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TRANSLATOR'S PREFACE.

TaE chief ohject in preparing the present English edition
of this baok has been to include a considerable number of new
electroanalytical methods which have been puhlished since
the appearance of the fourth German edition in 1897.

This task has been greatly simplified by the very kind
assistance of Professor Classen, who has generously placed his
new and valualle work on *‘ Ausgewihlte Methoden der
Analytischen Chemie,”” published in Braunschweig in 1901, at
the disposal of the translator. This book covers a wide field
in analytical chemistry and embraces a variety of special
subjects. It has been freely used in preparing the present
English edition.

Part First of the German original has been divided into
two sections, and the arrangement of the text has been
altered to permit of a more systematic treatment of the
subject. Much new material has been introduced into this
part, and acknowledgment is especially due to Professors
Hastings and Beach, from whose Text-Book of General Physics
many of the descriptions of electrical apparatus have been
taken.

To Part Second many new methods of analysis have been
added, the source of these being Professor Classen’s book
mentioned above and the original papers in the chemical
journals,

v



vi TRANSLATOR'S PREFACE.

The trapslator has attempted to retain all of the valuable
material contained in the fourth German edition and is solely
responsible for any errors or mistakes in the new material
which has been inserted. He desires to express here hisg
thanks to Professor H. A. Bumstead of the Sheffield Scientific
School for his valuable advice and eriticism.

B. B. Borrwoop.

New Havey, Conn., April, 1803. ’
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QUANTITATIVE ANALYSIS BY ELECTROLYSIS.

PART FIRST.
SECTION 1—INTRODUCTORY.

CHAPTLER L
HISTORICAL.

TrE development of electrochemical analysis has been
almost wholly empirical. The most suitable conditions for
the quantitative separation of metals by electricity have
been determined from a great number of experiments, con-
ducted with diligence and perseverance, while the nature of
the reactions involved has not always ai the time been clearly
understood. The relatively recent development of electro-
chemistry has served to throw much light on the theory of
quantitative electrolysis, and the importance and significance
of the electrical factors and other conditions are now much
more clearly understood.

The first attempts at the electrolytic determination of
the metals were entirely qualitative in character. Shortly
after the discovery, by Nicholson and Carlisle (1800), of the
decomposition of water by the electric current, Cruikshank
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(1801), having observed the separation of metallic copper,
suggested that the galvanic current might be used for the
qualitative determination of other metals. This suggestion
awakened but little interest. In 1812 Fischer employed
an electrolytic method for identifying arsenic in animal fluids,
and Jater, in 1840, Cozzi used & similar method for the de-
tection of metals in general in such solutions.

The discovery of galvanoplasty, 2 most important techni-
cal process closely allied to electrochemical analysis, dates
from 1839 and was made by Jacobi.

Gaultier de Claubry, in 1850, recommended the use of the
electric current for detecting poisonous metals in mixtures
containing organic substances, and in 1860 Bloxam continued
this work and devised numerous methods by which he at-
tempted to make the identification of arsenic and antimony
possible in the presence of other metals. In this work he
was assisted somewhat by the directions for the separation
of metals from mixtures published by Morton in 1851.

Becquerel observed, as early as 1830, that lead and
manganese often separated, not as metals at the ncgative
pole, but in the form of oxides on the positive pole, a property
which permitted these metals to be readily separated from
others. Investigations on the qualitative decomposition
of inorganic salts of the metals were also carried out by
Despretz (1857), Nickles (1862), and Waohler (1868). The
work of A. C. and E. Becquerel (1862) on the electrolytic
reduction of the metals was likewise of an entirely qualitative
character.

It can be readily understood that with such abundant
data at hand the development of quantitative electrolysis
was comparatively rapid.

The field of quantitative investigation was first opened
by W. Gibbs (1864), who carried out an investigation on the
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electrolytic determination of copper and nickel, which in-
cluded 2 description of the methods for the determination of
gilver and bismuth in the form of metals, as well as of lead
and manganese in the form of peroxides. He also published
studies on the separation of zine, nickel, and cobalt. The
possibility of the quantitative determination of copper was
confirmed by Luckow (1865), who had worked at it for a
number of years. The quantitative electrolytic determina-
tion of metals was entitled by him ‘‘ electro-metal-analysis. ’’
‘This author published at the same time a serics of directions
for the method of using the current for analytical work, and
by these precise instructions laid the foundation for many
later researches.

The attention of investigators was then directed principally
to the chemical reactions which took place when different
sources of current were used and when the other physical
conditions were varied. The salts of the metals and the
solvents suitable for use and the proper substances to be
added to the solutions were investigated and determined.
Wrightson (1876) called attention to the fact that the accu-
racy of copper determinations was influenced by the presence
of other metals and ascertained the limits under which copper
could be accurately determined in the presence of antimony. -

Simultaneous with the announceruent of the electrolytic
determination of gallium in alkaline solutions by Lecoq de
Boisbaudran (1877) came the announcement by Parodi and
Mascazzini that zinc could be determined in a solution of its
sulphate to which an excess of ammonium acetate had been
added, and that metallic lead could be quantitatively pre-
cipitated from an alkaline tartaric acid solution containing
an alkali acetate.

We are indebted to Richert (1878) for the first acourate
directions for the determination of manganese. He ob-
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served that this element may be completely separated at the
positive pole in the form of an oxide from solutions of the
nitrate. This property permits of the clectrolytic separation
of manganese from other nietals, ¢.g., copper, cobalt, nickel,
zine, ete.

Other papers which were published at that time by
Luckow, F. W. Clarke, and J. B. Haunay described the
electrolytic determination of mercury, which was found to
separate readily from solutions of the chloride and sulphate.

A method for the electrolytic determination of cadmium
was found by F. W. Clarke (1878), who succeeded in precipitat-
ing this metal from solutions of its acetate, and Yver (1880)
employed a similar solution for separating eadmium from zine.

The determination of zinc from solutions of the double
cyanide§ was carried out by Beilstein and Jawein (1879), and
Fresenius and Bergmann (1880) successfully precipitated
metallic nickel and cobalt from solutions containing an excess
of free ammonia and ammonium sulphate.

Edgar F. Snith showed (1880) that if uranium acetate
solutions were electrolysed the uranium was completely
precipitated as a hydrated protosesquioxide; and, further,
that molybderium could be deposited as hydrated sesqui-
oxide from warm solutions of ammonium molybdate in the
presence of free ammonia. We are indebted to the same
author and his students for a large number of valuable con-
tributions to the literature of electrochemical analysis.

Luckow (1880) rendered a special service in the publica~
tion of his observations on the reactions which take place
during electrolysis. He pointed out the reduction from
higher to lower states of oxidation in the case of chromic
acid, iron, and uranium salts, and demonstrated, on the other
hand, that sulphites and thiosulphates are oxidised to sul-
phates. He summed up the results of his observations in a
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law, that in general the electric current exerts a reducing
action on acid, and an oxidising action on alkaline, solutions.
Recent investigations have shown, however, that other factors
are of importance in these reactions.

In the year 1881 Alexander Classen and his students
began a series of investigations on quantitative analysis by
-electrolvsis which ultimately included nearly all of the metals.
It was he who first pointed out the value of oxalic acid and
the double oxalates. A large number of clectrolytic methods
originated by him will be deseribed in this book.

At about the same time as and quite independently of
Classen, Reinhardt and Ihle proposed the double oxalates
for the electrolytic determination of zine.

An attempt was made (1880) by Gibbs, who used a mer-
cury cathode, to determine metals by observing the increase
in weight of the mercury due to the formation of an amalgam,
and a similar method was employed by Luckow (1886) for
the determination of zinc.

Since the year 1886 a great nurnber of publications on
electrochemical analysis have appeared, and the most im-
portant of these will be mentioned later.

Especially worthy of mention at this point, however, are
the experiments conducted by Vortmann (1894) on the elec-
trolytic determination of the halogens.

The investigations of Kiliani (1883), oo the significance of
the potential-difference in electrolytic determinations, served
to draw attention to this important factor, and the later work
of Le Blanc (1889) on the potential-differences necessary
for the decomposition of solutions of the salts of various
metals added greatly to the available theoretical data. In
1891 Freudenberg successfully separated a number of metals
from solutions containing several by carefully regulating the
potential-difference of the current which he employed.



CHAPTER IL
THEORY OF SOLUTION.

Tue modern theory of solution is the foundation of the
science of electrochemistry. 1t is therefore most essential
that this theory should be elearly understood by all workers
in this branch of chemieal science.

Until recent years solutions were considered to be mere
mechanical mixtures of solvent and solute and no general
laws governing such mixtures had been discovered. A
theory assuming chemical interaction between solvent and
solute, the so-called hydrate theory, involving the ehemical
eombination of the molecules of the solute with the mole-
cules of water, was proposed, but since this theory did not
prove to be a satisfactory working hypothesis it was grad-
ually abandoned.

The phenomenon of diffusion was well known. This is
exhibited when solutions of dissolved substances are placed
in contact with the pure solvent. In such cases the dissolved
substance gradually works its way from the stronger solution
through the entire solvent until finally after sufficient time
has elapsed the mixture of solvent and solute is found to be
absolutely uniforin and all portions of the solution are of
uniform concentration.  This behavior of dissolved sub-
stances suggests the existence of a force tending to drive the
particles out into the adjoining solvent, and in 1877 Pfeffer *

* Osmotische Untersuchungen. Leipzig 1877.
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showed by a series of experiments that when the dissolved
substance was prevented from diffusing into the solvent a
pressure of considerable magnitude was exerted upon the
retarding membranes which he employed. One of the mem-
branes which he used was copper ferrocyanide precipitated
in the walls of a porous earthenware cylindrical jar. This
membrane allows the water used as a solvent, but not the
substance contained in the solution, to pass through it (semi-
permeable membrane), and by placing a solution in the jar
which was surrounded by pure water, he was able to measure
approximately the pressure which was exerted. .

This pressure is known as the osmotic pressure of the
substance in solution, and as a result of his experiments
Pieffer reached the following conclusions:

1. That the pressure is dependent on the nature of the
dissolved substance.

2. That for any given substance the pressure depends
on the concentration of the solution and is in direct propor-
tion to this.

3. That the pressure at a given concentration is depend-
ent on the temperature, and shows & regular increase with
rising temperature.

Pfeffer also concluded that the magnitude of the pressure
was influenced by the nature of the membrane, but this
assumption was later shown to be erroneous.

Plefier’s investigations attracted but little attention at
the time they were published. It was not until the year
1885 that their important bearing on the theory of solution
was appreciated.

1In 1885 Van’t Hoff called attention * to the fact that there

* Lois de I’I:Iquilibre Chimi Mémoire présenté  I'Académie Roy-
des Sciences de Sudde le 14 Octobre 1885,
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seemed to be a very close and striking relation between the
laws of gas pressure and the laws of osmotic pressure, and
showed that the osmotic pressures of the dilute solutions
nieasured by Pfeffer could be caleulated from the gas laws
alone, the values tbus obtained corresponding within the
limits of experimental error with the values measured by
Pfeffer. He thus demonstrated that substances in dilute
solutions have an osmotic pressure which is equal to the
pressure which they would exert if they were in a gaseous
form at the same temperature and occupied under these
conditions a volume equal to the volume of the solution.
Not only does the osmotic pressure vary inversely as the
volume (Boyle’s law), but the osmotic pressure is also directly
proportional to the absolute temperature (Gav-Lussac’s law).

If it be assumed, therefore, that the Jaws of gases apply
generally to substances in solution, Avogadro’s hypothesis
may be applied in the following form:

Equal volumes of solutions of different substances at the
same temperature and baving the same osmotic pressure
contain an equal number of molecules.  This is known as
Van’t Hoff’s law {or solutions.

This Jaw furnishes a valuable means for determining
the molecular weight of chemical compounds. It is only
necessary to determine the osmotic pressure and temperature
of a solution containing a known weight of the compound
in a given volume of solution. From the data thus obtained
the molecular weight of the substance in solution can be
readily calculated.

Since the direct measurement of the osmotic pressure
is, for various reasons, a very difficult operation it is seldom
resorted to in practice. Indirect methods which are more
convenient are employed instead. These methods are based
on the determination of other properties of solutions which
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show a direct variation with changes in the osmotic pres-
sure. Chief among these indirect methods are those which
depend on the measurement of the depression of the freezing
point, the elevation of the boiling point, and the lowering of
the vapor pressure of any pure solvent caused by the intro-
duction of a known weight of any soluble substance. These

are all directly proportional to the osmotic pressure of the
substance in solution.



CHAPTER IIL
ELECTROLYTES,

Tae development of the theory of osmotic pressure
brought to light the fact that a great number of chemical
compounds when dissolved in water exerted osmotic pres-
sures which did not agree with those which would be expected
from Van’t Hoff’slaw alone. These compounds, among which
were included most of the substances used as reagents in
analytical chemistry, could be divided into three general
classes, 7.e., acids, bases, and salts.

These apparent exceptions to the law were raised as
objections to its adoption, just as the abnormal gas density
of ammonium chloride, before this was fully understood,
was considered a proof of the fallacy of Avogadro’s hy-
pothesis.

Arrhenius * was the first to offer a satisfactory explanation
of the cause of these abnormal osmotic pressures.

The theory proposed by him in 1887 may be stated as
follows:

When a solid compound soluble in water is introduced
into this liquid it passes into solution in the form of mole-
cules. If the behavior of the compound is perfectly normal,
e.g. il it gives an osmotic pressure which agrees with Van’t
Hoff's law, the molecules undergo no further alterntion, but
exist as such in the solution. If, however, the substance

* Zeit. . phys. Chem., 1, 631 (1837).
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belongs to that elass of bodies which give abnormal osmotic
pressures, then, immedialely on passing into solution, some
of the molecules dissociate into other particles which are
called ions. These ions, which may be either single atoms
or groups of atoms, have the same effect on the osmotic
pressure as undissociated molecules. As a result of this
increase in the number of particles in the solution the osmotic
pressure is greater than if no dissociation had taken place.

The ratio of the number of dissociated molecules to the
total number of molecules introduced into the solutxon is
called the degree of dissociation.

If one gram molecule of a substance the composition of
which is represented by AB is dissolved in a definite volume
of solvent, and if this substance dissociafes into two ions, 4
and B, the degree of dissociation being equal to z, the state
of the substance in solution will be represented by the fol-
lowing expression:

zA+zB+(1-2)AB;

where 1 represents the gram motecule taken.
For a given solution having a known osmotic pressure
the degree of dissociation can be caleulated from the equation

P-p
TP

in which P stands for the oemotic pressure measured, p the
theoretical osmotic pressure caleulated from the gas laws, and .
k the number of jons into which each molecule dissociates.

The maximum value which z can attain is unity. This
is its value when ajl of the substance contained in the solution
is in the form of ions.

Several very important points with respect to the values
of « have been brought out by experiment.
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1. The degree of dissociation for a given substance dis-
solved in water is the same {or all solutions of the same sub-
stance at the same concentration and temperature, Z.e., the
degree of dissociation for a given solution at constant tem-
perature is a constant,

2. On diluting a solution the degree of dissociation in-
creases until the maximum value is attained. Beyond this
point further dilution produces no change in the state of the
dissolved substance.

3. Strong sneids, strong bases and their salts even in
fairly concentrated solutions are almost completely disso-
«ciated into their ions.

4. The degree of dissociation determined by measure-
‘ments of the osmotic pressure or by any of the indirect
methods already mentioned is found to agree exactly with
the degrec of dissociation as determined by an entirely sepa-
rate and independent method depending upon the electrical
conductivity of the solution (see p. 32).

A chemical compound which in a dissolved or melted
condition conducts the electric eurrent is called an electrolyte.
If an electric current is passed through the aqueous solution
of an electrolyte, certain chemical changes are produced.
The process is called electrolysis. The points at which the
current enters and leaves the solution are called the
electrodes.

Arrhenius called attention to the fact that all solutions
which contain dissociated substances have the property of
conducting the electric eurrent, indeed the greater the degree
of dissociation the better the conductivity of the solution,
while this property is not possessed to an appreciable extent
by solutions of substances which correspond to Van't Hoff’s
law.

He therefore assumed that the undissociated molecules
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in a solution take no part in conducting the current and that
the conductivity of the sulution is due to the ions alone.

This view is bornc out particularly by the fact thut the-
conductivity of a solution per molecule of dissolved electro-
Ivte increases with the dilution; namely, with increased
dissociation.

In order to explain the property of conductivity, as
well as other propertics, the following conditions have been
assumed:

1. That the separate ions are charged with clectricity.

2. That a molecule is dissociated into two different kinds
of ions, one kind being charged positively, the other nega-
tively.

3. That the sum of the negative charges borne by the
negative ions is cxactly equal to the sum of the positive
charges borne by the positive ions formed fromn the same
molecule.

4. That the charges are inseparable from the ions as such
and appear at the very instant of dissociation.

5. That the composition of the ions is similar to that of
the substances which primaridy appear at the electrodes
when the solution is submitted to electrolysis.

Since bodies charged with electricity of unliko sign are
known to attract each other, while the opposite is true for
those which bear similar charges, the ions which appear at
the negative electrode (cathode) are assurned to be charged
positively (cathions) and those which appear at the positive
elecirode (anode) are assumed to .be negatively charged
(anions).

In the table given on p. 14 it is shown into what ions
some of the more common acids, bases, and salts dissociate.
The nature of the charge of each ion is denoted by a sign
(+ or ~) placed above it.
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Acids,

HC
HNO,
HBr
CH,CO0H
H,S80,
H,S0,
(COOH),

H,As0,
[Salta.

NaCl
NaNO,
KBr

CaCl,
Nag,S0,
(COONa),
ZnS0,
K,AsO,
K.Fe(CN),
HNaS0,

TABLE.
Jous. Bases,
H,Cl NaOH
11, Ro, KOH
PR
i, Br Ca(OH),
H,CHOOO  Ba(OH),
i1, B, 50,
+ o+ -
H, H, 50,
+ + -
H, K, G0,
PR
H, H, H, AsO,
Tons.
il
Na, C1
.-
Na, NO,
P
K, Br
y - -
Ca, C1, 0
+ o+ =
Na, Na, 80,
+ o+ -
Na, Na, G0,
Z+n, S \
+ o+ o+ -
X, X, K, AsO,
4+ o+ 4+ -
K, K, K, K, Fe(CN),
11, Na, 80,

‘I:m. _

Na, OH
W

K, on

Ch, OH, OH
Ba, OH, OH

All acids dissociate into hydrogen cathions and acid
radical anions, all bases into metal cathions and hydroxyl
anions, and all neutral salts into metal cathions and acid

. + 45
* In concentrated solutions: H, HSO,.
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radical anions. Acid salts furnish both metal and hydrogen
cathions. .

To one who meets the suggestion for the first time it
may appear surprising that separate particles of sodium
and chlorine can exist {ree in an aqueous solution of sodium
chloride, since .metallic sodiwm reacts so violently with
water and with gaseous chlorine. But these reactions are
between molecular sodiura and water on the one hand, and
between molecular sodium and molecwlar chlorine on the
other.

When molecular quantities of metallic sodium and gas-
eous chlorine combine to form sodium chloride a considerable
quantity of energy, which usuaily appears in the form of
heat, is set free. The reaction is

Na,+€1,=2NaCl (solid)+ - - - 97.6 Cal.

The solid sodium chloride possesses none of the properties
of either metallic sodium or gascous chlorine, but nevertheless
it is considered to contain the quantities of these elements
originally taken. When dissolved in water the sodium
chloride splits up into sodium dons and chlorine tons, these
ions resernbling sodium atoms and chlorine aloms in no par-
ticular except that of composilion.

A satisfactory explanation of the cause for the difference
in the properties of atomic sodium and chiorine and the
same elements in the form of dons lies in the fact that the
quantity of energy whick is associated with the former is
greater than that associated with equivalent guantities of
the latter. It is reasonable to assume that the energy which

i set free when molecular sodium and chiorine enter into
chemical combination results from the loss of emergy by
both of these elements.



CHAPTER IV.

CURRENT-STRENGTH, POTENTIAL.

Supposk that two electrodes composed of a metal which
undergoes no alteration during the subsequent action are
immersed in the solution of an electrolyte, and that the
electrodes are connected with the positive and negative poles of
a suitable source of current.  Under these conditions the elec-
trodes will be charged positively and negatively respectively.
The negatively charged ions in the solution will be attracted
to the anode and the positively charged ions to the cathode,
and on coming into contact with the electrodes the jons will
receive from them equivalent quantities of electricity of
a sign opposite to that which they bear, that is, the positive
ions will receive negative charges equal to the positive
charges which they possess, and correspondingly the nega-
tive ons will receive positive charges from the anode equiv-
alent to the negative charges of which they are the carriers.
This neutralisation of the charges of the ions having taken
place these particles instantly acquire the properties of atoms
or atomic radieals.

As a result of the process described, electricity will dis-
appear from both of the electrodes and the effect on these
will be comparable to that which would take place if they
were connected with each other by means of a metallic con-
ductor. i

If the wire conhecting one of the electrodes to the source
of current be considered, then as electricity disappears from
the electrode, as a result of the neutralisation of the charges

. 16
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of the ions, more electricity will flow along the wire to take
its place, and this movement of electricity will continue so
long as there are ions in the solution.

Such o movement of electricity through a conductor is
called a current, and since it is evident that certain quantities
of electricity must pass along the wire in a given time, it is
possible to speak of the strength of the current.

The current-strength in any conductor is the quantity
of electricity passing any cross-section in the unit time (per
second).

A peculiar significance is attached to the term‘‘strength
of current’’ if the flow of both positive and negative elec-
tricity along the conductor be considered. Thus, for ex-
ample, at the surface of the positive electrode, where the
contact of the negative ions takes place, two conceptions
of the passage of electricity are permissible. It may be
considered that, on the one hand, in one second a certain
quantity of positive electricity n, exactly equivalent to the
quantity of negative electricity n’ borne by the discharging
ions, passes from the electrode to the ions, and produces
their electrical neutrality; or, on the other hand, the view
may be taken that in the same time a quantity of positive

electricity equal to 12" passes from the electrode to the ions

while simultaneously a quantity of negative electricity equal
'

1o % passes from the ions to the electrode. In the latter

case the effect is the same as in the former, since a quantity
of positive electricity equal to n disappears from the elce-
trode, and the current-strength, i.e., the total quantity of
electricity passing this cross-section, is equal to = in both
cases.
For the purpose of geperality, therefore, the current-
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strength through any cross-section of a conductor will be
considered as equal 1o N as defined by the following equation:

Nantn,

# being the quantity of positive electricity passing in the
unit time, and 7 the quantity of negative electricity pass-
ing in the same period but in an opposite direction.

In order that electricity can flow from one point to an-
other a difference of electrical pressure between the two
points is necessary. This electrical pressure is called poten~
dial and the movement of electricity along the conductor is
said 1o be due to a difference of potential. Potential bears a
striking resemblance to pressure in fluids and to tempera-
ture in heat, but the analogy is pot rigid and care must be
taken that they are not confounded. Since two kinds of
electricity are recognised it is important to remember that
while positive electricity moves from a point of higher to a
point of lower potential, negative electricity always moves
in the opposite direction, .. from a poiut of lower 1o & point
of higher potential.



CHAPTER V.
FARADAY’S LAW.

Tms law, which applies to the passage of electricity
through the solution of an electrolyte, includes two propo-
sitions: ’

1. The weights of the ions which separate at an electrode

. during equal intervals of time are direcily proportional to
the current-strength.

2. The current-strength remaining constant, the weights
of different ions which separate at the electrodes in equal
intervals of time are in direct proportion to the chemical
equivalent weights of the ions.

The truth of the first proposition can be readily demon-
strated by electrolysing a copper sulphate solution for a
certain length of time with a current of given strength and
determining the weight of the separated copper. If the
experiment is repeated, but with a current of twice the for~
mer strength, the weight of the copper will be twice that
precipitated in the first experiment.

The truth of the second proposition can be. slmﬂa.rly
shown by passing currents of equal strength through solu-
tions of different electrolytes for equal periods of time. If

£ &+
a series of solutions containing the ions H, Ag, Cu (cuprous),

C+u (cuprie), I«ie (ferrio), 61, and Br are electrolysed with
19
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the same current for the same length of time, it will be found
that the weights of the elements set free at the electrodes
are in the ratio

1:107,9:63.6:@2;@: %6: 35.5: 80,
respectively.

These two propositions lead to the following assumptions:

1. That the quantities of electricity borne by equal weights
of similar ions are equal.

2. That the quantity of electricity borne by any ion is
exactly equal to the charge borne by every other similar ion.

3. That the magnitude of the charge borne by any uni-
valent ion is the same as that borne by every other univalent
on. .
4. That the quantity of electricity associated with every
ion is directly proportional to the valence of the ion, the
quantity associated with a bivalent jon being twice as great
as that of a univalent ion, ete.

The unil quantily of electricity has been chosen as that
quantity of electricity equivalent to the charge borne by
L118 milligrams * of silver ions. This quantity of elee-
tricity is called a coulomb.

A current is of unit strength whep the quantity-of elec-
tricity (p. 18) which passes a cross-section of the conductor
in one second is equn} to one coulomb. The name for the
unit of current-strength is the ampere.

The magnitude of the charge borne by a gram-equivalent
of ions can be readily calculated f{rom the definition of the
coulomb. It is only necessary to divide the chemical equiv-

* After s careful study of the results obtained by different investigators,
Richards and Heimrod (Zeit. phys. Chem., 41, 302 (1802)) have decided
that the moat probable value is 1.1175 mg.



 FARADAY'S LAW. 21

alent weight of silver, 107.9, by 0.001118. The result ob-
tained is approximately 96,540.%# This quantity of elec-
tricity is denoted by the symbol F and may also be defined
as that quantity of electricity required for the discharge, or,
better, for the electrical neutralisation, of one gram-equiva~
lent of ions at the electrodes.

The weight (in milligrams) of the different ions set {ree
per second at the electrodes by the passage of a current of
one ampere is koown as the electrochemical equivalent of
the jons. A table of the electrochemical equivalénts of a
number of ions is given below,

Welght of Ions Dincharged by
rreat of Une Arapors
Element. | #o0¢ | oo, | Valeace.
in one
hour,
mame. | grama. | grams.
Antimony. . . 120.2 Sy 3 0.414 24.86 | 1.492
Sbr 5 0.249 | 14.92 | 0.895
. Ccd” 2 .682 34.93 | 2.09
35.45 | CV 1 0.367 22.03 | 1.322
. Cu’ 1 0.659 39.53 | 2.372
Cu” 2 0.329 19.76 | 1.188
Fe' 2 0.289 | 17.37 | 1.042
Fe'”’ 3 0.193 11.58 | 0.685
P 2 1.072 64,30 | 3.858
He' 1 2.072 | 124.32 | 7,459
Hq" 2 1.038 62.16 | 3.730
58. NI 2 0.304 18.24 | 1.004
107.93 | Ag 1 1.118 | 67.08 | 4.025
.| 119.0 Sn” 2 0.616 36.98 | 2.219
. Sn’'* 4 0.308 18.49 | 1.109
Zine,.........[ 65.4 In” 2 0.339 20.32 | 1.219

* 96,580 according to Richards and Heimrod, loc. a2



CHAPTER VI
OHM'S LAW.

THE basis of this law as first discovered by Ohm may be
stated as follows:

In-any metallic conductor through which a current of
electricity is flowing, the current-strength is directly pro-
portional to the difference of potential existing between
the ends of the conductor.

If the difference of potential between the ends of the
conductor be represented by (V,—V,) and the current-
strength by C, the law can be expressed as follows:

V=V, o
— z— =K (at constant temperature),

where K is a constant depending only on the conductor,

For conductors of similar shape but of different materials
the values of A are different. For wires composed of the
same metal the following laws have been determined:

1. The cross-section of the wires being uniform through-
out, the value of K is in direct proportion to the length of
the wires.

2, The length of the wires being the same, the values of
K are inverselv proportional to the cross-section of the wires.

These two propositions apply only when the temperature
is the same in all cases. The value of K for & given metal
is found to increase with increasing temperature.
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It is evident from the abave that if, with a given differ-
ence of electrical potential, the length of the wire is in-
creased, the current-strength will be diminisbed. Tt is there~
fore customary to speak of the constant K, which has been
defined above, as the resistance of the wire or body im
question, since by increasing the length, or diminishing the
cross-section, of the wire a certain opposition appears to be
offered to the passage of electricity.

On the basis of this coneeption it is allowable to express
the law in the following manner:

Difference of potential .
Cwrrent-strength Resistance,
and representing the resistance by E,

Vx - V:
— = R.

The unit emploved in practice for measuring differences
of potential is called the volt. If the difference of potential
between the ends of a conductor is equal to one volt and
the current-strength through the conductor is equal to one
ampere, the value of K in the above equation would be
unity. Under these conditions the conductor is said to have
unif resistance, and this unit has been named the ohm. The
ohm may be defined as the resistance of a conductor, which
with a difference of potential between its ends of one volt,
permits of the passage of a current having a strength of one
ampere.

A resistance equal to the unit just mentioned is possessed -
by & column of mercury, at 0° Centigrade, 106.3 centimeters
in length and with a uniform ecross-section of one square
millimeter,
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The mathematical expression

Difference of potential in volts

Resistance in ohms = Current-strength in amperes

is of great practical value, since it makes it possible to de-
termine any one of the three factors when the other two are
given.

The specific resistance of any substance is the number
expressing the ratio between the resistance of a cylinder of
the substance in question and the resistance of a similar
cylinder of some standard substance taken as unity. The
standard substance chosen is mercury at 0° Centigrade.

The form of the equation given above can be changed to

C
V-1, 72"

. 1
and since R is a constant, the value of R must be a constant

also. This factor, %, can be represented by L and is called

the (;m\dumril.y or conductance.
The equation may then be written

V.-V,

If the current-strength is measured in amperes and the
difference of potential in volts, the value of the conductivity
will be obtained in reciprocal ohms. To this unit the name
‘mho bas béen given.
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TABLE OF THE SPECIFIC RESISTANCE AND CONDUCTIVITY
OF SOME SUBSTANCES AT 18°,

Resistance in

of a Column Conductivity Referred
1 Meter ).ong and 1 aq. to Morcury at 0%,
mam. in Croas-section.
Gilver . . ., . ., . 0.8162 50
Coy PN 0.017 55
Go?ger. e e e 0.023 41
Zine . . . . . . 0.063 15
Iron . e s . . 00010015 6to 10
Platinum e e . 0.14 6.5
d . e e 0.21 4.8
Mercury . . 1.016 0.984
Qas carbon (abaut) . 50 0.02
Brass . . 0.07t00.09 10to 14
Gerroan sifver . . ., 0.16t0 0.4 2.4t06

(Wiedemann aud Ebert, Physikalisches Praktikum, Braunschweig,
1893.)



CHAPTER VIIL.
MIGRATION OF THE IONS.

Ir the solution of an electrolyte be submitted to elec-
trolvais, a movement of the ions towards the electrodes
and .a discharge of the ions at the eclectrodes will take
place. Equivalent quantities of positive and negative clec-
tricity must disappear simultaneously from the anode and
cathode respectively,* and chemically equivalent quantities
of anions and cathions must be discharged. This must be
the ease, since if it were not, the clectrostatic equilibrium
of the system would be disturbed, and under the conditions
this is not possible. Thus, for example, if an excess of anions
separated at the anode the solution would become as a
whole charged negatively, and this condition would retard
the separation of meore anions and promote the discharge of
more cathions until equilibrium was again established.

If the movement of electricity through the wires connect-
ing the electrodes with the source of current be considered
it will be obvious that the simplest conception of this is that
equal quantities of positive and negative electricity flow in
opposite directions through the metallic cireuit. For this
and for other reasons this is the general conception of the
character of current through metallic conductors.

The movement of the jons toward the electrodes during
electro]ygsis is called the migration of the tons. The effect

* Faraday’s law.
26
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of this migration on the concentration of the solution can
be best understood by the use of the following diagram,

Let A and B be the positive and negative electrodes
between which is a solution of a binary electrolyte (an elec-
trolyte the molecules of which dissociate into two univalent.
ions), and let C be o cross-section of the solution equidistant
from A and B. Let the form of the vessel be such that the

volume of the solutions in AC and BC are equal, and for con~
venience let it be assumed that the quantity of the electro-
Iyte contained in each compartment ig equal to six mole-
cules. 1f the velocities of migration of the cathion and anion
are the same, then in a given interval of time if two anions
pass through C from left to right, two cathions will pass
through C in the opposite direction. The state of the solu-
tion after this has taken place is shown at b. In this figure
the jons to the left of the anode and to the right of the cathode
have been neutralised at the electrodes and have passed out
from the solution.

It is evident that under these conditions the following
changes have taken place:

Two positive ions have passed into CB from AC and four
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positive ions have been neutralised at the cathode. Two
negative ions have passed from CB into AC and four nega-
tive ions have been neutralised at the anode. Four equiv-
alents of clectricity have passed each of the electrodes, and
four equivalents (two positive and two negative) have also
passed the cross-section C. The current-strength through
all cross-sections of the solution has been the same. FEqual
quantities of the electrolyte remain on both sides of the
section C.

If the velocities of migration of the anion aund eathion are
not the same, a different condition of affairs will be recog-
nised. let it be assumed that the velocity of migration of
the cathion is twice that of the anion (Fig. 1, ¢). Then in
& given interval of time if two cathions pass through € from
left to right, only one anion will have passed in the opposite
direction. Three cathions and three anions have been
neutralised at the electrodes and three equivalents of elec-
tricity have disappeared from each of the latter. Three
equivalents of clectricity have passed the cross-section C,
two positive and one negative. The current-strength through
all cross-scctions has been the same.

The most important result which has been produced is
the ehange in the relative concentration of the solution. In
AC there are now jour molecules of the electrolyte, while in
CB there are five molecules.

In general when the velocities of mlgmt.lon of the ions
are different one of the results of electrolysis is a change in
the relative econcentration of the solutions about the cathode
and the anode.

The effect on the solution in AC has been to decrease
the amount of material contained in it by two molecules,
while from CB a quantity equal to one molecule has been
removed. The following equation can be shown to express
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the conditions, both for the case mentioned as well as for
all others:

Velocity of migration of cathion _ Loss at anode
Velocity of migration of anion  Loss at cathode’

The terms ‘‘loss at anode’” and ‘‘loss at cathode’’ must
be understood to mean the decrease in concentration of the
solutions in the neighborhood of the respective electrodes.

If the quantity of electricity supplied to the clectrodes
has been 96,540 coulombs, and further, if that portion
of a gram-equivalent of the cathion which has migrated
through any cross-section of the solution from the region
of the anode toward the cathode be represented by n,
then 1-—n will represent that portion of a gram-equiva-
lent of the anion which has moved from the region of the
cathode toward the anode. Representing the velocities of
migration of the cathion and anion by u and v respectively,
we oblain the following equation:

n Loss at anode

1—n  Loss at cathode’

The quantities » and 1 —n are called the shares of transport
or transport numbers of the eathion and anion.

In the following table * the relative velocities of migra-
tion of a number of cathions and anions are given:

(0.1 Normal] solutions.)

u
v

E =58 a = 5.5
Na = 35.0 : I =573
L = 2.1 NO, = 51.4
NH, = 54.8 380, = 41.9
Ag = 43.3 3C0, - 38
H =296 OH =157

* Kohlrausch and Holborn, Teitvermégen der Elektrolyte.



CHAPTER VIIL,
THE CONDUCTIVITY OF SOLUTIONS.

ToE unit taken for the conductivity of solutions is the
conductivity of a body, a column of which one centimeter
long and one square-centimeter in cross-section has the re-
sistance of one ohm. The best conducting aqueous solutions
-of acids, at about 40°, have such a conductivity.

Formerly the electric conductivity was almost without
exception referred to mercury at 0°.  Since a centimeter-cube
-of mereury at 0° has a resistance of t5}yy ohm, the present
unit is 10,630 times greater than the former one.*

Since the passage of electricity through the solution of
an electrolyte is primarily dependent on the ions which are
between the electrodes, and since the greater the number
of the lons the greater the conduectivity, this factor in the
case of solutions is of more immediate significance than the
resistance.

The simplest method of expressing the conductivities
of solutions is in terms of the unit already defined, but since
it is for many reasons desirable to compare solutions con-
taining equal numbers of molecules, the conductivities are
often expressed in tering of the ratio of the conduetivity to
the equivalent or molecular concentration.

Let a gram-molecule of some salt, say sodium chloride,
be dissolved in sufficient water to make the total volume of
the final solution equal to 1000 cc. and let this solution be

* Koblrausch and Holborn, Leitvermégen der Elektrolyte, Loiprig,
1898,

30
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introduced into a rectangular vessel having two parallel con-
ducting walls, A and B (Fig. 2), which are separated by a dis-
tance of one centimeter, and let the two other
sides and bottom be of non-conducting ma-
terial.  If the conductivity of the solution
between the two electrodes be now measured
it will be exactly 1000 times that of a cube
with an edge of one centimeter, f.e., 1000
times as great as the conductivity of the given .
normal solution expressed in the adopted units. |-

The equivalent conductivity of the solution | ™\
may be defined as the conduetivity divided [y i |
by the equivalent concentration (the concen- | ’
tration measured according to the gram-equiv-
alents of the dissolved substance in 1 cc. of the
solution). A 8

If the solution in the vessel be now diluted
to 2000 cc. and the conductivity of the solution
between the electrodes again measured, the
value obtained will be 2000 times that of a
cube of the solution with an edge of one cent-
imeter.

Since the quantity of sodium chloride be-
tween the two electrodes is exactly the same
as that in the first measurement (one gram-
molecule) and the distance between the
electrodes is unaltered, any change in the observed conduc-
tivities would be due entirely to a change in the stafe of th~
dissolved electrolyte. Since the degree of dissociation in-
creases with increased dilution the more dilute solutio
would contain the greater number of ions, and the con-
ductivity would be, and in practice is found to be, greater
in the second case than in the first.

If the vessel were of sufficient capacity so that the solu-
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tion could be diluted until all of the dissolved electrolyte
was in the form of ions, then the maximum value for the
conductivity would be obtained. Thére would then be onc
grani-equivalent (23 grams) of sodium ions and one gram-
equivalent (35.5 grams) of chlorine jons between the two
electrodes.

A description of the apparatus and method used in actual
practice for measuring the conduetivity of solutions is be-
vond the scope of the present work. It may be stated that
the general principle depends upon the measurement of
the resistance of the solution which is contained in a suitable
vesse] provided with platinum electrodes. In calculating the
conductivity of the solutions from the values thus obtained
use is made of the so-called ‘‘resistance capacity’’ of the
vessel, a factor which depends upon the shape and size of,
and the distance between, the electrodes. Since direct
currents would produce a decomposition of the solution only
alternating currents of high frequency and low eurrent-
strength arc employed in measuring the couductivity.

Since strong nacids, strong bases and salts are completely
dissociated in solutions which are not so dilute as to make
accurate measurements of their conductivities impossible,
the equivalent conduetivities of a large number of these com-
pounds have been determined under all conditions of dilution.
If the equivalent conductivity of an electrolyte at any given
concentration be divided by the equivalent conductivity of
a solution in which the dissociation is complete the quotient
will be the degree of dissociation of the dissolved substance
at the given concentration (see p. 12).

As a general summary of the theory of electrolytic con-
ductivity it may be said that since the passage of electricity
through an elcctrolyte is always accompanied by the transfer
of matter, the power which a solution has for conducting the

alantmn anrront muet danand dirantly an tha natnma af +tha
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substances which are in the solution. The jons alone are
the bearers of electric charges, the undissociated molecules
taking no part in the transportation of electricity. The con-
ductivity of a solution depends, therefore, upon the number
of jons which it contains and the nature of the ions themselves,
The speed at which the electricity is transported depends
upon the velocity of migration of the ions. The gencral
relations are expressed in the law known as Kohlrausch’s
law, which states that:

The equivalent conductivity of an cleetrolyte is equal
to the sum of two values, one of which depends solely upon
the cathion, the other upon the anion.

* The effect of a rise in temperature is, in general, to in-
crease the conductivity of solutions.

The conductivity of solutions is governed by Ohm s law.

CONDUCTIVITY * OF AQUEOUS SOLUTIONS (18° C.).

Concentration expressed Conduetivity in terms
i por cent. of diasolved Subatance. ofunit defined b

10 HCl 0.63
10 HBr 0.35
12.4 HNO, 0.54
10 HS50, 0.39
9.8 Acetic acid 0.0015
10 Tararic acid 0.0081
7 QOxalic acid 0.078
10 H,PO, 0.038
8.4 KOH 0.27
10 NaOH 0.31

8 NH, 0.001-
6.5 RCX 0.30
10 AgNO, 0.047
10 Cu(NO), 0.063
10 0.088
10 Na,SO, 0.068
10 g\ )30, 0.101
10 3 0.032
10 CuSO, 0.032
13 NiS0, 0.045
10 ) 0.001
10 O, 0,040

% Kohlrausch and Holborn, Leitvermdgen der Elekirolyte.



CHAPTER IX.
ELECTROLYSIS.

SiNCE an electrolyte is already dissociated into its ions
in a solution, the action of the current during electrolysis is
not the decomposition of the dissolved substance but is con-
fined to the transportalion and discharge of the Tons at the
electrodes.  When the electrical charges of the ions are
neutralised at the electrodes these particles instantly acquire
the properties of atoms or atomic radicals,

When a solution of potassium sulphate is electrolvsed
between platinum clectrodes, hydrogen is liberated at the
cathode und oxygen at the anode. Chemically equivalent
quantitics of the two gases appear, Z.e. two volumes of
hydrogen to every one volume of oxygen. It might be as-
sumed] from this that the ions in the solution are hydrogen
and oxygen; but il after the electrolysis has proceeded some
time the solutions about the electrodes are examined it is
found that the solution about the cathode contains potas-
sium hydroxide, while that about the anode contains sul-
phuric acid, and further, the quantities (measured in gram-
equivalents) of hydrogen and oxygen set free are exactly
equivalent to the quantities of the acid and base in the solu-
tion, measured in the same units.

Tt was formerly customary to speak of the base and acid
a8 resulting from the secondary action of the atomic potas-

3
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sium and SO, on the water of the solution, and to express
the complete reaction by the following equations:

“+ -
K,S0, (solid) =K + K +80, (solution).

On electrolysis—

¥ +K +80, (ions) =K, +80, (atomic),
9K, +2H,0 = 2KOH + 2H, (gaseous),
250, +2H,0 = 21,50, + 0, (gaseous).

This view of the behavior of the ions at the electrodes,
while it has certain advantages as a method of expressing
the reactions, has the disadvantage that it does not presum-
ably give an accurate idea of the theoretical course of the
electrolysis. It is therefore preferable to assume that the
hydrogen and oxygen whieh appear in the nbove electrolysis
are due to the primary dissociation of the water, and the
course of the electrolysis can then be assumed to be the

following:
+
Under the influence of the charged elcctrodes the K and

SO, ions in the solution migrate to the cathode and anode,
and when they arrive there, those ions whose separation is
attended with the least expenditure of energy will separate
on the clectrodes. Thus, for example, in the region of the
cathode there will be potassium ions and hydrogen ions
(the latter from the primary dissociation of the water).
‘When an excess of positive electricity is present in this por-
tion of the solution, and a discharge of cathions takes place,
the hydrogen ions will be the first to discharge, since the
separation of these is attended with a smaller expenditure
of energy than would be required for the separation of the
potassium ions. The OH residue of the water and the
potassium ions constitute the potassium hydroxide found
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in this portion of the solution. The action at the anode
is explained in an analogous manner. It must be remem-
bered, however, that the degree of dissociation of the sol-
vent water is extremely small, so small in fact as to con-
tribute to the conductivity of the solution to a scarcely
appreciable extent. But this does not limit the actual
quantity of hydrogen and oxygen ions which in a given
time can be supplied from this source to the electrodes
sinee no sooner are the ions present removed than a new
supply ie instantly furnished by the dissociation of a fresh
quantity of water.

