, 0.1031 gram of metallic
tin and 0.051% gram of metallic bismuth. It was diluted with
distilled water to 173 cc. The acting current gave 0.2 cc. of
clectrolytic gas per niinute; time, sixteen and one-half hours.
Thie bismuth deposit weighed o.03514 gram,

BISMUTH FROM ARSENIC, ANTIMONY, AND TIN.

The procedure was again just as before. Tlie bismuth pre-
cipitated readily and in as clean a form as wheun separated from
each of the metals singly.

Lxperiment.—The solution coutained 0.0513 gram of bismutl,
0.1009 gram of arsenic, o.1024 gram of antimony, 0.1031 gram
of tin, eight grams of tartaric acid, thirty cc. of ammouium
hydroxide, and was diluted to 175 cc. The current gave 0.2 cc.
of electrolytic gas per minute and was allowed to act for sixteen
and one-half hours. The bismuth, after washing and drying,
weighed 0.0313 gram,

The method adopted by me having proved successful in the
separation of copper, cadmium, and bismuth from the metals
forming acid oxides, I next applied it to the study of mercury
in its bivalent form. About seven grams of mercuric chloride
were dissolved in distilled water and diluted to 500 ce.  Teun cc.
of this solution proved to contain o.0y33 gram of wetallic mer-
cury. I first undertook the separation of

MERCURY FROM TIN.

There was a doubt in iny miud whether the inercuric coni-
pound cculd be made up in alkaline tartrate solution when
there was so much free ammonia preseuts I found, however,
that if the mercuric chloride solution be added to the tartaric
acid solution before the addition of the amnionia there is little
likelihood of trouble, though eveun then the double compound
sonietimes forms, especially if the solutions be not dilute. But
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if care be exercised the mercuric salt may be added last. If the
solution is well diluted and the mercuric salt added with con-
stant stirring all remains in solution very nicely., The mercury
and tin were thien combined with the tartaric acid and amnonia,
the sotutiou diluted, and the current passed. The precipitation
is quite rapid even with a fairly weak current, and the metal
separates as a lustrous coating having a very slight tendency to
drops. The mercury is washed with very warm water three or
four times and then dried by keeping the dish in the warm hand
and blowing gently into it to facilitate the evaporation. Amny
attempt to dry it on the plate is attended with very considerable
risk of vaporizing. a portion of the mercury.

Experiment.—Ten cc. of the mercuric chloride solution
(= o0.0933 gram metallic nercury, ten cc. of tin solution, five
grams of tartaric acid, aud fifteen cc. of ammonium hydroxide
were united and diluted to 175 cc.  The current gave 0.2 cc. of
electrolytic gas per minute aud was continued for six hours.
The mercury deposit weighed 0.0930 grani.

MERCURY FROM ARSENIC.

The solution contained 0.0933 gram of mercury, 0.1009 gram
of arsenic, five grams of tartaric acid and fifteen cc. of ammo-
nium hydroxide. It was diluted to 175 cc. The current gave
0.33 cc. of electrolytic gas per minute, acted for five hours, and
deposited 0.0928 gram of nietallic mercury.

MERCURY FROM ANTIMONY.

Experiment.—The solution contained o.1024 gram of anti-
mony in addition to the mercury, also five grains of tartaric acid
and fifteen cc. of ammonium hydroxide. It was diluted to 175
cc. with water. The current gave 0.5 cc. of electrolytic gas
per minute. It acted for six hours and precipitated 0.0932
gram of metallic mercury.

MERCURY FROM ARSENIC, ANTIMONY, AND TIN.

The solution was made up in the same manner as in the three
preceding separations, save for the increase of tartaric acid and
of ammonium hydroxide. There was, however, a difference in
the nature of the deposited mercury. A part of it gathered as
in the other cases in a lustrous coating on the sides of the dish,
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but in addition to this there was quite a considerable amount of
mercury in the form of drops so small as to be almost pulveru-
lent. This rendered washing exceedingly difficult. The fluid
countents of the dish, after the anode has been raised, are care-
fully decanted from the powder. boiling water added, allowed
to flow around the dish, aud again very carefully decanted. This
was repeated six or seven tiwes, never draining off the last
drops to avoid loss of the mercury. If this care is taken there is
no difficulty about good results, but the slightest haste results
in the loss of mercury. Naturally when that much water re-
mains on the mercury the evaporation from the heat of the hand
is a most tedious, but the only safe. process.

Lxperiment 1.—Tle solution contained 0.0933 gram of mer-
cury, o.1009 gram of arsenic, 0.1024 gram of antimony, 0.1031
gram of tin, eight grams of tartaric acid, thirty cc. of ammo-
nium hydroxide, and was diluted to 175 cc.  7The current gave
0.5 cc. of mixed gases per minute. It acted for sixtecen hours
and precipitated 0.0935 gram of mercury.

Faxperiment 2.—The conditions were the same as in the first
experiment. The current gave o.4 cc. of electrolytic gas per
minute and precipitated 0.0933 gram of metallic mercury.

I made uo attempt to separate lead from arsenic, antimony or
tin.

In conclusion, I would acknowledge my indebtedness to Prof.
Edgar F. Smith, at whose suggestion and under whose super-
vision the above studies were brought to completion.

UNIVERSITY OF PENNSYLVANTA,
JuLy 1, 1893.

THE ACTION OF GASES UPON METALLIC
MOLYBDENUM AND TUNGSTEN.

By EDGAR F. SMITH and VICKERS OBERHOLTZER.

Receseed joly 12, 1803,
AVING prepared these two metals with care and believing
them to possess a high degree of purity, we conceived that it
might be of interest to observe theirbehavior when exposed, at more
or less elevated temperatures, to the influence of different gases.
We first studied their conduct in an atinosphere of carbon mon-