If the electrolysis of a potassium sulphate solution be
conducted with a mercury cathode and the current be suit-
ably regulated, hydrogen will not appear. Instead of this
an amalgam of potassium with the mercury of the eathode
will be obtained. Thiz is explained by the fact that the
potasgium ions, since they can immediately enter into com-
bination with the mercury, separate more readily than the
hydrogen ions under these conditions.

If a solution of chromic acid, H,CrO,, containing sul-
phuric acid is electrolysed, chromic sulphate, Cr,80,, is
formed at the cathode and no hydrogen appears. In this
case the reaction can be explained by assuming that hydro-
gen is first set free, and then as a secondary reaction reduces
the chromic acid to the divalent chromium compound; but
it is more logical to assume that under the electrical condi-

tions existing at the cathode the C-rO‘ ion changes to three
+

Cr ions, since the electrical equivalence of the change is the
same and there is no actual evidence that the hydrogen is
even temporarily deposited on the electrode. As a method
of expression, however, the former assumption is the more
convenient and for this reason will be followed. The reac-
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tion at the cathode can therefore be expressed by tbe fol-
lowing equations:

H,Cr0,=H,+Cr0,
2Cr0, +5H, 4 3H,80,=Cr,(S0,), + SH,0.

The most important factor in electrolytic cxperiments,
next to the actual composition of the solution, is the ratio of
the current-strength to the surface-area of the electrodes.
It is obvious that the reactions which take place at an elec-
trode must be greatly influenced by the relative number of
ions which are neutralised per unit area of electrode surface.
The ratio mentioned above is known as the current-density,
and as unit a current-strength of one ampere for 100 square
centimeters of electrode surface has been chosen. This unit
is known as the normal densily, and current-densities ex-
pressed in terms of this unit are denoted by the symbol ND, 4.
The expression ND,,,=1.2 amperes, denotes that for every
100 square centimeters of the given electrode a current of
1.2 amperes is passing through the eircuit.

Although the current-strength is the same through every
cross-section of the circuit, the current-densities ot the cathode
and anode have the same value only when the surfaces of
these in contact with the solution are exactly equal.

When a solution of copper sulphate is electrolysed and
the current-density at the cathode is properly regulated,
only metallic copper is deposited; but when the current-
density is too high the metallic copper is mixed with copper
oxide, and hydrogen is also set free.  Similarly, in the case of
cuprie chloride solutions, copper or cuprous chloride appears
at the cathode; while variations in the current-density at the
anode in the electrolysis of sulphuric acid solutions result in
the appearance of oxygen, ozone, hydrogen peroxide, or
persulphuric acid. A classical illustration of the effect of °
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the current~density, deseribed by Bunsen, is furnished by
the eleetrolysis of a solution of chromium chloride where
either hydrogen, chromie oxide, chromous oxide, or metallic
chromium can be obtained. The concentration and tem-
pernture of the solution is also an important factor in these
reactions.

In the electrolysis of hydrochloric acid the chlorine set
frec at the anode reacts with water. forming hypochlorous
acid, chloric acid, perchloric acid, ete. Similar secondary
reactions are observed in the electrolysis of ehlorides. If a
solution of ammmnonium chloride, for example, is submitted
to electrolysis the nascent chlorine acts on the undecom-
posed salt, with the production, among other substances,
of nitrogen or nitrogen chloride. Halogen salts of the alka-
line earths show similar phenomena.

Nitric acid, on clectrolysis, gives in the first place

SHNQ, =4H, (cathion) +8NO, (anion).
The latter then splits up further:
4N, 0 =4N,04 4-20, (anion).
The oxygen is given off, while the anhydride forms nitrie
acid again with water:
4N,0,+4H,0 =8HNO,.

The hydrogen, on the contrary, which appears as cathion,
is not set free but acts reducingly on the nitric acid present:

4H,+ HNO,=NH, +3H,0.
In the presence of sulphuric acid, or a sulphate, this de-
composition is complete, the final product being ammonium

sulphate.
In the electrolysis of organic compounds the ions as they
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are released from the solution at the electrodes mny enter
into secondary reactions in a manner analogous to that
described in the case of inorganic compounds.

Thus potassium acetate might be expected to yield potas-
gium {potassium hydroxide) and ncetic acid as final prod-
uets, but instead of the latter the acetic ion splits up inte
carbon dioxide and ethane, according to the equation:

CH,C00

CH000 > =C,H,+2CO0,,

and ethylene may also be formed from the oxidation of
ethane at the anode.

Potassium valerate yields, in addmon to valeric acid,
carbon dioxide and octane; and by continued electrolysis
the latter is oxidised into isobutylene anil water. In the
electrolysis of sodium succinate among the products formed
are ethylene and carbon dioxide; potassium lactate breaks
up into carbon dioxide and acetaldehyde; potassium tar-
trate gives carbon dioxide, carbon monoxide, oxygen, for-
mic aldehyde, and formic acid; and potassium cyanide i8
converted into potassium cvanate.

The electrolysis of warm solutions of oxalic acid lead
to the complete decomposition of the acid according to the
equation

C,H,0,=2C0,(anode) + H,(cathode).

In cold solutions carbon monoxide, as well as carbon dioxide,.
appears at the positive electrode.

When potassiim oxalate is subjected to electrolym
the principal reactions are:

K,G0,=2C0,(anode) + K,(cathode),

K;+2H,0=2KOH + H,,
2KOH +2C0, =2KHCO,.
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When ammonium oxalate is used the decomposed solu-
tion eontains hydrogen ammonium carbonate; a part of the
latter splits up into ammonia and carbon dioxide.

In the clectrolysis of double oxalates, e.g. Zine ammo-
nium oxalate, decomposition takes place as follows: Zinc
oxalate breaks up into zine and carbon dioxide, and ammo-
nium oxalate into smmonia and carbon dioxide. The
carbon dioxide which separates at the anode combines with
the ammonis in the solution to form hydrogen ammonium
carbonate ns explained above.

The simplest conditions are met in eleetrolysis in those
cases where the igns in the solution on reaching the elec-
trodes are immediately deposited and thus removed from
the solution.  Such is the case for example in the electrolysis
of a solution of stannous chloride between a platinum cathode
and a silver anode: the stannous ions are deposited on the
cathode as metallic tin, and the chiorine ions at the moment
of electrical neutralisation combine with the silver of the
anode to form an insoluble coating of chloride of silver.

So also in the case of the electrolysis of a copper sul-
phate solution between copper electrodes, metallic copper
is deposited at the cathode, while an exactly equal quantity
of copper passes into solution at the anode.

For the continuous electrolysis of any solution between
electrodes which are not attacked, 2 certain minimum poten-
tial difference is essential. This factor, which is of great im-
portance in electrochemical analysis, is called the decomposi-
iion potential, and by it is denoted that difference of potential
at which the electric current is just able to transform ions into
atoms at the electrodes* Le Blane, who measured the de-

« The significance of this factor will be discussed later in the chapter
on Polarisation -
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romposition potential of a large number of solutions, deter
mined the following values:

SALTS.
Normal (Moleculu) Solutiom.

1.98 volta,
.. 2,08
.. 1.88 ¢
.1e2
1.718
0 70 ¢
ACIDS.
Sulphuric acid......... 1.67 volts. Pyroracemic acid. ..... 1.57 vulu.
Nitric acid. .. 1,00 % Trichloracetic acid. . ... 1.51
Phosphoric acid 170 Hydrochloric acid. ... . 1.31 **
Monochloracetic acid, . 1.72 ‘¢ Hydrazoic m:ld o129
Dichloracetic acid. . . . , 1.06 ¢ Oxalicacid. .. .. ...... 0.95 ‘!
Malonie acid. ... . 169 ¢ Hydrobromic seid. . ... 0.94 ¢
Perchloric acid. . 1.65 ¢ Hydriodic acid. ....... 0.52
Dextrotartaric acid. . .. 1.62
BASES.
Sodium hydroxide. . ... 1.69 volts. 0.4N. Methylamine,... 1.75 volta.
Potasgium hydroxide... 1.67 ‘‘ ° 0.2N. Diethylamine.... 1.68 ‘¢
Ammonium hydroxide. 1.74 ¢ 0.8N. Tetramethyl am-

monjum hydroxide 1.74 ¢
The sulphales and nitrates of the alkalies. and alkaline
earths have all nearly the same decomposition potential,
namely, about 2.20 volis,



CHAPTER X.
ELECTROMOTIVE FORCE.

Ir a strip of metal, zinc for example, be dipped into a
solution of a zne salt, the zinc ions present in the solution
will have a tendency to discharge their electricity upon the
zinc and to pass over into the atomic condition. This ten-
deney may be considered as a pressure striving to force the
ions from the solution toward the metal, and is known as
the osmotic pressure of the ions.* The metallic zine. b ,wever,
may be considered to exert a pressure in the opposite direc-
tion, which is due to the tendency of the zinc atoms to pass
into the solution and assuwmne the condition of ions. This
pressure 18 known as the electrolytic solution pressure of the
zine. Since the jons are bearers of electric charges it is evi-
dent that the simultaneous action of these two pressure-forces
is intimately connected with the production of an electric
current, and that as one or the other of these predominates,
positive electrieity will pass from the region of higher
pressure to the region of lower, and a difference of potential
between the solution and the metal will result. The osmotic
pressure of the ions and the electrolytic solution pressure
of the metal tend to cause currents in opposite directions.
The positively eharged ions of the solution strive to give up
their charges to the exposed metal and to charge this positive;
while, on the other hand, the electrolvtic solution pressure

* Nernst, Zeit. f. physik. Chem., 4, 120 (1889).
42
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strives to foree positive ions out from the metal and into the
solution, leaving an equivalent negative charge on the metal
itself.

Since the operation of all galvanic elements depends
upon the difference of potential between conductors of the
first order * and solutions of electrolytes, the hypothesis
just enunciated is of great value in offering an explanation
of the working of these cells.

A very simple cell is furnished by the combination, me-
tallic silver, silver nitrate solution (concentrated), silver
nitrate solution (dilute), metallic silver. In this combina-
tion the metallic silver in contact with the concentrated
silver nitrate solution is found to be positively charged with
respect to the silver electrode dipping into the dilute solu-
tion. When the solutions are 0.1 normal and 0.01 normal
respectively, the difference of potential is 0.055 volt (at 18°).
The theory offers the following explanation of this cell: The
electrolytic solution pressure of the mnetallic silver is the
same at both poles, but in the concentrated solution the
osmotic pressure of the silver ions is greater than in the
dilute solution. There will thereforc be a tendency for
silver ions to pass out of the concentrated solution and to
deposit as metallie silver on the electrode in this solution,
and, simultaneously, for silver atoms to pass out as ions
from the silver electrode into the dilute solution. The
ailver electrode in the concentrated solution will thus be-
come positively charged with respect to that in the dilute
solution. As this process continues the electrostatie con-
dition will become such that the difference of potential
between the solution and the electrodes will oppose the pre-
cipitation and formation of any further ions, and a state of

* Substances which conduct the electric current without undergog— -

chemical decomposition, i.e. mstals, carbon, ete.
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equilibrium will be reached which will depend upon the rela~
tive concentrations of the two solutions, and will be measured
by the difference of potentizl between the two poles, as stated
above. If, however, the two poles of the cell are connected
with one another by a metallic conductor, so that this electro-
static difference of potential is prevented, the process of pre-
cipitation and solution will continue until both solutions are
of equal concentration.

The electrolytic solution pressures of a number of metals
have been calculated by Neumann* and their values are
given in the following list:

Zine . . . . . . . . =9.9%x10* atmospheres.
“Cadmium . . . . .. =2.7XI10° “
Iron . . . . . . . . =12x10¢ B
Nickel . . . . . . . =1.3x10° “
Leaed . . . . . . . . =11x10"° o
Hydrogen . . . . . . =9.9%10"* ‘o
Copper . . . . . . . =4.8x10°* “
Merewry . . . . . . . =1.1x10"® o
Silver . . . . . . . . =2.3x10v “

Assuming the osmotic pressure of the ions in a totally dis-
gociated normal solution to be 22 atmospheres, it is evident
from the above list that electrodes of zine, cadmium, and
iron will always be charged negatively with respect to normal
solutions of their ions with which they are in contact, while
solutions of nickel, lead, hydrogen, copper, mercury and
silver, under similar conditions, will always be charged
positively.

A familiar galvanic cell i3 the so-called Daniell’s ele-
ment. This consists of a zinc electrode surrounded by a
solution of zinc sulphate, and a copper sulphate solution

* Zeit. f. phys. Chem., 14, 229 (1894).
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containing an electrode of metallic copper. If the solutions
are both normal, then the clectrolytic solution pressure of
the zine will greatly exceed the osmotic pressure of the zine
jons in the solution, and positive zinc ions will pass from the
metal to the solution, leaving a negative charge on the former.
The osmotic pressure of the copper ions in the copper sul-
phate solution will exceed the electrolytic solution pressure
of the copper, and accordingly copper ions will pass from
the solution to this electrode and charge it positive. The
difference of potential thus produced will consist primarily
of the sum of two differences, namely, that between the zinc
and the zinc sulphate solution, and that between the copper
sulphate solution and the copper. This total difference of
potential is equal to 1.1 volts.
TABLE.
SiNGLE PoTENTLsL DIFFERENCES OF METALS J¥ NORMAL SOLUTIONS
OF THEIR SaLTs *

Zine . . . . . . . . . . +0.51vol
Cadmium . . . . . . . . +0.16 ¢
Iron . . . . . . . . . . +0.09 ¢
Nickel . . . . . . . . . =002 %
lead . . . . . . . . . . =010 “
Hydrogen . . . . . . . . ~0.25 “
Copper . . . . . . . .. -0.59 ¢
Mercury . . . . . . . . . =103 ¥
Silver . . . . . . . . . . -106 “

The signs denote the charge of the solution when the po-
tential of the metal is placed at zero.

It is evident that if the two clectrodes (or poles) of the
cell are connected by a metallic conductor their charges will
be removed and the difference of potential between them will

* Ostwald, Grundriss der Allgemeinen Chemie, 3 Anf., 1899, p. 488.
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be diminished. ~This fall in potential between them will be
proportional to the resistance of the connecting conductor.
It is evident also that this difference of potential between
them will have a maximum value when they are not exter-
nally connected. Since this maximum value is the true
measure of the electrical factors in the cell, it will be given a
special name and will be called the eleciromotive force of the cell.

The internal resisiance of a cell is the resistance of the
solution, or solutions, which it contains and the porous sepa-
rating wall, if one is used to separate the solutions.



CHAPTER XI.
POLARISATION.

Ir a solution of zine sulphate is electrolveed between
platinum elecirodes, metallic zine will be deposited on the
cathode and oxygen on the anode. As soom, however, as the
metal and the oxygen have passed over into the atomic con-
dition, the electrolytic solution pressure of each comes into
action and operates to drive them back into the form of
jons. The electrodes can no Jonger be regarded as consisting
of platinun, but behave exactly as if composed of zine and
oxygen. Under these conditions the electrodes are said to
have become polarised and the phenomenon is known as
polarisation. The combination may then be considercd
as a galvanie cell consisting of zine, sulphuric acid, and oxy-
gen, with an electromotive force opposed to that of the first
or primary current.

If the primary current be now interrupted, ond the two
electrodes are connected by a metallic conductor, o current
will flow between them through the conductor in a direction
opposite to that of the original current. The current thus
obtained is called the polarisation currenl. Polarisation will
always take place when the electrodes are composed of a
metal like platinum, which is not attacked during the elec-
trolysis.

For the continuous electrolytic decomposition of any
solution a difference of potential must therefore be maintained

v 47
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between the electrodes greater than the back electromotive
foree due to polarisation. Unless this is the case no current
will pass through the cell *

1t is evident that a very close relation must exist between
the electromotive force due to polarisation and the decom-
position potential of solutions measured by Le Blane (page 41),
since these latter values represent the difference of potential
between the electrodes necessary in order to avercome the
back electromative force due to polarisation.

The current-strength through any circuit containing an
electrolytic cell may be calculated from the equation:

where P is the primary difference of potential, p is the elec-
tromotive force due to polarisation, and B is the total resist-
ance of the circuit.

* It has been observed that very small currents will flow through a cell
even when the difference of potential between the electrodes is considerably
lower than the values obtained for the decomposition potential by Le
Bilanc (p. 41). A satisfactory expl ion of this ph is yet
to be discovered.




SECTION II—DESCRIPTIVE.

CHAPTER XIL
ELECTROCHEMICAL ANALYRIS.

TrE object of clectrochemical analysis is the quantitative
determination of certain elements, chiefly metals, by the use
of the electric current. For this purpose the elements, or
their compounds, are precipitated in an adherent form on
weighed electrodes and their quantity is determined from
the increase in weight of the electrode. Electrolytic reac-
tions are also employed for separating an element from one
or several others, since the conditions favorable for the pre-
cipitation of one element are often such as entirely prevent
the precipitation of another. One of the chief advantages
of the electrochemical method is that when the electrolytic
process is once started it requires little or no attention until
completed. Another advantage lies in the faet that many
separations of different elements can be effected without
difficulty by this means which are extremely troublesome
when condueted by the ordinary gravimetric methods. The
extreme accuracy of many of the electrolytic determinations
is also a strong point in their favor,

Quantitative electrochemical determinations may be

divided into two general classes according to whether the
9
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determination of a cathion (metal) or an anion (halogen or
metal peroxide) is involved. The metals are precipitated as
metallic eoatings on the cathode, and the halogens are deter-
mined by the employment of a silver anode with which they
combine to form silver halogen compounds. The process in
the separation of the metal peroxides is somewhat more
complicated. Formerly the formation of lead and manga-
nese peroxides was attributed to an oxidation brought about
by the electrolytically generated oxygen. The investigations
of Liebenow * and Lob 1 have made it appear that lead per-
oxide and manganese peroxide ions are already present in
the solutions. Since the peroxides are deposited from strong
nitric acid solutions, it is necessary to assume that, through
the oxidising power of this acid, oxygen ions are formed in
the solutions, and that these oxygen ions combine with the
lead and manganese ions to form peroxide ions. Since in
the peroxides of the bivalent metals the two positive charges
of the metal are combined with the four negative charges of
the two oxygen ions, the resulting peroxide ion possesses two
negative charges and consequently behaves like a bivalent
anion. It is precipitated on the positive electrode in a
smooth, adherent coating.

In clectrochemical analysis the composition of the solu-
tion from which a metal is separated is of the very greatest
importance, since, in general, the metals do not separate
from solutions of their pure salts in a form which is suitable
for quantitative determination. For this reason solutions
of mixed electrolytes are employed almost without excep-
tion for this purpose, since the addition of other substances
to the solution of the metal salt has a very important influ-
ence on the physical character of the precipitated metal. By

* Zeit. fur Elektrochemie, 3, 653 (1896-97).
1 Ibid., 3, 100 (1896-97).



ELECTROCHEMICAL ANALYSIS. 51

the addition of suitable substances to the solution the precipi-
tated metal can be obtained as a smooth, compact and firmly
adherent coating on the clectrode in cases where if a solution
of the pure salt were used the metal would be deposited
as a crystalline or amorphous crust totally unsuited to accu-
rate determination, Substances are also added to the solu-
tions to permit the complele precipitation of certain metals.
Their action is then to neutralisc or counteract the effect of
deleterious rubstances formed during the process of elec-
trolysis. Thus by the addition of ammonium oxalate to a
solution of zine sulphate, the zine can be completely precipi-
tated, which would not be the case if the action of the sul-
phuric acid formed at the anode werc not ncutralised by
the ammonium oxalate in the solution. Chemical substances
other than the ealts of the metals to be determined are also
added to solutions in order to permit the separation of one
metal from one or several others. Thus the addition of nitrie
acid to a solution containing the sulphates of copper, iron, and
zine, makes it possible to completely separate the copper by
electrolysis without, at the same time, bringing down even
traces of the other two metals.

If the position of hydrogen is represented by a dash, and
‘those elements which separate more readily than hydrogen
are placed below this line, while those which separate less
readily are placed above it, the conditions existing in various
different solutions may be represented as given below:*

Cu, P, As, Ni, Co, Fe, Zn_
Au, Ag, Hg, Cd !

As, Sn
sb

in potasgium cyanide solution

in sodium sulphide (cone.) solution

* Haber, Grundriss der Technischen Elektrochemie, Leipzig, 1898.
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in ammonium sulpbide (dil.) solution m;

. . Lo In, Cd, Fe, CO, Ni, Pb
in strong inorganic acids 155, 35, 56, 5a, Gu, He, Ag, P4 Dt Au”

Substances are also added to the electrolytic solutions
to increase their conductivity.

The nature of the added substance is, in general, dependent
on the chemical properties of the metals in the solutions.
A fundamental requirement, however, may be stated. The
substance must be a good conductor of the current and must
form no decomposition products which are insoluble or
which are detrimental to the analysis. Alkalies, and acids
which after their decomposition are again generated at the
electrodes, are therefore frequently suitable, as are also
organic acids, the decomposition products of which are given
off in a gascous form. This Jast condition i fulfilled by
oxalic acid especially, which also on account of its ready
sojubility is of special importance in the electrolysis of metals,
particularly in the form of the double oxalates.

Since solutions of mixed salts are used in electrochemical
analysis, Faraday’s law does not apply to the electrolvtic
scparation of metals under these conditions; <.e. the quantity
of metal separated is not proportional to the quantity of elec-
tricity passed through the solution. Especiallv the last
traces of a metal in a solution require a large excess of current.
to effect their complete precipitation. For this reason in
many determinations the time required is largely independent
of the quantity of metal to be separated.

The values of the decomposition potential of solutions of
metallic salts have an important bearing* on electrochemical

*Kiliani, Berg- uad Hiittenm. Zig., 1883. Freudenberg, Zeit. f. phys.
Chem.,, 1893.
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analysis, since they give the minimum potential-difference
required for the precipitation of the metals from such solu-
tions. They also afford a means of quantitatively separat-
ing several metals successively (rom the same solution through
a variation of the potential-difference of the primary current.
For example, zin¢ is not precipitated from n normal zinc¢
sulphate solution when the difference of potential between
the electrodes is less than 2.35 volts. From a normal silver
nitrate solution, however, the silver is deposited when the
potential-difference is equal to 0.70 volt. Therefore, from a
mixture of -these two solutions, the silver can be separated
by keeping the potential-difference below 2.35 volts, the zine
remaining meanwhile in solution. After the silver has been
separated, the zinc ean be deposited by increasing the poten-
tial-difference to over 2.35 volts.

Kiliani was the first to point out the importance of the
difference of potential in electrolytic separations. Somewhat
later, Freudenberg, basing his work on Le Blanc’s studies,
carried out a careful investigation of the exact relations.

The physical state of the precipitated metal (or peroxide)
is largely dependent on the current-density at the cathode
(anode), since this determines the number of the ions which
in the unit time separate as molecules on a unit surface of the
-electrode, 7.e. the rate of deposit of the metal (peroxide).
If the current-density is high the individual atoms are de-
posited upon one another in such rapid succession that the
precipitated metal does not adhere firmly to the electrode,
but scales off. When the current-density is too low a com-~
pact layer does not form and the metal is deposited on the
electrode in isolated patches, a condition which is undesir-
able in quantitative determinations. The current-density is
therefore an important factor in quantitative electrolysis.

The pecessity of accurate datas in the performance of
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electrochemical analysis is obvious, for unless all the impor-
tant factors are determined and recorded the experiment
cannot be accurately repeated.

Since the determination of the resistance of the liquid in
the cell is beyond the scope of analytical work, therefore,
instead of this, the exact volume and composition of the solu-
tion, as well as the size and shape of the electrodes, must be
stated. In addition to this, the difference of potential be-
tween the electrodes, the current-strength as read directly on
the amperemeter, and the calculation of the current-density
from the current-strength, for the electrode on .which the
quantitative precipitation has taken place, must be given.
All electrical relations are influenced by the temperature, so
that an cxact knowledge of this is most essential. The length
of time required for the electrolysis, and the nature of the
source of current having been specified, all adequate and
necessary dats are at hand to enable every oue to repeat
the analysis under exactly similar conditions.



CHAPTER XIIT.
DETERMINATION OF THE ELECTRICAL MAGNTTUDES.

MEASUREMENT OF THE CURRENT-STRENGTH.

Tue current-strength can be measured either by means
of the chemical or the electromagnetic actiorn of the currant.

The chemical instruments are the gas voltameter and the
weight voltameter. .

The electromagnetic instruments are the galvanometer
and the amperemeter. _

Gas Voltameter (Coulombmeter).—The principle upon
which this instrument depends is the measurement of the
volume of the combined oxygen and hydrogen gas liberated
in a given period of time by passing the current to be -
measured through a solution of sulphuric acid or sodium
hvdroxide. '

A common form of the gas voltameter is shown in Fig. 3.
The inner vessel A contains the dilute sulphuric acid (33%)
solution and is surrounded by an outer vessel cc containing
water for cooling purposes. The apparatus is connected
with the circuit in which the current is to be measured by
the binding-screws bb attached to the platinum electrodes aa.
The hydresen and oxygen which are liberated at the electrodes
are conducted through the tube ef to a gas-burette, where the
combined volume is measured. When the volume of the
gas obtained is reduced to standard conditions, i.e. 760 mm
pressure and 0° C., the strength of the current can be cal-

55
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culated, since a ourrent of 1 ampere liberates 10.44 cc of oxy-
hydrogen gas per minute.

The usc of sulphuric acid as the electrolyte s objection-
able, however, since owing to the formation of ozone and per-

Fia. 8.

gulpburic acid at the anode, and to other secondary reac-
tions, the results obtained with it are often far from accurate.
A much more satisfactory electrolyte is a two-per-cent.
solution of sodium hydroxide. 'With this nickel electrodes
are employed.

The amperemanomeler described by Bredig (Zeit. f.
Elektrochemie, 7, 259) is an extremely simple modification
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of the gas voltameter. It consists of a glass vessel a (Fig. 4)
partially filled with a sodium hydroxide (297) solution. It
is closed with a tight-fitting rubber stopper through which
pass nickel wires connecting the cvlin-
drical nickel electrodes, ¢ and b, to bind-
ing-screws on the outside, and also the
tube de. This tube is curved as shown
and is closed at e by a small rubber stop-
per through which passes o capillary
tube /. A small manometer g contain-
ing colored water is connected with the
tube de. The operation of this appa-
ratus is very simple; the escape of the
gas generated by the electrolysis is re-
tarded by the capillary opening through
which it must pass and a pressure is
created in the interior which is shown
by the manometer. A plug of loose
cotton wool is inserted at e to filter the
escaping gases and prevent the capillary
from clogging. The instrument must be
empirically calibrated by comparison
with a standard aniperemeter. Tts range
of measurement can be greatly increased by providing a series
of capillaries of different sizes. Each capillary rmflst of
course be standardised separately. The obvious advantage
of this form of apparatus is that when once calibrated its
readings are obtained directly in amperes without calculation.

The chief objection o the use of gas voltameters is that
their back-electromotive force due to polarisation is consid-
erable (1.7-2.5 volts) and it is therefore nearly always neces-
sary to keep them permanently in the cireuit, which is often
very inconvenient.
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Weight Voltameter (Coulombmeter).—In this instrument
the current-strength is determined from the weight of metal
(silver or copper) deposited in a given time.

The siiver voltameter is cmployed chiefly for determining
the eleetrochemical equivalent of silver, which has been
adopted ns the standard for the electrochemical equivalents
of the clements.  In practice it usually consists of a platinum
dish cathode and an anode of pure silver. A silver nitrate
solution is used as clectrolyte.* A deseription of its details
will bo omitted.

The copper voltameter, however, furnishes a very con-
venient and inexpensive apparatus for measuring the strength
of currents.  In its simplest form it consists of a thin shect
of copper, which serves as cathode, suspended between two
somewhat thicker sheets of copper, which are the anodes.
As eleetrolyle a solution containing the following constituents
has proved very satisfactory: 1

15 g Copper sulphste (eryst.),
5 g Cone. sulphuric acid,
5 cc Alcohol,
100 ce Water.

With this solution the current-density may vary from 0.06-
to 1.5 nmpere per square decimeter cathode surface.} The

* A gilver voltameter in which a solution of silver cyanide and
sium cyanide is used as electrolyte is described by Farup, Zeit. f. Flek-
trochem., 8, 560.

+ Oettel, Chem. Ztg., 17, 543 (1803).

4 Shepard (Am. Journ. Science, 12, 49 (1901) recammends the follow-
ing solution: 8 conceptrated solution of copper sulphate (sp. gr. 1.2)
which has been digested with metallic copper for ane hour at 100° C., and
to which a trace of ammonium chioride has been added. This is recom-
mended especially when high current-denzities are employed.
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difference of potentinl between the cathode und anode when
o current is passing from is 0.1 to 0.5 volt.

The current-strength is determined by connceting the
voltameter in the circuit and allowing the current to pass.
for a given length of time. Since a current of one ampere will
deposit

0.0197 gram of copper per minute
and 1.181 grams of copper per hour,

the current-strength can be calculated by determining the
increase in weight of the cathode. )

The copper voltameter is used chiefly for calibrating
amperemeters and for measuring the quantity of electricity
passing through cireuits when the current-strength is sub-~
ject to considerable and frequent variations. Since, like the
other voltameters, it actually measures coulombs and not
amperes, the name coulombmeler has been very appropriately
suggested * for this type of instruments, to distinguish them
from vollmelers, which they in no way resemble and with
which they are continually confounded.

GAI_.VA!I OMETERS.

The term galvanometer is commonly applied to any jnstru-
ment used to detect the existence of, or to measure, a current
by the deflection produced in a magnetic needle or its equiv-
alent. : . , )

Tangent Galvanometer—The name of this instrument
is derived from the fact that the eurrent-strength is calcu-
lated from the tangent of the angle of deflection of the needle.
It consists (Fig. 5) of a short magnetie needle suspended at
the center, or on the axis, of one or more circular coils of wire,

* Richards and Heimrod, Zeit. f. physik. Chem,, 41, 302 (1602).
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through which the current passes. The plane of the coil is
set in the magnetic meridian.
The current-strength is calculated from the equation
Ce= Lk tan 4,
27n
where 7 is the radius of the coil, H is the horizontal com-
ponent of the earth’s magnetic field, n is the number of turns

I SRR U

Fie. 5.
of wire in the coil, and @ is the angle of deflection of the needle

from the magnetic meridian.
Sine Galvanometer.— The essential difference between
the sine galvanometer (Fig. 6) and the tangent galvanomete:
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ie that the plane of the coil is not fixed in the meridian but
can be revolved about a vertical axis. When a current is

Fic. 6.

passing through the instrument the coil is turned until its
plane corresponds exactly with that of the needle. The
current-strength is then obtained from the equation

rH |
C =5~ &inl,
0 being the angle between the needle and the magnetic merid-
ian. .

Other Galvanometers.—Where great sensitiveness is re-
quired in a galvanometer it may be obtained by combining
two or more needles in an astatic system, 7.e. by suspending
them in the same plane but with their poles reversed and
rigidly connected with one abother, so that the effect of
the earth’s magnetic field on the system is almost entirely
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eliminated. This increases the sensitiveness of the needles,
and the effect of the current on them
is greatly increased by surrounding
them with different coils containing a
large number of turns of the same
wire. The compound needle, to which
s small mirror is attached, is sus-
pended by a silk fiber, and its de-
flection is measured with a telescope
and scale. A galvanometer of this
type is shown in Fig. 7.

Another method of constructing a
sensitive galvanometer is by sus-
pending the coil through which the
current passes in an intense magnetic
field.

In the Rowland d’Arsonval gal-
vanometer (Figs. 8 and 9) the coil C
is suspended between the poles, NS, of a strong permanent

Fg. 7.

Fua. 8.

magnet, by a thin strip of phosphor-bronze. The deflection
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of the coil is measured by observing the reflection of the
seale in the mirror M through the telescope attached to the
instrument.

Amperemeters.—The name amperemeter is applied to those
galvanometers in which the current-strength is indicated
‘directly in amperes, usually by &
pointer which moves over a gradu-
ated scale. Owing to their sim-
plicity of operation they are by all
means the most convenient and
satisfactory instruments for measur-

Fra. 10.

ing the eurrent-strength in analytical electrochemical experi-
ments. .

In the spring amperemeter devised by Kohlrausch (Fig. 10)
a hollow cylinder of sheet iron is suspended by a spiral spring
just above a coil of wire having the form of a vertical helix.
When a current passes through the coil the iron cylinder is
drawvn into it until the foree of attraction is balanced by
the tension of the spring. A small pointer attached to the
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cylinder moves over a vertical scale attached to the front of
the ingtrument.

Fig. 12.

In the amperemeter shown in Fig. 11 the coil is horizontal
and a curved piece of thin sheet-iron to which a pointer is
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attached is pivoted eccentrically within jt. The puinter
moves over a scale on the front of the instrument.

Another type of these instruments, known as the Weston
amperemeters, are constructed on the principle of the d’Ar-
sonval galvanometer. The essential parts of these instru-
ments (Fig. 12) are a permanent magnet, AGB, of great con-
stancy, a fixed soft-iron evlinder €, which concentrates the
field, and a coil of wire d, wound about an aluminium frame
which turns freely on pivots 17, 1”.  E is a pointer fastened
to the coil and moving aver an empirically divided scale.
On breaking the circuit, the coil is restored to the zero posi-
tion by spiral springs S, Only @ very small portion of the
curren{ passes through the pivoted coil, the greater part
being deflected through a shunt of low resistance.

Fig. 18. Fre. 14.

Fig. 13 shows a standard portable instrument, Fig. 14 a
switchboard type; and a cheaper, but for electrochemical
purposes equally satisfactory, instrument is showa in Fig.
15.

This make of instrument possesses many ddvantages; the
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pointer comes to rest at onee when the circuit is closed, owing

z to the damping effect of the alu-
nunium frame on which the coil
is mounted; the divisions of the
seale from zero fo the maximum
are practically umform in size;
the construction permits of very
zecurate reading:  and the re-
Fic. 15. sistunee 1s so low that these in-

struments can be intradueced into or removed from the circuit
without appreciably altering the strength of the current.

Far electrochiemical anal an instrument with a range
of five amperes. with subdivisions correrponding to one-tenth
ampere. will be found very satisfuctory. although {or some

experiments un instrument of lower range capuble of meas-
uring 0.01 wmpere may be required.

MEASUREMENT OF THE POTENTIAL.

For measuring the potential a large number of instru-
ments are in use, their suitability depending upon the accu-
racy of measwement desired. Two instruments are em-
ploved in electrochemical analysis, the voltieter and the
torsion galvanometer; while for exact determinations of
differences of potential and electromotive forces, especially
small ones, the capillary electrometer and quadrant electro-
meter have been generally adopted.

Voltmeter.—In construction the voltineter (Figs. 16 and
17) is essentially a high resistance galvanometer. This is
accomplished in the Weston type of instruments by con-
necting a high resistance in series with the movable coil,
through which the entire current furnished to the voltmeter
The scale of the instrument is cmpirieally divided
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so that the position of the pointer indicates, in volls, the
difference of potential between the binding posts.

In measuring the difference of potential between any
two points the voltmeter is provided with a separate cireuit of

Fie. 16, Fie. 17.

its own, the free terminals of which are attached to the points
to be measured. Since the resistance of the instrument is
very high (several thousand cohms in the low-range instru-
ments), that portion of the current deflected through the
voltmeter cireuit may be neglected, and likewise the resistance
of the connecting wires.

In the type of instruments in which an immovable coil acts
on a movable magnet, the high resistance is obtained by
constructing the coil of alarge number of turns of exceedingly
fine wire.

For the purposes of electrochemical analysis a voltmeter
having a scale reading to 10 volts, in fractions of 0.1 volg, is
satisfactory.

Torsion Galvanometer.—In this instrument a light bell-
shaped magnet is suspended between two vertical coils by
a spiral spring attached to a movable pointer. A second
pointer is rigidly attached to the magnet, and the adjustment
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of the spring is such that, when no current is passing through
the coils and the instrument is properly placed with respect
to the magnetic meridian, both pointers indicate zero on a
horizontal scale calibrated in volts and located just below
the glass cover.

When a current passes through the coils the magnet is
deflected, and in order to restore it to its original position
the pointer from which it is suspended is turned in the

Fra. 18,

opposite direction. The position of this pointer then indicates
the potential difference in volts.

These instruments are made with high resistance and
the vibrations of the magnet are damped by surrounding
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copper, but they are not as convenient as voltmeters,
owing to the fact that it is necessary to adjust them for
each separate reading. A torsion galvanometer is shown in
Fig. 18.

Capillary Electrometer.—The principle upon which the
action of this instrument depends is the following: If a small
mercury electrode is in contact with dilute sulphuric acid, the
change in the surface tension of the mercury is proportional
to the change in the difference of potential between the solu-
tion and the electrode, provided that the difference of po-
tential is small (not over 0.1 volt).

A very convenient form of this electrometer is shown in
Fig. 19. The capillary C'is partially filled by a short col-
umn of mereury which is a portion of
a larger column of mercury contained
in the vertical tube M, open at the
top. The remainder of the capillary
is filled with dilute sulphuric acid, as
is also the short wide tube S. The
bottom of S is covered with mercury,
which is connected with a small mer-
cury contact P by a platinum wire fused
into the glass between them. The
mercury in M is similarly connected with an external
contact N. When N and P are connected with a small
difference of potential the eolumn of mercury in C rises or
falls owing to a change in the surface tension at the me-
niscus. As already stated, the movements of the meniseus
are proportional to the potential-difference when this does
not exceed 0.1 volt. The movements of the mercury are
usually observed through a low-power microscope contain-
ing a transparent glass scale.

In practice the poles of a galvanie element are connected
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through a resistance of 1000 ohms. This resistance is pro-
vided with a series of contact plugs so distributed that the
total resistance of 1000 ohms is divided into nine resist~
ances of 100 ohms each and ten resistances of 10 ohms each.
Fince it follows from Olun’s Jaw that the fall in potential
through a conductor is proportional to the resistance, if the
total difference of potential produced by the element at the
ends of the resistance is equal to one volt, the difference of
potential between any two contact plugs having a resistance
of 100 ohms between them will be equal to 0.1 volt, and the
difference of potential between two plugs having 10 ohms
between them will be 0.01 volt.

The difference of potential to be measured is now con-
nected by means of a movable contact with alternate plugs
along the resistance, its polarity being opposed to that of
the clement furnishing the standard current. The move-
ments of the mercury column of a capillary electrometer
connected in the circuit of the unknown potential-difference,
serve to indieate the point at which this diflerenee of potential
is balanced or compensated to within 0.01 volt by the known
difference of potential along the resistance. The difference
of potential is then reacd to within one one-thousandth volt
by noting the diplacement of the meniscus from its normal
position when the electrometer is short~circuited. This
method is known as the Poggendor{ compensation method.,
It is obvious that the known difference of potential between
the ends of the resistance must always be greater than the
difference to be determined.

Since no flow of current takes place through the eleotro-
meter under the conditions of final measurement, owing to the
polarisation of the small mercury electrode, this method is
particularly suited to the accurate determination of the true
electromotive foree of galvanic elements (see p. 46).
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Quadrant Electrometer.—This important type of instru-*
ment (Fig. 20), devised by Lord Kelvin, is particularly suited
for the measurement of small potential-
differences and the electromotive forces
of galvanic clements. Its construc-
tion is extremely simple. A flat, cyl-
indrical metallic box is divided into
four separate segments (Fig. 21}, each
of which is supported by an insulated
standard. FEach of these segments is
called a quodrani*  The opposite
quadrants are connected by wires, and

Fie. 20. Fia. 21.

within them is suspended, by a quartz fiber, a light aluminium
vane or needle (N, Fig. 21) bearing a mirror. When the in-
strument is in use the needle is charged to a relatively. high
potential by a water battery containing many elements or
other suitable appliance, and contact with the needle is
effected through a small wire attached to it and dipping
into a vessel of concentrated sulphuric acid just beneath..
One pair of quadrants is grounded, and the other pair is
connected with one pole of the electromotive force to be
determined. The second pole of the electromotive force is
connected with the earth. This causes a deflection of the
needle, which is measured with a telescope and scale.

* In Fig. 20 one of the quadranta is removed.
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The instrument may be used instead of a capillary elee~
trometer in the compensation method, or may be used inde-
pendently after having been calibrated by comparison with'
o standard electromotive force.



CHAPTER XIV.
SOURCE OF CURRENT.

TrE. source of current in electrochemical analysis may
be eitber chemical or physical. The former includes the
galvanic elements, which are divided into primary and sec-
ondary elements. The physical sources are the electromag-
netic machines and the thermopiles.

PRIMARY ELEMENTS.

" Leclanché Cell.—This cell consists of zine, ammonium
chloride solution, and carbon.* Electromotive force, 1.5
volt.  When it is closed through a circuit, zinc goes into
solution, and hydrogen ions, being more readily deposited
than the NH, ions, separate as gaseous hydrogen at the
earbon electrode. Owing to the absorbent action of carbon
towards gases a small quantity of hydrogen can be deposited
without producing marked polarisatiorr, but when currents
of any considerable strength are furnished by this element
for even a short time polarisation takes place and the po-
tential difference rapidly diminishes. In order to avoid this
disadvantage these elements are usually modified by sur-

* In the descriptions of primary elements the external negative pole
will be given first, the solution or solutions next, and last the externai
positive pole. Tt should be borne in mind, however, that the movement of
the positive electricity in the interior of the cells is from tbe negative |.o
the positive pole, and that of the negati icity is in the opp
direction.

73
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rounding the carbon rod with a porous earthenware jar con-
taining a mixture of manganese dioxide and retort carbon,
or the electrode itself is composed of a compressed mixture
of these two substances (Fig. 22).

Fia. 22,

The manganese dioxide exerts an oxidising action on the
hydrogen ions, and instead of hydrogen being set free on the
electrode, water is formed in the solution about the positive
pole. The depolarising action of the manganese dioxide is
limited, however, and even those cells which contain it are not
satisfactory as sources of current for electroanalysis. A large
number of cells of this type are to be found on the market
under special trade names. They differ from one another
chiefly in the shapes of the containing jars, the electrodes,
and similar minor details. They all possess the same dis-
advantages to a greater or less extent, and are suited only for
ringing electric bells and similar opea circuit work.
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The so-called dry cells are mostly Leclanché elements in
which the use of a fluid is avoided by moistening plaster of
paris, sawdust, or absorbent paper with the electrolyte. The
negative electrode of sheet-zinc usually forms the contain-
ing vessel.

The internal resistance of the Leclanché element varies
with the construction, but is usually about 0.25 ohm. The
internal resistance of the dry cells is considerably higher.

Daniell Cell—This cell consists of zine, zinc sulphate
solution, copper sulphate solution, copper. Its electromo-
tive force is approximately 1.1 volt. '

The action of this cell when furnishing current has already
been described on page 44. Its construction (Fig. 23) varies

Fia. 23.

considerably, in the earlier form the zinc is placed in 2 porous
earthenware cup containing the zine sulphate solution, and
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action The eleetromotive foree of this eell 13 ahout 1.8 valt

and = intened res
Tuoahe Bunsen eell earbon s substituted for platinam.
Tloe renctions are the sume, wnd the electromotive foree and

tnee approximately (0.2 ohm,

Internad resistanee are the sume as Tor the Grove ecll,

In another type Figo 265 of this swue eell the depolar-
istne aetion is produced by elrvotie neid. Tn thix ense both
the zine and the carhon cleetrode dip into the same solution,
aomixture of potas<ium bichromate and dilute sulphurie acid.

Cupron Element..—Thix cell Fig. 27) consists of zine,
dilute sodinm hvdroxide =olution, cuprie oxide.  The zine
m
to displace hvdrosen ions ai the other pole. The hyvdrogen

sing into solution i the sodinm hvdroxide salution tends

fons renet with the euprie oxide to form water and metallic
('n]\!\(‘l'.
The element e

at eleetromotive foree of 0.5 volt and

an iuternal resistanee of W05 ol

An clement of this type, known as the Ldison-Lelande
cell (Fig. 230 has eome Iargely into use in the United States.
These cells are manufactured with eapacities of from 50 to
600 ampere-hours and furnish o very convenient primary
source of current for electrochemical experiments.
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GALVANIC SECONDARY ELEMENTS.

Accumulators, or Storage Batteries.-— Gafvunic clements
sy be separiated iuto two senerd groups, e, reversibie eells
and irreversible eefls. Reversible eells are thowe which after
Jraving  produced  current and having undergone chemienl
change win be restored to their origingd condition by passing
through them o current in the opposite direetion 1o that
which they have furnished. To thizgroup belongs the Duniell
lto

cell. When this eell Is furnishing current zine pas
solution anld capper i precipitaded. the current within the

cell flowing with respeet Lo the positive clectricity from the

zine 10 the copper. Hothis epll s 20 attached 1o a soupee
of higher clectromeotive Toree that the current within the coll
is forced to flow in the opposite direetion. e, from the copper
to the zine; then copper will pass into solution and metallie
zine will e deposited on the zine eleetrode. The original
condition of the eell ean thas be re-established,

Trres ersible eells are those In whieh the original condinions
are not re-cstablished by the reversal of the direetion of the
current. Thus, for example, on passing @ ewrent through &
partinlly exhausted Grove ecll, in o direction opposite 1o
that of the current which it has furnished, hyvdrogen will
appear at the zine pole and oxygen ot the pladmn, Tno the

sense in which this expression is used, therefore, such o vell

is not reversible.

When a reversible element ix producing o current of clee-
tricity, a transformation of chemical energy into clee
energy is taking place.  When the direction of the cwrrent
is reversed, electrical energy is being transformed into chem-
jcal epergv.  Sinee the chemical energy which 12 thus stored
up and accumulated within the cell may be again converted

rieal
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into eleetrieal energy, this type of cell is known as o stornge
cell or aceumulamor.

The most satisfaetory cell of this tvpe is obtuined by the
combination «pongy lead, dilute sulphurie aciill, lead perox-
ide. Tts clectromotive foree 1= approximately 2 volts. When
thi< eell fumizhes current the spongy lead pa intw solu-
tion to forn lead sulphate, which is deposited as an adherent
coating on the surfuee of the lead eleetrode. amd this tends
to displace hydrogen at the other pole. as u result of which
the lead peroxide (PhOY is reduced to lead oxide (PhOY)
which I turn ix aeted apon by the cleetrolyte to form lead

sulphade.

Inan externad conductor eonnecting the twa poles, the
current, with respeet to the positive cleetricity, will flow
fromy the lead peroxide eleetrode to the lead electrade.

The shmplest equation for representing the reaction * in
thiz cell is the following:

Ph4 110, 4 21130 = 2PB30, £ 1,0,

If the current through the eeli be now reversed, the lTead
sulphate at the negative (lead) eleetrode wili be redueed to
spongy Jesd. and the lead sulphate ag the positive pole will
Le converted into lead peroxide, according to the equation

2PhRO 4110 = Ph+Tbo, + H R0,

A large mumber of different types of this element have
Dbeen. and still are, manufactured, and many of them have
found very generd pructical application.  In the construe-
tion of secumulators the ehief objeets wimed at are a long
life, Jow internal resistance and a high **capacity”” per

* The theary of the lead accumulator has beeu the cause of much scien-
tific argument. Itx discussion will e omitied.
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pound of electrode materind. By capacity is niant the cur-
rent furvished by an aeenmulator expressed in ampere-hours
(product of amperes and hours,

For the preparation of the cleetrodes twa general methods
are in use. One, originated by Plant, depends upon the
behavior of lead plates in contaet with sulphurie acid during
cleetrolysis,

I two =uch plates e Immersed in dilute sul-
phurie acid and o current i passed between them, the surfiee
of the plate connected with the positive pole of the souree of
currenf is converted into lead peroxide and hvdrogen is
evalved at the negntive plate. If the direetion of the curront
3¢ now reversed, the led pera

de i redaeed to sporgy Hend

and the other plate 1= superficially converted into Jead per-

oxide, By occasionally veversing the direetion of the eurrent
and continuing the operation for «mme time. the aetion finally
penetrates to the interior of the plates, which are thus brought
into a condition suitable for use in an aecmpulatar. This
process is enlled “Torming, ™’

amel Ix promoted by the addition
to the clectrolyte of certain chemiead substinees, particularly
itrates.

The other method i based upon the application to a hurd

o

lead frame or ““erid

'y

of a puste composed of Jead oxide
(Htharee), sulphurie aeid wnd sometimes other substances,
The mixture on standing sequires @ solid consisteney and
is afterwands formed into spongy tead and Jead peroxide by
cleetrolvzis in a hath of dilute sulphurice acid.

In the “f
prepared by easting a hard lead frame around enbes coni-
posed of a mixture of zine and lead chlorides. The plates are

chloride process'” the spongy lead plates are

then conneeted as cathodes in an acid bath and the zine chlo-
ride dissolves out, leaving a sponge-like frame of lead chloride
which is converted into metallic lead by the clectrolytie
process.
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Ve ordinaeily construeted, an secumulitor consists of n
reetangular jur of las< or hard rubber, which contains the
d Jead frames which earry the
brrs or eonneetors

cleetrolvte. aand woseries of e

active maderials. Twa solid lead eros
ave righdly wttached. one to all the positive plates, the other
(o wll the negative plates. amd the plates are so arranged
that the positives and negatives alternate, one positive heing
placd hetwern every two negatives, contact between them
being prevented by suitable insulators. Lleetrieal connee-
tion with the plates ix effeeted through the medium of long
lend Tugs whiels are rigidly conneeted with the eross-bars,
The capacity of w0 given accumulator varies eonsiderably
with the strength of the eurrent which it is required to fur-
ni<li. This i shown in the Tollowing table, where the <trength
of the current, the number of hours which it 1= supplied, and
the corresponding eapacity, is given for a certin aeeumulator.

Currentatrongth Tire Cupaerty
W amprres u houre. uniyreres > hwore
10 R0
4 5 70
20 3 60

Fig. 20 shows a type of aceumulator manufactured by
the Plectric Stomge Bartery Co. Portable cells (Fig. 30)
are alzo vuudes i which the accumulitors are contained in
sealed rubber jars enclosed in hard-wood eases provided with
handles and external binding-posts. Various eapacitics are
furnished.

The internal resistanee of aceumulators varies with the
size and construetion hetween 0.001 and 0.02 ohm.

Nceumulators furnish the most satisfactory source of
current for clectrochemical analvsis.  Theie freedom from
obnoxioux fumes or vapors, the fact that their component
parts require no rencwal, and the great constancy of the
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potential difference which thiey furmi=h, are b inportant Ges
tors which make them partieniarly suited e work of s

charaeter. In the Nachen lobortory four pairs of arcunne-
lators Tuve been canstantly inuse sinee ISSS, without need
of repair. Your accumulators are in use in the anulitienl
Liboratory. for which they Tave proved entirely suflicient,
and four in the author’s private nboratory.
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REMARKS ON THE USE AND CARE OF ACCUMULATORS.

The fype of accumulator which s ordinarily employved
for the purpose of quantitative anadysis is pot shipped from
are the smaller portable
ubode and anode plates,

the factory ready mounted for use,
tyvpes of hatteries, hut the mlass jurs,

Fro o,

and the wetd are packed separtely. Muer the glass jars

ex e set inand the jars

have heen caverully eleaned. the pl:
are Hied with the ackd cleetrlyte. Owing to the fact that
they stand transportation: mueh bhetter under these eondi-
are ot shipped inthe primary state by the

tions. the plates
manufacturers, but are partially disclarged and are then
acid having first been removed

driedd. the exeess of sulphuric
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from them.  In order that they can he usel as sourees of
current it is therefore first neressary fo charge them.  This
operation should be begun inmediately after the plates have
been placed In the eleerrolyte. amd eonsists In conmecting
the eells with some suituble sowree of current, the leand per-
oxide phates belng cosmeeted with the postive pole, and the
spongy lead plates with the negative pole, of the churging
current.  The most fuvorable conditions for charging are
alwavs speeified by the manufaeturers, and should alwayvs
be closely complied with in order to obtain the most satis-
factory results. The termination of the charging is denoted
by the evolution of oxvgen and hydrogen guses at the anade
and cuthode respeetively.

The purity of the eleetrolyte is of the utmost jmportance.”
Tn preparing it only distilled water and strietly chemieally
pure sulphu acid should be used. Among those sul-
stanees which are particularly detrimental may be men-
tioned, chlovides, nitrates, jron salts, and arsenje. It only
the commereial sulphurie acid ig available it can be partially

prrified by passing hydrogen sulphide gas through ir, which
= < gulphides  The preeipi-

precipitates some of the et
tate is allowed to subside, the elear acid is deemted, wd the
dissolved hadrogen sulphide is expelled by Llewing jn air or
by warming.

When an acenmulator is fully charged it has an clectro-
nmotive foree of 2.2 volts, but when current i= taken fron it
this falls rapidly to 2 volts and remains practically constant
until the available supply of current is exhausted. The
clectromotive foree then fulls to 1.85 volt, and when this point
is reached the use of the accumulator as a source of eurrent
should be discontinued und the process of rechurging it should
be begun immediately.
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To insure the durability of accumulators, the following
rules * must be observed:

1. They must e protected from shart-cireuit,

2. The maxinmum rate of discharge recommended by the
manulacturers must not be exceeded.

3. An element must not he discharged untdl itz electro-
motive Toree is helow 1.85 volt.

40 An clement must not be allowed to stand i an un-
charged condition; and when not in use it must he charged
at Jeast onee in every three or four months,

Vialent chaking must be avotded, sinee this cauzes the
aetive material to beeome Joozened.

During the process of eharging. and especially during super-
charsing, when gas i= being generated at the enthode and
anode, s rritating vapor, which produces a choking sen=a-
tion in the throal and exerts o very eorrosive uetion on
exposed metal surfaces, is given off by the aceumulators,
This can he entirely prevented by pouring a thin laver of
pure wineral oil on the surface of the electrolvie.  An ol
Cevlinder oil 77 will be

’

of the consisteney of the so-ealled
foundd most satisfactory, This treatment  possesses other
important sdvantages; e the ereeping of the electrolyvte”
along the lugs to the conneetors is entirely prevented; the
clectrolyte does not evaporate; single eells ean he moved
and eartied about with mueh greater freedom, ginee the
osity of the ol greatly retards slopping. Tn batteries

containing n farge number of single cells connected in series,
leakage of eurrent from one ecll to another is reduced to a
minimum not otherwise obtainable.

Tor charging acewmulators the eurrent may be furnished

by a dynamo, a thermopile, or by primary elements.

* Anleitung 70 elektrochemischen Yersuchen vou Dr. Felix Ottel,
1894,
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If the charging current 3= tuken from a dvname.the number
and armangement of the separate seecumulators should be
such that the cleatromotive foree of the dvumuo ewrrent will
exceed that of the accumulators by o snadl ameunt. A
rheostat, for further regulating the current, should be in-
cuded in the eireuit, whieh should wso contain ao smpere-
meter for showing the strength of the current used in charging.

The maxinum eharging current recommended by {he
manufaeturers for the particular niodel of accumulator in use
should never he exceeded. -

H the number of accumulators is not suflicient 1o nearly
compensate the primary potential of the charging current, a
rheostat with sufficient resistance to rednee the charging
current to the desired atrength may be used.

The divect enrrent furnished in many plaees for eleetrie
Nighting can be very convenienthy used for charging acennu-
Jators.  Where only three or four eells wre 1o he ehurged,
atd this number is suffieient for all ordinary eleerrounaly tieal
purposes, they may be conneeted together 7n series {p. 96)
and charged from the lighting civeuit by interposing :=uitable
ent amp resietunce. Thug, for example, if the nor-
mal elirging rate of the accumulators is 5 amperes, and the
difference of potentinl of the lighting cireuit is 110 volts, the
charging may be effeeted by jnserting, in the cireuit contain-

ineandes

ing the accumulators, o resistance consisting of ten sixteen-
candle-power lamps conneeted in parallel.  Sinee cach 16 CP,
Lump requires a current of one-half anipere, the total current
pussing the accumulators will be equal to 5 amperes,

Sinee it is perfeetly feasible to charge accumulators with
a current below the normal, the simplest and most convenient
methad is often to conneet the accumulators in parallel in a
Joop of the main eonductor supplying a number of lights.
When the lights are turned on the current will pass through
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the eells, and the effeet of the baek-cleetromotive foree of
Vhe eells wild not appreciably diminish the briJiancey of the
lghts n the eireuit.

I o thenmoptle or primary gnlvanie elements are used for

sy Yoo connect

charming  aecunmlators, 3t 12 usoafly new
the weennnlators (o perallel ip. 6. This methad of charg-
g s extremely tedious and nconvenient, and should be
nesorted 1o ondy under the foree of necessit
When no dyvnama or cireuit =uituble for charging is to
be had on the premises, It s hest 10 use the portable tvpe
of seeumulator shown in Fig 30, which can be ehagred out-
side the building «t some point where current is available,
Teis very desimble 10 have wopair of lead safety-fuses

nserted o the eiveqit with the wectunudators to protect aguitst
exeessively high currents, The eapaeity of theae fuses
=houbd e such thot they will s blow-out 7" when the cirrent-
steength exeeeds the maximwe recamnended for the given

accnmulatons.

PHYSICAL METHODS OF PRODUCING THE CURRENT.

Dynamos.—The praduction of current by dynamo ma-
chines depends upon the principle that when 2 conductor
i+ moved through a ningnetde fiehd a current s set up in the
conductor, the direction of the current heing such as to oppose
the ehange which produced 1. The induced electromotive
foree b= proportional to the number of lines of foree which are
cut per seeond by the conductor,

Tn dynamos, ns they are commonty construeted, the miag-
netie field i produced hotween the poles of powerful electro-
magnets, and the conduetors in whieh the current is generated
conxist of insulated copper wires wound ahout an jron core
which serves to concentrute the magnetie field.  The core is
attached to a shuft or spindle supported by lubricated bear-
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ings. and through the appication of power (o the shaft (he
core and

tuched comduetors are papidly rotated o the
mingietie fiehl In order to seeure o direet current of prac-
Ny unitorm strength and potendial, the moving conductor
s alivided into amamber of scetions which are separately
cotmeeted Lo nsulited haes of capper plueed i the forw ol o
ring about the spindle. Metallic brushes attached o the
frwme of the machine nmke eleetrie contact with the copper
s arr the apindle.

The eleetromagnets which produce the field are known
as the field-moguets: the iron core with the attached eon-
duetors i ealled the armaboe: and the ring built up of copper
brrs s enlied ahe commntotor.

Direet-current dyvnamos are elassifiel aecording 1o the
wanner e which the field et wre exeited, wse

1. Series dynomos, inowhich the whole eurrent fron e
armature paeses throweh the enils of the field-magnets, their

resistance having heen acole as small s possible (g

. Shund dynns . i whicl only Jnn'liun of the current

e, 31,

is allowed to pass through the eoils of the field-magnets by
joining themn in parallel with the main eircuit (Fig. 32;.
3. Compound dynamos, in which the held-magnets are
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wns al wive in sevies with the am

exeited prortle by o few

tore, and partly byoaceoll conneeted i paraliel with the mnin
cirenit Fia 330,

Series dynamos are used where the conditions of the ex-
ternal eirenit are unehanging. Shant ad eomponnd dvna-

o< are t=ed where changes in the exeertal eireuit are de-

Sirable or msmyeidable.

Shant dynapos (Figs 340 are the most satisfactory type

for cleetracheniceal purposes. <inee. by intradueing s vari-
. the
strength of the field wand correspondingly the electromotive

able pesi=tanee in the civenit of the field coils (Fig. 32

faree of the external cirenit. cun be clianged and regulated.

When, aiter having heen at rest, the dynamos are starte
the weak 1

dual magnetism remaining in the ficld-magnets
serves to build up the eurrent in the armature.

The power for running a dyviamo may be taken from an
engine or may be furnished by an eleetrie motor. 17 the
{urmer is nsed, the most efficient results are obtained by eon-
neeting the engine and dyname direetly together, and trans-
mitting the power by a single shaft from one to the other.
The small dvnamos, sueh us are suitable for currents used in
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electroanalyvsi

vsis, nuay he driven by helts atiaehed 1o pullevs
on suitable counter=shatt<. Where an eleetrie motor is em-
ploved, the dynmmo can be conmeeted with it by o belr, bat
i such eases it s usually more satisfietory 1o use @ motor

dyvnamo (rotary transformer) which iy consist of a motor
and dynamoe mwounted on the sane frane and conneeted by

300, or of o sit

wrle set of field-magnets and
A6).

The ost convenient plan i electrocheiical analysis is

a single shalt (Fig

an artmature containing 1wo independent windings (Fig

to use the current frons a dynamo only for charging storage
batteries, but it is perfeetly practieal to use it direetly as will
be deseribed Later in Chapter XV. 1T it ix to be used direetly,
an clectromotive foree of about 10 volts will meet evory re-
quirement. 1 it is to be used for charging accumulators,
its capacity will depend upon the number and size of these.
The horse-power required for driving a given dynamo can
be approximately determined by multiplying the current in
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anperes by the potential i volts, and dividing the pradact
by 6525,

Thermopiles.—I{ two strip< of dizsimilar metals are con-
at their ends, and one of the junetions thus formed is

nectes

Boooan,

naintained at adiferent temperature from the other, an
cleetrie current wit be produced in this eirenit, 11 the strips
consist of copper wnd bisinuth, a continuous current will flow
from the bismuth to the copper across the wurmer junction,
the work done by the current being mechavically equivalent to
the heat whieh is absorbed at the warmer junction.  The
clectromotive foree o7 suct a couple is small, but by combin-
ing a sufficient number of such pairs in series, it can he ins
ereased to a point where the combination is =uitable ax 2
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source of primary current.  An areangement of this sort is

called a thermopile, and  the separate conples e called
thermo-elements.

Practical thermopiles have been designed by Clamond,
Noi, and Giileher.

The general appearance of Gideher s thermopile is shown
The two metals forming the elements are 3 nickel

alloy (known as argentan) and a special alloy the elief ingre-
dient of which is antimoeny.  The heating is done by gas,
and the separate elements are so constructed that a mixture
of gas and air is condueted through an argentan tube and
burns with a non-luminous flame just at the point where the
top of the tube is in intimate metallie contact with a flut bar
of the antimony alloy.  These points of contact between the
tubes and the antimony bars constitute the hot junctiops,
and the cool junctions liec at those points where cach bar of
antimony is connected with the hottom of the wroentan tube
of the next adjoining element.  Contact between the antimony
bars and the bottoms of the burner-tubes is effected by means
of thin plates of sheet coppier which offer a large surface for
the radiation of hcat and thus tend to maintain the cooler
Jjupetions at a relatively low temperature. The separate
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clements are assembled W series In two rows on ap insulated
iron frame, and the mixture of gas and air is supplied to them
from a large pipe running direetly beneath them,

The cleetromotive foree of the thermopile varies with
changes in the temperature and since this is to a considerable
extent dependent on the gas pressure, the latter must be care-
fully regulated if a constant eleetromotive foree is required.
Of the various regulators construeted for this purpose, that
designed by Danneel # is the simplest and most efficient.

The construction of this instrument is shown in the ad-
joining sketch (Fig. 3%). The solencid § is connected by
wires to the binding-posts of the thermopile, and
the gas supplied to the thermopile passes through
the regulator, entering at B and leaving at A.
The solenoid fits over a glass tube, within which is

a permanent magnet M suspended by a spiral
spring capable of adjustment.  An increase in
the electromotive foree of the thermopile, due
HVELE

to o rise in temperature at the junetions,
more current to flow through the coil. and the
magnet is drawn further into it The lowering
of the magnet farces a dise down on o nrfice of
the gas supply pipe and reduces the upply of gas
passing to the thermopile. € is a thumb-serew
by which a second opening from B to 4 can be so regulated
that just sufficient gas passes through it to keep the burners
al the thermopile f{rom being extinguished when the other
valve is completely closed.

* Zeit. [, Elcktrochemie, 3, 81 (1896-97).



CHAPTER XV.

METHODS OF REGULATING THE CURRENT-STRENGTH
AND POTENTIAL.

THE relations between the current-strength, the differcnce
of potential, and the resistance are expressed by the equation

Difference of potential

Current-strength = Redatonce

In any given system consisting of a source of eurrent, and
an external cireuit, the above equation in order to express
the exact relations ruay be writien

C=por

in which e represents the clectromotive foree of the source
nf carrent, B the resist: nee o the externa’ circuit, and
; the internal resistance of the souree of current. In the
case of galvanic cells, the factor r represents the internal
resistance of the cell, and where the source of vurrent is a
dynamo, r represents the resistance of the cirenit through
which the current passes within the dymamo,

In any given circuit having a definite external resistance,
the simplest method of altering the current-strength is by a
(irect change in the difference of potential. Where the
source of current i¢ a galvanie element, the difference of po-
tential can be increased by connecting two or more of these
elements n serves.

05
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The process of connecting two galvagic elements in series
cansists in conneeting the positive pule of the one to the nega-
tive pole of the other. The current is then taken from
the two remaining poles.  Any number of elements can be

conneeted in this manner, as shown in Fig. 39, and the

a4,

TG, a9,

clectromative joree of the combination, when the elements are
all alike, is equal to the cleetromotive foree of one elenient
taltiplied by the total number of elements thus connected.

When two or more elements are conneeted in series, the
current-strength in the cireuit is represented by the equation

.

z€
(=
R+urr’
in which r is the number of clements and e is the electromo-
tive foree of each element.
Another method of inereasing the current-strength in a
eireuit is by counecting two or more elements in parallel,

SEEIC)

Fia. 40.

This consist= in connecting all of the positive poles of the
several clements to ane concuetor, and all of the negative
poles to another, as ~hown in Fig. 40. The external circuit
is then connected with the two conductors. The electromo-
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tive forec of such an arrangement is the same as the cleetro-
motive foree of a single cell, but the internal resistunce is

cqual to the r ance of one clement dirided by the tofal
number of elements, The current-strength under these con-
ditions is deterniined by the equation

€

C= "
R+
x

The c¢ffect of this arrangement on the current-strength is
largely dependent on the relative values of the infernal and
externa) resistances, sinee the smaller the value of ¢ wiih
respect to 7, the greater will be the inerease of the current
produced by thus connecting the elements in parallel.
Another means for altering the current-strength in a
cireuit is afforded by the introduetion or removal of resist-
This is usually effected through the use of rheostuts

resistance-hoxes,
The name rkeostal is given to any appliance eontaining a
stance of which

liquid or metal conductor the electrical res
ean be altered at pleasure.  Instruments of this sort, con-
structed on various patterns, can be purchased from dealers
in electrieal instruments. Only a few of these will be here

mentioned.

Tig. 41 shows a gencral form of instrument known as a
“resistance-box.”” The resistances, in the forrn of coils of
fine wire, are contained in the interior, and the terminals of
these coils are attached to metal blocks fastened to the top
of the hox. By inserting metal plugs between  adjoining
blocks the resistanees can be short-cireuited and removed
frorn the path of the current. As ordinarily constructed
these instruments are ill adapted to use in & chemical labora-
1ory, because the exposed metal parts are quickly attacked
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by acid vupors.  This diffieulty has been met by the use of

g, 4L
mereury eontacts, instewd of plugs, ta conneet the metal
plates. An instrument of this sort, made at the author's

Fra. 42.

sugeestion by Fraas Brothers of Wunsiede! (Germany), is
shown ip Fig. 42, This is so constructed as to give resist-
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avees from 0.5 to 80 ohms, in multiples of 03 ohne Con-
tinued use has established the fact that such o rhoostat is
estremely convenient und satisfactory.

Another commereial forni of rheostat is shown in Fig. 43.
The variable resistunce 1s o cir-
cular coil of wire one end of
which isattached to one of the
binding posts shown at the
corners of the base. The other
post is connected  with the
pivat of a movable lever, To
the eud of the lever is fastened
a sliding contaet which presses
on the coil of wire. In the

Fic. 43. Fic. 44,

rheostat shown in Fig. 44, the lever can be moved aver a
number of metal studs arranged in a semicirele on an
insulated base. One terminal of the cireuit is connected
with the lever, the other with a coil of wire attached to the
frame. By moving the lever over the studs the current is
foreed to pass through any number of the separate sections
into which the resistance coil is divided.

A commercial type of rheostat mueh used in the United
States is known under the trade-name of *‘Iron-Clad.”’ In
these rheostats the wire resistance is fused into a protecting
enamel, and the possibility of corrosion or mechanical injury
is entirely excluded.
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It is often possible to construet simple rheostats, which
serve all the purposes required in the ordinary course of
clectrochemical anulysis

, rather than to purchase the more
costly ones from dealers,
An arrangeruent * of this sort is shown in Fig. 45. It

Fra. 45,

consists of a light wooden frame, in the forny of a parallelo-
grun, back and forth across which is stnng o galvanised
iron wire, supported on small porcelain or glass insulators.
If currents of low potential only are to be used, the in-

sulators can be entirely dispeused with, and the wire can
be passed simply through iron serew-cves inserted in the
woodwork, One end of the wire i~ attached to a binding-
post with which one terninal of the cireuit can be connectsi,
and the other terminal of the circuit is fastened to a brass
clamp (@) which ean be clamped on the jron wire at any
point along it.  The resistanee which can thus be introduced
is only limited by the total resistance af the iron wire, and any
fraction of this total can be inserted by attaching the clamp
at the proper position. The frame can be attached ta the
wall and the strands of wire caw run up and down across if,
in which case contact can be made with the bottoms of the
separte strands. i many cases such an arrangement is
extremely convenient.

* Edgar T. Smith, Elentro-Chemical Analysis, 1894.
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Another =imple and very convenient arrangement is
shown in Fig. 46 Twa separate resistuices composed of

8

Fig. 46,

narrow strips of sheet-zinc {or galvanised sheet-iron) are
fastened to the opposite sides of a woaden frame, wnd one end
of cach of these strips is connected with a separate binding-
post.  Te these binding-posts the terminals of the cireuit are
connected, and the resistance between them is varied by
moving a sliding elamp (3) which is in contuct with both
strips, along the top of the frame.  Fig. 46 (4) shows the
end view of such a rheostat, and B in the same figure shows
how the strips can be cut from a sheet of zine.  The thickness
of the sheot-zine used and the width of the strips deternine
the resistance for a given length of conductor.  The frame
is provided with feet so that it ean stand upright, and it can
be placed on the floor b, the neighborhoad of the wark-henely,

The plin of a simple rheostat deseribed by Octtel ® is
given in Fig. 47, Spirals of wire forming the variable
resistance are attached Lo a wooden frame at the top and to
heavier copper wires at the bottom.  The ends of the copper
wires dip into cavities in the base-board containing wmercury.
The ends of thie wire resistance arc connected with binding-

* Anleitung zu Elektrochemischen Versuchen, 1894,
.
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posts. by which the rheostat s juserted in the eircuit.  The
most convenient arrangement is obtained by haviog the
Iength of the wire in the different spirdds in the ratios

R:16:320 ete by which any number of units of re-
sistwiiee enn be introduced. The resistance of the circuit
ssing through the rheostat is reduced at will by placing
copper-wire  bridges {a) between adjacent mereury cups.
If a fine adjustment of the resistance iz desired, this can
be accomplished by stretehing a wire, of a length slightly
ereater than that in the smallest spiral, in the form of a loop
with paralle] sides along an upright wooden strip attached to
the end of the frame supporting the spirals.  This loop carries
a slider (S) in contact with both strands, and, by moving this
slider up or down, a very delicate adjustment of the resistance
can he effected.

The methads for regulating the potential of the current,
which are more or less independent of the electromotive
force of the source of supply, depend in general upon the
fact that the fall in potevtinl along any conductor through
which a current is passing is proportional to the resistance.
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Thus, for example, if A4 (Fig, 48) s the source of a current
frwing through the cirenit A BCA, and the conditions are
such that the dificrence of potentin} bevween B und C s

B c
Fui. 48

equal to z volts, the difference of porential between any fwo
points on the conductor BC will be represented by the
equation '
where E’ is the resistance between the two points in question
and R is the total resistance of the conductor BC. 1f z is
equal to 10 valts, and the conduetor BC i~ 100 centimeters
Jong and of uniform material and cross-section, the differ-
cuce of potential between any two points 1 i apart will
be 0.1 volt.

By connecting one electrade of an electrolytic cell with
1he point B and the other electrode with some point along
the conduetor BC, any difference of potential less than 10
volts can be muintained between the two electrodes.

An arrangement of this sort, where a second cireuit is
connected in parallel with apother cireuit, 1 called o shunt
connection, and the second circuit is known as the shunt
circuil,

A shunt circuit attached to the conductor BC is shown
in Fig. 49. If R represents the total resistance of the cireuit,
R, the resistance of the portion CAB (consisting of the re-
sistance of the conductors B4 and €4 and the internal
resistance of the source 4), R, the resistance of BD, R, the
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dAunce of DC, R, the resistanee of the <hunt ecireuit con-
taining the electrolvtic cell £, and if € is the clectromotive

B c

Fig. 49,

foree of the source of current, then the current ¢ flowing
through the entire cireuit will be represented by the equation

andl the value of B isgiven by the equation

R.R,
R:R‘TRJ+H2_TR—‘.
The values for the current-strengths through the parallel
circuits BD () and BED (¢,) are determined by the equations

CR, CR,

Sk TR

Tinally, the difference of potential () between the points
B and O can be caleulated from the equation

R.R,

R :R:+R;=€ :

T

From an exaruination of these equations it will be evident
that when R,+ R, is large with respeet to R,, and R, is large
witl respect to R, the current-strength through the niain
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cireuit will be but Kittle altered by conneeting ov discunneeting
the shunt circuit BED.

The simplest practical arrangement for thus utilising the
variable difference of potential which can be obtained in a
shunt eireuit is suggested by Fig. 49, The conductors B4
and AC can consist of stout copper wires, and the points B
and € ean be connected by a wire of German-silver having
a resistance of sav 10 ohms, 17 the souree of current is two
accumulators connected in series, a difference of potential
of approximately 4 volts will exist hetween B and €. By
means of a sliding contact on BC any difference of potential
less than 4 volts can be brought into action in the cell £

A sipple iustrument has been designed by the author
for this purpose (Fig. 50).

The current from the battery enters at a, passes through
the German-silver resistance AN, and returns to the battery

Fia. 50.

throngh b, In making electrolytic determinations the plat-
inum dish serving as cathodes are connecterl with any
one of the binding-posts numbered from 1 to 20, while the
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platinum anodes are connected with the binding-posts marked
with the + sign.  With this apparatus eight different opera-
tions can be conducted simultaneously.

AALALRL

y

g?

==

1
1

i

AALARA

Another larger ana more complicated instrument for
the same purpose was constructed for the author's labora-
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tory by the firm of Siemens & Halske (Fig. 51). With
this instrument a large number of electrolytic determina-
tions, requiring currents differing in strength and potential,
can be carriad on independently of one another.  The current
from a dynamo with a potential of 10 volts enters by the
cables attached to the ends of the resistance MM,. This
resistance is composed of brass wire-gauze in strips arranged
in o zigzag across the top of the base of the instrument
and is divided into 20 divisions by the econtact- bars
0,1,2, 3 20, to which it is fastened at equal intcervals.
Since, as already stated, the total difference of potential is
equal to 10 volts, the difference of potential between any two
adjacent contact-bars will be equal to one-twentieth of the
total, or 4 volt. Connection with the separate contact-bars
is effected by wires attached to the binding-posts K, K, ete,,
which slide on the galvanised iron strips S, S;, ete.. and the
latter are connected with the blocks W, W,, ete.  The positive
terminal of the dynamo is connected with the long contact~
bar 3/, at the lower edge of the base-hoard. The cells in
which the electrolytic determinations are condueted are con-
nected between the bar 3f; and the blocks 17, W, ete. The
total current passed through the resistance was 60 amperes.
A voltmeter (G) attached to the ends of the resistance indi-
cates the total difference of potential.

Tlectrochemical analysis can often be very conveniently
and satisfactorily carried out by the use of the current sup-
plied for lighting purposes. The direct current used in the
United States for incandescent lighting is usually distributed
by what is known as the three-wire system. In this svstem
the eircuit consists of three wires which for the purpose of
explanation will be designated as @, b, and ¢.  Under normal
conditions the difference of potential maintained between
the wire @ and the wire b js 110 volts, a being positive with



108 QUANTITATIVE ANALYSIS BY ELECTROLYSIS.

regpect to b The difference of potentinl between b and ¢ is
also 110 volts, but ¢ is negative with
respect to b, The electrical relations
between the wires may be considered
as of the same nature as that between
the three wires ¢', V', and ¢ (Fig. 52),
_where ¢ is conneeted with the posi-
tive pole of a galvanic element, ¥ to
the negative pole of the same element,
and ' to the negative pole of a second element connected
in scries with the first one.

By conneeting between the wires @ and ¢, a current with
a difference of potential of 220 volts ean he obtained.

If. therefore, & current at a potential of 110 volts is at
disposal, it is necessary to considerably reduce this before
it iz suitable for carrying out electroanalytical determina-
tions. For reducing this current incandescent lamps are
extremely convenient.  An ordinary 16-candle-pawer 110-
volt Jamp has a resistance of approximately 220 ohms.
Therefore when it is connceted in the cireuit it permiits the
passage of a current having the strength of 0.5 ampere.

e b
Frc. 52.

Frc. 53. FiG. 54 Te. 85,

The simplest arrangement for eonducting an electrolytic
determination is shown in Fig. 53. In this case the electro-
Iytic cell C is conuected in serics. with a single lamp* L

* Jor mounting the lamps cheap poreelnin sockets are very convenient.
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between the terminals of o 110-volt circuit.  The ecurrent
through the cell will be approximately 0.5 ampere.  In Fig. 54
the circuit contains two lamps (16 C. D) in series, and the
current in this case will be approximately 0.25 ampere.
Two Jamps in parallel will give a current of one ampere, and
three lamps in series a current of approximately 0.16 ampere,
By a proper arrangement of lamps in the circuit almost any
desired current-strength can be obtained.

This sort of an arrangement, however, while perfectly satis-
factory for depositing rnost ructals from solutions of their salts,
is not suitable when the separation of one metu! from several
others is to be accomplished, since the difference of potential
between the electrudes in the cell is dependent on the con-
duetivity of the solution and may therefore during the process
of electralysis increase to a value above that at which a sep-
aration can be effected. .

For conducting separations of different metals the ar-
rangement shown in Fig. 35 should he followed. Two or
more lamps connected in parallel are placed in the circuit,
which also contains a variable resistance R connected in
parallel with the cleetrolytic vessel ¢. By properly adjusting
I the desired difference of potential between the electrodes
can be maintained throughout the electrolvzis. A number
of ather modifications of thisx method are possible and will
undoubtedly suggest themselves.



CHAPTER NVL
ACCESSOIRY APPARATUS,

Electrodes.—The clectrodes used for the purposes of
electrochemical analysis are in nearly all cases composed of
pure platinum or of a platinuniddium alloy. Excep-
tions o this general rule are the mereury cathodes
which are sometimes employed for determining metals in
the form of amalgams, and the silver anodes used in the
determination of the halogens.

The advantages of the platinum-iridium  alloy (105,
iridium) over pure platinum are that is resistance to clee-
trolytic netion is as great as that of pure platinum and its
greater rigidity and elasticity make the electrodes composed
of it less liable to injury.  Electrodes made from platinum-
iridium ean be much lighter than pure platinuny electrodes
of the same dimensions.

The size of the electrode on which the electrolyvtic deposit
is preeipitated is of considerable importance, since when the

exposed surface is large the deposit adheres more firmly to
it. If a metal separates from o solusion in o dense form, as
in the eleatrolysis of double oxalates, the probability of the
oxidation of the metal is not appreciably increased by en-
larging the surface of the cathode. In the precipitation of
lead and manganese peroxides a relatively large clectrode
surface is most nnportant. Tt not practical, therefore,
to employ a platinuy crucible for electralvtic precipitation
if more than a few milligrams are to be separated; not only
110
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is the exposed surface too small, but the anode and cathnde
canpot be widely enough separated to facilitate the separation
of the deposit in a dense form.

The wmature of the surface of the electrodes is also impor-
tant, since some metals separate
mered surfaces than on those which have been spun (or rolled)
and polished.  In some cases, as in the precipitation of certain
metals and in the determination of lead as peroxide, the firm
adherence of the precipitate to the electrode can only be se-
cured by the use of a platinum electrode the surface of which
has been roughened by the use of a sand-blast.

TFor the negative cleetrode (cathode) the author uses a thin
platinum dish having the form shown in Fig. 56, 9 em in diam-
eter, 4.2 em in depth, holding about 250 cc and weighing
from 35 to 37 grams*

Another form of dish electrode iz shown in Fig. 57. This
is the farm recommended by v. Klobukow, and differs from

satisfaetorily on ham-

* Dishes of this weight must be composed of platinum-iridinm to be
satisfuctory.  The relations between the volume of the contained liquid
and the available clectrode surface in u dish having exactly the size and
shape given, is shown in the following tuble:

Arex of Electrode
Yolume of Liquid, Surface, 16

n C Square
Centimeters. Centimeters.
260 (full) . 160
250.... 155
200. 130
130. i
120 .. )
100. .. 90

The dish contains 150 cc when filled to within 1.7 em of the edge,
and 120 cc when filled to within 2.2 cm.

When a disk anode, 4.5 em in diameter, is used with this dish the
most uniform distribution of the current is obtained by adjusting the
disk so that it is exactly in the center of the dish and sbout 2 cm below
the edge.
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that of the nuthor chieflv by having a lip which allows liquids
to be conveniently powred from it.

Since dishes which Jiave become rough. seratched, or bent
are not satisfactory for eleetrolvtic determinations, it is
strongly recommended that the dishes used
as clectrodes be reserved exelusively for their
tended purpose.

Az anode, the author uses a disk of
moderately thick sheet platinum (Fig. 58),
about 4.5 em in diameter. which is fastened
to a strong platinum wire. The dizk should
have a number of good-sized holes in it to
pronmwte the cireulation of the liquid and
allow the ready eseape of the gases formed.

The author has also used an anode having
the form of the platinune dish shown in Fig.
A6, 30 mm in diumeter apnd 20 mm in
depth. This anode is supported by a plati-
num wire attached to its center and has
five opeuings in it. Tf is particularly suit-
able for the determination of thase metals
which have a tendency to separate in a spongy form, Ze.,
cadmium and bismuth.

The form of the clectrades used at the Mansfeld smelting-
works chiefly for the determination of copper, is shown in

F16. 58.
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Figs. 59 to 62. The cathode* may be either a platinum

TG, 59, T16. 60.

cylinder (Fig. 39) or a cone (Fig. 60). The anodes used with
these are shown in Tig. 61 and Fig. 62 respeet-
ively. A vertical slit in the cathodes opposite
the supporting wire, through which the wire of
the anode can be passed, adds to the con-
venience in adjusting and removing the cathodes.
The objection to this form of electrode is thaf
the current is very uncqually distributed over
the surface of the cathode, the current density
being particularly high on the lower edge,
which often causcs the deposited metal to separate there in

Fie. 61.

* An important advantage of this form of eathode ig that it can be used
in solutions confaining a precipitate. When the dish electrodes are used
the precipitate sottles to the bottom and interferes with the deposition
of the metal, :
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a crystalline or spongy condition. The current-density ls
also 1ouch lower on the outside than on the inside.

A form of electrode recommended by Winkler* is shown
in Fig. 63. 1t is made in the form of a cylinder, 3.5 ¢cm

Fic. 63,

in diameter and 5.5 cm in height, from platinum wire gauze
(wire 0.12 mm in thickness, 250 meshes per sq. em). The
top aud bottom of the gauze are strengthened by a rim of
sheet platinum. The weight of the electrode is from 13 to
15 grams. The surface area can be approximately caleulated
from the formula,
S=d2=V/nib,
* Ber. deutsch. chem. Ges., 32, 2192 (1§99).
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in which d is the diameter of the wire, n the number of meshes
per sq. cm, ! the circuniference, and b the height of the
eylinger.

The advantage of this form of cathode over those com-
posed of sheet metal is, that when the anode shown beside
it is used, the current-density on the inside and outside of
the cylinder is practically the same. Since, in clectrolysis,
the metal is deposited on the entire circumference of the
separate wires, there is much Jess tendency for the precipitate
to scale off, and as a consequence satisfactory deposits can be
obtained under conditions which would not be possible with
sheet-platinum electrodes. This fact permits many deter-
minations to be carried out with much higher current-
densities and consequently in & much shorter time.

Another form of electrode, designed by Oettel * is given
in Fig. 64. The cathodeisa sheet of
platinum 8 em high and 5.5 cm wide.
The anode consists of two parallel
spirals of platinum wire attached
to a forked support, and is so
placed that the spirals are at equal
distances on either side and opposite
the middle of the cathode. With
thisarrangement the current-density
at the cathode is fairty uniform.

Stands. — For holding the elee-
trodes the author has used a single
standard (Fig. 65) having a metallic ring, to which three
short contact points of platinum are riveted, which supports
the platinum dish, and an insulated arm (a), which carries
the anode. An objection to the use of this stand is that the
brass rod to which the ring and arm are clamped is readily

* Zeit. f. Elektrochemie, 2, 102 (1895-96). -

Fio 64
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corraded by the laboratory vupors, which may lead to an
imperfect electrical conneetion, The stand shown in Fig.

66 has given good service for a long time. The ring and arm
are clamped to a glass rod G, and n is connected with the

Fia. 69.

negative and p with the positive pole of the source of current.
The anode is clamped in position at e. If a cone or cylinder
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is used as the cathode, two arms are attached to the glass
rod, as shown in Fig. 67. This arrangement is particularly
convenient when a metal is precipitated from an acid solu-
tion, since Ly lifting the standard the two electrodes can be
quickly removed {rom the electrolyte and plunged into a
vessel of clean water.

Another method of supporting the electrodes is to have
a scparate standard for cach of them (Figs. 68, 69).

F
(i YT , ]
e
Fia. 70.
The arrangement shown in Fig. 70 has been used by

Herpin. The platinum dish P supported by a metal tripod
F serves as the cathode, and the anode is a spiral of platinum
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wire .S (shown separately in Fig. 71). The dish is covered
by a glass funnel which prevents loss
of the solution by spirting.

The apparatus used by Riché is shown
in Fig. 72. The cathode (Fig. 73) is a
cone having the shape of a crucible open
at bhoth ends and provided with a bail.
It contains a number of oblong openings
in the side to facilitale the circuation
of the electrolyte. The cone is so placed in a platinum

Fia. 71,

Fio. 72,

crucible, which serves as anode. that the distance between
them is from 2 to 4 mm.
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An arrangement for carryving on several similar deter-
minations simultaneouslv has been deseribed by v. Malapert. *
It consists of a wooden franie (Fig. 74) at the top of which
binding-posts  for attaching
the electrodes are placed.
Beakers containing the solu-
tions are supported by the
shell B. Arrangements of this
sort are very convenient when
a large number of similar de-
terminations are carried out
regularly, as is often the casc
in technical laboratories.

Where several similar de-

Fac. 71 terminations are made at the

same time it is not infrequently the practice to connect the
various cells in parallel with one another, and to assume
that the current distributes itself equally between them.
s usually incorrect, since slight

This assumption, however,
differences in the resistance of the cells, due to differences in
the concentration and eomposition of the solution and to
inequulity in the distances between the electrodes, will canse
marked differences in the strength of the currents passing
through them. Because of this inequality, unsatisfuctory
results will be obtained. In such cases, therelore, the cells
should always be connected 7n series, so that the exact
curreut-strength and potential of each cell can be measured
and controlled.

Many separations and determinations are promoted by
heating the electrolyvte.  Great care should be exercised,
however, that the temperature of the electrolyte is not raised

* Zts. f. anal. Ch., 26, 56 (1887).
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ta the hoiling-point, since in this case the precipitated metal
will be loosened from the clectrode and its quantitative de
termination will beecome impossible.  To insure a uniform
heat, which is also essentinl, & thin asbestos board may be
placed under the dish or beaker, and the source of heat can
be either the burner shown in Fig. 73 or the bottom of an

e, 75.

ordinary Bunsen burner from which the tube has been re-
moved so that the gas burns in a small luminous flame.

Engels,* as a result of experiments conducted in the
Aachen laboratory, recommends the use of an asbestos
board 2 em below the dish and below
this an ordinary Bunsen burner.

The arrangement shown in Fig.
76 can also be used. It consists of a
stand made by bending a stout cop-
per wire into two parallel cireles con-
nected by an upright. The smaller
of the rings supports the dish, and
the heat is furnished by the small flame from the base of

* Zts. {. Elektrochemie, 2, 413 (1895-96).
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o Bunsen burper. The burper is covered by an asbestos
chimney, which is made by moulding wet asbestos board
into the form of a eylinder with openings at the upper and
Tower edges as indicated. The top of the cylinder is covered
by a slightly concave sheet of asbestos.

e, 77

A upiversal stand, in which all the necessary apparatus
is carried by a single vertical rod, has been described by
v. Klobukow * A sketch of this is shown in Fig. 77. Ris
the dish cathode, £ the anode; B is a micro-burner for heating
the solution. By a system of glass and rubber tubing pro-

*Journ. f. prak. Chem., (2) 34, 530 ibid., 40, 121; ibid., 33, 473.
Bee also Kriyger, Elekirochem. Zwit,, 3, 106 . (1806).
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vided with pinch-cocks the contents of the dish can be
siphoned off into the beaker G and fresh water for washing
con be introduced into the dish from F.

Another modification of v. Klobukow 's apparatus is shown
in Fig. 78, where an attachment is provided for imparting -
a slow rotary motion to the anode by means of a2 motor.

Through the courtesy of Professor F. A. Gooch of Yale
University the translator is able to include a description of
an extremely simple and practical arrangement for electro-
chemical analysis which possesses the additional advantage
that it dispenses with the necessity of special platinum
dishes or electrodes.* The most novel feature of this

*Gooch and Medway, Am. Journ, of Science, April, 1903,
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arrangement, however, is that by its use the time required
for conducting an electroanalytical determination is reduced
to from 10 to 30 minutes.

The appliance (Fig. 79) depends upon the precipitation
of the metal upon a rapidly
rotating eathode. The cathode
used is an ordinarv platinum
crucible (20 ce capacity), which
is rotated at a speed of 600 to
800 revolutions a minute by a
small electric motor.  The motor
= fastened so that jts shaft is
vertical, and o au extension of
this shaft the crucible i« fixed
by pressing it over a rubber
stopper bored centrally and fitted
tightly to the end of the shaft.
To secure electrical conneciion
between crucible and shait, a
narrow strip of sheet-platinum

Fi 79 is soldered to the shaft and then

bent upward along the sides of

the stopper (4 in Fig. 79), thus bringing the shaft. in electrical

contact with the inside of the crucible when the latter is
pressed over the stopper.

The solution to be electrolvsed is placed in a beaker upon
a small adjustuble stand, so that the crucible may be dipped
into the iquid to any desired depth. The crucible is con-
nected with the source of current by attaching 2 wire to one
of the bearings in which the shaft turns. A sheet of plati-
num foil suspended from the cdge of the beaker serves as the
other electrode.

The solution, 50 c¢ in volume, was placed in a beaker
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having a total capacity of about 150 cc, and the height of
the beaker was so adjusted that the liquid covered ubout
two-thirds of the crucible. This gave a cathode surface
having an area of about 30 sq. cm.

By the use of this arrangement quantities of capper equal
to about 0.23 g were satisflactorily precipitated from a
sulphurie acid solution with a current of ND,,,  10-13.3
amperes in {from 15 to 20 minutes; 0.19 g of silver from a
solution of the double eyanide with a current of ND, g, =
§.3-10 amperes in 10 minutes; and 0.17 g of nickel {rom a
solution containing ammonium sulphate and an exeess of
ammonia with a current of ND, =11.7-13.3 amperes in
25 minutes.

The process as described is rapid, exact, and very simple,
and the special apparatus required is inexpensive. The
speed with which a determination can be carried out by
this method would seem to be due cliefly to the complete
and coustant stirring of the electrolyte, by which fresh
quantities of metal fons are brought to the surfuce of the
cathode for discharge and deposition.

It will probably be found possible to apply this method
with success to most, if not all, separations and determi~
nations.

Vessels for Electrolysis.—For the special purposes of
electrolysis, in addition to the electrodes and dishes de-
seribed, a large number of other forms bave been suggested.
These are all based more or less upun the same principle,
The elbow apparatas, also originated by v. Klobukow, de-
serves mention. In this the gases set free at the electrodes
can be separately collected and therefore quantitativelvy
determined. The apparatus is readily understood from
Tig. 80. The corks, which are paraffined, carry thick plat-
faum wires to which the round flat plates which serve as
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clectrodes are welded at angles of 45°. The form of the
clectrodes is, uf course, not confined to any particular one;
v. Klobukow also suggests round fluted platinum foils, wire
spirals, or pointed electrodes.

In euse the anode and cathode liguids are to be kept
separate by a porous membraae, v. Klobukow proposes the
arrangement shown in Fig. 81. The two separate arms
have close-fitting ground faces, which are cemented into a
brass mounting. A tight joint is obtained by a hinge and
screw.

An electrolytic apparatus, depending upon another prin-
ciple and serving other purposes, which nevertheless might
be useful for quantitative work, is deseribed by Hofer®*  Fig.
82 shows two clectrode chambers of glass provided with
inlet and outlet tuhes for the electrolvte, which is conducted
in a continuous stream through the apparatus. There is also
an escape tube for the gases generated. The two halves,
between which parchinent paper or other porous diaphragm
1s interposed, are fastened together by a firmly cemented
connection provided with a screw. The electrodes have the
form of spirals of platinum wire 0.8 mm in thickness, or of
small platinum plates attached to wires. The connecting

* Ber. deutsch. chem. Ges., 27, 461 (18M).
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wires pass through the gas-outlet tubes, and in case the gases
are to be collected, they are carried on through T tubes placed
at the top and made tight with rubber stoppers.

The liquid to be electrolysed is contained in a dropping-
funnel, the tube of which is con-
nected by rubber tubing to the
lower iulet tube of one section of
the apparatus. The liquid is thus
continually brought to the particu-~
lar electrade and is made to circu-
late through the cell from the bot-
tom to the top. It flows out
through the outlet tube, thence
through a piece of rubber tubing fg
provided with a screw pinch-cock
for regulating the flow, and into a
vessel placed at a lower level.

This piece of apparatus, which has hitherto becn used only
for the study of organic decompositions, might perhaps be
suitable for the quantitative determination of gases.




CHAPTER XVIL
THE ANALYTICAL PROCESS.

Tur complete process involved in the quantitative elee-
trolvtic determination of an element may be divided into a
series of separate operations, as follows:

1. Preparation of the electrodes. These should, of course,
br serupulously clean.  For scouring and polishing them
sea-sand is very commonly used.  This should be of good
quality and free from sharp-corpered grains, or otherwise
the surface of the dishes and cvlinders will become seratehed
and worthless for many determinations.*  For the removal
ol grease, traces of which on the cathode are extremely
abjectionable, the clectrodes may be heated to redness, or
vleaned by immersing them in a solution of c¢hromic acid
iy concentrated sulphurie acid—the so-called ‘' oxidising-
mixture'—prepared by adding powdered potassium bichro-
mate to ordinary oil of vitriol. After washing with distilled
water and thoroughly dryving by heating, the cathodes are
allowed to stand in a desiceator forf a short time lefore weigh-
ing.  The surfaces on which the metals are to be deposited
must never be touched with the fingers.

* The translator has observed that platinum cathedes can be very sat-
isfactorily cleaned with & commercial product known as “ Bon-Ami,” which
is ordinarily sold for cleaning glassware. De#per stains can be removed
suceessfully with “Sapolio,” the surface being afterwards polished with
the material- first mentioned. These substances are applied with a soft
cloth or small sponge, the platinum surface being rubbed geotly in order
to avoid the useless removal of metal.

128
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2. Preparation of the solution. This is conducted accord-
ing to the specific directions given for the determination to
be made, and to obtain satisfactorv results these direc-
tiops should always be followed as closcly as possible. If a
dish electrode is used, the mixture of the various salts is
best conducted in a beaker, and when all are in solution the
liquid is transferred to the dish, where it is finally diluted to
the proper volume. If the electrolvsis is to be conducted
at an elevated temperature, the solution shouwld be warmed
to the proper point before starting the current.

3. Atlachment of clectrodes to circurt.  This is caried out
in o manner dependent upon the form of clectrude em-
ploved and the kind of standard used. The anode and
cathode should be so adjusted that the current-density ag
the electrode on which the precipitutionis to take place will
be as uniform as possible.  If the anode shown in Fig. 61 is
used, it should extend to the bottom of the vessel in which
the clectrolysis is conducted.  In gencral the conditions in
the circuit should be such that sufficient resistance is present
to prevent an wbnormally bigh current-strength or difference
of potential when the electrolysis is started, sinee this would
lend to unsatisfactory results in many separutions. Tt is
hest, therefore, to have sufficient r nee in the connected
theostat so that when the circuit with the source of current
is closed, a current no greater than the maximum required
for the given electrolysis will pass through the circuit.

Tt is also important that all metallic contacts in the cir-
cuit should be clean and rigid, since otherwise the current
may become weakened or interrupted. This applies to the
battery connections, to the counectious between the wires
and the various instruments in the eireuit, and to the con-
nections between the electrodes and the supportiog standards.

4. The electrolysts. The circuit with the source of
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current having been completed, the resistance is adjusted
so that the current-strength and  difference of potential
between the clectrodes eorrespond with those given in the
divections. Siuee the relative values of these two fuctors
arc dependent on the resistance of the cell—which in tum
depends upon the actual condluctivity of the solution, the
size and shape of the clectrodes, and the distance by which
they are separated—it will frequently be found that the
current cannot be so regulated that the values of both of
these factors will correspond with those deseribed by some
other experimenter.  In such a ease it is in general best to
bring the patential to the desired value and allow the eurrent-
strength to adjust itself to this condition. This is especiallv
true in the case of the eleetrolytic separation of a metal from
others rontained in the same solution, where the potential-
difference is usunlly the facfor of chiefl importance.

A very convenient method for determining the coni-
pletion of a precipitation consists in placing a small strip of
bright platinum f{oil in contact with the cathede. 1f alter
some time no deposit is formed on it, it is safe to assume
that the clectrolysis is completed. I a deposit is formed
it can be quickly removed by placing the foil in contact
with the anode for a few moments.  This niethod is of course
upstited Tor metals which when deposited closely resemble
platinum.

In order, during electrolysis, to prevent the loss of a por-
tion of the solution in the form of small drops thrown up-
ward by the escape of gas bubbles, the electrolytic vessel
should be covered. When a dish electrode is used the cover
can consist of a watch-glass cut into two equal halves by the
use of a diamond, or of a watch-glass perforated by a single
small opening. The hole in the watch-glass ean be raade
with the point of & file moistened with a solutton of caraphor
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in turpentine. The cover alsn greatly reduces the evapora-
tion of water from warm electrolytes,

3. The removal of the solution, washing and dryiny the
electrode.  Many determinations require the removal of the
solution from the cathode without interrupting the current,
since otherwise the deposited metal would again pass into
the solution. When dish electrodes are used they ean be
placed on triangles of platinuni wire on the hottom of good-
sized beakers, and when the clectrolysis is completed the
solutions can be displaced by a stream of fresh water; or the
solution in the dish, supported on an ordinary stand, can be
siphoned off, the deposited metal being washed during the
process by a stream of water from a wash-bottle. For most
purposes, however, the results obtained are sufficiently
accurate when the current is stopped and the contents of
the dish are immediately poured out, the precipitated metal
being quickly washed with pure water. When the eylin-
drical cathodes are used, the electrode, still attached to the
stand, can be lifted quickly from the solution and plunged
into a vessel of clean water.  After a thorough washing with
waler, the electrodes are washed three times with about 2 ce
of pure absolute aleohol, dried for about five minules in an
air-bath at about 70° to 90°, allowed to cool thoroughly in
a desiccator, and weighed.



CHAPTER' XVITL.
ARRANGEMENTS FOR ANALYSIS.

Trar question as to the most suitable equipment for
clectroanalytical experiments does not permit of a general
answer, owing to 1he numerous details, such as the Joeation
and construction of the Luilding, the arrangement of rooms,
ete., upon which it depends.  Even if the use of accumula-
tors i combination with a dyvnamo is decided upon as the
maosl practical source of current, the details of the equipment
can be described only from a cortain point of view, according
to the specific requirements. The laboratory at Aachen has
followed the developrent of quantitative electrolvsis almost
from the beginning, and starting with a small and simple
equipment has gradually acquired a most elaborate one.

Three equipments will therefore be described: first, a
simple and practical arrangement for use where the require-
mentsare limited; second, the former electrolytic equipment
of the Aachen Institute of Technology; and third, the present
equipraent of the same institution.

Iriger* has published o general review on the equip-
ment of electrolytic Jaboratories which contains many val-
uable suggestions. The arrangements of certain other lab-
oratories have also been deseribed by Nissenson.t  The
choice of special apparatus depends so much on individual

* Elektrochem. Zeit,, 2, 73, 104, 129, 174, 207, 251; tbd., 7, 76, 129.
1 Zeit. Elektrochem,, 6, 221,
132
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taste, that exaet directions arc practically impossible. In-
deed the practical advantages of the set of iustruments recom-
mended by Kriger have not been contirmed by their use
the Aachen laboratory.

Simple Arrangement for Electrolysis.

The equipment needed for earrying out a single clec-
trolytic experiment, when a constant source of cwrrent is
at hand, is an extremely simple one. A
standard, a pair of electrodes and instru-
ments for measuring the current-strength
and potential-difierence are all that are
required.  The manner in which the
various pieces of apparatus are con-
nected is shown in [ig. §3. The am-
peremeter (4) is connected in series in
the circuit with the cell, and the volt-
meter cireuit is attached directly to
points on the standard in metallic con-~
tact with the cathode and anode. The
voltmeter is  represented by 17, the Tic. 3.
variable resistance for controlling the current by R, and the
source of currint by S.

Sinee, however, it is often desirable to conduct several
experiments sinultaneously, an arrangement for accom-
plishing this will be described which has the advantage that
it can be constructed by any one wishing to carry out elec-
trolvtic determinations.

The chief requirement is that it shall be possible at any
time to measure the current-strength and potential of each
separate ecll, which can be accomplished, with the use of
one amperexeter and one voltmeter, in the following manner:
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Two blocks carrying six binding-posts each are con-
structed as shown in Fig. 84. These consist of a wooden

jﬁﬁﬁﬁﬁ|

Fie. 84.

block supporting a copper plate through which are
drilled six holes having a diameter sufficient to permit the
screws, but not the bases, of the binding-posts to pass.
The Dbinding-posts are screwed through these holes into
the wooden block beneath until a close metallic econtact
between the posts and the copper plate is obtained. One
of these blocks (Fig. 85, A) is connoected by one of its
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Fig. 85,

posts with the pegative, the other. (B) with the positive
pole of the source of current. Another wooden block,
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1, is placed in {ront of the block connected with the nega-
tive pole. This block has a number of holes bored in its
upper side, and into these holes are sef inverted thimbles
filled with mercury. The arrangement of these holes js
shown in Fig. 86, and those (/. 2, 3, and 4) along one edge
are connected with corresponding binding-posts on the block
4 by stout copper wires which dip
into the mercur_\n The mercury-
cups I, &, 5, 4" are connected by
wires to one terniinal of the rheo-
stats 1, wy, wy, w,, respectively, and
the other terminals of the rheo-
stats are connected by wires with
posts on the block B.  The cells in
which the various electrolytic deter-
minations are camied out are in- Fio. 86.

serted in the circuits between the rheostats and the positive
pole (C,, C., C,, C,).  The circuit through cell C,is completed
by laying a bridge made of copper wire between the mercury-
cups a-and 1, and the current then flows from B, through C,,
through w,, from 7' to a, and through the amperemeter to
A. The current-strength can be read from the ampere-
meter and regulated by the variable resistance w,. In order
to proceed with the second experiment (C,) the cell is con-
nected as shown, between B and IW,. A second copper-wire
bridge * is now laid between mercury-cups 7 and 7” and the
first bridge between ¢ and 7' is removed and laid between a

* When the internal resi of the p is iabl
which is not tho case with the standard Weston mstmmenbs zhe bndge
used to connect the mercury-cups 7 and I’, 8 and 2/, 3 and &', etc., must
have a resistance exactly equal to that of the nmperemetcr. Othcrwiso
the current a3 measured with the amperemeter will be less than that
which passes through the cell when the amperemeter is removed from
that circuit.




P46 QUANTITATIVE ANALYSIS BY ELECTROLYSIS.

and 2. The cusrent through C, now passes through the
amperemeter and can be observed and regulated. Tn an
exactly similar mamner the cells €, and C, are connected
with the main circuit.  In order at apy time to observe
the current. passing through any given cell the correspond-
ing mercwy-cup on the lower edge of the board / is con-
nected with ¢ and the bridge between the two opposite cups
on [ is removed. In this way it is possible to measure each
of the separate currents without causing any interruption.
All the connections in the main circuits, including the con-
nections of the amperemeter, should be made by stout
copper wires.

For measuring the Aifferences of potential between the
separate cleetrodes, another woaden bjock, Fig. &7, is pre-
pared.  This block contains four mercury-cups (S,. S, S;. S,)

T arranged on the arc of a circle along
) @ @ one cdge and one cup on the cdge
‘ @ @ opposite.  The cups Sy, S,. S, S, are
connected with the terminals of
the rheostats w,, w,, vy, w,, as shown
in Fig. 85, and the cup S ix con-
nected with the negative binding-

@ post of the voltmeter, the positive
post of this instrument being con-
Fic. &7. nected direetly with one of the

binding-posts on the block B. DBy placing a copper-wire bridge
between the cups S=§,, §-8,, S-S, or S-S, the difference of
potential between the electrodes in the cells €, C,, Cy, or C,,
respectively, can be read with the voltmeter. The simul-
taneous measureroent of the potential of two or more cells is
of course cut of the question. By increasing the number of
binding-posts on the blocks 4 and B, and the pumber of
mercury-cups in the blocks J and I/, the number of sep-
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arate determinations which can be conducted at one and the
same time can be increased to any reasonable number.

This simple appliance, the principles of which recur in
the following pages, can be prepared by any one from the
simplest materials, making it very suitable for the use of
students who by working with it become acquainted with
the methods of making connections and the manipulation
of more elaborate apparatus.

Former Equipment of the Electrochemical Institute at Aachen.

This system was based on the employment of a dynamb
which, running at a speed of 1000 revolutions per minute,
furnished a cwrent at a potential of 10 volts. The current
from the dyvnamo was used either directly- or for charging
accumulators. '

When the current from the dypamo was used directly
for clectrolytic purposes, the instrument deseribed on p. 106
was employved for reducing and regulating the current.

In general the current from the dynarno was used to
charge four accurnulators, connected in serics, and the cur-
rent from thewe having a potential of 8 volts was carried
by suitable conductors to the work-bench used for elee-
trolytic experiments. The connections of the electrolytic
cells to the positive conductor were effected by means of the
six binding-posts marked 1, 2, 3, 4, 5, 6 (Plate-I, Fig. 1).
For connecting the electrolytic cells with the negative
conductor, six wooden blocks carrying binding-posts and
mercury-cups were employed.

The arrangement. of the posts and cups on these biocks is
diagrammatically shown in Figs. 88 and 89 {one-fourth actual
size). The four mercury-cups, I, 2, 3, 4, are in metallic con-
tact with the four binding-posts marked K in the diagram,
cups 4 and 7 are both connected with the pegative conductor,
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and cup 6 is connected with one of the wires leading to the
ampercmeter.  (The position of these six blocks with respect.
1o the circuit is shown in Plate I, Fig. 1, where they are

&8 o

® ®|@
®

Trc. 88. Fic. 89,

denoted by a — sign, and in Plate I, Fig. 2, where they are
denoted by the letter N.)

In order to carry out an electrolvsis at a given current-
strength a wire was carried from one of the positive binding-
posts and attached to the anode of the cell, and the cathode
of the cell was conuected by wires to one of the binding-posts
an the block connected with the negative conductor. A
rheostat was inserted in the circuit between the cathode and
the negative binding-post, and by means’of this a moderately
high resistance of, say, 60 ohms was introduced into the
cell cirenit.  The object of introducing this high resistance
at the start was to prevent the current-strength from attain-
ing an undesirably high value when the circuit was com-
pleted. To complete the circuit it was only necessary to lay
a copper bridge between the mercury-cups 4 and 6. The
current would then pass from the positive conductor, through
the eell, through the rheostat, to the mercury-cup on the
block, and through the amperemeter to the pegative con-
ductor. '(These connections are shown in Plate I, Fig. 1,
position &.)

With a resistance of 60 ohms in the circuit the ampere-
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meter would show only a very small current, which was
increased to the desired value by reducing the resistance
in the rheostat. When this was done, a bridge was inserted
between the mercury-cups 4 and 7 and that between 4 and
6 was remaved. By the latter operation the amperemeter
was disconnected from the circuit (position 3 in the diagram).
In order to observe the current-strength at any time during
the electrolysis, a bridge was laid between cups 4 and 6
and the one between 4 and 7 was removed. It was, there-
fore, possible to measure the current-strength at any time
without interrupting the current through the cell.

The amperemeter was especially constructed for the
laboratory by the firm of Hartmann & Braun (Bocken-
heim-Frankfurt a. M.). It had two scales and two pointers
(one on each side), and the scales had a2 radius of 16 em.
This instrument permitted the measurement of currents
up to 2 amperes in decimals of 0.05 ampere, and was provided
with a shunt-resistance which could be connected in paraliel
with it, whereby the range of measurement could be increased
tenfold.

The resistance of the amperemeter was 0.32 ohm, and
in order that the current-strength should remain perfectly

Rasiatance-roll hasing s reslstanes
eqpal 10 sl of the amperemeter

Fia. 90.

«congtant when it was removed from the circuit, the bridge
(Fig. 90) which was substituted for it between the mercury-
<ups 4 and 7 was not of simple construction, but contained
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a roll having a resistance exactly equal to that of the am-
peremeter.  Since the resistance of the bridge and ampere-
meter was equal, a current corresponding to the one meas-
ured flowed through the cell when the amperemcter was
removed from the cireuit.

For measuring the difference of potential between the
electrodes of a cell a second series of blocks connected with
a voltmeter was employed (M. S.. Plate I, Fig. 2). These
blocks contained five mercury-cups, one at the center and
four others at equal distances from this. The one in the
center was connected with the voltmeter circuit, the other
four were each in contact with a separate binding-post.
For measuring the potential a wire was connected with one
of these binding-posts aud the other end of the wire was
attached to the stand supporting the cathode. By placing
a copper bridge between the mercury-cup in contact with
the given post and the cup in the center of the block the
cathode was bhrought into electrical connection with the
voltmeter, and since the voltmeter was in tum connected
with the positive conductor, the potential which it registered
was that existing between the electrodes in the eell. This
connection is shown in Plate I, Fig. 2, to the left of the
diagram.

As shown in Plate I. twenty-four scparate electrolytic
experiments could be conducted simultaneously.

A view of the author’s private laboratory, showing the
former equipment, is given in Plate II. In this laboratory
special circuits were provided for supplying the direct current
from the dynamo, as well as that from eight aceumulators.
The wire-gauze resistance deseribed on p. 106 was used to
reduce the current from the dynamo when this was employed
directly or for charging the accumaulators. The circuit from
the dynamo and the circuit from the accumulators passed
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from the private laboratory to the work-benches in the
laboratory of instruction. One amperemeter showed the
current which was being used in the laboratory of instruc-
tion, and another served to measure the current used in
charging the accumulators. -

Present Equipment of the Electrochemical Institute at
Aachen.

In the former equipment of the Electrochemical Institute
at Aachen the electric current was supplied by a generating
plant on the premises. In designing the present equipment
it was considered desirable to be as independent of such a
plant as possible, since small isolated plants are uneconom-
ical and are not always ready for use.

To avoid the maintenance of a private clectnc generating
phant it was decided, therefore, to take the current from the
cables of the municipal electric system of the city of Aachen.

The Aachen Flectrieal Works supply the direct current
by a three-wire circuit at a potential of about 108 volts be-
tween the middle wire and an outside wire, and a potential
of about 216 volts between the two outside wires. It is
therefore necessary, for the purposes of electrolysis, to reduce
this high potential in sonwe suitable manner to the low poten-
tial required for experiment. This is aceorplished by the
use of a rotary transformeer, which is efficient, practically
noiseless, convenient, and compact.

It is also desirable to have the high potential current
available for other purposes.

Before proceeding to the description of the plant installed
by the firm of Schuckert & Co., proprietors of the Aachen
Electrical Works, the nature of the different experiments
carried out in the laboratory will be mentioned bricfly in
order that what follows may be more readily urderstood.
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1. Erperiments with Low Potentiols.—The experiments with
low potentials are confined chiefly to the eleetrolytic analysis
of solutions of metallic salts. Experiments on the electrolytic
precipitation of metals on a large scale are also carried out
as an introduction to the study-of electrometaliurgy.

2. Experiments with High Potentials.—The higli-potential
current is emploved chiefiv for experiments with the electric
furnace, for the decomposition of fused electrolvtes, and
for the decomposition of gases and other bodies having a
high resistance. For producing the Davy arc a potential
of about 45 volts is required.

In addition to the above, the curreni is also used in an
electrie projection lantern and for a number of are and incan-
descent. lights.

The distribution of the currents to the various rooms,
and the contral of the transformer, is effected from a central
switehboard located in the author's private laboratory. By
this arrangement the switchboard is placed under competent
supervisionand a generul oversight of the entire plantispossible,

TFrom the central switchboard circuits are carried to the
following places:

1. Private luboratory.

. Large lecture-room.

. Lahoratory for clectrochemical analysis.

. Laboratory for experiments on a large seale with high
and low potentials.

The circuits runping to the different rooms are distin-
guished, according to the intended purposes of the current
which they carry, as

a. Lighting circuits,

b. High-potential eireuits,

¢. Low-potential cireuits,
and are entirely independent of one another.

o T
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The lighting circuits run to the private Jaboratory and
to the large lecture-room.

The high-potential circuits are carried to the private
laboratory. the large lecture-ruom, and to the laboratory for
experiments with high and low potentials.

In addition to these circults there is one for charging
the asccumulators and another for running the transformer.

The switehes, rheostats, safety-fuses, and measuring in-
struments for the different circuits are placed on the central
switchboard.

1. PrivaTE LABORATORY.

The private lahoratory contains the central switchboard
and the battery of accurnulators. A photographic view of
the interior is given in Plate III. In the center can be scen
the switchboard upon which the various imstruments arc
mounted; to the left 1s the glass hood containing, in the
bottom, the battery of accurnulators. Along the wall on the
right are iwo work-benches, one for electroanalvtical work
with low potentials and small currents, the other for experi-
ments with high potentials and large currents.

The arrangement. for electroanalysis is the following: At
the back of the beneh by the window is a slanting wooden
frame. on the face of which are fastened the switches and
binding-posts, while the eonnecting wires are attached to the
back. There are altogether five wark-places on this bench,
at each of which two analyses can be performed simultane-
onsly, so that in all ten experiments can be carried on at the
same time.

The installation of these work-places, as well as those of
the second work-bench, is in accordance with the scheme
for ewrrent distribution shown in Plate V.

Each work-place is connected in parallel to the positive
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and negative conductors, which run through the work-
bench.

The current for every analysis can be independently varied
by means of the regulating resistance at the work-place. A
single amperemeter, which can he thrown into the circuit
of any analysis by means of a switeh placed ot each work-

pluce, serves for measuring the current-strength.  When the
amperemeter 1s cut out, its place is taken by a resistance, in
order that the current-strength will not be altered (see p. 135).

The measurement of tie potential is carried out in a similar
manner by a single voltmeter, which can at will be switched
iuto the cireuit of any analysis in progress.

A lead safety fuse is inserted in the eircuit of each of the
ten branches to guard against the possibility of too great
current-strength.

The connections of the cleetrolytic apparatis 1o the small
switchboards of the work-beneh are made with very flexible
rubber-insulated copper conductors, the ends of which are
provided with snall eopper links to allow them to be more
conveniently atinched to the apparatus.

TFor conducting experiments with large currents of high
or low potential, twa cases furnished with locks are affixed to
the second work-bench.  That for low potential contains two
plates which carry a number of binding-posts, thus allowing
several different pleces of apparatus to be connected at the

same tire.

The cuse for high potential contains three plates, connected
with the two outside conduetors and the middle conductor
of the three-wire systemi so that o wmaximum potential of
about 216 volts is obtainable.  These plates also carry several
binding-posts, which pernit the use of several pieces of appa-
ratus at one tinme.

The two accumulator batteries’ contain four cells each.
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One battery with the cells connected in series requires a
charging current of 90 amperes; the other, sunilarly con-
nected, requires 25 amperes.

The batteries arc charged from the transformer.

The small battery furnishes current to the private labora-
tory only, while the large one supplies the rest of the plaut.
Lach of the batteries is provided with a cell switchboard for
four cells, so that by cutting out separate cells the potential
of the current mayv be reduced and the use of high external
resistances avoided.

To prevent the direction of the current becoming reversedd
during the process of charging, each battery cireuit is pro-
vided with an automatic cut-out.

The potential of the separate cells is measured by a special
voltmeter, having contact plugs which allow the potentiul
of each cell to be independently measured at the cell switch-
board.

For the measurement of the battery potential and the
strength of the charging and discharging currents a special
voltmeter and amperemeter are provided. Turther, that the
aperation of charging and discharging may be more closely
observed, indicators for showing the direction of the current
are attached to the severyl circuits.

2. LARGE LECTURE-ROOM.

The installation of the large lecture-room is especially
intended for the performance of lecture experiments which
comprise the demonstration of electrolysis, the decomposi-
tion of gases and liquids by the Davy are, and fusion ex-
periments.

Besides this, provision is made for running an electric
projecting lantern, as well as a number of incandescent. and
are lamps. -
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3. LaBoRaTORY FOR TRE LELECTROANALYSIS OF METALS.

In this room the transformer ia placed. It also contains
a lurge table having ten work-places for carrying out electro-
analvtical experiments with low potentials. (Cf. Plate 1V.)

The transformer will next be deseribed. This consists
of a combination of two direct-current dynamos with their
shafts coupled directly together. One of the dynamos, ar-
ranged as a motor, is driven by the current from the two
outside wires of the three-wire system by a potential, there-
fore, of about 216 volts. The circuit is run to the trans-
former from the central switchboard. The dynamo, which
is coupled to the motor, and furnishes the low-potential
current, is so arranged that the potential at the poles may
be varied from about 4.5 to 9 volts, the corresponding cur-
rent-strengths being respectively 360 and 180 amperes. The
conductors earrying the low-potential current from the dy-
namo run to the central switchboard. The potential of 9
volts is the one generally used, the lower potential of 4.5
volts being employed for larger elactrolytic experiments,
such as the preparation of pure metals,

The alteration in the potential of the eurrent is brought
about by connecting the two halves of the double arma-
ture, with which the dynamo is provided, either in series
or in parallel. This is done by merely changing the corre-
sponding connections on the frame of the transformer.

Furtber, concerning the construction of the transformer,
it should be mentioned that the machine is very solidly built
and the maguets protected within the frame, so that a me-
chardeal injury to the field-coils is out of the question. The
lubrication of all parts is carried out by means of ring-lubri-
cation, which has proved very satisfactory. Such delays
as often occur when other mechanical contrivances are em-
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ployed are here impossible. Owing to its coustruction, the
transformer, which for protection is enclosed in a special
covering, can run for hours without particular attention.

The action of the transformer, in spite of its speed of
about 1300 revolutions per minute, is so quiet and free fror
any jarring or shaking, that its running can scarcely be de-
tected even in the immediate neighborhood.

It should be stated that there is a switchboard near the
transformer, by which direct currents of Jow potential can be
taken off in this room without making use of the central
switchboard. Such currents are required when experiments.
with high-current strength and Jow potential are performed;
and in such eases short cables are run from this switchboard
to the nearest work-bench, where the apparatus is set up.

The arrmngement of the large work-bench, a photograph
of which is given in Plate IV, corresponds in general to that
of the table for condueting analyses in the private laboratory.

Here, on either side of the bench, there are five work-
places, at each of which two analyses can be performed
simultaneously, so that ip all twenty experiments can be
carried on at the same time.*

Pinte V shows the method erployed for measuring
the current-strength and potentizt of an analysis. The am-
peremeter and voltmeter are above. The currents are reg-
ulated by means of the rheostats (I, I, TIT, and IV). These
consist of slate blocks into which are fixed metal knobs.
attached to separate resistance spirals. By tuming the
lever in the direction indieated by the arrow, the resistance
is cut out and the current-strength correspondingly increased.

The switches for the amperemeter Aq 11,111, 1w, for the

* Two other work-benchies have been recently added, so that there are
now twenty work-places for clectroanalysis.
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electrolyses Eq vy 111wy, and the sefetv-fuses By 1 ur
are covered by Lronzed metal cases.

a1 u vy are the binding-posts to which the efec-
trolyses are connected, 7 is a double-pole switch used in
megsiring the potential.  In the position o the voltmeter
is eut out; at 1, 1, 01, 1v the corresponding electrolvsis is
connected with the voltmeter. As already stated, there is
ouly one ampercineter and one voltmeter to every table with
10-20 dishes, and therefore onlv one clectrolysis can be
measured at a tiree.  The four figures in Plate V are de-
sigred to make the explanntions clearer.

In position I, where the kevs A and Ejp are horizontal,
the eircuit s open. In 11 Ay is vertieal; the amperemeter
is conneeted. 17 the kev £ is now turned to the vertical
position a current. will flow through the circuit and the lever
of the rhicostat at I1 miay be turned in the direction of the
arrow upiil the ampereneter registers the desired cwrrent-
strength. A iz then brought into the position Ay The
current now flows no longer through the amperemeter, but
through a roll of wire, the resistance of which is equal 10 that
of the amperemeter. The current-strength  remains  the
same as that previously showo by the amperemeter.

T servex Tor measuring the potential at the electrodes
of the electrolytic vessel, as shown at V. In this operation
the position of 4 and E s the same asin III.  The two metal
strips (S8) are pushed to the right or left (in the figure to
the right, iv). and the voltmeter then shows the potential
existing at that time between the electrodes of the corre-
sponding electrolvsis.  The measuring instruments are
switched out of the circuit immediately after use.
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4. LABORATORY FOR PERFORMING EXPERIMENTS ON A LaRGE
ScaLe wiTH Low axp Hicu PoTeExTiALS.

As already ruentioned, special cases which receive their
currents from separate conductors running from the central
switchboard are provided for high and low potential.

Within the case for high potential there are threc separate
plates corresponding to the three feed-wires of the three-wire
svstem, providing currents at potentials of 108 and 216 volts
accordingly.

The case for Jow potential contains two connections, with
possible potential at the poles up to 9 volts.

From both of the cases separate branch circuits run to
the four work-benches, where they end in_ terninal boxes
provided with locks. By this arrangerment cach table is
provided with both high and low potential.

Each of the branches runuing to the tables is supplied
with a safety-fuse and a switch; each table i therefore
independent of the others.

In condueting experiments a set of portable measuring
instruments and portable resistances for regulating the cur-
rent is used.

Large and cumbersome resistances are required to pro-
duce appreciable variations in the potentinl. A simple
applianee in use in the Aachen laboratory overcornes this
difficulty in the case of experiments of short duration, where
economical use of the current is ot an essential feature.
This scheme, originated by Lib and Kaufrdann* permits
the convenient splitting up of the current of 216 or 108 volts
into separate independent currents having the required
lower potential.

* Zeit. {. Elektrochem., 2, 345 (1895-96); ibid., 2, 664.
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A number of lead plates are hung parallel to one another
in a large porcelmn trough filled with sulphuric acid (Fig. 91),
in such a manner that theyv cut all
the lines of the current. They
must therefore almost touch the
sides and bottom of the trough.
When the current passes, these
lead plates act as intermediate
conductors, the sum of their
separate potentials heing equal to
the potential of the main current:

The immersed lead plates can be slid along the length of
the trough on the glass rod from which they are hung. By
moving the plates toward or away from the electrodes the
potential is varied, and any desired potential mav be ob-
tained by making a coanection between a terminal electrode
and one of the plates. The arrangement is given in Fig. 91.
E denotes the source of current; 7, the trough filled with
sulphurie acid; 4 and K, anode and eathode; M, the five
plates. The wires to S show the removal of three separate
currents of different potentials. A large number of such
connections are possible. On account of the gases given
off, the trough should be kept under a hood.

In addition to the details of the equipment which have
been described, some general facts in connection with the
management of the entire plant should be stated.

Since the apparatus is much used, aBd is pot always
placed in experienced hands, it was considered desirable to
have all parts solidly constructed and intended for contin-
uous use.

The switches and regulating instruments, as well as the
branch-plates, are all mounted on bases of fire-proof
material.

Fia. 91.
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All connections are made with the best rubber-covered
wire, fastened to large porcelain braekets, so that most perfect
insulation of the conductors is assured.

. To secure against improper use, all switch-cases are pro-

. vided with safety-locks, so that currents ean nowhere be
taken off without the permission of the director of- the
Jaboratory.
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If a solution of a ferrous salt is treated with potassium or
ammoniurn oxalate, there is produced an intensely yellowish-

. red precipitate of ferrous oxalate, soluble in an excess of the

reapent to a yellowish-red solution of the double salt.
153
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The stated oxalates do not precipitate ferric salts; but,
if added in sufficient quantity, a solution of the dauble ferric
salt is produced having a more or Jess green color.  If this
solution is submitted to electrolysis, there is first produced
the double ferrous salt, which is then decomposed with separa-
tion of metallic iron; the green liquid therefore becomes first
red and then colorless, Because of this action, the deter-
mination of iron is more rapidly performed in solutions of
ferrous than of ferrie salts.  Potassium iron oxalate is not
adapted 1o electrolvsiz, because the potassium earbonate
which 1s produced preeipitates iron carbonate, and thus com-
plete reduction is prevented.  The electrolysis of the ammo-
nium double salt, when ammonium oxalate is in sufficient
excess, proceeds smoothly, with no sepamtion of an iron
compound. If the solution contains free hydrochloric acid,
it is best to remove it by evaporation on the water-
bath.

Free sulphuric acid may be peutralised with ammonia,
since the ammonium sulphate thus produced onlyv increases
the conductivity of the solution. Nitrates are converted by
evaporation with sulphurie acid into sulphates, or by repeated
evaporation with hydrochlorde acid into ehlorides. The
presence of phosphorie acid is not objectivnable.

The determination is conducted as follows: Assuming
that 1 g of iron may be present in the solution to be elec-
tralvsed. from 6 to 8 g of ammonium oxalute are dissolved
by heating in as little water as possible, and with constant
stirring the iron solution is gradually added.* The solution
is then diluted with water to 100~150 cc and the positive

*# 1t ia not ‘desirable to add ammonium oxalate solution to a ferrous
solution, as difficultly soluble ferrous oxalate separates, and éan he dis-
solved to the double salt ouly by long heating.  With a ferric solution this
precaution is unpecessary.
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electrnde is immersed in the liquid until it is just covered
by the solution. The electrolysis is conducted according
to the special directions which are given below.

CONDITIONE FOR ANALYSIS.

Metal present as sulphate.

Substance added: 6 to 8 g ammonium oxalate.
Total volume of solution: 100 to 150 ce.
Temperature: that of room, or 40° to G5°.
Current-density at cathode:

(Room temp.) ND,,,=1.0 to 1.5 amp.;
(40° to 65°) ND,,,=0.5 to 1.0 amp.

Potential-difference between electrades:

(Cold solutions) 3.6 to 4.3 volts;
(Warrn solutions) 2.0 to 3.5 volts.

Time required: 2} to 6% hours, depending on the tern-
perature.  For the quality of the precipitated metal, polished
or roughencd dishes answer equally well.

The cod of the reaction is determined by taking out a
small portion of the colorless solution with a capillary tube,
acidifving strongly with hydrochloric acid, and testing with
potassium sulphoeyanide. When the reaction is ended the
positive electrode is removed from the solution, which is
poured off, and the dish washed three times with cold water
(about 5 ce each time), and three times with absolute alcohol,
dried a few moments in the air-bath at a temperature of 70°
to 90°, and weighed after cooling.

The scparated iron has a steel-gray color and brilliant
Juster, is firmly attached to the dish, and can be preserved in
the air without oxidation for a full day.
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EXPERIMENT 1.

Tsed 21-25 g FeSO,(NIL),R0,6H,0 (Fe=14.29%),
6-8 g ammonium oxalate, 120 cc of liquid.

Curtent owsity, Elestrgde Poreatial. ey, — Found.
3.854 3 20-40° 2 hr. 13 m. 14 21 ¢,

36° 380 34,21

¢ 230 1,28

3080 1124

EXPERIMENT 2.

Tsed 2.6-2.8 g ferric potassium oxalate (Fe(C,0),.
3K,C,0,6H,0) Fe=1140¢7), 6-7 g ammonium oxalate.

Current-don Eleotrade Potential. g, Foun,
1.5-1.7 3 55—1.25 35407 11.39 €,
1.0-1.1 3.8 -1.0 3040° 11.35
0.5-0.8 4 =208 50° .25

Fdgar F. Smith has reeommended the preeipitation of
iron fromy a solution of ammonium citrate to which o few
drops of citric acil have been added.  The author’s experi-
ments in earlier years, on the separation of iron from other
metals in citrie and tartarie aeid  solution, demoustrated
that in the presence of fixed organic acids the precipitated
metal always contains carbon. . Heidenreich has shown, by
experiments condueted in the Aachen Jaboratory, that iron
may be quantitatively determined from such solutions under
certain conditions. namely: 0.2 g ferrous ammonium sul-
phate, 50 cc of a 10 per cent. solution of sodium citrate, 2 ce
of a saturated solution of citric acid; entire volume of liguid,
120 ce; temperature of roow; ND,,,=0.75-0.9 amp.; poten-
tial-difference, 5 volts; time, 4-6 hours. The iron, however,
always coutains carbon.
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Cobalt may be very easily precipitated from a solution
i cobalt ammonium oxalate containing an excess of ammo~
ium oxalate (method of the author). The metal separates
apidly at the negative electrode in a compact adherent
sating, showing its characteristic metallic properties. The
peration is performed as in the determination of iron. 4-5
ammonium oxalate are dissolved by heating in the solution,



158 QUANTITATIVE ANALYSIS BY ELECTROLYSIS,

the volume of which should be about 25 ce; it is then diluted
to 100-120 ec, warmed, and electrolysed at 60-70°,

CONDITIONS FOR ANALYSIS.

Metal present as sulphate.

Substance added: 4 to 5 g ammonium oxalate.

Total volume of solution: 100 to 120 cc.

Temperature: 60° to 70°.

Current-density at cathode: ND, ,=1.0 ampere.

Potential-difference: 3.1 to 3.8 volts.

Time required: 2% to 34 hours.

The state of the surface of the cathode (whether rough or
smooth) has no influence on the quality of the precipitated
metal.

EXPERIMENT.

Used 2.2-2.6 g CoS0, K,30,6H,0 (Fe=13.43%), 45
ammonium o,\nlate 120 ce soluuon

ez}

(,‘unxr‘:;:cr:;i:y. Elccmxle Powmiznl, Temp. Time. Found.
1 -1.1 3.1 378 60-65° 2 hr. 15 m. 13 36 G,
0.5-0.52 2.7-2.95 60-65° 3030 13.49 ¢
I 12 39—.0 15-35° 4 1030 13.43 ¢¢
0.5-0.33 3.16-3.9 15-27° 6 '35 13.25 ¢

According to a method given by Fresenius and Bergmann,
the cobalt solution, after the addition of 15~20 cc of ap am-
moniwn sulphate solution (300 g (NH,),S0, to the liter)
and 40 cc ammonia sp. gr. 0.96 (where more than 0.5 g cobalt
is present in the solution. 50-60 c¢c NH,OH} is diluted with
water to 150-170 cc, and electrolysed with a current of ND
=0.7 as a maximum at ordinary temperatures. The presence
of chlorides and nitrates is unfavorable to the reduetion.
Fixed organic acids (citric acid, tartaric acid) and also mag-
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esium compounds act injuriously. The presence of phos-
hates is not objectionable.

CONDITIONS FOR ANALYSIS.

Metal present as sulphate.

Substance added: 4.5 to 6 g ammonium sulphate and
D to 60 ce ammonia (sp. gr.=0.96).

Tatal volume of solution: 150 to 170 cc.

Temperature: that of room.

Curreni-density: ND,,,=0.5 to 0.7 ampere.

Potential-difference: 2.8 to 3.3 volts.

Time required: about six hours.

F. Oettel has proposed the fo]lcwmg method for the
etermination of cobalt:

The salt is dissolved in water and o quantity of ammo-
ium chloride, equal to four times the weight of the salt. taken,
.added. The final volume of the liquid should be 150 cc,

of which is an ammonia solution (sp. gr.=0.92). (See
wrther under Nickel.)

RICKEL.
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Nickel muy be recuced under conditions similar to those
for the determination of cobalt; the metal is precipitated
from a solution of double oxalates, containing ammonium
oxalite in excess, as a bright adherent coating on the negative
electrode.

CONDITIONS FOR ANALYSIS.

Metal present as sulphate.

Substance added: 6 to & g ammonium oxalate.

Total volume of <olution: 120 cc.

Temperature: 60° to 70°,

Current-density at cathode: NI, ==1.0 ampere.

Potential-difference: 3 to 4 volts.

Tine required: about 3 hours.

The question of the complete precipitation of the nickel
can be settled by adding a small quantity of ammonium
sulphide to the solution and concentrating the solution by
evaporation, when any nickel remaining will be precipitated
as sulphide. If the quantity of this is appreciable it ean
be determined by adding bromine to dissolve the sulphide
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and again electrolysing the solution after the addition of
an excess of ammonia,

According to Fresendus and Bergmann, nickel can be
completely precipitatedt from a solution containing ammo-
nium sulphate and free ammonia (see Cabalt).

Oettel has demonstrated that nickel may also be deter-
mined in solutions containing the chloride. Since the pres-
euce of nitnc acid s very objectionable, however, thiz must
be entirely removed if present. Oettel effected this by evap-
orating the nitric acid solution to complete dryness and then
boiling the residue several times with concentrated hydro-
chloric ucid in a long-necked flusk, until the reaction of nitrie
acid with diphenvlumine was no longer obtained. Small
quantities of nickel nitrate can be precipitated as hydroxide,
washed and dissolved in hydrochloric acid,  Large quantitics
are most canveniently converted into sulphate and deter-
mined by one oi the methods mentioned above,

To the solution of the chloride so much ammonia (sp. gr.
=0.92) is added that 109 by volume of free ammonia is
present (when less is present black oxide of nickel separates
on the anode). About 10 g ammonium chloride per gram
of metal to be precipitated is added, and the electrolysis is
conducted with currests of ND,,,=0.4 ampere. The time
required is from 7 to 8 hours, and the method permits large
quantities of nickel (as much as 2 grams) to be precipitated
in white, strongly adherent deposits. A uniform current-
density on all portions of the surface of the cathode is iro-
portaut to the success of this method.*

L. F. Smith ¥ recommends the precipitation of nickel
and cobalt from a solution containing an alkali cyanide

* Classen, Ausgewihlte Methoden, p. 410.
¥ Electro-Chemical Analysis, 1902, p. 94.



162 QUANTITATIVE ANALYSIS BY ELECTROLYSIS.

under the following conditions: Enough potassium cyanide
ix added to the solution of the metal salu to redissolve the
precipitate ut first formed and to provide an excess of 0.1 gram
of the evanide; 2 grams of ammonium carbonate are then
added, the solution Is diluted to 150 ce, warmed to 60°, wnd
clectralveed with a current of ND,,=1.5 umpere and a po-
tentiai-ditfercnee of 6 to 6.3 volts. The time required for
complete precipitation is about three and one-hall hours.

According to Fernberger and Smith the determination
of nickel may also be conducted in a solution containing
phosphates.  They mention the following experiment:

To a solution of the nickel salt (containing 0.1360 g of Ni)
45 ce of a disodium hydrogen phosphate solution (sp. gr.=
1.0358) and enough phosphoric acid to dissolve the precipi-
tate formed and Lo have a few drops in excess were added.
The solution was then diluted to 250 ce, warmed to 63°, and
electrolvsed for three and one-hall bours with a current
of ND,,,=0.53 umpere and a potential-difierence of 7

volts.

Campbell and Andrews dissolve nickel hvdroxdde in 30 ce
of 2 10 per cent. solution of disodium hydrogen phosplate, to
which 30 cc of a coneentrated ammonia solution are added,
and, with a distance of 5 mm between the electrodes, separate
the nicke! by the use of a current of ND,;;=0.14 amp.

Gaooclt and Medway have used the apparatus described
on p. 124 for the determination of nickel Nickel awnmo-
nium solphate was dissolved in 25 ec of water and 20 ce of
strong ammoenia were added. In this solution about 1 g of
ammonium sulphate was dissolved and the electrolysis was
conducted with currents of from 1.5 to 4 amperes (equivalent
to ND,,,=5-13.3 amperes). The time required for the
complete precipitation of the nickel (0.0954~0.1738 ) was
from 20 to 30 minutes.
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The metal may be easily and quickly separated from the
double salts of zine ammonium oxalate and zinc potassium
oxalate (method of the author).*

The reduced wetal has a bluish-white color, and under
proper eonditions adheres firmly to the negative electrode.

* The reduction of zinc from a solution of zine ammonium oxalate is very
often credited to Reinhardt and Ihle. The author, however, described
this method in Fehling's ““ Handwaérterbuch ™ before the publication of the
article by Reinhardt and Ihle in the Journal fiir praktische Chemie, to
the editor of which, Kolbe, the author especially stated the facts at the time.
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Indeed, the metallic zine often adheres so firmly to the plat-
wumn dish that, after being cleaned with water and alcohol
and dried, it is with dificulty dissolved by warming with
acids.  Generally, after this operation, a dark coating of
platinum-black remains which can only be removed by ignit-
ing the dish and again treating with acids. Tt is therefore
desirable, hefore weighing the dish, to precipitate upon it a
thin coating of copper, tin, or, better, silver. In laboratories
where many zine determinations are performed, silver dishes
may be advantageously employed.

A bright, thick coating of copper can be obtained in a few
minutes if a saturated solution of copper sulphate is treated
with an excess of ammonium oxalate to form the double salt,
acidified with axalie acid, warmed to 70-80°, and the copper
precipitated by a current. of 1 ampere. The preparation of
the double salt in a beaker, and the transfer of the clear
hot solution to the platinum dish is to be recommended.

For silvering the dish it is best 1o precipitate the silver
from a solution containing potassium cyanide (see Silver).

In determining zine by this methoed, the zine salt is dis-
solved in a Uttle water by warming, about 4 g of potassium
oxalate or an equal amount of ammonium oxalate is added
and the whole is brought into solution by warming and, if
necessary, by the addidon of small quantitics of water*
The Liquid is now transferred to a platinum dish coated with
copper or silver and electrolysed. The author has demon-
strated by experiments that the separation of the zine in a
dense, metallic forni is possible if the solution be kept acid
during the process of analysis.

* 1f the alkali oxalate be added to a dilute solution of a zine salt, there
first forms a precipitate of zinc oxalate which is not completely converted
into the soluble zine double salt if the solution of the alkali oxalate i3 too
dilute.”
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For acidifving the solution, a cold saturated solution
of oxalic acid, or, better, a solution of tartaric weid (3 :50)
is employed. At the start the solution is electrolysed
for abcut 3-5 minutes without addition of aeid, and
then the nacid is permitied to fow in drops (about 10
drops per ninute) from a burette with a fine wutlet, upon the
watch-glass covering the dish. The acid fiows through the
holes in the watch-glass iuto the dish itsell.  After the re-
duction is completed (this is deternined with potussium
ferrocyanide), the metal must be washed without interrupt-
ing the current. '

CONDITIONS FOR ANALYSIS.

Metal present ns sulphate.

Substance added: 4 g potassium or ammonium oxalate,

Total volume of solutjon: 120 cc.

Temperature: 50° to 60°.

Current-density at cathode:

XD,,,=0.5 to 0.1 ampere.

Potential-difference: 3.5 to 4.8 volts.

Time required: about 2 hours.

TRoughened or polished dishes answer equally well, but
they should be copper or silver plated before use.

EXPERIMENT,

Used 1.8-2 g zine ammoniwn sulphate (Zn=19.299%),
4 g potassium oxalate, 120 cc solution.

Current-demsivy. Electryde Potaotial, gy, Time. Found.
0.5-0.56 3.5-4.0 55-60° 2 hr. 16.44 9,
0.9~1 4.7-4.8 60° 14 50 m. 16,42 *F

According to v. Miller and Kiliani, 4 g potassium oxalate
and 3 g potassium sulphate are dissolved in water, the neu--
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tralised zine solution (sulphate or nitrate containing not
more than 0.3 g Zu) carefully added. and electrolysiz effected
without heat, by a current of ND,,=0.3-0.5 ampere. The
reaction is enmiplete jp 2 to 3 hours.

N. Eisenberg * obtained the following results by the pre-
ceding method:

Subst Current- FElectrnde Condition
b densiy,  Polental,  Temp. Tme.  Founs. of

el Amperes. Voits, Metal.
1.8312 0.4 -0.35 3.9-4.0 25-26° 4hr. 16 357, partly spongy
1.8312 0.40-0.35 4.1~4.2 28-30° 4°° 16,01 spongy

Remark: (1) Roughened dish; (2) Polished dish.

The constant mixing of the Jquid by means of a stirring
appliance is recommended for this method.

According to Jordis, zine, when prescnt in the form of
sulphate, chloride, or nitrate, may be separated from a lactic
acid solution.  The case with which this method can be car-
ried out appears from the directions of the author, which
read as follows: 2 g ammonium sulphate and 5-7 g ammeo-
niuni lactate are added to the neutral solution containing not
less than 0.3-0.5 ¢ zine, which is then acidified with a few
drops of lactic acid. A stirring attachment is employved,
and the solution is electrolvsed with a current of ND =
1.0-1.5amp. After 40-60 minutes the electrolyte is poured
into a second dish and the separation comupleted in this.  With
a current of the above density this requires 20-25 minutes.
A somewhat concentrated solution of about 120-150 cc is
advantageous.”’

‘“Since the lactic acid is but very slowly decomposed
during the electrolysis, its regeneration resulting from the
action of the sulphuric acid formed upon the ammonium
lactate, the electrolvte remains acid until the eud and re-
quires no further attention. ™’

*Inaugural-Dissert. Heidelberg, 1805.
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Luckow, Beilstein and Jawein, and Millot have described
the precipitation of zine from solutions containing potassium
cvanide. To a neutral solution of the zine salt, or a solu-
tion made slightly alkaline with sodium hydroxide, just
enough of a solution of pure potassium cyanide is added
in small portions to dissolve the precipitate of zine cyanide
at first formed, and the solution is diluted to 150 cc. The
current-density can be from 0.5 to 0.1 ampere, and the elee-
trolysis may De condueted at ordinary temperatures, or from
50° to 60°. Tn the latter ense the difference of potential
between the electrodes will be from 5 to 8 volts and the time
required from two to two and one-half hours. If the deter-
mination is to be carried out over night weaker currents
can be used at room temperature and a good deposit will
be obtained. The completion of the precipitation can be
determined by decomposing a small guantity of the solution
with hydrochloric acid and adding potassium ferrocyanide.

A method previously suggested by Vortmunn depended
on the addition of n known weight of a mercury salt to the
zine solution, and the precipitation of the mercury and zinc
by electrolysis in the form of an amalgam. Paweck has
substituted a direct method for this, and precipitates the
zinc on an amalgamated cathode.

For this purpose two circwlar disks 6 cm in diameter
are cut from ordinary brass-wire gauze, and after thorough
cleansing by scouring and by treatment with acids are at~
tached to a brass wire 10 em Jong and 1 mm thick, pointed
at the lower end, in such a manner that the wire extends
about 2 mm beyond the lower disk, and the two disks are
parallel and about 12 mm apart. After washing with water,
aleohol, and ether, and drying, this electrode is immersed
io a solution of 0.6 g mercuric chloride, 5 cc concentrated
pitric acid, 200 cc water, and electrolysed for § to 1 hour
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witl o current of 0.1 to 0.2 ampere. By this treatment the
cleetrode is eveoly amalgamated, and it is then washed with
hydroeliloric acid, water, ulcohol, and ether, and dried at a
gentle heat, as is obtained by holding it a short distance {from
u hot asbestos plate. It is then placed on a watch-glass in a
desiceator, and aceurately weighed before using for an analysis.

The =olution, which may contain as much as 0.5 g of
7Ane as sulphate, is prepared by adding 10 g of sodium-
potassium tartrate and 7 to 8 g of pure sodium or potassium
hiydroxide dissolved in water, and is diluted to a final volume
of 200 ce. The clectrolysis is conducted with a current-
strength of 0.1 to 0.5 ampere and a potential-difference
of from 2.6 to 3.6 valts. The operation requires from 3 to
+ hours, and the end of the precipitation can be determined
with hyvdrogen sulphide. When completed, the cathode
is removed quickly, washed with water, aleohol, and vther,
dried as before, and allowed to stand in a desiceator for 15
minutes before weighing. TFor a second experiment the
cathode ean be cleaned by treating with almost concentrated
hvdrocbloric acid, and is washed with water, ete., as in the
first case.

Paweck also succeeded in precipitating the ziue quan-
titatively on unamalgamated brass-wire gauze cathodes.
The solution in this case consisted of the zine salt as sul-
phate, 14 g sodium or potassivm sulphate and three drops
of concentrated sulphuric acid. The cireuit was so ad-
justed that the current began to puss as soon as the cathode
was Introduced into the solution, and the washing at the
end was carried out without interrupting the current. A
potential-difference of 3.6 volts was employed.

Smith has determined the following conditions as suitable
for the determination of zinc by the method originally pro-
posed by Riché.
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To the solution of the zine salt (potassium zine sulphate
equal to 0.2002 g Zn) 1 g of sodium acetute and 0.3 ce of
acetic ackl (999z) were added. The volume of the final
solution was 150 cc and the electrolysis was conducted at
a temperature of 65° in silvered dishes, with n current of
ND,., —0.36 to 0.70 ampere and a potential-difierence of
4 to 5 volts.  The time required was two hours, and towards
the end of the operution, when the solution appeared to
Le filled with small gas bubbles, it was peutralised with am-
monia.

For the electrolytic determination of zine Smith* states
that he prefers the method suggested by Parodi and Mas-
cazzini, which he describes as follows: To a solution of
the element (0.{-0.25 g Zn) as sulphate add 4 cc of a solu-
tion of ammonium acelate (ordinary laboratory sirength,
presumably!), 20 cc of citric aeid, and dilute to 200 cc with
water.  The electrodes are then introduced into the liquid,
their distanee apart being not more than a few millimeters.
A platinum cone is used as cathode and the current should
he 0.5 ampere and 5.9-6.3 volts at ordinary temperatures,
or 0.5 armpere and 4.8 t0 5.2 volts when the solution 1s warmed
to 50-60°.

According to Vortmann, zine can be quantitatively pre-
cipitated from alkaline (NaOH) solutions containing sodium
potassium tartrate by currents of ND,,,=0.3 to 0.6 ampere.
This behavior of zinc is important chiefly in separations
(see Cobalt-Zine, Zine-Nickel).

* Electro-Chemical Analysis (1902), p. 84.
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From the results of experience in the Aachen laboratory,
none of the methods Jong in use are applicable for the direct
quantitative dJetermination of this metal as peroxide. It
is generally assumed that the peroxide when dried at about
68° has the composition MnO, .0, an assumiption which
the author cannot confirm. If the attempt be made to con-
vert the hvdrated peroxide into anhydrous peroxide by
prolonged drying at a higher temperature, a strongly hygro-
seopie substanee results which rapidly increases in weigbt
during the process of weighing. It is therefore necessary to
convert the dried peroxide into mangano-manganic oxide
by ignition, au operation conducted with ease and safety.
After determining the necessary conditions for the separa-
tion of large quantities of lead peroxide, the author was in-
duced to assume that manganese behaved similarly to lead.
Tnvestigation proved, however, that strong inorganic acids
interfere with complete precipitation, and even make it im-
possible. Of the organic acids, acetic acid alone is suitable,
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although the precipitation of large quantities, even when
roughened dishes are used, cannot be suceessfully carried
out, since it is impossible to obtain firmly adbering pre-
‘cipitates.

If a salt other than the acetate is al hand, it is best to
precipitate the manganese as dioxide with ammoniacal hy-
«drogen peroxide. The precipitate is washed thoroughly and
-dissolved in 5 ce acetjc acid, 5 ec hydrogen peroxide (459},
.and 25 cc water. This is especially necessary when the man-
ganese is present ns chloride or when the solution contains
other chlorides. Permanganic acid is first reduced to a
manganous salt. In acetic acid solutions, even when rough-
ened dishes are used, the maximum quantity of manganese
which can be satisfactorily determined as peroxide is only
about 0.08 gram.

COXDITIONS FOR ANALYSIS,

Metal present as acetate or sulphate.

Substance added: 23 ce acetic acid (sp. gr.=1.069).
Total volume of solution: 75 ce.

Temperature: 50° to 70°

Current-density at anode: ND,,,=0.3 to 0.35 ampere.
Potential-difference: 4.3 to 4.9 volts.

Time required: 3 hours.

Roughened dishes should be used.

A rapid and complete separation was secured by Engels,
as 8 result of investigations conducted in the Aachen Jabora-
toryv. The method is as follows: 1-2 g of the manganese salt
is dissolved in about 125 cc of water, and 10 g ammonium
acetate and 1.5-2 g chrome alum are also added. The clear
sofution is then electrolysed. Chlorides must not be present,
since the evolution of chlorine interferes with the separation
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of the manganese. 1f they are present, the manganese is
converted into aeetate as deseribed above.

CONDITIONS FOR ANALYSIS,
Metal present as acetate or sulphate.
Substance added: 10 g ammonium acetate and 1.5 to

2 g chrome alum.

Totul volume of solution: 125 ce.
Temperature: 80°.
Currept-density ot anade: ND, ,=0.6 to 1.0 ampere.
Potential-difference between electrodes: 2.8 to 4.0 volts.
Time required: about 13 hour.
Roughencd dishes maust be used.

EXPERIMENT.

Tn the determinations given below, 10 ¢ ammonium ace-
tate and 1.5-2 g chirome alum were added to the solution.

MU0 G0, Cmont-doncity ﬂ\f:‘,ﬁ?’,‘f Temp Time. Lxﬁﬁ‘iv"&.’@m'
i 0.6-0.5  2.53.1 S0° §hr 02235 10.39
1.25 0.6-0.5  2.8-3.1 80° * © 0.2436 19.40
1.2004 ¢ 06 3. 83° 1002520 10.30
1.8009 ¢ 1. 3741 80° 4 03513 19.40

In the determination of manganese in the salts of perman-
gauwic acid, the solution of the latter is decomposed, accord-
ing to Dngels, with 5 cc acetic acid and enough hydrogen
peroxide to completely decolorise it. Since the presence of
even small quantities of hydrogen peroxide prevents the sepa-
ration and the firin adherence of the precipitate, the excess
of hydrogen peroxide must be removed. This may be most
easily accomplished by the addition of small quantities of
chromic acid, until further addition no longer causes the evo-
lution of gas; generally 0.3-0.5 g is sufficient.
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EXPERIMENT.
50 ceof a potassium permanganate solution were decom
posed with 5 ce acetic neid and 10 ce of a weak solution o
hydrogen peroxide.  The excess of F,O, was removed witd

€O,

“"“'.‘"T‘*‘:""i“' Potenual. Tune.  Temp. M.

1. 1 5 amp. 2.8 volts 1hr, 85° 0127 g

1I. 1. X 3. o 1 85° 0 1eme
111, 178 3.4 ¢ 1« 80° 0.1220 ¢

The current-strength available varies between compara
tively wide Jimits.  Weak currents also give rapid and sufls
factory resulfs.

EXFERIMENT.

Three dishes, cacll containing manganese sulphate solu
tion, 10 g ammonium acetate, and 1 g chrome alum, were con
pected in parallel, and the current from a thermopile passeq
through. The potential at the electrodes at the heginning
of the vlectrolysis was 3.2 volts, the entire current-strengtl
1.5 amp., so that each dish reccived ubout 0.4 amp. Th
manganese salt used contained 20.45% Mn,0,.

Hn(NH.)éﬂmﬂ’:),.GE,O.C:x‘rrru\w!:[l;;i!‘y'l’n&ev‘lli:f.ﬂ. Temp, Time. Pound.
1.1955 0.22 3.2 80° 2 hrs. 30 min. 20,459
0.9009 0.22 3.2 807 2 20 44 ¢
1.2012 0.22 3.2 8o 2 ‘o froar 20.40 ¢

Since manganese separates as peroxide {rom a cold solutio:
to whick ammonium acetate has been added, at 1.25 volts
and when warmed to 80° as low as 1-1.1 volts, the clectroly
sis may therefore be conducted with low electromotive forces
The constancy of the latter may be assured by connecting b
shunt (page 103). The lower the potential, the longer th
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time required for the separation.  With the maximum poten-
tind of 1.8 volts it tukes from 4 to 5 hours.  For the firm adher-
essential.

cnee of the precipitate a tewperature of 80° is

In those eases (i.e., in the presence of silver) where the
chrome alum produces a precipitate in the solutions, it may
be replaced by 10 ce of aleohol. whielr in general is not as
satisfactory as the chirome alum in separating the manganese
peroxide.

When aleohal is used, the electrolyxis is conducted at a
temperature of 7H-80° with a maximum potenual of 2 volts,
which gives a current-density ND,, =about 0.15 amp. Time
required for the electrolysiz, about 5 hours.

Kacppe! has stated that by the addition of acetone to
solutions of manganese sulphate he was able to deposit.
1s great as 1.6 ¢ on rough-

(uantitics of manganese dioxide
ened anodes.  He emploved solutions contadning manganese
cquivalent to 0.15 to 1.6 gram of manganese dioxide in 150
ce, and added from 1.5 to 10 ce of acetone, depending on
the amount of manganese sulphate present. The electrolvsis
was conducted at a temperature of from 50° to 60° and re-
quired from 2 to 5% hours.  As source of current he states
that he used aceunwlators and Cupron clements, giving a
potential-difference of 4 to 4.25 volts and currents of from
0.7 to 1.2 amperc, directions which are insufficient to permit
a repetition of his experiments.  His method has not given
gatisfactory reswlts when tried in the author's laboratory *

ALUMINIUM, URANIUM, CHROMIUM, BERYLLIUM.

If a solution of aluminium ammeonium oxalate containing
ammonium oxalate in ex is submitted to the action of the
electric current, the ammonium oxalate is changed into car-

* Classen, Ausgewihlte Methoden, p. 370.
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bonate, and the aluminium separates ag hyvdroxide. When
the oxalate is decomposed, 1he solution js heated until there
is ouly a faint odor of ammonia, the hydroxide filtered off,
washed with water. and converted by ignition into ALO,.

Uranium is acted on in the xame way as aluminium.

Chromivm ammonium oxalate is oxidised by the current
with formation of ammonium chromate.. To determine the
chromic acid, the ammonium carbonate is decomposed hy
Loiling. the solution acidified with acetic acid, and the ehrouwie
acid determined as lead or barium chromate.

When bersllium ammonium oxalate is subjeeted to elec-
trolysis, the bervliium i kept in selution by the hydrogen
ammonium carbonate produced, provided the solution is
cold.

The behavior of aluminium, chromium, uranium, and
bervllium ean be made use of, as explained later, to separate
them from cach other and from all metals which separate
from their double oxalates in the metallic state at the nega-
tive clecirode.

URANIUM.

LITERATURE!

Smith, Am, Chem. Journ., 1, 320 (1879).

Luckow, Zeit. f. anal. Chern., 19, 18 (1880).

Smith and Wallace, Journ. Am. Chem. Soc., 20, 279 (1895).
Kollock and Smith, Journ. Am. Chem. Soc., 23, 607 (1901).
Kern, Journ. Am. Chem. Soc., 23, i85 (1901).

Aceording to Smith and Wallace uranium can be deter-
mined by the electrolysis of a solution containing free acetic
acid.  The uraniwn separates on the cathode as vellow uranic
hvdroxide, which, on the continued action of the current
is eonverted into black hyvdraied protosesquioxide. When
the solution had become colorless, the current was inter-
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rupted, the precipitate was washed with dilute acetic acid and
boiling water, dried, ignited to protosesquioxide, and weighed.

To a solution containing urano-uranic oxide (Ur,0,=
0.1185 gin 10 ¢c), 0.5 ec of concentrated acetic acid was added
and, after diluting to 40 cc, the solution was eleetrolysed at
70° with a cwrent of ND,,=0.18 ampere and a potential-
difference of 3 volts. The precipitation was complete in
5 hours.

Kollock and Smith recommend the following conditions:
wranium acetate (U,0,=0.0086-0.2295 g), 0.2 ce acetic acid
(2907), total volume of solution =125 cc, temperature 65-70°,
ND,,,=0.05-0.35, potential-difference =4.0-16.2 volts, time
46 liours,

For wanyl nitrate solutions, the same authors recom-
mend the fallowing conditious: 0.1222-0.1320 g U0, vol-
ume of solution =125 cc, temp. =63-75° ND,, =0.02-0.04
ampere, potential-difference =2.0-4.6 volts, time 5-8 hours.

COPPER.
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1f copper be reduced from a solution containing an excess
of ammonium oxalale, it is not always possible to obtain the
metal in a compact form. For this reason the author, as
long ago as 1888,% began experiments on the determination
of this meta) from a solution of the acid double oxalate.
Further experiments in this direction have shown that co-
herent, bright-red copper precipitates can be obtained when
copper is reduced from such solutions at a temperature of
about 80°. The solution containing the copper is treated
with a cold saturated solution of ammonium oxalste, heated

* Ber. deutsch. chemn. Ges., 21, 2808 (1888).
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axs directed, and at first electrolysed for a few ndnutes with-
out the addition of oxaliec acid. A cold saturuted oxalic aeid
solution is then ruw in from a buretic.  The method of pro-
cedure here is similar to that deseribed under Zine (p. 165).

I the analysis of substances low in copper, the solution
may be made acid at the start; in concentrated solutions, on
s must be conducted in solutions

the contrary, the electroly
which are as nearly neutral as possible, since otherwise diffi-
cultly soluble oxalate of copper wili separate out, owing to
the frec oxalie acid present.  The end of the reaction is de-
termined by testing with potassiwn ferracsvanide a small por-
tion of the solution strongly ocidified with hivdrochforic acid.
The preeipitate must be washed without stopping the current,
The wetal is dried inwn wir-bath after treating with water

and aleohol,

The precipitated copper has a bright-red calor, adheres
firmly to the dish, and has little resemblance to the copper
precipitated from nitrie acid solutioms (see below).  The
chief advantage of this method is the rapidity with which it
may be conducted.

CONDITIONS TOR ANALYSIS.

Metal present as sulphate.

Substance added: 4 g ammonium oxalate, oxalic acid
as deseribed above,

Total volume of selution: 120 cc.

Temperature: 80°.

Current-density at cathode: ND ,=1.0 ampere.

Potentinl-difference: 2.5 to 3.2 volts.

Time required: 2 hours.

EXPERIMENT.

Used 1 g copper sulphate, 4 g ammonium oxalate, oxalic

acid as deseribed above, 120 cc solution.
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4 . Electrod,
Sprongority, Penial,  Temp.  Time.  Taken. Found.
Lo-08 2 80° 2 hr. o 0.2531 g
0.45-0.35 2. s0° 230 0. 0.2528 ¢

Copper precipitate bright red.

As has been observed by Luckow, copper may also be
precipitated front a solution-to which nitric acid has been
added.

The reduetion of copper from a uitric acid solution de-
pends upon the presence of a cortain quantity of nitrie neid
To about 200 ce of solution,
containing the copper as =ulphate,
gr.=1.21) are added and the liquid
The end of the reaction is determined with ammonia.

and the absence of chlorid
20 ce of nitric acid ¥ (sp.

< subjected to electrolysi

The presence of chlorides is to be avoided. In the pres-
ence of antimony, arsenic, mercury, silver, tin, and bismntly,
traces of these metals come down with the copper, especially
when strong current-densities are employed.  In the presence
of these elements it is best to conduet the clectrolysis with
currents of from 0.2 to 0.3 ampere, the maximum quantity
of 109 by volume of concentrated nitric acid being present
in the =olution. Iron, cobalt, nickel, cadmium, manganese,
and zine can be separated readily from copper by this method.

According to the researches of Schriider large quantities
of iron are detrimental, since a secondary reaction may take
place between the ferric salt- formed and the precipitated
copper, which causes the copper to redissolve.

Copper separates in a crystalline forru from solutions

* Such a Jarge quantity of nitric acid is required only when the copper
is to be separated from other metals present in the same solution. When
no other metal is present 2 to 3 per cent. by volume of concentratéd acid
is sufficient.
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warmed to 30-60°; it is morcover imposgible to separate
the last traces of copper at this temperature.

CONDITHONS FOR ANALYSIS.

Metal present as nitrate or sulphate.

Substance added: 557 hy volume dilute nitrie acid.

Total volume of solution: 120 to 150 cc.

Temperature: 20° to 30°.

Cuwrrent-density at cathode: ND,, =05 to 1.0 ampere
(the Tatter only when no other metul than copper is present
in the solution).

Potential-dificrence between electrodes: 2.2 to 2.5 volts.

Tiwe required: 4 to 5 hours. By continuously stirring
the solution the operation ix hastened.

EXIERIMNENT,

Used about 1 g eopper sulphate and 5% by volume nitrie
weid.  Entire volume of liquid 120 cc.

SH Soperes. Tew.  Time  Taken Found.
1.1-1.0 25-30° Shr. 0.2495g Cu 0.2490 g Cu
1.0-0.95 30-32° 5 0.2510¢ ¢ 0.2505 ¢

A solution containing free nitric acid may slso be used
for separating such met: are not reduced in the presence
of this acid, or which arc set free at the positive electrode in
the form of peroxides. In such cases, however, 1t must be
kept in mind that the nitric acid is gradually converted into
ammonia, on account of whieh, after the current bas acted
for Some time, nitrie acid must be oceasionally added.

For the determination of copper, employing the apparatus
Jeseribed on p. 124, Gooel and Medway used a solution con-
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taining 0.0651-0.2548 ¢ of copper as sulphate, to which 6-7
drops of dilute sulphuric acid (1:4) were added.  The total
volume of the solution was about 50 cc, and the electrolvsis
was conducted with a current of from 0.8 to 4 amperes
(equivalent to ND|  =2.7-13.3 amperes). The time recuired
for the complete precipitation of the copper was {from 10 to
235 minutes.

The same investigators also used a solution containing
0.0651 g of copper to which {rom 6 to 9 drops of dilute
nitrie acid (1:+4) had been added.  The volume of the solu-
tion was 50 ¢ and the precipitation of the copper was
conducted  with a current of 0.8-1.8 ampere, equal to
ND,,=2.7-6 amperes. The time required was from 20 to
35 minutes. From tests of this method made by the trans-
lator it would appear that the precipitation of eopper rom
anitrie acid solution is more satisfactory and equally rapid
when the quantity of dilute nitric acid (1:1) added (o the
solution is equal to about 37 of the final volume. Under
these eonditions the conduetivity of the solution is so high
that the temperature of the electrolyte remains Iow through-
aut the electroiysis. As stated elsewhere in the text, the
separation of copper from a nitric acid solution proceeds
most satisfactorily when the solution is cold.

Copper may be separated from a solution containing am-
noniutn oxalate or one containing free nitrie acid, in the
presence of small quantities of antimony and arsenic. Tf,
however, the amounts of the latter are considerable, then,
after continued action of the cwrrent, antimony and arsenic
are deposited upon the copper, causing the negative electrode
to appear more or less dark-colored. In order to determine
the copper in such cases, the dried electrode is ignited for a
short time, as a result of which the copper is oxidised and
the antimony and arsenic are driven off. The residue of
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oxide is dissolved i nifrie acid and again submitied to elec-
trojvsis.®

In general the presence of chlorides causes the copper to

separate in a spongy condition.  Tu avert this action and to
secure an adherent precipitate, Ridorfl adds 2-3 g ammonium
nitrate and 20 ce ammonia (sp, gr. 0.96), dilutes with water
1o 100 ce, and electrolyses this solution. At the close of the
1eduction the solution is acidified with dilute acetic acid, the
dish filled to overflowing with water, emptied, shaken to re-
move the last drops of water, and dried at 100° in the air-
Dath.

In the laboratary of the Murich Palvtechnie Institute
ihe preceding method is earried out under the following con-
ditions: Ammonia is added in slight excess until the preeipi-
tate which at first appears is redissolved. Then 20-25 ce
ammonia, sp. gr. 0.96, are added, in case not more than 0.5 g
copper is present.f  In this solution 3-5 ¢ ammonium nitrate
are dissolved, it is diluted to 100 ce, and the electraly
conducted with a current of ND,,, =2 amperes. The precipi-
tate must be washed without interrupting the cuwrrent.

Oettel, wha alse carried out experiments on the quantita-
tive determination of copper from ammoniacal solutions,
found that, by the addition of ammonium nitrate, 0.2-0.25 g
of copper sulphate was quantitatively reduced in 6-8 hours
at ordinary temperatiwres.  The results of his investigation

are:

‘1. That copper can be separated in a compact form
from weakly ammoniacal solutions containing ammonium
nifrate, by cwrents of ND,,=0.07-0.27 ampere. With too
little ammonium nitrate, as well as in the presence of large

* Mansfeld'sche Hiittendirektion.
+ If as much as 1 g Cu is present, the quantity of ammania is increased
lo 30-35 cc.
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quantities of free ammonia, the precipitate shows a tendency
w0 a spongy structure.

2. The highest concentration of the solution is 0.8 g
copper per 100 sq. em electrode surface, with the employ-
went of a wire-shaped pasitive electrade.

©*3. The presence of chlorine, zine, arsenie, and small
quantities of antimony is wWithout detrimental action; when
the solution contuins lead, bismuth, mercury, cadmium, or
nickel, the results of the dewnminations are somewhat too
high. "’

E. F. Smith has proposcd the determination of copper

solutions containing hydrogen disodium phosphate and
free phosphorie acid. The proper conditions, according to
Fernbereer aud Smith, are the following:

Metal present as sulphate (=1203 g Cu); substance
added: 20 cc of a solution of hiydrogen disodium ]>hn<]whut(’
(sp. gr.=1.035%) and 5 ce phosphorie acid (sp. gr.=1.547);
teperature:  54-64°2; total volume: 2 ND,o=
0.035-0.068 ‘II)II}('I(‘H potential-difference: 2.2-2.6 volts;
time: 67 hours,

A rapid and aecurate method for the determination
of copper has been worked out by Carl Engels in the Aachen
laboratory. This method has the advantage over the use
of nitrie acid solutions that it can be more rapidly performed,
and that, in separations, it also dispenses with the tedious
conversion of the nitrates into sulphates. This method
is based upon the addition of urea.

The separation of copper from solutions containing sul-
phuric acid is possible also if hyvdroxvlamine is added. The
method is as follows: .

If the separation is to be carried out with weak currents,
say during the night, the addition of 2 ec concentrated sul-
phuric acid and about ¥ g hydroxylamine sulphate is recom-
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mended. A fine crystalline precipitate and absolutely aceu-
rate results are obtained with a current-strength of ND =
0.08-0.18 ampere. The potential at the poles of a shunt eir-
cuit was 1.8-2.2 volts; after connecting the dish the potential
sank to 1.1-1.3 volts, with a current of 0.1-0.2 amp.

EXPERIMENT.

CosonEh,0. LU denrity Potentiah i, Found, Per Ceut.*
1.0130¢g 0.1 amp. 1.1 Night. 0.2574 25.41
1.7065 ¢ 0.12 1.3 o 0.4335 25 40
1.1893 ¢4 0.1 Lo 1.2 o 0.3021 25.41

If stronger currents are used, the amount of sulphuric
acid must be inereased. 10-15 cc of cone. sulphuric acid
are poured into the solution of the salt, it is diluted to 150
ce, and 1 g hyvdroxylamine sulphate is added. If 0.3-0.5
g Cu js present, with a current-strength of ND,,=1 amp.,,
the separation is finished in 14 to 2 hours. The condition of
the precipitated copper is much better and much more suited
for quantitative determination than the copper obtained
under similar conditions without the addition of liydroxyl-
amine.

TUrea cxerts a far more satisfactory action than hydroxyl-
amine upon the separation of copper from solutions contain-
ing sulphuric acid. With a current-strength of ND,,=1
ampere, not the slightest tendency toward a spongy separa-
tion is exhibited, but a bright-red, crystalline coating is
obtained on the negative electrode. The analysis, with the
stated .current~lengity, is completed in 1} hours.

10-15 cc concentrated sulphuric acid and 1 g urea are
added to the solution of the copper, which is then diluted to
150 cc.

*ITheorv 26.33%, Cu.l
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CONDITIONS FOR EXPERIMENT.
Temperature of liquid: Most suitable, 60-70°.
Potential-difference: 2.7-3.1 volts.
Current-density: ND 4, =0.8-1 mnp.

Time: 1} hours.

EXPERIMENT.
Used copper sulphate containing 28.08%, Cu.

Quant ‘-{5“‘”‘" C“"g“:*’ﬂ«"‘_" Potontial,  Temp. Time,  Found.
1.1364 1.05 3.1 25° 1hr. 15m. 25.08 %
0.9671 1.2 3.1 55° 19 15 25.00 1
1.3972 0.75 2.7 85° 104454 25.08 ‘¢

The current may be interrupted in washing the precipitate,
The separated copper contains traces of carbon, and also
platinum which dissolves from the anode. These admixtures
can be determined by dissolving the copper in dilute nitrie
acid (1:10). A thin dark coating remains on the dish,
which may be washed with water, but not with alecohol, with-
out becoming loosened. The weight of the dish, determined
after washing and drying in the air-bath, is used as a basis
for ealeulating the weight of the separated copper.

With weaker currents the length of time required is of
course greater. With a current-density of ND,,=0.2 am-
pere, the precipitation of from 0.3 to 0.4 g Cu is completed
in 344 hours. It is desirable in this case to add less sul-
phuric acid to the solution; 5 ce cone. H SO, to ench 150 ce,
is the proper proportion. ’

Four dishes were connected in parallel, and for every 150
ce of solution of the copper salt which they contained 1 ¢
urea and 5 cc conc. H SO, were added. The four electroly-
seq were then conducted in the cold, with the current from
8 thermopile. The entire current-strength was ND,,,=0.8
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ampere, 50 that each dish received a current of ND,  =0.2
ampere. The analyses were completed in 4 howrs.  The per
cent. of copper in the salt used was 25.08,

Used CusiO,.5H50. Found Cu. Found %.
1.0t01 g, 0.25633 g. 25.07
1.0815¢¢ 0.2709 "¢ 25.05
1.0320* 0.2589 ¢ 25.08
3.0111° 0.2535 ¢ 25.07
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Uutil recently it has been found impossible to quanti-
tatively precipitate bismuth in a compact, metallic form,
since it has o strong tendency to separate in a more or less
spongy state from oll of its compounds.

In an article published in 1903, Kammerer (loc. cit.)
states that this element can be satisfactorily determined
under the following conditions:
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Metal: 0.10 to 0.15 g Bi dissolved in 1 cc nitric acid
(sp. gr.=1.42).

Substance added: 2 cc sulphuric acid (sp. gr. 1.84)., 1g
potassiumn sulphate.

Total volume: 150 ce.

Temperature: 45° to 50°,

Cuarrent-strength: ND,, =0.02 ampere.

Potential-difference: 1.8 volt.

Time: 8 to 9 hours.

The end of the precipitation is determined with ammo-
ntum sulphide, or by adding water to the contents of the
dish and observing whether a dark ring appears above the
deposited metal. During the electrolysis the electrolytic
vessel should be tightly covered to prevent evaporation.
The precipitate should be washed without interrupting the
current, first with hot water, then with a mixture of 1 part
aleohol and 2 parts ether, and finally with pure anhydrous
ether.
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The separation of this nietal in a compact form, with a
bright metallic luster, ean be accomplished * by the electroly-
sis of n solution of the double oxalate which is kept acid by the
addition of a cold saturated rolution of oxalic acid during
the progress of the operation (see under Zine).

To preparc the double salt, the eadmium compound is
dissolved in 20-25 cc water by warming in a platinum dish;
a hot solution, which should be previously filtered, of 10 g
ammonium oxalate in 80-100 ec water is added and the solu-
tion is clectrolysedl.  As soon as the action of the current has
begun, several cubie ccntimeters of oxalic acid are poured
upon the watch-glass covering the dish and the liquid is kept
weakly acid during the electrolysis.

CONDITIONS FOR ANALYSIS.

Metal present as sulphate.

Substance added: 10 g ammonium oxalate, oxalic acid
as deseribed above.

Total volume of solution: 120 ce.

Temperature: 70° to 75°.

Current-density at cathode: ND,,,=0.5 to 1.0 ampere.

Potential-difference: 3.0 to 3.4 volts.

* The dition of the precipitated cadmi when the directions

are closely followed, dopends upon the absol teanli of the surface
of the cathode.
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Time required: about 3 hours. The maximum quantity
of metal which can be precipitated is about 0.15g.  Polished
dishes give the best results.

The end of the reaction is determined with hydrogen
sulphide, by testing a small portion of the solution acidified
‘with hyvdrochloric acid. The metal must be washed without
interrupting the current. (Method of the author.)

Smith and Luckow recommend the precipitation of cad-
mium from a solution of the chloride or sulphate, which has
been saturated with sodium acetate. Fliasberg, who tested
this method in the Aachen laboratory, found that the reduc-
tion took place readily when the solution, of about 100 cc
volume, was treated with about 3 g sodium acetate and a fow
drops of acetic acid, and the electrolysis was carried out at a
temperature of 40~50°.

In the laboratory of the Munich Polytechnic Institute
the foregoing method is practiced as follows: The solution,
neutralised if necessary, containing not more than 0.5 g cad-
mium, s treated with 3 g sodium acetate and made weakly
acid with acetic acid. The solution is warmed to 43° and
electrolysed with a current of ND,,,=0.02-0.07 ampere.
The metal is washed without interrupting the current, and
quickly dried at 100°,

During the electralysis the solution should not be warmed
above 50°, on account of the formation of basic salts. Cad-
mium is only partly precipitated from solutions strongly
acidified with acetic acid. By this method 0.2 g of cadminm
may be separated in about five hours. The presence of
nitrates is detrimental.

According to Beilstein and Jawein, the determination
of cadmium may be conducted from a solution of the double
salt with potassium cyanide. A solution of potassium cya-
nide is added to the solution of the. cadmium salt until
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the precipitate at first formed is redissolved and a slight
excess of potassium cvanide is present. This solution is
diluted to 150 ce, and electrolysed at ordinary temperatures
with a current of ND,,,=0.5 ampere and a potential-differ-
ence of 4.7-5 volts. Time required 6-7 hours. The com-
pletion of the precipitation of the cadmium is determined
by removing a small quantity of the solution, adding a
slight cxeess of sulphuric acid, boiling to expel the hvdro-
cyvanic acid, and testing with hvdrogen sulphide. (Classen,
Ausgewiihlte Methoden, p. 112.)

The precipitation of eadmium from a potassium cyanide
solution s described by Kollock as follows:

Ten cubic centimeters of a solution of cadmium sulphate,
containing (11659 g of Cd, was used. and to this 1 g of potas-
sium cvanide was added. The solution was diluted to a
volume of 125 ce, and eclectrolvsed at 60° with a current of
ND,,,=0.04 to 0.06 ampere and a potentjal-difference of
from 2.9 to 3.2 volts.  The cadmium was completely precipi-
tated in about 5 hours. .

Vortmann has suggested the determination of eadmium by
amethod similar to that used for the determination of bismuth
and zine, by precipitation from a solution of the ammonium
double salt in the form of amalgam.

A method of determination proposed by IN. F. Smith has
been deseribed by Wallace and Smith as follows:

0.1320 g of cadmium oxide was dissolved in acetic acid,
the solution was evaporated to dryness, and the residue was
dissolved in 30 cc of water. This solution was warmed to
50° and electrolysed with a eurrent of ND,  =0.06 ampere
and a potential-difference of 3.5 volts. The metal was com-
pletely precipitated in four hours. By adding 1 g of ammo-
nium acetate after the electrolysis had proceeded for about 1
hour the time required for complete precipitation was short-
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ened. The deposit should be washed without interrupting
the current.

The same authors also describe the following experiment:
0.1270 g of cadmium oxide was dissolved in 2 cc of sulphuric
acid (sp. gr. 1.09), the solution was diluted to 30 ce, and
electrolvsed for a period of 43 hours at 50° with a current
of XD,;,,=0.15 ampere and a potential-difference of 2.5 volts.
The deposited cadmium was washed without interrupting
the current, and was in the form of an adherent coating
which gave excellent results,

Another method has been proposed by Smith which
depends upon the precipitation of cadmium from a solution
containing phosphates and free phosphoric acid. 1t is best
illustrated by the following experiment described by Smith
and Wallace: :

To ten cubic centimeters of a solution of cadmium sul-
phate, containing 0.1656 g eadmium, 30 cc of a solution of
disodium hydrogen phosphate (sp. gr. 1.0358) and 1.5 cc
of phosphoric acid {sp. gr. 1.347) were added, the solution
was diluted to 100 cc, warmed to 50° and clectrolysed with
a current of ND,,,=0.06 ampere and a potential-difference
of 3 volts. At the expiration of 4 hours the current was
increased to 0.35 amperc and a potential of 7 volts. The
metal was completely precipitated at the end of 7 heurs,
and was bright and adherent.
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If a solution of & lead salt containing an excess of ammo-
nium oxalate be electrolysed warm, the lead separates at
the negative electrode, adheres firmly, and shows its char-
acteristic metallic properties; but it oxidises partially on
washing with water and alcohol, so that the results are always
too high. The precipitation of lead as amalgam presents
some difficulties, inasmuch as some lead peroxide separates
at the positive electrode and must be dissolved. According
to G. Vortmann, the aqueous solution of the lead salt, con-
taining sufficient mercuric chloride to produee the amalgam,
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is treated with 3-5 g sodium acetate and a few cubic centime-
ters of concentrated potassium nittite solution. The pre-
cipitate produced by the latter reagent (which is added to
prevent the formation of peroxide) is dissolved in acetic acid,
and the clear vellow solution diluted and clectrolysed. If
lead peroxide appears on the positive electrode during the
reaction, more potassium nitrite is added. The end of the
reaction is determined by testing with ammonium sulphide.
Asg lend amalgamn oxidises rather readily when moist, it is
quickly washed with water, alevhol, and ether, dried by the
warmth of the hand and by blowing upon it, and finally in the
desiceator.

The amalgam may also be separated from an aqueous soju-~
tion acidified with nitric aeid. However, as free nitric acid
favors the formation of lead peroxide, mofe frequent addi-
tion of potassium nitrite is neeessary, and complete preeipi-
tation 15 thercby seriously hindered.

In a solution containing free nitric acid, lead is acted on
like manganese; it is oxidised, and separates as hydrated
peroxide at the positive electrode. I there is no other metal
in the solution, it must contain at least 10 per cent. free nitric
acid, according to Luckow; in the presence of other metals
(mercury, copper, etc.), the oxidation is complete even in
the presence of little nitric acid.

In the Munich laboratory experiments have been con-
ducted as to the quantity of nitric acid (sp. gr. 1.36), and have
demonstrated that this depends on the temperature and
the current-density which is used. The current-density de-
pends in turn on the condition of the surface of the positive
electrode. If this is very smooth, a eurrent of ND,,,=0.05
is sufficient, otherwise one of ND,,=0.5 is needed to pro-
duce an adherent precipitate. When ND,,,=0.05 ampere,
2 per cent. by volume of nitric acid should be added when the ’
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solution i heated, and 10 per cent. by volume at ordinary
temperatures. . When ND,,=0.5 the volume-percentages
are, respectively, 7 and 20 for heated and cool solutions.

Heating the solution to about 50° materially assists the
scparation.  The precipitate may be washed without loss,
after the current is interrupted.

Chlorine compounds must not be present in the solution
for electrolysis.

Even when the stated couditions are observed, the quan-
tity of lead which ean be precipitated as peroxide in an ad-
herent form is relatively small*  The rapid separation of
large quantities of lead peroxide, firmly adherent like a metal.
may only be earried out without difficulty, as the-author's re-
«carches have shown, when the inside of the platinum dish
serving as anode is roughened with a sand-blast. By the
use of such diches it is possible, with a current of 1.5 am-
pere, to precipitate in a few hours as much as4 g of lead per-
oxide on 100 3q. em of surface. :

For condueting the determination of Jead, after the solu-
tion of the lead salt bas been accomplished, 20 cc nitric acid
(sp. gr. 1.35-1.38) are added, the solution is diluted to about
100 ce. warmed to 60-65°, and electrolysed with a current
of ND,,=1.5-1.7 amperes. If the warming is continued
during the eleetrolysis, the precipitation of quantities up to
1.5 g lead peroxide is completed in about 3 hours; with larger
quantitics in sbout 4-5 hours. Complete precipitation is

* From experience in the Aachen laboratory, the greatest possible
quantity i 0.15 g PhO, per 100 sq. om surface, while according to the
statements of Dr. Cohen (Chem. Zig., 1893, No. 88) as much as 0.3 g can
be precipitated.

1 The platinum refinery of G. Sicbert in Hanau has faultlessly carried
out. the roughening in the desired manner at the request of the author.
Such roughened dishes are of course applicable to all other electrolytic
delerminationa.
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insured by adding about 20 ce of water and observing
whether the freshly wetted surface of the electrode becomes
darker.  In ease no blackeuing is observed at the end of 10-15
minutes, the current is stopped and the precipitate is washed
with water and aleohol and dried at 180-190°. The residue
is anhydrous peroxide.
CONDITIONS FOR ANALYRIS,

Meial present ax acetate or nitrate.

Substance added: at least 109, (by volume) of nitric acid
(sp. gr. 1.33).

Total volume of solution: 120 cc.

Temperature: 60° to 70°.

Current-density at anode: ND,,=1.0 to 2.0 amperes.

Potential-difference between electrodes: -2.3 10 2.7 volts,

Time required: 3 to 5 howrs.

Where the quantity of peroxide to be separated s at all
considerable, roughencd dishes must be used.

. ENPERIMENT.
Used lead nitrate ('b=7221¢) dissolved in 100 cc
water, with the addition of 20 ce nitrie acid (sp. gr. 1.35-1.38).

Curent-density.  Flertroda Potentisl: Tamp. Time. Found.
L.55-1.45 2.43-2.1 1 br. 5. T2.20 U,
. 5 2.4%-2.43 Tt 72
1.6-1.65 2.41-2.36 s 72.20

Under these conditions lead can be separated from zine,
iron, cobalt, nickel, aluminium, and magnesium, which
remain in solution, and also from ecopper, antimoiy, gold,
mereury, and cadmium, which are whollv or partially pre-
cipitated on the cuthode. Silver and bismuth, which sepa-
rate partly as metals on the cathode and partly as oxides
on the anode, interfere with the determination; but if 209
of nitric acid i¢ contained in the solution these latter ele-
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ments do not interfere with the results unless present in
considerable quantity.

The presence of arsenic is verv objectionable, and when
enough (0.05 g) is present no lead is deposited as peroxide,
but instead it is precipitated as metal mixed with arsenic on
the cathode. If the electrolysis is continued for some time
the arsenic is gradually eliminated from the solution as
arseniuretted hydrogen and the precipitated metals again
pass into the solution. Tf the electrolysis is conducted for
a sufficiently long period, all of the lend will ultimately
be precipitated as peroxide on the anode. The effect of
sclenium is similar to that of arsenic. In condueting separa-
tions, the solution should always contain 207, of nitrie acid.

In the analvsis of substances containing lead and sulphur,
expecially when, as is often necessary, these are decomposed
with nitric acid, a precipitate of iusoluble lead sulphate is
frequently obtained. Lead sulphate can be brought readily
into solution under eonditions suitable for the electrolvtic
determination of the lead by the following treatment: A
slight excess of ammonia is added and the mixture is warmed
for a short time; this converts the lead sulphate into porous
lend hydroxide. With constant stirring, the nixture is
now poured, Jittle by little, into a platinum dish containing
about 20 cc of warm nitric acid, and the lead sulphate which
renppears either dissolves immediately or, if the quantity is
Jarge, the greater part goes at once into solution and the re-
mainder dissolves slowly on warming the solution for a short
time. The vessel in which the decomposition of the lead
sulphate has been condueted is first washed with a little
nitric acid and then with water, the washings being added
to the solution in the platinum dish.



THALLIUM, 197

THALLIUM.
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This metal can be completely precipitated from an am-
monium oxalate solution.

The properties of thallium, however, are similar to those
of lead; its determination, therefore, requires special con-
sideration.

G. Neumann, in connection with a research on -certain
double salts of thallium in the Aachen laboratory, has also
investigated the quantitative
determination of the metal.
As his method is of value in
the investigation of thallium
compounds, it is here described.
The process is based on pre-
cipitation of the thallium as
metal, and determination of the
volume of hydrogen set free by
its solution in hydrochloric acid.

The apparatus shown in Fig.
92 is used for the process. k
is a flask of about 300 cc
capacity, containing platinum-
foil electrodes of 9 sq. em
surface, terminating in contact-
wires fused into the glass. The
thallium salt and about 5 g
ammonium oxalate are dis-
solved in this flask and electro- Fra. 92.

Iysed, after dilution, with a current of 0.1 ampere. The
completion of the reaction is ascertained by testing with am-
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monium sulphide. As the ammonium oxalate is converted
into carbonate by the eurrent, and the measuring-tube would
he insuflicient to contain the liberated carbon dioxule,
the solution remaining in the flask is removed after the reac-
tion. This ntay readily be done by the use of two siphons.
Neumann’s automatic arrangement for this purpose is shown
in Tig. 93; it is very convenient where many determinations
are to be performed, and its operation is easily seen from
the figure. The washing is conducted without interrupting
the current. To remove the gas bubbles clinging to the

Fic. 93.

electrode it is desirable to heat the flask a short time after
the washing is cemplete. The flask is then connected to
the measuring-tube, the thallium dissolved, and the hydrogen
collected and measured in the usual way.
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"Gf the methods proposed for the determination of silver,
the one suggested by Luckow (separation of the silver from
the potassium double eyanide) is probably the most suitable
If insoluble silver caompounds (sitver chloride, silver oxalate,
are to be analysed, they are dissolved in potassium cyanide
solution.  For conducting the method, 3 g potassium cyanide
are added tothe solution, which is then diluted to 100-120 cc.
Fisenberg, who tested the method in the Aachen laboratory.
was convineed that its successful performance, as well as the
metallic condition of the preeipitated silver, depends upon the
purity of the potassium cyanide used. FEven the so-callec
““purissimum’’ potassium eyanide of commeree is unsuited
1t is therefore desirable to prepare pure potassium cvanide by
passing hydrocyanic acid gas into an alcoholic solution of
potassium hydroxide.
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CONDITIONS FOR ANALYSIS,

Metal present as nitrate or sulphate.

Substance added: 3 g of pure potassium cyanide.

Total volume of solution: 100 to 120 ec.

Temperature: 20° to 30°.

Current-density at cathode: ND,,,=0.2 to 0.5 ampere.

Potential-difference: 3.7 to 4.8 volts.

Time required: 1} to 5 hours.

For this determination roughened dishes give best results.

J. Krutwig treats the solution of the silver salt with
ammonia. in slight excess, adds ammonium sulphate, and
electrolyses.

In the Munich laboratory the following conditions have
been determined for the preceding process. The solution,
which must not contain more than 0.5 g silver, is treatel
with 20 per cent. by volume of ammonia (sp. gr. 0.96) and 59,
ammonium sulphate solution (1:10), warmed, and elec-
trolysed with a current of ND o, =0.02-0.05 ampere. After
the. current is stopped the precipitate must be very thor-
oughly washed to completely remove the ammonium sulphate.

Fresenius and Bergmann have found that silver can also
be precipitated in o dense form from a solution containing
nitric acid: 20 cc of nitric acid (sp. gr. 1.2) are added to the
silver solution, which is then diluted with water to about
200 ce and electrolysed.

According to results in the Munieh laboratory, it is desir-
able to add to the solution, which may contain as much as 0.4
g silver, 3 per cent. by volume of nitric acid, sp. gr. 1.36, and
to electrolyse the heated solution with a current of KD, =~
0.04-0.05 ampere. The silver must be carefully washed
without interrupting the current, to prevent loss. An insuf-
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ficieni quantity of mitric acid may lead to the formation of
peroxide.

Silver can be obtained as a white strongly adhering
deposit on roughened dishes by electrolysing a solution
containing 1 to 2 cc of nitric acid (sp. gr. 1.4) and 5 ¢c of
aleohol, if the potential-difference between the electrodes
is carefully regulated so as to be within the limits 1.35-1.38
valt. The time required for precipitation is from 6 to 8
hours, and depends but little on the amount of silver contained
in the solution. A quantity of from 0.1 to 0.5 gram of silver
i3 convenient, but the quantity may be as great as 2 grams.
The chief factor of importance is the potential-difference,
which must be kept within the limits specified, since an in-
crease to cven 1.4 volt causes the silver to separate in a
spongy form, which is useless for quantitative determination.*

Kollock describes an experiment under the following
conditions: 0.1270 g of silver, present as nitrate, 0.5 to 1 g
of potassium cyanide, temperature 65°, total volume 100 ec,
ND,,,=0.0¢ to 0.07, potential-difference 2.5 to 3.2 volts,
time required 3 to 5 hours.

A further experiment i3 deseribed by Fulweiler and
Smith as follows: 0.2133 g silver present, 2 g polassium
cyanide added, total volume 125 ce, temperature 60-05°,
ND,,,=0.03-0.04, potential-difference 2.5-2.7 volts, “time
required for complete precipitation of the silver 34 hours.

For the determination of silver by precipitation on a
rapidly rotating cathode (p. 124), Gooch and Medway used
a solution prepared by adding to 50 cc of a silver nitrate
solution enough potassium cyanide to dissolve the silver
cyanide at first formed. Three cubic centimeters of dilute
sulphuric acid were then run in, and enough ammonia was

#* Classen, Ausgewahlte Methoden, p. 3.
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added to make the solution strongly alkaline. The weight
of silver taken varicd from 0.0968 to 0.1398 g, and the
cleetrolysis was conducted with a current of 1.8-3 amperes
(equivalent to ND,,=6-10 amperes). The time required
for the complete precipitation of the silver was from 8 to 15
minutes.

MERCURY.
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The metal can be readily separated from solutions of the
‘mercuric salts to which 4-5 g ammonium oxalate huve been
added (method of the author). If the mercury is present as
chloride in the solution, the electrolvsis is continued until
mercurous chloride disappenrs from the positive electrode.

COXDITIONS FOR ANALYSIS,

Substance added: 4 to 5 g ammonium oxalate.

Total volume of solution: 120 to 150 cc.

Temperature: 16° to 40°. .

Current-density at cathode: ND,,,=1.0 ampere.

Potentigl-difference: 5.5 volts.

Time required: 2 hours.

Roughened dishes are preferable to polished, on account
of the more uniform distribution and firmer adherence of the
mercury to the cathode. On polished dishes the mercury
separates in the form of small globules.

N

EXPERIMENT.

‘Bubst. Current~

Ut femor Rl ew DO TP Reewst
% NDsoo Volts.
0.4068 0:2-0.15 2.6-3.35 30-23° 5 15 73.74
0.4073 1.02-0.93 4.05-4.75 29-37° 1 30 73.63

0.4076 1.08-0.92 4.42-4.88 2540° 2 5 73.77 | Roughened
0.4080 1.15-1.09 4.97-5.05 18~40.5°2 5 73.87[ Db
0.4080 1.12-0.93 4.95-4.85 18-38° 2 5 73.84 |
0.4080 1.52-0.48 3.65-4.65 16-27° 3 55 73.67
0.4070 0.2-0.23 2.80-3.75 28-24° 5 15 73.80
0.4073 1.06-0.05 4.455.00 30-39.5°f 30 73.29
0.4076 1.16-1.09 5.32-5.53 23-40° 2 5 73.93} Polihed
0.4080 1.20-0.99 4.70-4.90 18-43° 3 — 73.55J
©.4075 1.51-0 48 3.87-4.50 16~30° 3 55 73.85

Theory 73 .85%, Hg.
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Mercury may also be quantitatively precipitated from a
solution eontaining nitrie, sulphurie, or hydrochlorie seid.
If no other metal than mercury is present, 1-2 per cent. by
volume of nitrie acid ig sufficient; while in the presence of
other metals, which are not precipitated from solutions con-
taining frec acid, 5 per cent. by volume is required. In the
Tatter case a current-density not greater than 0.5 ampere is
employed; in the former the current-density may be raised
to 1 ampere. Time, about 2 hours.

The precipilation of mereury from a nitric ncid solution
is described by Kollock as follows: 0.1403 g of mercury was
dissolved in 3 cc of concentrated nitric acid, the solution
was diluted to 125 cc and clectrolysed, at 70°, with a current
of ND,,,=0.06 amnpere and a potentinl-difference of 2 volts.
The mercury was completely precipitated in 2 hours.

The same author deseribes the precipitation of mercury
from a sulphuric acid solution under the following conditions:
To a solution containing mercuric chloride equivalent to
0.1403 g of Hg, 1 cc of concentrated sulphuric acid was
added. and the solution, after dilution to 125 ce, was elec-
trolysed at 65° with a current of ND,,,=0.4-0.6 ampere
and n potential-difference of 3.5 volts. The precipitation
of the mereury was complete in 1 hour.

If hvdrochloric acid is used, only u few drops are added,
since larger quantities have a detrimental action on the sepa-
ration of the metal. Large quantities of chlorides have an
action similar to that of large quantities of hydrochloric acid.

Insoluble mercury compounds may be easily electrolysed
by suspending them in water slightly acidified with hydro-
chloric acid, or in a dilute solution of sodium chloride (about
10 per cent.). This process, originated by the author, is
used at Almadén for determining the amount of mercury
contained in cinnabar.



MERCURY. 205

Frangois has shown that in a similar monner the iodide,
jodate, chloride, and bromide ean be electrolysed in the solid
state. 0.5 g of the solid iodide was introduced into a plati-
num crucible, which served as cathode, and 20 c¢ of a solu-
tion of 20 g of ammonium nitrate in 100 ce ammonia was
added. The anode was a platinum wire 1 mm in diameter,
which dipped for o distance of only 1 mm inte the lquid.
The contents of the crucible were stirred from time to time
with a glass rod. The washing was conducted first with
ammonia and then with water, the liquids being allowed to
stand in contact with the precipitated mercury for some
time. Finally the cathode was washed with alcobol and
ether and dried at a low temperature. For cxact results
the anode should be weighed before and after the electroly-
sis to determine any loss of platinum from this.*

Ldgar F. Smith has described the determination of mer-
cury by the electralysis of a solution containing potassium
cyanide. The solution of the niereuric sait, which m?;y
contain about 0.2 g mercury, is treated with 0.25-2 g of
potassium eyanide, diluted with water to 175 cc, and sub-
mitted to electrolysis.

Heidenreich, working in the Aachen laboratory, has
determined the {ollowing conditions for this method.

CONDITIONS FOR ANALYSIS.
Metal present as mercuric salt.
Substance added: 2 to 3 g potassium cyanide.
Total volume of solution: 175 ce.
Temperature: that of room.
Current-density: ND,,,=0.03 to 0.08 ampere.
Potential-difference: 1.65 to 1.75 volt.
Time: about 5 hours.

¥ Classen, Ausgewihlte Methoden, p. 50.
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The metal reduced by this method must he washed with
water only, and not with alcohol, since when the latter is
used, small quantities of mercury will become loosened and
will be carried away.

The following experiment has been deseribed by Kollock:
Mercuric chloride equivalent to 0.1439 g mercury, 0.5 g po-
tassium  evanide, total volume 100 cc, temperature 65°,
current-density  ND,, =0.02-0.07 ampere, potentinl-differ-
enee 1.6-3.2 volts, time required 3-6 hours. The mercury
was completely precipitated.

Smith and Wallace deseribe the precipitation of mercury
from a sodium sulphide solution under the following *condi-
tions: To a solution containing 0.1913 gram of mercury as
chloride there was added 20 ce of a sodium sulphide solution
(sp. gr. 1.22). The total volume of the solution was 123 ce.
The electrolysis was earried out at a ternperature of 65° with
a current of ND,=0.13 ampere, The mercury was com-
pletely precipitated in 3 hours.

GOLD.
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Gold may be separated in a compact form from solutions
of gold salts containing potassinm cyanide. To form the
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double cyanide, about 3 g of potassium cyanide are
added.  The solution is then electrolysed at ordinary teni-
peratures or at temperatures between 50° and 60°. Since
it is generally supposed that the gold can be removed
from the platinum dish with aqua regia only (an opera-
tion by which the platinun ix abso dissolved), platinum
dishes contedawith-a thin depoesit of silver have previously
been used for this determination.  According to a private
communication from D. W, Dupré, of Stassfurt, the gold may
be readily removed from the platinum dishes by warming
with a solution of chromie anhydride in saturated sodium
chloride solution. The author ean confirm this statement;
in this operation gold only, and no platinum, goes into solu-
tion. According to 8mith, the deposited gold can be removed
from the cathode by allowing it to stand: in contaet with
dilute potassium eyanide rolution, the clectrode being con-
nected as anode with a source of feeble current.

Sinee the conditions for the separation of gold from
double cxyanides had pot been previously determined, they
were ascertained by Dr. v. Wirkner at the suggestion of the
author.

COXNDITIONE FOR ANALYRIS,

Substance added: 3 g potassium cyanide.

Total volume of solution: 120 cc.

Temperature: 50° to 60°; the electrolvsis ean also be
conducted at room temperature, but this is undesirable,
since o brownish decomposition product of potassium
cyanide often separates.

Current-density at cathode: ND ,,=0.3 to (0.8 ampere.

Potential-difference: 2.7 to 4 volts.

Time required: for warm solutions 1} hour, for cold
solutions from 4 to 5 hours.
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EXPERIMENT.

A solution of chloride of gold of unknown strength was
used. The electrolyses were carricd out in roughened plat-

inuniridium dishes without a coating of silver. Used 3 g
potassium evanide, 120 ec liquid.
Taken, ¢c. Curmnt-  Electrods o Time. ound.
GG g et R W L
15 0.3 3539  20-27° 5 — 0.0545
15 0.35 3.9-4.0  22-28°  1f (overnight)  0.0548
30 0.37 3.6-3.9 20-23° 415 0.1098
15 0.38 2.7-3.8 52~55° 130 0.0544
15 0.38 2.7-3.4  53-54° 120 0.0546
15 0.39 2.7-3.8  53-56° 130 0.0545
15 0.85 4.0~ 1 52~56° 1 30 0.0544

Smith states * that gold can be satisfactorily precipitated
{rom a solution containing sodium sulphide (sp. gr. 1.18) by
a current of (.1~0.2 ampere when the total volume is about

125 cc.

ANTIMONY.
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Antimony is preeipitated from a hydrochloric acid solution, -
but not in an adherent form. If potassium oxalate is added
to the solution of the trichloride, antimony is easily reduced,
but ndheres cven less firmly than in the former case. An
adherent metallic deposit ean be obtained by adding potas-
siumn tartrate, but the separation is then too slow.

The precipitation of antimony from the solutions of its
sulpho-salts is complete and eatisfactory. If ammonium
sulphide is used to produce a double salf, it must contain
neither free ammonia nor polysulpbides. Ammonium hy-
drosulphide, therefore, is conveniént for the determinstion;
it should be kept in small tightly corked bottfes.

When a solation of antimony containing ammonium sul-
phide is clectrolysed, there is formed over the metal a coating
of sulphur which cannot be washed off with water. When
the metal is washed afterward with alcohol, the thin coating
of sulphur ean be removed by rubbing with the finger or a
handkerchicf moistened with alcohol, without danger of loss.

The use of ammonium sulphide has the disadvantage that,
when several determinations are made together, the odor
becomes unbearable. For this reason the author has made
a series of experiments with potassium and sodium monosul-
phide and hydrosulphide, the results of which show that the
precipitation of antimony from double saite with these com-
pounds proceeds satisfactorily. As sodium sulphide (Na,8)
is one of the salts named which is most desirable for facil-
itating the separation of antimony from tin and arsenic, the
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following particulars relate exclusively to the use of this salt*
for the determination of antimony.

The following equations probably represent the reactions
which take place in the electrolysis of the antimony sulpho-
salt.

At the cathode:

8b,S,+ 3Na S+ 6H =2Sh-+6NaHS.
At the anode:
6 NaHS 430 =3Na,$,+3H,0.

The reduction of antimony from the prepared sulpho-
salts can be carried out as well at ordinary as af higher tem-
peratures. In the first case the determination requires 1718
hours, in the latter about 2 hours. If the separation is con-
ducted in polished dishes, only relatively small quantities
of the metal can be made to adbere firmly to the dish, and the
employment of weak currents is necessary. In recent ex-
verinvents roughened dishes have been used, and the pre-
cipitation has been conducted from hot solutions and with
stronger currents.

To carry out the analysis, 80~100 cc of a solution of
sodium monosulphide (sp. gr. about 1.14) are added to the
antimony solution, which is diluted with water to 120 cc and
electrolysed. If the metal is precipitated from a warm
solution, it must be washed without interrupting the current.
The end of the reaction can only be determined with certainty
by the use of another electrode which is dipped into the
liquid and brought into contact with the dish, ie., the
cathode.t

* For the preparation of this salt, see section on Reagenta,

+ Qo nama 120
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The dish with the separated antimony is treated in the
usual way with water and perfectly pure absolute alcohol,
dried for a short time in the air-bath at 80-90°, and weighed.

CONDITIONS FOR ANALYSIS.

Composition and volume of the solution as described
above:
A.

Temperature: ordinary room temperature,
Current-density at cathode: ND ,=0.3 to 0.35 ampere.
Potential-difference: 1.0 to 1.8 volts.
Time required: 174 hours.

B.
Temperature: 55° to 70°.
Current-density at cathode: ND,,,=1.0 to 1.5 amperes.
Potential-difference: 1 to 2 volts.
Time required: 2} bours.

The method of determining antimony in solutions of the
polysulphides of the alkalies is very simple. The solution
containing polysulphides is treated with an excess of ammo-
niacal hydrogen peroxide and beated till it becomes color-
less. If a great excess of hydrogen peroxide is used, it may
happen that the alkali sulphide js entirely decomposed and
antimony sulphide precipitated. If{ the solution is entirely
colorless, or if a precipitate of antimony sulphide has al-
ready appeared, the solution ig cooled, 80 cc of a solution of
sodium 1nonosulphide are added, the whole is diluted with
water to about 120-150 cc and electrolysed as above di-
rected.

According to Lecrenier, the presence of polysulphides
can be counteracted by adding 50 cc to 75 cc of a solution
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of sodium sulphite (207,) and heating until the liquid is
colorless.  This reaction depends upor the formation of
sodium thiosulphate from: the sulphite, sulphide, and sul-
phur of the polysulphides.

TIN.
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Tin separates completely from a solution containing the
ammoniun double oxalate, or from an ammonium sulphide
solution. Sodium and potassiumn sulphides cannot be used,
as tin separates only partially from a dilute solution of the
corresponding sulpho-salt, and not a4 all from a concentrated
solution.

If tin is precipitated from the ammonium double oxalate,
a separation of stannic acid readily occurs, especially when
much tin is present, which must be redissolved by addition
of oxalic acid. The reduction of tin may be carried out
without difficulty, however, if acid ammonium oxalate is used
instead of the neutral oxalate. The results obtained by this
process are so accurate that the author bas found it adapted
to the determination of the atomic weight of tin.

The solution of tin is treated with a cold saturated solu-
tion of acid ammonium oxalate in the proportion of 20 cc to
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0.1 g tin. The solution is diluted to about 150 ec and elec-
trolysed. The tin is completely precipitated ns a closely ad-
herent, shining, silver-white metal, even when as much as
6 g is present. The current is interrupted and the metal
wushed as usual with water and aleohol, and dried at 80-90°.
CONDITIONS FOR ANALYSIS.

Composition and volume of the solution as described nbove.

Temperature: ordinary room temperature.

Current-density at eathode: 0.2 to 0.6 ampere.

Potential=lifference: 2.7 to 3.8 volts.

Time required: 8 to 10 hours.

EXPERIMENT.

Used 0.9-1 g 5nCl,2NHCl [32.109% 8n), 120 cc of a satu-

rated solution of acid ammonium oxalate,

iy Electrods
Curgendonnics, P":;Z"\:ié‘_’f‘ Tewp. Time. Found.
0.2-0.3% 2.7-3.8 25° Shr. 5 m. 32.06%,
0.3-0.6 2.8-3.8 30-35° 9 45 ¢ 32.00°

If Jarger quantities of the tin salt are used, it is necessary
to add acid ammonium oxalafe from time to time, on account
of the decomposition of the acid ammonium oxalate, which
causes the solution to.renct nlkaline. According to recent
investigations, the determination of tin may be carried out
by treating the solution of the tin salt with neutral ammo-
nium oxalate to form the double salt, acidifying with oxalic

. acid and electrolysing warm.

Heidenreich, who tested this method in the Aachen lab-
oratory, found that the determination of tin can be com-
pleted in 4-43 hours. 4 g ammonium oxalate to every 0.3
g tin present are added to the solution, which is then acidi~
fied with 9~10 g oxalic acid, warmed to 60-65°, and electro~

* Finally increased to 0.5 ampere.
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lysed with a current of ND,,,=1-1.5 amperes. The pre-
cipitate must be washed without interrupting the current.

Instead of oxalic acid, acetic ncid may be used; it pos-
sesses, however, no advantages. 100 cc of a saturated solu-
tion of ammonium oxalate are added to the solution of the tin
salt, which is then acidified with 25 cc acetic acid (sp. gr.
1.0615; about 509,). The metal is precipitated in the form
of radiated crystals, in contrast to the precipitate from acid
ammonium oxalate solutions. Tin adheres better to rough-
ened than to polished dishes.

The following experiments were conducted by the acetic
acid method:

Floetrode

Current-densit; h .

i i Potontal, Temp. Time. Found.

0.3 increased t0 0.5 3.2-3.8 25° 6hr. 15 m. 32.00%,
0.5 ¢ 1.0 3.6+4.2 25-30° 5 ‘4454 32.01°

In these experiments the tin in the polished dishes ap-
peared brilliantly erystallive, and in the rougbencd dishes
silver-white.

Since tin, Bke zinc, is dissolved with difficulty from the
platinum dishes by acids, it is necessary to use fused acid
potassium sulphate to remove it.* It is therefore best to
precipitate the tin in coppered dishes (see Zine).

Engels worked out the following method in the Aachen
laboratory: The tin salt is dissolved in water containing a
few cubic centimeters of oxalic acid, and 0.3-0.5 g hydroxyl-
amine, 2 g ammonium scetate, and 2 g tartaric acid are added
for gvery 0.5-1.2 g tin salt taken. The solution is then diluted
to 150 cc, warmed to 60-70° and electrolysed with a current

* The removal of the deposited lin from the electrode can usually be
effected without difficully by warming with a mixture of 5 g tartaric acid,
8 cc water, and 2 oo of conceatrated nitric acid-
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of ND,,,=~0.7 to 1.0 ampere and a potential-difference of
4 to 5 volts. TUnder these conditions the time required
for complete precipitation of the tin is 3 to 5 hours.

EXPERIMENT.

Bn(l,,  Curenl- Elsotrod
28H L, d:m,l‘y. Pn‘x;::.:mﬁ Temp. Time. - Found:.. ¢, Caloulated.

Py mp. *. - "
0.9175 1-0.8 5.2-5.6 70° 3 hr. 0.2970 32.37 32.37%
09859 1-08 4.853 €63° 3 ‘° 0.3195 32.40 v
0.9050 1-0.9 50«56 65 3 ‘° 0.2031 32.30 “
1.1879 0.5 5.1-68.0 45° 6 '* 0.3847 32.38 i
1.0026 0.7 3.4 80° 3 ‘° 0.3238 32.36G "
0.9940 0.7 4.0 60° 3+ 0.3219 32.38 -
1.0024 0.8 4.6 60° 3 ‘¢ 0.3250 32.42 o
1.0022 0.8 4.2-4.4 60° 3 *° 0.3252 32.44 ‘0

In the solution of the ammonium sulpho-salt tin behaves
Jike antimony. The tin solution {if necessary after neutral-
isation with ammonia) is treated with ammonium sulphide
free from ammonia (no more is added than is needed to form
the sulpho-galt), diluted to 150-175 cc, warmed to 50-60°,
and electrolysed with a current of 1-2 amperes, at a potential-
difference of 3.5-4 volts. Under these conditions 0.3-0.4 g of
tin can be reduced in an hour. Sometimes a deposit of sul-
phur adheres so strongly to the tin at the edge of the dish
that it cannot be washed off with water; it may, however,
be easily removed, after washing with alcohol, by gentle
rubbing with a linen cloth.

In gravimetric analysis tin is often separated from other
metals by sodium sulphide instead of ammonium sulphide.
In order to determine the tin electrolytically in such cases, -
the sodium sulphide must be converted into ammonium sul-
phide* To accomplish this, the solution is treated with
about 23 g pure ammonium suiphate free from iron, and’

* Sodium sulphide cannot be replaced by Iphide in the

acpmuon from other metals, because the lntler produces dlﬂieult.ly uoluble
Iphate when i iphide 8 formed.

P
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heated very carefully, with the dish covered, till the hyvdro-
gen sulphide has all eseaped; the solution is then kept in
gentle ebullition for about fifteen minutes. Complete con-
version into ammonium sulphide is shown by the greenish-
vellow color of the solution. 1If the heating is continued
too long, tin sulphide may separate; it can be dissolved in.
ammonium sulphide. After the solution is completely eool,
any rotlium sulphate that may have separated is dissolved
by addition of water and the solution electrolysed.

The determiination of the tin is much more simply and
easily accomplished by converting the solution of tin sulphide
in sodium sulphide into the acid oxalate. This conversion
may be aecomplished in two ways: either the sulpho-salt is
decomposed with dilute sulphuric neid to remove the greater
part of the sulphur as hydrozen sulphide, and the separated
tin sulphide oxidised with hydrogen peroxide * until the stan-
nie acid which is produeced appears pure white, or the heated
alkaline solution is treated directly with hydrogen peroxide
(of which agreat quantity is needed), then acidified with sul-
phuric acid to precipitate stannic acid, neutralised with
amtnonia, and treated with more hydrogen peroxide, In
cither case the solution is heated to decompose the excess of
hydrogen peroxide, and the stannic acid allowed to settle
and then filtered off. The precipitate is washed with the
oxalate solution from the filter into a beaker, the filter washed
with hot oxalic acid solution, and the stannic acid in the
seaker dissolved by heating.  Sometimes there is a residue
of sulphur, whieh is removed by filtration. The filtrate is
zollected in the weighed platinum dish to be used for the elec-
crolysis, and the sulphur is washed with a cold saturated solu-
sion of ammonium oxalate or acid ammonium oxalate. The
iolution for clectrolvsis must eontain at least 4 g of the oxalate.

# Classen and Bauer, Ber. d. ch. Ges., 16, 1062 (1883).
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ARSENIC,

LITERATURE:
Luckow, Zeit. f. anal. Chem., 19, 14 (1880).
Classen and v. Reies, Ber. deutsch. chem. Ges., 14, 1622 (1881).
Moorr, Chem. News, 53, 208 (1886).
Vortmann, Ber. deutsch. chein. Ges., 24, 2704 (1891).
Ducry, Compt. rend., 131, 886 (1900).

Arenic cannot be quantitatively separated either from
aqueous solutions or from solutions containing hvdrochlorie
acid, ammonjum oxalate, or alkali sulphides. From aqueous
as from oxalic acid solutions a part of the metal is reduced,
while from hydrochloric acid solutions, if the current is al-
lowed to act for a sufficient length of time, all of the arsenie

. passes off in the form of arsenjuretted hydrogen.

The behavior of arsenic (present as arsenic acid) in a con-
eentrated solution of sordium sulphide permits the separation
of arsenic from antimony, as will be shown later.

PLATINUM.

LITERATURE!

Luckow, Zeit, f. anal. Chem,, 19, 13 (1880).
Classen, Ber. deutsch, chem. Ges., 17, 2467 (1884),
Smith, Am. Chem. Journ., 13, 206 (1891).
Ridorff, Zeit. f. angew. Chem,, p. 698 (1892).

Platinum is very readily precipitated from its solutions
by the cl=ctric current. According to the determinations
made by Dr. W. Gobbels in the Anchen laboratory, if a solu-

" tion of a platinum salt containing 2-3 per cent. by volume
of sulphuric acid is used and 15 electrolysed with a current of
ND,4,=0.1-0.2 ampere, all the platinum separates in a short.
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time in the form of platinum-black. If, however, a solu-
tion heated to 60-65° is electrolysed with a current of ND .
=0.05 amp. and a potentiai-difference of 1.2 volts the plat-
inum geparates quantitatively and in a very compact form.
The reduced metnl is so dense that it cannot be distinguished
from harmmered platinum. The operation requires a period
of from: 4 to 5 hours. 1 it is desired to remove the deposited
platinum, the eathode should be first plated with a coating
of copper or silver (see Zinc).

According to the method employed in the Munich labo-
ratory, if the quantity of platipum present jis about 0.4 g,
2 per cent. by volume of dilute sulphuric acid (1:5) is added
to the solution of the platinum salt, the liquid is heated to
about 65°, and electrolyred with a current of XD, =0.01 to
0.03 ampere. The potential-difference when the current-
density is 0.03 ampere is at first about 0.05 volt, but rises
toward the end of the reaction to 1.7 volts. Although the
odor of chlorine escaping at the anrode can be detected
throughout the entire operation, no evidence has been ob~
tained that any platinum passes into solution from the anode.
The precipitation is complete in about 5 hours.

Iridiumn is not reduced from its solutions by a current of
ND,,=0.05 amp. and 1.2 volis potential: this property may
be used for the quantitative separation of platinum from
iridium (Classen).

PALLADIUM,

LITERATURE!

Wohler, Lieb, Anu., 133, 357 (1865).
Schucht, Zeit. f anal. Chem., 22, 242 (1883).
Smith and Keller, Am. Chem. Journ., 12, 252 (1890).
Smith, ibid., 13, 206 (1891); 14, 435 (1892);
Zeit. f. anorg. Chem., 3, 476 (1893).
Joly and Leidi¢é, Compt. end., 116, 146 (1893),
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Palladium js determined in the same way 28 platinum.
If the current of ND,, =0.05 ampere, with a potential-
difference of 1.2 volts, is used for the reduction, the pslla-
dium is obtained in an excellent metallic condition.

MOLYBDENUM.

LITERATUNE:

Smith, Am. Chem. Journ., 1, 329 (1879).
Hoskingon and Smith, Am. Chem. Journ., 7, 90 (1886).
Koliock and Smith, Journ, Am. Chem. Soc., 23, 669 (1901):

According to Kollock and Smith the quantitative deter-
minstion of this element by clectrolysis is possible under
the following conditions:

To 125 cc of a solution of ammonium molybdate (con-
taining the equivalent of 0.1302 g of molybdenum trioxide)
two drops of concentrated sulphuric acid were added, and
the solution was electrolysed at 75° with a current-density
of ND,,,=0.04 ampere and a potential-difierence of 2.2 volts.
The molybdenum separated as black hvdrated sesquioxide
on the cathode. The precipitation was complete in about
3 bours, The deposit was washed without interrupting the
current, and while still moist was dissolved in dilute nitrie
acid, the solution evaporated to drymess, and the residue
geptly heated on an iron plate to expel the last traces of the
pitric acid. White molybdic acid remained. If blue spots
appeared in the mass, they were removed by a second treat-
ment with nitrc acid. The analytical results showed a
close agreement with theory.

The authors state that the method is accurate, is easy of
execution, and requires comparatively little time.
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POTASSIUM, AMMONIUM. (RITROGER.)

Potassium and amumonium may be determined, as is well
known, by converting them into potassium or ammonium
platinchloride, and weighing the precipitate, dried at 110°,
on a tared filter. This method, which is almost universally
employed in the separation of potassium from sodium, has
many disadvantages. It is preferable, after precipitating
and washing the platinum salt as usual, to dissolve it in water,
and determire the platinum as directed on p. 218.
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SECTION 1L
DETERMINATION OF NITRIC ACID IN NITRATES.

LITERATURE:

Luckow, Zeit. {. analyt. Chem., 19, 11 (1880),

Vortmann, Ber. deutsck. chem. Ges., 23, 2798 (1890).

Ulzch, Zeit. f. Elektrocher., 3, 546 (1896-97).

As is well known, nitric acid is often converted .into am-
monia, and the latier determined. The action of the electrie
current converts nitrie acid into anunonia, as explained in
the Introduetion (p. 38). If the solution of an alkali nitrate,
acidified with dilute sulphuric acid, is acted on by the cur-
rent, no ammonia is formed.

Luckow discovered that the reduction of ibe nitric acid
always takes place when a salt from which the metal is pre-
cipitated by the current is also present in the solution. Cop-
per salts are best adapted for this purpose. G. Vortmann
has determined in the Aachen laboratory the conditions for
the quantitative determination of nitric acid in nitrates.
“The solution of the nitrate is treated with a sufficient quantity
of copper sulphate (in the analysis of potassium nitrate,
half as much crystallised copper sulphate as potassium ni-
trate), acidified with dilute sulphuric acid, and eleetrolysed
<cold. When the reaction is complete the solution is poured
off, sodium hydroxide solution is added, and the ammonia
distilled off and determined volumetrically in the usual way.
For this purpose one-fifth normal solutions of ammonia and
sulphuric acid are used. To standardise the sulphuric acid,
2 weighed quantity (0.5 g) of crystallised copper sulphate is
decomposed by electrolysis, and the resulting free acid
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titrated with ammonia. Vortmann decomposed 0.4876 g
CuB0,5H,0, and used, for the neutralisation of the acid
set free, 19.6 cc of ammonia of a strength equal to the one-
fifth normal sulphuric acid. 1 cc of the latter corresponds
therefore to 0.0028017 g of nitrogen in the form of armmonia.

The method described by Ulsch is based on the reduction
of the nitric acid, set free by adding sulphuric acid to a solu-
tion of nitrates, when the electrolysis is conducted with a
copper cathode. For further details consult the original

article.
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SECTION ITL
DETERMINATION OF THE HALOGENS,

Chlorine, Bromins, Iodine,
LITERATURE:
Vortmann, Monatshelte . Chem., 15, 280 (1894); 16, 674 (1896),
Elektrochem. Zeit., 1, 137 (1804).
W}uleﬁeld Arm. Chem. Journ,, 8, 421 (1897).
X , Zeit. 1, Elek hem., 4, 539 (1897-98).
Miller, Ber deutach. chem. Ges., 35, 950 (1902).

The method originated by Vortmann depends upon the
principle that the halogens are set free from solutions of hal-
ogen salts by the electric current, and while in the ion state
combine with a silver anode to form insoluble silver halide.
The incrense in weight of the anode gives directly the quan-
tity of halogen which has separated. The completion of the
analysis is determined by replacing the original silver anode
by a second weighed silver anode and noting its increase in
weight.

For an experimental test of the method, a weighed quan-
tity of iodide is dissolved in water, 8-10 cc of a 10%, solution
of sodium hydroxide added, and the solution diluted to 100-
150 ec. The silver anode, having the form of a watch-glass
6 cm in dismeter, is fixed about 5 mm from the bottom of
the copper dish which serves as cathode.

The cold solution is electrolysed with a current-strength
of 0.03-0.07 ampere and a difference of potential of 2 volts.
After 4-5 hours the greater part of the iodine will be converted
ijnto silver iodide, and the remainder may be separated on a
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fresh silver anode, after the addition of sodium potassium tar-
trate to the solution. The liquid is warmed to 50~70° and
electrolysed with a current having a difference of potential of
1.2-1.3 volts and a current-strength of 0.01-0.02 ampere.
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SECTION IV.

SEPARATION OF METALS.
IRON,
Iron-—Cobalt.

LITERATURE:
Classen, Ber. deutsch. chem. Ges., 27, 2060 (1894).
Engels, Compt. rend., 15, 5, 20 (1896).
Duery, Bull. Soc. Chim., 17, 881 (1897),
Neumann, Chem. Ztg., 22, 731 (1898).

The two metals may be determined by electrolysing the
solution of the double oxalates, as directed under Yron (p. 155),
weighing the iron and cobalt together, and determining the
former volumetrically.

After weighing the iron and cobalt, the deposit is dis-
solved in dilute sulphuric acid (dilute sulphuric acid is poured
over the metals, and concentrated acid gradually added, so
that the solution becomes heated), and the iron is titrated in
the platinum dish with potassium permanganate. To over-
come the red color of cobalt sulphate, a sufficient amount of
nickel sulphate is added before the titration. The end of
the reaction is easily recognised.

The residue of cobalt and iron may zlso be dissolved in
hydrochloric acid, the iron oxidised with hydrogen peroxide,
and titrated with stannous chloride, after removing the excess
of hydrogen peroxide by boiling,
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EXPERIMENT.

Used 1 g cach of (oSO IS0 .6H,0 and Fe,(C,0),.
3K,C0.6H0, and 8 g ammonium oxslate. Volume of

liquid, 120 cc.

Current~  Electrode
deusty.  Potenusl, Temp.
Amperen. "olty,

2.0-1.6 3.0-3.6 65-70°
.1.55-1.4 3.2~3.6 62-65°
1.0-0.85 2.85-3.1 60~65°
0.50.4 2.0-2.7 60~67°

0.5-0.45 2.35-2.7 58-02°

Elektrochern, Zeit., p. 6 (1804).

Time,
hr. m.

1 40

120

2 30

4 —

Found,
Fe+ (‘0

0. 2655

0.2650

0.2585

0.2593

0.2617

Iron—Rickel.

LITERATURE
Vortmann, Monatshefte f. Chem., 14, 536 (1893);

Cafeulated.

0.1141 g Fe*

0.1517°* Co
0.2658¢

0. 113851"0
01517

0. 2055 g
0.1137 g Fe
0.145] *“ Co
0.2586 g
0.1136 g Fe
0,1452:20
02585 g

0. 1139$Fe
0.1477
0.2616g

Classen, Ber. deutsch. chem. Ges., 27, 2060 (1894).
‘Engels, Compt. rend., 15, 5, 20 (1896).
Ducru, Bull. Soc. Chim., 17, 881 (1897).
Neumnaan, Chem. Zig., 22, 731 (1898).

Titrated,
0.1140 g Fe

0.1140 ¢ ¢¢

0.1140¢ ¢

0.1133 ¢ ¢r

0.1141 44 <«

The method of determination is exactly like the preceding.
Iron and nickel separate in the form of a beautiful white
alloy ‘scarcely distinguishable from platinum. This alloy re-

* The numbers placed under the heading *“Calculated” are the quanti-

ties of iron and cobalt in the two salls taken, whxch were separately deter-

mined by electrolysis.
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<ists strongly the action of acids, and is only very slowly
attacked by dilute sulphuric or hydrochloric acid.

Since the precipitation of the last tmce of nickel {akes
place very slowly, the use of a current of at least ND, =1
ampere is to be recoinmended.  Toward the cnd of the opera-
tion the current-strength should be increased.

To determine the jron, the precipitate in the dish must be
heated with concentrated hydrochloric acid; and if the iron
is to be titrated with permanganate, the solution must be
reduced by nascent hydrogen. It is more simple to oxidise
with hvdrogen peroxide, and, after removing the excess, tit-
rate the ferric chloride with stannous chloride.

EXPERIMENT.

Used 1 g each of NiSO.(NH,),80,.6H,0 and Fe,(C.0),
3K,C,0,6H,0, and 8 g ammonium oxalate. Volume of
liquid, 120 ce.

iy, Electrod )
Curpent-donsity, Foienual,  Temp.  gime Found o cgeuineed.
2.2-1.75 3.454.0 70-65° 2 — 0.2760g 0.1135g Fe*
01622 Ni
02767 g
2.0-1.73 3.35-3.9 60-67° 2 — 0.2654°° 0.1135gFe
0.1527 *'Ni
02062
1.1-0.7 2.6-3.1 65-71° 430 0.2673*° 0.1135gFe
: 0.1550 " Ki
0.2683 g
0.6-0.4 2.6-3.0 68-71° 5 — 0.2064°° 0.2604pg

Vortmann adds 46 g sodium potassium tartrate and ay,
excess of sodium hydroxide to the solution, warms, and pre-

* The numbers placed under the heading *Caleulated” are the quanti-
ties of iron and cobalt in the two salts taken, which were separately dater-
mined by electrolysis.
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cipitates the iron with a current of ND,, =0.3-0.5 ampere in
three to four hours, the nickel remaining in solution.

Iron—Zine,

LITERATURE:
YVortmann, Monatahefte f. Chem., 14, 536 (1893).

1f the double oxalates of iron and zine are submitted to
electrolysis, the two metals do not separate as an alloy, but
zine, with a little iron, is first precipitated on the negative elec-
trode. The electrolysis proceeds very satisfactorily, and the
united weight of the two metals may readily be determined
if there is less thun one-third as much zinc as iron in the solu-
tion. If the proportion of zine is greater, the zine dissolves
with the evolution of gas as the action proceeds, and a pre-
cipitate of oxide of iron is formed.

Vortmann proposes the following method: 46 grams of
potassium sodium tartrate and an excess of a 10-209], solu-
tion of sodium hvdroxide are added to the solution of the
metals, and the liquid is electrolysed at a potential-difference
of 2 volts, with a current-strength of ND,,=0.07-0.1 ampoere.
Tt is best to raise the temperature at the close of the operation
to 50-60°.  After several hours the iron will be precipitated,
the zinc remaining in solution. The zine canthen be quan-
titatively precipitated by electrolysing with a potential-dif-
erence of 4 volts.

Iron—Manganese.
LITERATGRE:

Classen, Ber deutsch. chem. Ges., 18, 1787 (1885).

Engels, Compt. rend., pp. 3, 40 (1896).

Kseppel, Zeit. [. anorg. Chem., 16, 208 (1898).

As stated in the Introduction, & solution of ammonium
oxalate is decomposed by electrolysis, mainly into hydrogen



IRON. 229

and hydrogen ammonium carbonate. The latter is partly
decomposed into ammonia, most of whieh remains in solution,
and carbon dioxide. In the electrolvsis of a hot solution of
ammonium oxalate, the ammonium carbonate produced by
the current is partly neutralised as a result of dissociation of
ammonium oxalate; carbon dioxide is rapidly liberated at
the positive electrode.

I a solution of the double oxalates of iron and manga-
nese is subjected to electrolysis without the previous addition
of a great excess of ammonium oxalate, the characteristic
color of permanganic acid appears immediately -at the
anode. Manganese dixode gradually separates at the posi-
tive electrode, and iron at the negative. If the electrolysis
is conducted under these conditions, it is irnpossible to obtain
a quantitative separation of the two metals, since the manga-
nese dioxide carries down with it considerable quantities of
ferric liydroxide. The complete separation of the metals is
possible only when the separation of the manganese dioxide
is delayed till most of the iron is precipitated. If a solution of
the double oxalates of iron and manganese, which contains a
great excess of ammonium oxalate, is electrolysed in the cold,
the greater part of the manganese dioxide is precipitated only
after most of the ammonium oxalate is decomposed. In this
case, however, the separation of the manganese dioxide is in-
complete, because by the action of the current a considerable
quantity of ammonium carbonate or ammonia is produced
which acts on the manganese double salt, causing a portion of
the precipitate (a mixture of dioxide and a lower oxide) to pass
into solution.

The rapid decomposition of ammonium oxalate when
heated gives a simple means of delaying, or entirely preventing,
the formation of a manganese precipitate during electrolysis.

The double oxalate is prepared by the method given under
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Tron, with the difference only that 8 to 10 g ammonium oxa-
fate are dissolved in the liquid, which is warmed to 80-90°,
and electrolysed with a current of ND,,,=0.5 amp.

When the reduction is complete, the solution is poured
off, the dish washed repeatedly with water, and this, together
with traces of the dioxide precipitate, removed by aleohol; it
is sometimes necessary to rub the dish gently with the finger.

The preceding method gives satisfactory results when the
percentage of manganese is not too high. For the analysis
of manganiferous iron (ferro-manganese, for example) this
method has no practical value, since the percentage of man-
ganese is here required, while by this method the iron is
‘determined directly and the manganese must be determined
in the liquid from which the iron has been separated.

To obtain a complete separation, the solution, containing
suspended manganese dioxide, 18 heated with a solution of
pure potassium or sodium hydroxide in a porcelain dish,
4ill the ammoniwm carbonate produced by electrolysis is de~
composed and the solution no longer has the odor of ammo-
nin; and then sodium carbonate and a small quantity of so-
dium hypochiorite, or, better, hydrogen peroxide, are added.
‘The manganese dioxide quickly falls to the bottom, and can
be filtered off. The precipitate is best washed with hot water
1o which a little ammonium-nitrate has been added, and is
either converted into mangano-manganic oxide (Mn,0) by
ignition, or, better, into manganese sulphate (MoSO,).

The conversion into manganese sulpbate is accomplished
by moistening the precipitate in the crucible with a little pure
concentrated sulphuric acid, and igniting very gently, so that
the bottom of the crucible is heated to a low red heat.

If it is desired to determine the manganese as manganese
sulphide, the solution is boiled till the ammonium carbonate
is decomposed, the remaining smmonia is neutralised with
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nitric acid, and ammonium sulphide added till the precipi-
itation is complete. The manganese sulphide is either deter-
mined as such by ignition in a stream of hydrogen, or, more
simply, converted into manganese sulphate by heating with a
few drops of sulphuric acid.

Kaeppel conducets the separation of iron from manganese
in a solution of the double salts of pyrophosphboric acid. A
solution of ferric ammonium sulphate (0.1 to 0.15 g Fe) and
‘mmanganous ammonium sulphate (0.035 to 0.11 g Mn) was
added with constant stirring to a boiling solution containing
12 g sodium pyrophosphate, and when the solution had be-
come clear five drops of phosphotic acid were added. If the
phosphoric acid produced turbidity, this was removed by
adding a few drops of sodium pyrophosphate solution. The
total volume of the solution was 230-250 cc, and the elec-
trolysis was conducted in a platinum dish which served as
anode with a current of 1.8 to 2.5 ampere (sic.), at a potential-
difference of 4 volts. The temperature of ihe electralyte was
3040°, and the time required was 8 to 10 hours; the iren
being precipitated. For the iron fairly accurate results were
obtained, but the manganese remaining in the solution could
not be determined by electrolytic methods. The deposited
iron wag washed without interrupting the current.

Irop—Aluminjum.
LITERATURE:

Classen, Ber. deutsch. chem. Ges., 18, 1795 (1885); 27, 2080 (1894).

Engels, Compt. rend., 15, 5, 20 (1896).

When s solution contsining the above metals and a great
excess of ammonium oxalate is electrolysed in the cold, iron
is deposited on the pegative electrode, while the ajuminium
remains in solution as long as ammonium oxalate is present
in the solution in greater proportion than the ammonium
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carbonate formed from it. If a precipitate of aluminium
hydroxide finally appears, it is only when the solution is al-
most free from iron. A small portion withdrawn by a capil-
lary tube is tested, from time to time, with ammonium sul-
phide or another reagent already mentioned, and the current
ig stopped as soon as no reaction is obtained.

The process is as follows: The aqueous or weakly acid
solution (in the latter case ncutralised with ammonia) of the
sulphates (the chlorides are not as well adapted to the process)
is treated with ammonium oxalate in excess, and enough solid
ammonium oxalate added (with gentle warming if necessary)
to give the proportion of 2-3 g ammonium oxalate to 0.1 g
of the metals. The entire volume of the solution should be
150-175 cc. If the temperature of the solution is not over
40°, it may be submitted to electrolysis at once, since it grad-
ually cools under the action of a current of the given strength.

It is not best to continue the action of the current longer
than is necessary to reduce the iron; for, otherwise, a large
part of the aluminjum is precipitated as hydroxide, and
clings so closely to the negative electrode that it cannot be
removed.

In such a ease it is necessary to bring the aluminium hy-
droxide into solution by acidilying with oxalic acid, and, in
case too much acid has been added, to pass the current till the
last traces of the redissolved iron have been again precipitated.

The oxalic acid is poured gradually down the glass which
covers the platinum dish, without interrupting the current,
till there is no more ebullition, and the aluminium precipitate
is dissolved.

If the quantity of the aluminium is not greater than that of
the iron, the method gives good results without further treat-
ment. In other cases the precipitate of aluminium hydrox-
jde is dissolved, without interrupting the cwrent, by careful
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addition of oxalic acid, and the electrolysis repeated until
the iron is completely precipitated. To determine the alu-
minium in the solution poured off from the iron, it is heated
in a porcelain dish ti)l the ammoniza is driven ofl, filtered,
and the aluminium hydroxide converted, by ignition, into
ALQ,.
EXPERIMENT.

Used 1 g each of Fe,(C,0),3K,C,0,6H.,0 and Al,(30),.
K,80,24H,0, and 8 g ammonium oxalate. Volume of
liquid, 120 cc.

ST, Rl Towp,  gnme. Taken, Found,

Amperes. Volts. R & &
1.85-1.6 4.3-4.4 31-42° 235 0,1135F0 0.1143Fe
1.65-1.35 3.8-1.1 30-48° 3 — 0Q.1150° 0.1159 ‘¢
1.00-0.84 3.55-3.8 3i-36° 430 0.1135°* 0.1138 ‘¢

0.50-0.42 2.75-3.1 30-32° 540 0.1135“ 0.1138 ¢

In order to avoid the separation of aluminium hvdroxide
(small quantities of which often adhere Lo the iron) strong
currents, which raise the temperature of the solution, should
not be used.

The eflect of strong currents and high temperatures is
illustrated in the above experiment.

Iron-—Chromium.

. LITERATURE:

Classen, Ber. deutach. chem. Ges., 27, 2060 (1804).

Engels, Compt. rend., 15, 5, 20 (1896).

If a solution which cbntains an excess of aMMOoniuMm OXa~
late, and chromium as sesquioxide, that is, as chromium
ammonium oxalate, be submitted to electrolysis, all of the
chromium is converted into a chromate. I iron is also pres-
ent, it is precipitated in the metallic state on the negative
electrode; the metal has a peculiarly characteristic luster.
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When the precipitation is complete, the liqnid.is poured
off from the precipitated metal and is boiled to decompose
ammonium carbonate, and the chromic acid reduced by boil-
ing with hydrochloric acid and alcobol. The chromium is
then precipitated as hydroxide with ammonia.

The hvdroxide is converted into Cr,O, in the usual manner,
and weighed.

. EXPERIMENT.

A. Used 1 gram of Fe,(C,0,),3K 0 6H, 1 gram of
3K,C,0,Cr,(C,0),6H,0, and & grams ammonium oxalate.
Solution diluted to 120 cc.

WY Remin  Tem. MR T Toued
2.00-1.60 3.4-3.6 62-68° 4— 0.1120g 0.1123 ¢
1.60-0.95 3.2-3.8 66-68° 5~ 0.1135°¢ 0.1135°¢
1.95-1.50 3.3-3.7 §2-65° 3—~ 01135 0.1130 ¢

B. Used 2 g chrome alum, 1.5890 g ferrous ammonium
eulphate, and 8 g ammonium oxalate.

Current-  Eleatroda - Tk Found

danwiy. Potentisl, Temp. L0 es, ound,

Ampores. Volts. he. m. Fe. Fe.
1.5 3 65° 4 — 14289  11.19%

C. Used 2 g chrome alum, 1 g Fe,(C,0),3K,C,0,6H0,
and 8 g ammonium oxalate.

Current- Electrode Time,  Take F
X;n;:r)‘; Po‘g:ﬁuﬂ. Temp. e hen, t}\::d.
1.50-1.60 3.0-3.2 65° 4 — 11.409 11,359,

Iron— Uraniupd

The separation of iron from uranium depends upon the same
principle as the separation of iron from aluminium. It is nec-
-essary to have a great excess (8 g) of ammonium oxalate pres-
ent in the solution, in order to retain the uranium in the form
of the double salt until all of the other metal is precipitated.
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‘The process is conducted in the same manner as the separa~
tion of aluminjum from iron. When a strong current is
employed, especially when there is an insufficient quantity of
ammonjum oxalate present, it may happen that, as a result of
the decomposition of the hydrogen ammonium carbonate by
the heat produced, the uranjum is precipitated as hydroxide,

The uranium solution, after the other metal has been
separated, is freed from oxalic acid by further electrolysis,
and finally the ammonium carbonate is decomposed by
heating.

To bring the finely divided precipitate of uravium hydrox-
ide into suitable condition for filtration, nitric acid ia added,
the solution is heated till the precipitate is wholly dissolved,
and ammonia is added to reprecipitate the hydroxide. The
precipitate is converted into uranium oxide by ignition in a
streamn of hydrogen.

Iron—Aluminium—Chromium.
LITERATURE:

Classen, Ber. deutsch. chem. Qes., 14, 2771 (1881).

The separation is performed as above. To separate the
aluminium from chromium, the solution poured off from the
precipitated metals is boiled till it has only a weak odor of
ammonia, the aluminium hydroxide filtered off, and the chro~
mium precipitated as above.

Irpn—Chromium-—Uraninm.
LUFERATURE
Classen, Ber. deutsch. chem, Ges., 14, 2771 (1881);
id. 17, 2483 (1884).

The separation is accomplished by the precipitation of
jron as metal, from the double oxalate solution, and the oxi-
dation of chromium to chromic acid by the current. Uran-
jum is separated as hydroxide, while chromlum remains in
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solution as amunonium chromate. To accomplish the quan-
titative separation of chromium from uranium the electrolysis
must be continued till the oxalic acid is completely oxidised.

The solution is boiled to decompose the resulting am-
moniwn carbonate, and allowed to stand six hours. The chro-
mium is determined, as above, in the filtrate from the
uranium.

Iron— Beryllium.
LITERATURE:

Classen, Ber. deutsch. chem. Ges., 14, 2771 (1881).

The separation of these two metals offers no difficulties
whatever if the soluble double salts with ammonium oxalate
are prepared, and if care is taken to have an excess of ammo-
nium oxalate present. The iron is precipitated according to
the directions given under the separation of aluminium from
iron.

Strong currents are not advisable lest the solution become
heated, and thus the ammonium carbonate, which holds the
bervllium in solution, be decompoged. The beryllium hy-
droxide may, in any case, begin to precipitate before the iron
is fully deposited. The determination of beryllium in the
solution poured off from the iron is very sunple; the solution
ir hoiled to decompose the hydrogen ammonium carbonate,
and the heating continued till the solution has only a weak
odor of ammonia. The beryllium hydroxide is filtered,
washed with hot water, and eonverted into BeO by ignition
in a platinum crucible.

Iron—Beryliium—Alumininm,
LITERATURE:

Classen, Ber. deutsch. chem. Ges., 14, 2771 (1881).

The process is precisely like the foregoing. When the
jran is reduced the solution is poured into a second platinum
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dish, and the action of the current is continued till all the
oxalic acid is decomposed, and the aluminium is precipitated
as hydroxide. The beryllium is precipitated from the filtrate
as hydroxide by builing.

It is advisable to redissolve the aluminium hydroxide,
1o convert it again into the double oxalate, and to repeat the
electrolysis.

Iron—Copper.
LITERATURE:

Schweder, Berg- u, Hittenm. Ztg., 36, 5, 11, 31 (1877).

Vortinann, Movoatshefte [. Chem., 14, 536 (1893).

Claseen, Ber. deutsch. chem. Ges., 27, 2060 (1804).

Fernberger and Smith, Journ. Am. Chem. Soc., 21, 1001 (1899).

The separation may be accomplished according to the
method given by Luckow (p. 179), if the operation is con-
dueted at ordinary temperatures. To determine the iron in
the solution fron which the copper has been removed it is
evaporated to dryness with the addition of sufficient sulphuric
acid to convert the iron into sulphate, and the double oxalate
is prepared by the method given on page 154.

EXPERIMENT.

Used about 1 g each of copper sulphate and ferrous am-

monium sulphate and 5 ec nitric acid (sp. gr. 1.35). Volume
of liquid, 120 ee.

Current-density,  Electrode

Amaperes.  Potential, Yols, .

1.0-0.9  3.0-3.3 1632 4 — 0.2528g 0.2518g

1.1-1.6  2.6-3.32  18-32° 330 0.2450° 0.2430°“

T T Tam g

The free sulphuric acid in the decanted liquid was neu~
tralised with ammonium hydroxide, and 8 g ammonium
oxalate were added.

el Potmial Velta, TemP.

1.30-0.8 2.74.5 3142° 3 -— 0.1406g 0.1416¢g

1.45-1.1 3.0-3.5 ° 60° 330 0.1435° 0.1438°

Time, Taken Found
hrom. Fe. Fe.
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A similar separation may also be carried out in the pres-
ence of sulphuric acid instead of nitric acid. Three cubic
centimeters of the concentrated acid are used, the other con-
ditions being the same.

Tume.  Taken Found

Curront density, _ Electrode
Amperes.  Potential, Voits, Te®P-

1.05-1.20  3.0-2.85 22-30° 210 0.2538g 0.2534g
1.00-0.95  2.5-2.45 56-59° 2 — 0.2510° 0.2504 %

The determination of the iron was conducted as befare.

Currontdensity. _ Flectrode o Time, Taken Found
Amperes. . Potentinl. Volts, 187« 7. mo. Fe. Fe.

1.55-1.32 3.4-3.8 33-40° 4 — O.l4@lg 0.14189g

1.60-1.40 3.0-3.5 81-64° 3 — 0.1675°'¢ (.1825¢

The separation of iron and copper may be effected if the
copper is precipitated from a hot solution of the double
oxalate containing free oxalic, tartaric, or acetic acid. A
saturated solution of oxalie acid is used, and one of tartarie
acid which contains 6 g acid in every 100 ce.

EXPERIMENT,

Used about 1 g each of copper sulphate and ferric salt,
6 g ammonium oxalate. The copper must be washed without
interrupting the current.
oot B, Tewn, Twe T R
1.1-1.0  2.93.5 51-62° 3hr. 0.2528g 0.2525g
0.7-0.7 3.20-2.85 62° 3¢ 0.2530 ¢ 0.2532¢ "

The iron was determined in the solution which was poured
off from the copper, the free acid being first neutralised with
ammonium hydroxide.

Curren i “ Taken d
Amﬁﬁw' Pou}':':‘:ic:lfnd&u Temp. Time. Fe. FOIE‘I:
1.4-1.3 3.0-3.2  68-70° 24br. 0.1435g 0.1431g
1.0-0.9 3.1-3.3  30-40" 3 “ 0.14290° 0.1425°
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Vortmann dissolves the oxides of both metals in an am-
moniacal solution, to which are added several grams of ammo~
nium sulphate, and electrolyses with a current of ND =
0.1-0.6 ampere. Only copper is precipitated, the ferric
hydroxide remaining unaltered in solution. ,

According to Fernberger and Smith, copper can be sepa-
rated from iron under the conditions given in the following
cxperiment :

60 cc of a solution of disvdium-hydrogen phosphate
(sp. gr. 1.0338) were added to a mixture of 25 cc of a copper
sulphate solution (=0.1239 g Cu) and 50 cc of a solution of
ferric ammonium alum (=0.2002 g Fe). The recipitate
which formed was dissolved in 10 ec phosphoric acid (sp. gr.
1.347), and the solution diluted to a total-volume of 223 ce
was electrolvsed at 53° with a current of ND,,~ 0.04 ampere
and a potential-difference of 2.4 volts. The copper was
completely precipitated in about 7 hours.

Iron—Lead.

This separation is effected by precipitating the lead as
peroxide from a solution containing free nitric ncid (p. 195).
To determine the iron remaining in the solution add sulphurie
acid, evaporate to dryness to expel the nitric acid, and de-
termine the iron by electrolysis in an oxalic acid solution as
deseribed under Iron-Copper.

Iron—Bismuth,

LITERATURE:
Kammerer, Journ. Am. Chem. Soc., 25, 83 (1903).

According to Kammerer the iron should be present as
ferrous sulphate, and the solution having a volume of 150 c¢
should contain 1 ee nitric acid (sp. gr. 1.43), 1 g potassium
sulphate, and 2 cc sulphuric acid (sp. gr. 1.84). The elec~
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trolysis is conducted at 45° with a current of ND ,,=0.025
ampere and a potential-difference between the electrodes of
2 volts. About 8 hours are required for the coniplete sepa-
ration of the bismuth.

Iron—Cadmium.

LITERATURE!
Stortenbeker, Zeit. {, Elekirochem,, 4, 409 (1897-98).

The following method for separating these two elements
is given by Stortenbeker: Cadmium and ferrous sulphates
are dissolved in 100 cc of water slightly acidified with a few
drops of dilute sulphuric acid, and to this solution 2 to 3
grams of potassium cyanide are added. The mixture is then
warmed until perfectly clear, and if it does not become yel-
low immediately a few drops of a eofution of potassium hy-
droxide are added. The solution is diluted to 200 ce and
electrolysed with a current of ND ,,=0.05 to 0.10 ampere,
at the room temperature. Cadmium will be deposited.

Iron—Silver.

LITERATURE:
Kollock, Journ. Am. Chem. Soc., 21, 811 (1899).

The following experiment is described by Kollock: To a
solution containing 0.1 g silver as nitrate and 0.1 g of iron as
ferrous ammonium sulphate, 2.5-4 g potassium cyanide were
added and the solution was diluted to 125 cc. The elec-
trolvsis was carried out at 65-75° with a current of ND,,,=
0.02-0.04 ampere and a potential-difference of 1.8-2.2 volts.
The silver was completely precipitated in from 3 to 4 hours.
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COBALT.
Cobalt—Nickal,

LITERATURE!

Vortmann, Monatsh, f. Chemie, 14, 536 (1893).

Cohen, Zeit. {. Elektrochem., 4, 501 (1897-98).

Balachowsky, Corapt. rend., 132, 1492 (1801).

Rosenheim and Huldschingky, Pharm, Centralbl., 43, 393 (1901).

The following method for separating these two elements
is described by Balachowsky: To an acetic acid solution con~
taining 0.3 g of the metals, 3 g ammonium sulphe~cyanide,
1 g urea, and enough ammonia to neutralise the free acetic
acid, are added. The solution is diluted to a convenient
volume and electrolysed at 70-80° in a platinumn dish-elec-
trode with a maximum potential-difference between the
electrodes of 1.0 volt and a current of ND, =08 ampere.
The precipitation of the nickel is complete in 13 hour, but
the deposited metal contains sulphur and should therefore
be dissolved in nitric acid, the sulphur fiitered off, and the
nickel again precipitated by one of the standard methods
(p. 160). The cobalt remaining in the first solution is de-
termined by destroying the ammonium sulphocyanide by
boiling with nitric acid, filtering off any sulphur which ap-
pears, and precipitating the cobalt by one of the regular
methods.

The method proposed by Vortmann depends upon the
electrolysis of a solution containing sodium potassium tar-
trate made strongly alkalirie with sodium hydroxide. Vort-
mann states that with a current-density of ND,,, =0.3 to 0.06
ampere the nicke] remains in the solution while the cobalt is
precipitated. The essential data for repeating these ex-
periments are lacking.
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Cobalt—Zinc,

LITERATURE?

Vortmanu, Monatsch. . Chemie, 14, 536 (1893);
Elektrochem. Zeit., 1, 6 (1894).

Smith and Wallace, Journ. of Anal. Chem., 7, 183 (1893),

Waller, Zeit. [. Elektrochem., 4, 241 (1897-98).

According to Vortmann an excess of a 10-20%, solution
of sodium hydroxide is added to the solution containing the
metals. Several grams of sodium potassium tartrate are then
added and the electrolysis is conducted with a current of
ND,,,=0.07-0.1 ampere and an electrode tension of 2 volts,
The cobalt is precipitated, but the addition of potassium
iodide is necessary in order to prevent the separation of
cobaltic oxide at the anode.

Aceording to Waller, who conducted his researches in
the Iaboratory of the nuthor at Aachen, satisfactory results
can be obtained under the following conditions:

6 grams of sodium potassium tartrate and from 1.0 to
1.5 g of potassium iodide were dissolved in the solution con-
taining the metals as sulphates, which was then made alka-
Jine with 10 cc of a solution of sodium hydroxide containing
2 to 3 grams of NaOH. The solution was diluted to 150 ce,
and was electrolysed at 60-65° with a current of ND,, =
0.05 to 0.1 ampere and a potential-difierence of 2 volts.
Sinee a little oxide of cobalt is always deposited on the anode
it is important that the latter should be weighed both before
and after the electrolysis, in order to determine the weight.of
cobalt thus separated. This seldom amounts to more than
19, of the entire quantity present.

The szinc is ofterwards separated from the solution by
electrolysing with a potential-difference of 4 volts.
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Cobalt—Aluminium.
The method is carried out similarly to that of iron from
aluminium.

Cobalt—Uranium; Cobalt—Chromium; Cobalt—Uranium—C

The methods employed are similar to those of the corre-
sponding separations from iron (p. 234).

Cobalt—Copper.

LITERATURE!

‘Warwick, Zeit. {. anorg. Chem., 1, 209 (1802).

Classen, Ber. deutsch. chem. Ges., 27, 2060 (1894).

Ridorfl, Zcit. {. angew. Chem., p. 388 (1804).

Fernberger and Smith, Jour, Am. Chem. Soc., 21, 1001 (1898).

The separation of these two elements can be satisfac-
torily conducted by the electrolysis of a solution containing
ammonium oxalate, at a temperature of 50-80°, if the differ-
snce of potential between the electrodes is so regulated as
to be kept between 1.1 and 1.3 volt. Under these condi-
tions only copper will be precipitated.

EXPERIMENT.

Used 1 g copper sulpbate (25.33%, Cu), 1 g cobalt ammo-
nium sulphate, and 6 g ammonium oxalate.

E]ectn"@s‘ Potential, Temp. Time, Found

ts. br. m. € Cu. $Cu.
1.24-1.30 50-60" 3 50 0.2602 25.36
1.20-1.35 50~60° 3 30 0.2531 25.29
1.20-1.29 50-60° 4 — 0.2622 25.28

These elements may also be separated in a solution cons
taining free nitric acid (p. 179).

For effecting the separation in a eolution containing
phosphates we are indebted to Fernberger and BSmith

"
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for the following particulars: To a solution containing
0.1329 ¢ Cu and 0.1 g Co in the form of sulphates, 60 ec diso-
dium hydrogen phosphate (sp. gr. 1.0358) and 10 cc phosphoric
acid (sp. gr. 1.347) were added, and the mixture was diluted
to s volume of 225 ¢c. The electrolysis was conducted at
62° with a current of ND,;,=0.035 ampere and a potential-
difference of 1.5 volt. The copper was completely de-
posited in 6 hours.

Cobalt—Rismuth.

LITERATURE:

Bmith and Wallace, Journ. of Anal. Chem., 7, 183 (1803).

-Bimith aud Moyer, Zeit. {. anorg. Chem., 4, 268 (1893).

XKammerer, Journ. Am. Chem. Ges., 25, 83 (1903).

A.(‘cordiug to Smith and Wallace, and also Smith and
Mover, a geparation of these metals may be satisfactoriiy
conducted in a solution containing nitric acld.  Since, how-
ever, the required conditions of experiment are not given in
the respective publications the methods will be here omitted.

Kammerer states that the following conditions are sat-
isfactory for eflecting this separation:

Cobalt sulphate in quantity equivalent to 0.15 g cobalt,
0.5 g potassium sulphate and 2 cc sulpburic acid (sp. gr. 1.84)
were added to o solution containing 0.15 g of bismuth and 2
cce nitric acid {sp. gr. 1.43). The solution, was diluted to 150
cc and electrolysed at a temperature of 45° with a current of
ND,,,=0.025 ampere and a potential-difference of 2 volts.
The bismuth was completely deposited in 9 hours, and was
free from cobult. This method serves equally well for the
separation of bismuth and nickel.

Cobalt—Lead,
. The solution, after the addition of nitric acid, is electro~
1vsed as described under Lead, p. 195.
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Cobalt—Silver.
LITERATURE.
Kollock, Journ. Am, Chem, Soc., 21, 911 (1809),

The following experiment is described by Kollock: To
2 solution containing 0.1 g silver and 0.1 g cadmiun, both
present as nitrates, 2.75 ¢ of potassium cyanide was added,
and the solution was diluted to 125 cc.  The electrolysis was
earried out with a current of ND,, =0.02 ampere and a po-
tential-difference of 2.2 to 2.7 volts. After 5 hours had
elapsed the silver was completely precipitated. The tem-
perature of the solution throughout the entire operation
was 65°
Cobalt—Mercury.
LITERATURE:
Kbollock, Journ. Am. Chem. Soc., 21, 911 (1899).

Kollock states that the following eonditions are suitable
for the separation of these clements: The solution contained
0.1216 g of mercury as mercuric chloride and 0.1 g of cobalt.
as nitrate. To this 2 g potassium eyanide were added, the
total volume was 100 ce, and the electrolysis was conducted
at 63° with a current of ND,,=0.03 ampere and a potential-
difference of 2.9 volts. The mercury was completely precipi-
tated in 5 hours.

NICKEL.
Nickei{—Zinc,
LITERATURE!
Vortmann, Monatsch. f. Chemie, 14, 536 (1893).

For the separation of these metals Vortmann suggests
a solution eontaining from 4 to 6 grams of sodium potassium
tartrate and an excess of sodium hydroxide. In his experi- .
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ments about 0.2 g of each metal was present, and the élec-
trolysis was conducted at ordinary temperatures with a
current of ND ,,=0.3-0.6 ampere. He states that under
these conditions only zinc is precipitated, the nickel re-
maining in solution.

Nickel -Manganese,

LITERATURE ©
Eangels, Compt. rend., 15, 5, 20 (1896},

What has been stated (p. 229) with reference to the sepa-
ration of iron and manganese applies equally to the separa-
tion of nickel and manganese.

Nicke]— Aluminium.

Sirailar to the separation of iron from sluminium.

Nickel—Uranium; Nickel—Chromium,

Similar to the corresponding separations from iron.

Rickel—Copper.
LITERATURE:

Classen, Ber. deutsch. chem. Gea., 27, 2000 (1894).
Fernberger and Smith, Jour. Am. Chern. Soc., 1, 1001 (1899).

The separation takes place under the same conditions as
the separation of cobalt from copper.

If 1 geach of copper sulphate and nickel sulphate are
taken, 6 g ammonium oxalate are required. Larger quan-
tities of metal require correspondingly greater quantities of
ammonium oxalate.
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EXPERIMENT.
Potenulldzﬂm Ti Found
b gCu " %Cu. Remarks,
1. 11-1 3 350 0.2552 25.40  Theory 25.335 cu.
1.20-1.3 3 — 0.2659 25.37  Acidified with oxalio acid,

1.20-1.3 330  0.258) 25.38  Acidified with tartaric acid.

5 difi h id.  Th
L3145 350  0.257 25.45 | Acidifel withaomuc e, Tho
1.20-1.6 350 0.2595 25.33  The copper contained nickel.

The separation of these two metals can be very satisfac-
torily conducted in a solution containing free nitric acid
(see p. 179).

For the separation of nickel and copper in a’ phosphate
solution the following details are given by Fernberger and
Sith:

To a solution containing copper sulpbate (=0.1239 g Cu)
and nickel nitrate (=0.1366 g Ni), 75 cc of a solution of di-
sodium hydrogen phosphate (sp. gr. 1.0358) and 10 cc phos-
phoric acid (sp. gr. 1.347) were added, and the electrolysis
was conducted at 66° with a current of ND,,,=0.072 ampere
and a potential-difierence of 2.45 volts, the total volume of
the solution being 225 cc. Tle copper was completely pre-
cipitated in 6 hours.

Rickel—Lead.
The seporation corresponds to the method given under
Cobalt. .
Nickel— Mescury.
LITERATURE:

Bmith, Am Chem. Journ , 12, 104 (1890).

Riidorff, Zeit. L angew Chem., p. 388.(1854).
Heidenreich, Ber. deutech. chem. Ges., 28, 1585 (1836,
Kollock, Journ Am Chem. Soc., a1, 911 (1899),

The method for the separation of these two metals is
similar to that of cobalt from mercury. According to the
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statements of Smith, the separation may be carried out in
a solution of the double cvanides. Heidenreich, who de-
termined in the Aachen laboratory the proper conditions
of experiment, found that only the mercury is precipitated
when the potential at the electrodes is 1.2-1.6 volts.

EXPERIMENT.

Used about 1 g nickel ammaonium sulphate and 3 g potas-
sium cyanide.

Taken  Current-density, Potental-di Time. Found ¢
& HeCh. Amperea. Volty. Per Cent Hg.
0.3687 0.08-0.03 1.2-1.6 54 hr. 73.65
0.3702  0.05-0.93 1.4-1.5  overnight  73.62
0.3000  0.05-0.03 1.4-1.5 “ 73.86

The following conditions are given by Kollock: Two
grams of potassium cyanide were added to a solution contain-
ing mercuric chloride (=0.1216 g Hg) and nickel nitrate
{=0.1 g Ni), the volume of the solution was brought to 125
cc, and the electrolysis was conducted at 65° with a current
of ND,,=0.04 ampere and a potential-difference of 2.2 volts.
In four hours the mercury was completely precipitated.

ZINC,
Zinc—Mangunese.

LITERATURE !

Riederer, Journ. Am. Chem. Soc., 21, 789 (1899).
Claseen, Ausgewahlte Methoden, p. 386 (1902).

The solution of the sulphates, to which 6 grams of am-
monium oxalate and {ree oxalic acid is added, is electrolvsed

at 50-60° with a potential-difference between the electrodes
of 1.1 to 1.3 volts. Under these conditions the manganese

* Theory, 73.809, Hg.
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remains in solution, the zinc only is deposited. To deter-
mine the manganese in the solution, it is precipitated as MnO,
by adding a few cubic centimeters of hydrogen peroxide
solution and a slight excess of ammania, and the MnO, after
careful washing is dissolved in a mixture of 25 cc water, 5
ce acetic acid, and 5 cc hydrogen peroxide solution. The
excess of hydrogen peroxide is destroyed with CrO,, and the
solution is electrolysed as described on p. 172,

Zinc—Aluminium.

LITENATURE!
Classen, Ber. deutsch. chem. Ges., 14, 2771 (1881).

These elements can be scparated by the electrolysis of a
solution containing ammonium oxalate and free oxalic acid,
under conditions similar to those given for the separation
of zine from manganese.

Zinc—Copper.

LITERATURE:

Riidorff, Zeit. f. angew. Chem,, p. 452 (1893).

Smith and Wallace, Journ. Anal. Chemn., 7, 183 (1893).
Heidenreich, Der. deutsch. chem. Ges., 28, 1585 (1895).
Fernberger and Smith, Journ. Am. Chem. Soc., 21, 1001 (1809).

For this separation Smith and Wallace recommend the
precipitation of the copper from a solution containing free
nitric acid. Heidenreich, who determined in the Aachen
Jaboratory the proper conditions for analysis, found that
if the solution eontains about 4 cc free pitric acid (sp. gr.
1.3) to 120 cc of solution, and a potential-difference between
the electrodes of 1.4 volt is not exceeded, the copper is pre-
cipitated free from zine. (See p.179.)
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EXPERIMENT.
Used copper sulphate (containing 25299, Cu) to which
0.8 g zine ammonium sulphate was added.

Teken Potential Dif~ . Found.
Custiobis0 A forgmce butwces prime, G

> 0.4680 0.2 1.00-1.15 volt 15 30 25.25
0.4728 0,2-0.15 10-1.2 ¢ 15 — 25.25

0. 5059 0.15~0.2 113 o 18 — 25.31
0.4660 0.3 1.2 ‘e 2 — 25.22

As illustrating the separation of these two elements in
a solution containing phosphates and free phosphoric acid,
the following experiment is- deseribed by Fernberger and
Smith:

60 cc of a solution of disodium hydrogen phosphate (sp.
gr. 1.0358) and 10 cc phosphoric acid (sp. gr. 1.347) were
added to a solution containing 0.1239 g of copper and 0.1 g
of zine as sulphates, the solution was diluted to a total vol-
ume of 225 ece, warmed to 60°, and electrolysed with a cur-
rent of ND,,,=0.035 ampere and a potential-difference of
2.5 volts. - In 5 hours the copper was completely precipitated.

Zinc— Bismuth.

LITERATURE!
Kammerer, Journ. Am. Chem. Soc., 25, 83 (1903).

The following experiment is described by Karamerer:
To a solution containing 0.15 g bismuth dissolved in 1 ce
pitric acid (sp. gr. 1.42) and 0.15 g zinc as sulphate, 2 cc of
sulphuric acid (sp. gr. 1.84) and 0.6 g potassium sulphate
were added, the solution was diluted to 150 cc, and elec~
trolysed at a temperature of 50° with a current of ND,,,=0.02
ampere and & potentinl-differcnce of 2.0 volts. The bismuth
was completely precipitated io 8 hours.
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Zinc—Cadmium,

LITERATURE!

Yver, Bull. Soc. Chim., 34, 18 (1880).

Eliasherg, Zeit. {. anal, Chem., 24, 550 (1885).
Smith and Knerr, Am. Chem, Journ., 8, 210 (1886).
Smith, Am. Chem. Journ., 31, 352 (1889).

Wallor, Zeit. {. Elektrochem., 4, 241 (1897-98).

A. Yver has recommended the use of a solution of ace.
tates or sulphates treated with an excess of sodium ncetate
and a few drops of acetic acid; the electrolysis to -be con-
ducted with a warm solution, using two Danicll cells.

In the laboratory of the Munich Polytechnic School the fol-
lowing modification of Yver’s method is in use: To a sul-
phuric acid solution of the iwo metals sodium hydroxide
solution is added until a permanent precipitate is formed,
the precipitate is dissolved by adding the smallest possible
quantity of dilute sulphurie acid, the solution is diluted to
about 70 ce, and the cadmium is precipitated with a current
of ND,,,=0.07 ampere. When the greater part of this metal
lhias been precipitated, the free sulphuric acid is neutralised
with sodium hydroxide, 3 g sodium acetate are added, the so-
lution is warmed to about 45°, and electrolysed with a current
of ND,,~03 amperec and 2 potential-difference of about
2.4 volts.

According to ‘experiments carried out in the author’s
laboratory by Waller, the separation of these elements can
be carried out very satisfactorily under the following con-
ditions: A solution of the chlorides from which the excess of
hydrochloric acid has been expelled (containing 0.1 g of each
of the metals) is treated with 8 g potassium oxalate and 2¢
ammonium oxalate, diluted to 120 ec, and electrolysed at
80-85° with a current of ND,,=0.02 ampere. The cadmium
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is precipitated. The zinc remaining in the solution is deter-
mined by evaporating this to a suitable volume, and elec-
trolysing at first, for about 5 minutes, with a current of
ND,,,=1.0-1.5 ampere, the temperature of the solution
being about 50-60°, and then as described under zine (p. 165),
a tartaric acid solution being dropped slowly into the elec-
trolyte. (Classen, Ausgewiihite Methoden, p. 349.)

Zinc—Lead.

Tlis separation can be conducted in a solution contain-~
ing free nitric acid, the Jead being precipitated as peroxide
(see Lead, p. 194). To determine the zinc, it is converted
into sulphate by evaporation with sulphuric acid, and is
precipitated by the method given on page 165.

Zinc—Silver.

LITERATURE:

Smith and Wallace, Journ, Anal. Chem., 6, 87 (1892);

Zeit. 1. Elektrochem., 2, 312 (1895-96).
Heidenreich, Ber, deutsch. chem. Ges., 28, 1585 (1895).
Kollock, Journ. Am, Chem. Soc., 21, 911 (1899),

This separation, according to Smith and Wallace, can
be conducted from a solution containing potassium cyanide.
The experimental conditions ascertained by Heidenreich in
the Aachen laboratory were: temperature 60-70°, potential-
difference 1.9-2.0 volts, current-density ND,,=0.02 to 0.08
ampere. Under these conditions the precipitation of the
silver takes place slowly.

. The following particulars are given by Kollock: To a so~
Jution containing 0.1024 g silver as nitrate and 0.1 g zinc
as sulphate, 1 g of potassium cyanide was added and the
solution after diluting to 100 cc was electrolysed at 60-70°
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with a current of ND,,,=0.38 ampere and a potential-differ-
ence of 2.7 volts. The silver was completely precipitated
in 3 hours.
Zinc—Mercury,
LITERATURE:
Wallace and Smith, Journ. Am. Chem. Soc., 18, 169 (1896);
Zeit. f. Elektrochem.,, 2, 312 (1896).

Heidenreich, Ber. deutsch. chem. Ges., 28, 1585 (1895).

Kollock, Journ. Am. Chem. Soc., 21, 911 (1899).

Fernberger and Smith, Journ. Am. Cher. Soc., 21, 1001 (1899).

Smith and Wallace have proposed the separation of these
elements in a solution containing potassium cyanide. The
following conditions were determined by Heidenreich in the
Aachen laboratory: The solution contained about 0.25 g of
mercuric chloride and 2-3 g of potassium tyanide, and was
electrolysed with a current of ND,,,=0.03 to 0.08 ampere
and a potential-dificrence of 1.65-1.75 volt. The mercury
\'!fas precipitated free from zinc in 5-14 hours.

According to Kollock the following conditions proved
satisfactory: To a solution contsining 0.1158 g of mercury
as mercuric chloride and 0.1 g zinc as zinc sulphate, 2 g
potassium cyanide was added, and the solution having a
volume of 125 cc was electrolysed at 50° with a current of
ND,,,=0.03 ampere and a potential-difference of 2.9 volts.
“The mereury was cormpletely precipitated in 4 hours.

For the separation of mercury and zinc from a solution
containing phosphates and free phosphoric acid, we are in-
.debted to Fernberger and Smith for the following particulars:

60 cc disodium hydrogen phosphate (sp. gr. 1.038) and
10 cc phosphoric acid (sp. gr. 1.347) were added to a solution
.containing mercurie chloride (=0.1159 g Hg) and zine sul-
phate (=0.1010 g zinc). The volume of the final solution
was 175 cc, and this solution was electrolysed at 60° with a
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current of ND,,=0.01 and a potential-difference of 1.5 volt.
The mercury was precipitated in 4 to 5 hours.

The separation of these two metals can also be conducted
in solutions containing free acid (p. 204).

MANGARESE.
Manganese—Copper.

LITERATURE:
Feroberger and Smith, Journ. Amn, Chem. Soc., 21, 1001 (1599).
Classen, Ausgewahlte Methoden, p. 386 (1902),

The separation of manganese and copper can be con-
ducted under conditions exactly similar to those given for
the separation of manganese and zinc (p. 248).

According to Fernberger and Smith this separation may
be canducted in a solution containing phosphates and free
phosphoric acid under the foliowing conditions:

To a solution containing about 0.1236 g of each of the
metals, 60 ce of a solution of disodium hydrogen phosphaté
(sp. gr. 1.038) and 10 cc phosphoric acid (sp. gr. 1.347)
were added, the solution was diluted to 225 cc, and elec~
trolysed at 56° with a current of ND,,,=0.05 ampere and a
potential-difference of 2.5 volts. The copper was precipitated
in about 6 hours.

Manganese—Cadminm.

This separation may be conducted under the same con-
ditions as those given for the separation of manganese and
zin¢ (p. 248).

Manganese— Bismuth.

. LITERATURE:

Kammerer, Journ. Am, Chem. Soc., 25, 83 (1903).

This separation, according to Kammerer, can be carried
out under the following conditions:



MANGANESE. 255

To a solution containing 0.15 g of bismuth dissolved in
1 cc nitric acid (sp. gr. 1.42) and manganous sulphate
(=0.15 g Mn), 3 cc sulphuric acid (sp. gr. 1.84) and 0.5 g
potassium sulphate were added, the solution was diluted
10 150 ce, and was electrolysed at 45° with a current of ND,,,
=0.025 ampere and a potential-difference of 2.0 volts. The
bismuth was completely precipitated in 9 hours, and although
some manganese dioxide separated at the anode it was not
found to contain ary bismuth.

Manganese—Lead.

LITERATURE:

Neumann, Chem. Ztg., 20, No. 39 (1896).

Hansen, Chem. Ztg., a5, 393 (1001). -

Classen, Ausgewshite Methoden, p. 386 (1902).

The separation depends upon the fact that in a solution
containing more than 3 or 4 per cent. of free nitric acid no
manganese dioxide is precipitated on electrolysis, while under
the same conditions the lead is precipitated as peroxide on
the anode. TFairly accurate results can be obtained when
the solution does not-contain more than 0.03 g Mn in 150 cc,
and the electrolysis is conducted at 40-70° with a current of
XD,,,~1.5-2 amperes and a potential-difference of 2.5 volts. -
If the solution contains a greater proportion of manganese,
or if the electrolysis is continued too long after all the lead
peroxide bas separated, a floceulent precipitate of Mn0), will
appear in the solution, and the precipitated lead peroxide
will contain manganese dioxide (Classen).

The other methods proposed for the separation of these
two elements are of questionable accuracy. Tor furthér
information the original articles should be consulted.
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COPPER.
Copper—Cadmium.
LITERATURE!

Smith, Am. Chem. Journ,, 12, 329 (1891),

Bmith and Moyer, Zeit. {. anorg. Chem., 1, 299 (1892).
Freudenberg, Zeit. {. phys, Chem., 13, 122 (1893}.

Bmith snd Wallace, Journ. Anpal. Chem., 7, 253 (1893).
Heidenreich, Ber. deutsch. chen. Ges., 28, 1585 (1895),

. Wallace and Smith, Journ. Am. Chem. Soc., 19, 870 (1897), °
Rimbach, Zeit. {. anal. Chem., 37, 284 (1898).

According to the statements of Freudenberg, the metals
can be separately precipitated from a solution containing
10-20 cc dilute sulphuric acid. When such a solution is
electrolysed with a difference of potential between the elec-
trodes of not more than 2 volts only the copper is deposited.

Heidenreich tested this metbod in the Aachen laboratory
and found that the separation is best conducted with a dif~
ference of potential not exceeding 1.85 volt.

EXPERIMENT,
The volume of the liquid was 120 ec and it contained 15
cc dilute sulphuric acid (sp. gr. 1.09).  The eopper sulphate
used contained 25.299, Cu.

Current-density Potential- 1 Found
Tak i Time,
C3OLSHO, CBO,aH,0,  NDwe - difeemee. 0

0.7078 0.40 0.07-0.05 1.7-1.7¢ 24 25.27

The time required for the precipitation of the copper
can be considerably shortened by warming.
. Experiments in which it was attempted to replace the
sulphuric acid with nitric acid yielded no satisf{actory results:
To determine the cadmium remaining in the solution
from which the copper has Qeen removed, the solution is
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neutralised with sodium hydroxide, and the cadmium is
precipitated from a solution containing ammonium oxalate
or potassium cyanide, as described under Cadmium.

The separation of these two metals can be carried out
in a shorter time in a solution containing free nitric acid.
The salts are dissolved in water, 5 ce of nitrie acid (sp. gr.
1.21) are added, the whole is diluted to 150 cc¢, and elec-
trolysed at ordinary temperatures with a current of ND,,,=
1.0 ampere and a potential-difference of 2.8 to 2.9 volts.
The copper is precipitated. To determine the cadmium in
the residual solution this is evaporated with an excess of
sulphuric acid, to convert the cadmium into sulphate, and
the cadmium is precipitated from a solution containing am-
monium oxalate. (Classen, Ausgewihhite Methoden, p. 115.)

According to Smith, the separation may also be con-
ducted in a solution containing phosphates and free phos-
phoric acid. With this end in view 20 ce disodium hydro-
gen phosphate solution (sp. gr. 1.035) and 10 c¢ phosphoric
acid (sp. gr. 1.35) are added to the solution, which is diluted
tn 125 cc and electrolysed at 60° with a current of ND,,, =
0.08 ampere and a potential-difference of 2.5 volts. The cop-
per is deposited in about 3 hours.

Copper—Lead.

LITERATURE:

May, Am. Journ, Science, [3] 6, 255 (1873).

Niseenson, Zeit. {. angew. Chem., pp. 452, 646 (1893).

Clagzen, Ber. deutsch. chem. Ges., 27, 2080 (1894).

To separate eopper from lead, 20 cc of nitric acid (sp.
gr. 1.35) are added to the solution, which is then diluted to
75 cc, warmed, and electrolysed with a current of ND,,,=
1.5 to 1.7 ampere, a roughened dish serving as anode. At
the end of one hour the greater part (98-99%, when not mote
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than 0.5 g is present) of the lead will have separated as per-
oxide, and the current is then interrupted, no trace of cop-
per having as yet appeared on the cathode. The liquid
should then be transferred to a second weighed dish, and the
fead peroxide on the first washed with water, dried, and
weighed. The washings from the lead peroxide are added
to the solution in the second dish, which is treated with am-
monia until the well-known deep-blue color appears, and
then 5 cc of mitric acid are added. The second platinum
dish is connected s cathode, and the perforated platinum
dish-electrode deseribed on page 112 is used as anode. The
surface of the anode should be roughened, and its weight
should be accurately determined before the experiment.
The solution is diluted to 120-150 ce, allowed to cool, and
electrolysed with a current of ND,,,=1.0-1.2 ampere. The
copper will be precipitated on the cathode and the remainder
of the lead as peroxide on the anode. The time required,
when 0.25 g of copper is present, is about 4 hours.

This method, which is of great value in technical work
is not only rapid {(4-5 hours as compared with 14 hours or
more), but allows of the complete precipitation of both
metals, irrespective of the relative quantities present (see
page 292).

Copper—Siiver,
LITERATURE:

Luckow, Zeit, f. anal. Chem., 19, 15 (1880).

Smith and Frankel, Am. Chem, Journ., 13, 104 (1891).

Freudenberg, Zeit. 1. phys. Chem,, 12, 107 (1893).

Smith and Wallace, Zeit. {. Elektrochem,, 2, 312 (1805).

Heldenreich, Ber. deutsch. chem. Ges., 28, 1585 (1895).

. Kiister and Steinwehr, Zeit. {. Elektrochem,, 4, 451 (1897-08).

Revay, Zeit. {. Elektrochem,, 4, 313 (1897-98).

Kollack, Journ. Ama. Chera. Soc., 21, 911 (1899).

Brunck, Ber. deutsch. chem. Ges., 34, 1604 (1901).
Fulweiler and Smith, Journ. Am. Chem. Soc., 23, 582 (1901).
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According to Freudenberg, this separation can be car-
ried out in a solution containing 2 to 3 ce nitric acid (sp. gr.
1.2), by couducting the electrolysis with a potential-differ-
ence of from 1.3 to 1.4 volt. Under these conditions the
silver is precipitated free from copper. The copper remain-
ing in the solution can be aflerwards precipitated by in-
creasing the difference of potential to 2 t0 .3 volts, The
time required for the analysis is reduced about one-half by
warming the solution.

According to Smith and Frankel, these two metals can
be separated in a solution containing the double cyanides
with potassium. 4.5 g of potassium cyanide are added to a
solution containing about 0.4 g of the metals. The solution
is diluted to 120 cc and electrolysed. If the electrolyte
is warmed to 65-75°, the precipitation of the silver is greatly
hastened. M. Heidenreich tested this method in the Aachen
laboratory, and determined the following conditions for
analysis.

EXPERTMENT.

Used silver nitrate, containing 63.4297, silver, and about
0.7 g of copper sulphate in each experiment.

Taken Current- Potential- Time Found
AgNO;. KON,  density, diffcrence,  y1IMS Ag.
r3 r'a peres. Yolts. N * £
0.2379 2 0.07-0.03 10-1.2 8 — 63.34
0.2303 2 0.04 1.0-1.3 8 — 83.43
0.3009 2 0.03 1.0-1.4 6 30 . 63.40
0.3327 2 0.09 1.2-1.3 4 (warmed) 63.27
0.6037 6 0.19-0.08 1.2-1.3 8 — 63.33

According to Freudenberg the maximum difference of
potential used must not exceed 2.3 volts, or both metals will
be precipitated. The copper remaining in the solution after
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the silver has been removed can be deposited by electrolysing
with a higher difference of potential.

Kollock describes the following experiment: Two grams
of potassium cyanide were added to a solution containing
0.1024 g silver and 0.098 g copper, both present as nitrate,
the solution was diluted to 125 ce, warmed to 65°, and elec-
trolysed with a current of ND,,,=0.03-0.05 ampere and a
potentinl-difference of 1.1-1.6 volt. The silver was com-
pletely precipitated in 3-7 hours.

Fulweiler and Smith recommend that the solution, after
the separation of the silver, be diluted to 500 cc and elec-
trolysed with a higher potential-difference to precipitate
the copper.

Copper—Mercury.
LITERATURE!
Sroith, Journ. Anal. Chem., 3, 254 (1889);

Am. Chem. Journ., 1z, 104, 264 (1889);

Journ. Anal. Chem., 5, 489 (1801).
Freudenberg, Zeit. {. phys. Chem., 12, 113 (1893).
Smith, Journ. Am. Chem. Soc., 16, 42 (1894).

Revay, Zeit. f. Elektrochem., 4, 313 (1897-93).
Kollock, Journ. Am. Chem. Soc., 21, 911 (1899).
Spare and Smith, Journ. Am. Chem. Soc., 23, 597 (1901).

According to Edgar F. Smith, the separation can be con-
ducted in s solution containing the double cyanides. The
temperature should be about 65°. Under the ordinary
conditions of concentration (150 cc) about 2 grams of po-
tassium cyanide are added, and the solution is electrolysed
with 8 current of ND,=0.06-0.08 ampere. The electroly-
sis requires about 4 hours for every 0.2 g of the metals pres-
ent. The meroury is deposited, the copper remaining in the
solution.
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Freudenberg found that in the presence of 2—4 g potas-
sium cyanide when the difference of potential between the
electrodes is maintained at 2.5 volts, the mercury separntes
brilliantly white and entirely free from copper.

The copper remaining in the solution after the mercury
has been scparated is precipitated by electrolysing the solu-
tion warmed to 60° with a potential-difference of 4.2 volis
between the electrodes.

The two following experiments are deseribed by Spare
and Smith: )

. 1. To a solution containing 0.1211 g of mercury and
0.1520 g of copper, 2.5 g of potassium cyanide were added.
The solution after dilution to 125 cc was electrolysed at 63°
with a current of ND,, =0.03-0.05 ampere and a potential-
difference of 1.2-1.9 volts. In from 2} to 4 hours the mercury
was completely precipitated.

2. To a solution containing 0.0453 g of mercury and
0.5115 g of copper, 5.5-7.5 g of potassium cyanide were added.
The solution was diluted to 135 cc, and was electrolysed at
60° with a current of ND,, =0.01-0.03 ampere and a poten-
tial-difference of 1.1-1.5 volts. The mercury was com-
pletely precipitated in 2§ to 34 hours,

Copper—Arsenic; Copper—Antimony.

LITERATURE:
Drossbach, Chem. Zeitung, 16, 819 (1892).
Freudenberg, Zeit. {. phys. Chem., 12, 97 (1893).
Oettel, Chem. Zeitung, 18, 879 (1894).
Schmucker, Zeit. f. anorg. Chem., 5, 199 (1894).
Hollard, Compt. rend., 123, 1063 (1896).
Bead, Berg- u. Hiittenm. Ztg., 57, 139 (1888).
Lucas, Bull. Soc. Chim,, 19, 817 (1898).

Freudenberg has shown that the separation of copper
and arsenic can be satisfactorily conducted in a solution
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containing 10-20 cc dilute sulphuric acid if the difference of
potential between the electrodes is not allowed to exceed
1.9volts. It is immaterial whether the arsenic is present as
arsenious or arsenic acid. A second method suggested by
the same author is the following: Ammeonia is added to a
solution containing the metals in the form of higher oxides,
until there is an excess of about 30 cc of 109 ammonia
present.  The electrolysis is conducted with a difference of
potential between the electrodes of 1.9 volts, and is continued
until the solution is completely decolorised, requiring gen-
erally 6-8 hours. This method is not suitable for the sepa-
ration of copper and antimony.

Copper can be separated from arsenic and small quan-
tities of antimony by the clectrolysis of a solution containing
ammonium nitrate and free ammonia (Ridorfl s method,
p. 182) with a current of ND,, =0.07-0.27. The proportion
of ammonia present, must not be too great or too small. If
the latter, a brown deposit forms on the anode, which becomes
detached and produces black spots on the precipitated cop-
per, causing, the weight of this to improperly increase, Large
quantities of ammonium nitrate have a beneficial influence.
According to Oettel, the concentration of the solution must
not exceed 0.8 g of copper in 100 cc (Classen, Ausgewihlte
Methoden, p. 80).

According to Head, a copper solution containing arsenic
and antimony can be freed from the twa latter so that on
electrolysis only pure copper will he precipitated:

The solution is evaporated to complete dryness and 10 cc
of bromine, in which 2 g of sulphur has been dissolved, is
added. The mixture is cvaporated to a pasty mass, 20 ce
of pure bromine is then added, apd this mixture is heated
until all of the antimony has been driven off as a white vapor
and the residue is dry and light gray in color. The dish
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must be covered as long as there is chance of loss from spat-
tering, and the copper bromide must not be too strongly
heated, since in this casc loss would occur. The residue
contains only traces of antimony, and is suitable for elec-
trolysis after it has been converted into sulphate.

BISMUTH,
Bismuth—Cadmium.

LITERATURE:

Kammerer, Journ. Am. Chem. Soc., 25, 83 (1803).

The following experiment js described by Kammerer:
0.15 g of bismuth was dissolved in 1 cc nitric acid (sp. gr.
1.42) and to this was added 0.15 g of eadmium oxide dis-
solved in 2 ce of sulphuric acid (sp. gr. 1.84). To the above
mixture 1 g of potassium sulphate wans added, the solution
was diluted to 150 cc, and electrolysed at 50° with a current
of ND,,,=0.025 ampere and a potential-difference of 2.0
volts. The cadmium was completely preeipitated in 8 hours.

Bismuth— Uranjun.
LITERATURE:

Kammerer, Journ. Am. Chem. Soc., 25, 83 (1903).

Kammerer describes this separation as follows: To a
solution containing 0.15 g of bismuth dissolved in 1 cc
nitric acid (sp. gr. 1.43) and uranium sulphate equivalent
t0 0.1 g Ur, 1 g of potassium sulphate and 2 cc of sulphurie
acid (sp. gr. 1.84) were added, and after diluting-to a volume
of 150 cc the bismuth was precipitated with a current of
ND,,,=0.025 ampere and a potential-difference of 2 volts.
The temperature of the solution throughout the operation
was 45° and the time required was 8 hours.
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CADMIUM,
Cadmium—Lead.

The method is the same as that in the separation of lead
from copper, except that the precipitation of the lead is con-
ducted in one operation.

To determine the cadmium in the solution from which
the lead has been removed, this is converted into sulphate
by evaporation with sulphuric acid, and is precipitated by
electrolysis by one of the methods described on page 188.

Cadmium—S{lver.
LITERATURE:

Kollock, Journ. Am. Chem. Soc., 21, 911 (1899).

The following experiment is deseribed by Kollock: Two
grams of potassium cyanide were added to a solution contain-
ing silver nitrate (=0.1024 g Ag) and cadmium sulphate
(=0.168 g Cd), the mixture was diluted to 125 ce, and
was electrolysed at 65° with a current of ND,,=0.02 am-
pere and o potential-difference of 2.15 volts. At the end
of 5 hours the silver was completely precipitated.

Cadmium—Mercury.
LITERATURE!

Freudenberg, Zeit. (. phys. Chem., 12, 87 (1893).
Smith and Wallace, Journ. Am. Chem, Soc., 17, 812 (1895).
Kollock, Journ, Am, Chem. Soc., 21, 911 (1899).

According to Freudenberg, these metals arc best sepa-
rated in a solution containing 0.5-1.0 g potassium cvanide.
When the electrolysis is conducted with a potential-differ-
ence between the electrodes of from 1.8 to 1.9 volts, only the
mercury is precipitated. After the separation of the mer-
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cury the cadmium is precipitated from the solution by a
current having a higher difference of potential.

Koliock describes an experiment in which 2.5 g of potas-
sium cyanide were added to a solution containing 0.1182 g
of mercury as mercuric chloride and 0.2 g of cadmium as
sulphate, and the solution having a volume of 125 cc was
electrolysed at 65° with a current of ND,,,=0.018 ampere
and a potential-difference of 1.7 volt. The mercury was
completely precipitated in 7 hours.

LEAD.
Lead—Siiver.

LITERATURE:

Luckow, Zeit. f. angew. Chem., p. 345 (1890).

Smith aed Moyer, Zeit. f. anorg. Chem., 4, 267 (1893).

This separation can be carried out like that of lead from
copper (see page 257). To determine the silver in the residual
solution it is evaporated down to a smaller volume on the
water-bath, and the silver is precipitated according to the
directions given on page 200.

Lead—Mercury.

LITERATURE!:

Smith and Moyer, Zeit. f. anorg. Chem., 4, 267 (1893),
Heidenreich, Ber, deustch. chem. Ges., 28, 1585 (1895).

The method .corresponds to that used for the separation
of copper and Jead. Smith and Moyer have suggested the
determination of the lead and mercury at the same time,
the lead being precipitated as peroxide on the anode, the
mereury as metal on the cathode. The conditions suitable
for this separation, according to Heidenreich, are that 20-30
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<c nitric acid (sp. gr. 1.3-1.4) must be present in every 120
ce of the solution, which should be electrolysed with a cur-
rent of ND,,,=0.2-0.5 ampere.

According to Smith (Electro-Chemical Analysis, 1902,
p. 152), the solution should have a volume of 1756 cc and
should eontain 20-30 cc of nitric acid (sp. gr. 1.3), and the
electrolysis should be conducted at 30° with a current of
ND,,,=0.13 to 0.18 ampere and & potential-difference of
2volts, for 4 hours, A platinum dish should be used as anode.

SILVER.
Silver—Antimony.
LITERATURE!
Freudenberg, Zeit. {. phys. Chem., 12, 97 (1893),

If the antimony is present as pentoxide, the separation
<an be carried out in an ammoniacal solution to which sev-
eral grams of ammonium sulphate have been added. In this
case the difference of potential at the electrodes should
be so0 regulated that it is between 1.2-1.3 volts. Since under
these conditions the current-density at the cathode is so low
that the deposited silver does not adhere firmly to the elec-
trode, it is better to add to the solution 1 g of potassium
cyapide for 0.1 g of metal present and conduct the elec-
trolysis with a potential-difference of 2.3-2.4 volts.

Silver—Arsenic.
LITERATURE:
Freudenberg, Zeit. {. phys. Chem., 13, 07 (1893),

According to Freudenberg, this separation can be carried
out in the same manver as the separation of silver from
antimony.
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MERCURY.
Mercury—Antimony.

LITERATURE:
Freudenberg, Zeit. . phys. Chem., 21, 87 (1883).

The antimony must be added in the form of 2 pentavalenty
sall, since otherwise a reduction of the mercuric salt present
will occur. A mixture of the chiorides of the two metals
can be brought into solution by the addition of 0.5-1 g of tar-
taric acid. The solution is diluted with water, neutralised
with amunonia, and about 20 cc of a ten-per-cent. solution
of ammonia added until the solution is perfectly clear. The
electrolysis is conducted with a difference of potential of 1.6
to 1.7 volts. After the mercury has been deposited, the solu-
tion is acidified with hydrochloric acid and treated with hy-
drogen sulphide. The precipitated antimony sulphide can
be determined gravimetrically or by electrolysis as de-
scribed on p. 210.

Mercury—Argenic.

LITERATURE:
Freudenberg, Zeit. f. phys. Chem., 12, 97 (1893).

According to Freudenberg, this separation can be carried
out in a solution containing nitric acid (see page 204) from
which the mercury is precipitated by a difference of poten-
tial between the electrodes of 1.7~1.8 volts.
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ANTIMORY.
Antimony—Tin,

LITERATURE:

Clossen, Ber. deutsch. chem. Ges., 17, 2245 (1884);
abid., 18, 1110 (1885); ibid., 28, 2060 (1805).
Waller, Zeit. {. Elektrochemie, 4, 241 (1897-98).
Out and Klapproth, Zeit. {. angew. Chem., p. 827 (1900);
¥ Zeit. {. Elektrochem., 7, 376 (1800).

The separation of antimony from tin by the ordinary
gravimetric methods, as is well known, iz difficult and gives
in most cases uncertain results. The electrolytic separa-
tion, however, can be conducted with ease and accuracy.
Antimony, in the presence of tin, can be completely precipi-
tated from a concentrated solution of sodium sulphide to
which the proper amount of sodium hydroxide has been
added.

The crystallised sodium monosulphide of commerce,
astde from the fact that its purity is otherwise uncertain, is
not pure monosulphide, but a mixture of several sulphides
with varying amounts of sodium hydroxide. This explains
the large per cent. of alumina which it often contains.
If, therefore, commercial sodium sulphide is used, it must
first be dissolved in water, and the solution, with exclusion
of air, completely saturated with pure hydrogen sulphide gas.
Tt is then filtered from the precipitated impurities and con-
centrated by evaporation in a platinum or poreelain dish.
The further treatment is given in the chapter on reagents
(p. 204). As the purity of the sodium sulphide solution
used is of great importance to the success of the process, it
is desirable to prepare the solution as directed in the chapter
referred to.
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The process of separation is as follows: A mixture of the
pure sulphides,* or the residue obtained by evaporating a
solution of the two metals to dryness, is treated with sbout
80 cc of a saturated solution of sodium sulphide (saturated
at ordinary temperature) and enough concentrated solution of
pure sodium hydroxide to furnish an excess of 1-2 g NaOH.
1i solution does not take place at once, it is hastened by warm-
ing over a Jow flame. The preparation of this solution is
best conducted in the platinum dish in which the electrolysig
is to be carried out.

The electrolysis can be conducted at a temperature of
50-60° with o difference of potential between the electrodes
of not more than 0.7 volt. Under these conditions the cur~
rent-density will be about ND,,,=0.5 ampete, and the pre-
cipitation of the antimony will be complete in about two
hours. The separation can also be conducted in the cold
with a current of ND,,, =0.2-0.4 antpere and a potential-
difference of 0.5-0.7 volt, in which case the time required
will be about fourteen hours. To obtain satisfactorv results
the inner surface of the platinum dish (cathode) should be
roughened.

When the electrolysis begins, the whole inner surface of
the dish which is in contact with the solution becomes
quickly covered with a dark coating of antimony, which soon
takes on o brilliant metallic appearance.

In the earlier part of the process the entire solution
appears to be filled with small gas-bubbles, which rise slowly,
break at the surface, and project minute portions of the
solution against the lower side of the watch-glass covering
the liquid. After about two hours the disengagement of

* A salution in sodium sulphide of the metal sulphides and sulphur
should be treated like & solution of polysulphides (p. 211). :
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gas ceases and the solution becomes clear. To avoid loss,
it is best, at this time, to wash repeatedly the under surface
of the cover-glass with a drop of water, which is finally
allowed to run down the positive electrode.  When the pre-
cipitation of the antimony is complete, the deposited metal
is washed without interrupting the current, and is then
treated according to the dlireetions given on page 211.

Since tin cannot be precipitated by eleetrolysis {rom a
solution containing sodium sulphide, but can readily be pre-
cipitated from one containing ammonium sulphide, the so-
dium sulphide, after the separation of antimony, must be
converted into ammonium sulphide according to the direc-
tions given on p. 215.

If tin and antimony are to be determined in a solution
containing the veliow polysuiphides of the alkalies, the solu-
tion must be decolorised with smmoniacal hydrogen per-
oxide (see Antimony, p. 211), and then evaporated nearly to
dryness; about 80 ce of a saturated solution of sodium sul-
phide and the necessary amount of sodium hydroxide are then
added and the process is curried out as described above.

In the following experiments antimony was precipitated
from both warm and cold solutions containing tin.

EXPERIMENTS.

TUsed about 1 g antimony potassium tartrate, an equal
weight. of ammonium stannie chloride, 80 ec sodium sulphide
solution, and about 2 g sodium hydroxide.

urrent- Potential- " Taki
G differoncs, Temp. TS gngimony, Afﬁ'.;":ny,
Amperes. Volls. = g &
1.4-1.5 0.80.9 57-67° 2 0.3780 0.3790
1.5-1.8 0.8-0.9 58-80° 2 0.3780 0.3787

0.4-0.2 0.7-0.55 24-30° 15 0.8780 0.3775
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The precipitated antimony was gray in color and metallic
in appearance, and it contained no tin.

Antimony— Arsenic,

LITERATURE!:

Classen and Ludwig, Ber. deutsch. chem. Ges., 19, 323 (1886),
Classen, Zeit. f. Elektrochem., 1, 201 (1894-95).

Tn an alkaline solution arsenious acid is oxidised to arsenic
acid by the action of the electric current. II, however, a
solution containing both antimnony and arsenious acid is
electrolysed, n mixture of antimony and arsenic is deposited.
The action is different if the arsenic is present in the solution
as arsenic acid; in the presence of n free alkali, the antimony
alone is precipitated from a concentrated sodium sulphide
solution.

The arsenic if present as arsenious acid must be oxidised
to arsenic acicd before it ean be separated from antimony.
Nitric acid or aqua reqia should be added to the solution, the
acid completely expelled by evaporating to drvness on a water-
bath, the residue treated with 80 cc of a cold saturated solu-
tion of sodium sulphide, a concentrated solution of sodium
hydroxide (containing 1-2 g NaOH) added, and this soJution
electrolvsed. The operation is conducted under the same
conditions as in the separation of antimony from tin, and the
electrolyte can either be warm or at the ordinary tempera-
ture. :

If the solution containing the arsenic and antimony also
contains’ polysulphides, the latter should be destroyed as
described on p. 211.

To determine the arsenic, the antimony-free solution is
acidified with dilute sulphuric acid, heated on the water-bath
to expel the hydrogen sulphide, filtered, and the precipitate
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dissolved in hydrochloric acid with the addition of potassium
chlorate. This solution is treated with ammonia in excess,
and the arsenic acid precipitated as magnesium ammonium
arsenate with magnesium mixture.

The precipitate may be dried, at 110°, on a weighed filter
and weighed, or converted into magnesium pyroarsenate by
eareful ignition in a porcelain crucible.

EXPERIMENT.
Used about 1 g of antimony potassium tartrate, 1 g
sodium arsenate, 80 ce sodium sulphide solution, and 2.5 g
sodium l;ydroxide.

Current- Potential- Ticas Found Taken
density, differonce, Towp. B 8b, 8b,
Amperes, Volts. o . g g
1.65-1.5 1.75~1.1 B54-57° 3 30 0.3778 0.3773
1.60-1.5 2.10~1.45 25-38° 6 ~ 0.3770 0.3773

0.5-0.4 1.75-0.8 21-24° overnight 0.3770 0.3770

Antimony— Tio—Arsenic.
LITERATURE:
Classen, Ber. deutsch. chem. Ges., 17. 2245 (1884);
ibid., 18, 1110 (1885); ibid., 28, 2060 (1895).

Classen and Ludwig, id., 19, 323 (1886).

If arsenic is present as arsenic acid, antimnony alope is
precipitated from a concentrated alkaline solution of the three
metals in sodium sulphide; tin and arsenic remain in solution.
The arsenic is converted into arsenic acid, and the antimony
precipitated, exactly as heretofore described.
~_ For the separation of tin from arsenic, the solution poured
off from the antimony is treated with dilute sulphuric or
hydrochloric acid to decompose the sulpho-salts, the mixture
of arsenic sulphide, tin sulphide, and sulphur is filtered off,
oxidised with hydrochloric acid and potassium chlorate, and
the nfsenio separated as described on p. 273. To determine
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the tin, the solution freed from arsenic is saturated with hy-
drogen sulphide, filtered, and the tin sulphide dissolved in
amnmonium sulphide. The tin is determined electrolytically
as directed, p. 215.

In the analysis of a substance which contains arsenic,
antimony, and tin, the arsenic may also be first eliminated
according to the method of E. Fischer-Hufschmidt, simpli-
fied by R. Ludwig and the author, * and antimony and tin
separated in the arsenic-free solution. ’

If the sulphides of the metals are to be separated, they
are oxidised with concentrated hydrochloric acid and potas-
sium chlorate and the acid evaporated on the water-bath.
The residue is washed with fuming hydrochloric acid into
a flask of 500600 cc capacity,t treated with 20-25 cc of a
saturated solution of ferrous chloride, or, better, with about
25 g of ammonium ferrous sulphate [FeS0,.(NH,),S0,.6H,0],
and fuming hydrochloric acid added till the volume is 150
to 200 cc. A strong current of hydrochloric acid gas is now
passed into the solution and kept up for at least half an hour
after the solution seems fully saturated. Then the solution
is reduced to about 50 ec by distilling off the liquid, without
a condenser, in a stream of hydrogen chloride gas. A flask
of about 1 liter capacity, containing 400-500 cc water, is
used as a receiver. If the flask is well cooled during the
distillation, not a trace of arsenic passes over into a second
receiver, even when as much as 0.5 g, reckoned as As0,, is
present.

The arsenic in the distillate may either be saturated with
sodium carbonate and titrated with iodine solution or pre-
cipitated as As,S, with hydrogen sulphide, and determined

#* Ber. d. ch. Ges,, 18, 1110 (1885).

1 A convonient apparatus is illustrated in the author’s ‘‘Handbuch der
Quantitative Analyse,” 4th edition, p. 78.
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as such on a weighed filter, or the arsenic can be calculated
by determining the amount of sulphur in the precipitate.
The process in the latter case is as follows: The distillate
is mixed with twice its volume of water, air expelled by
a strong current of carbon dioxide, and the arsenic pre-
cipitated by passing in pure hydrogen sulphide gas. The
excess of hydrogen sulphide is removed by passing a strong
current of carbon dioxide till lead acetate paper is not colored
by the escaping gases. The arsenic sulphide is allowed to
subside, and the clear solution siphoned off. The remaining
strongly acid solution is saturated with ammonia, which dis-
solves the arsenic sulphide; the solution is then boiled with
an excess of hydrogen peroxide free from sulphuric acid. The
solution is acidified with hydrochloric acid, and the sul-
phuric acid produced by the action of the hyvdrogen peroxide
determined as barium sulphate in the usual way (Classen).

To determine the antimony and tin, the strong acid solu-
tion in the flask, which contains the iron, is diluted with
three times its volume of water. Antitmony and tin are pre-
cipitated with hydrogen sulphide. After the precipitate has
subsided, the clear solution is poured on a filter, the pre-
cipitate washed several times by decantation, and afterwards
on the filter, with hot water, till free from hydrochloric acid.
Portions of the sulphides often adhere to tbe walls of the flask
in which the precipitation took place. These are washed out
with concentrated sodium sulphide solution and the solution
is poured on the filter containing the sulphides. The filtrate
is collected in a weighed platinum dish. The filter, on which
some iron sulphide always remains after the solution of the
antimony and tin sulphides, is washed with sodium sulphide
solution , the necessary amount of sodium hydroxide is added
to the filtrate, and the antimony and tin are separated elect.m-
lytically as already directed.
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TIN—PHOSPHORIC ACID.

In the determination of metals in the presence of phos-
phoric acid the latter is often removed as tin phosphate.
The phosphoric acid is then usually determined in a separate
portion, as its deterinination in the tin precipitate is too
difficult and slow a process. The precipitate of tin oxide
and tin phosphate may, however, be dissolved by digesting
with ammonium sulphide, the solution diluted, the tin pre-
cipitated by electrolysis, and the phosphoric acid determined
as usual.’ '

SEPARATION OF GOLD FROM OTHER METALS.

LITERATURE!

Smith and Muhr, Ber. deutsch. chem. Ges., 23, 2175 (1890).

Smith, Am. Chem. Journ., 13, 206 (1882).

Smith and Wallace, Ber. deutsch. chem. Ges., 25, 779 (1802);
Journ. Anal. Chem., 6, 87 (1882).

Smith and Mubr, Am. Chem. Journ,, 13, 417 (1892).

Kollock, Journ. Am. Chem. Soe., 21, 911 (1899).

Edgar F. Smith has made an exhaustive study of the
action of the electric current on solutions containing the
cyanides of the metals, and has applied thig method to the
separation of gold from palladium, copper, nickel, zine, and
platinum, ’

Kollock, who carried out a series of experiments in
Smith’s laboratory, has published the following details for
this method :

Gold-Palladium.—2 grams of potassium cyanide were
added to a solution containing gold chloride (=0.1256 g Au)
and palladium chloride (=0.1 g Pd). The solution was
diluted to 125-250 cc, warmed to 65°, and electrolysed.
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with a current of ND,,,~0.03-0.06 ampere and a potential-
difference of 2.5 volts. The gold was precipitated free from
palladium in 6 hours.

Gold-Copper.—2 grams of potassium cyanide were added
10 a solution containing gold chloride (=0.1665 g Au) and
copper sulphate (=0.1 g Cu). The solution was diluted
to 250 ce and electrolysed at 65° with a current of ND, =
0.05-0.07 ampere and o difference of potential between the
clectrodes of 1.7~1.9 volts. The gold was completely pre-
cipitated in about threc hours.

Gold-Nickel—4 grams of potassium cyanide were added
to u solution containing 0.1610 g gold as chloride and iickel
nitrate (=0.1 g Nij. The solution was diluted to 125 cc,
maintained at o temperature of 65°, and electrolysed with
4 current of ND,,,=0.05 ampere and a potential-differcnce
of 1.6 volts. After 7 hours the gold was entirely precipitated.

Gold—Cobalt.—The conditions of the experiment were
similar to those for the separation of gold and nickel.

Gold-Zinc.—The solution contained 0.1608 g of gold as
chloride and zine sulphate (=0.1 g Zn). To this 4 g
potassium cyanide were added, it was diluted to 125-250
ec, and electrolysed at 60° with a current of ND,,,=0.06
ampere and a potential-difference of 2.7 volts. The com-
plete precipitation of the gold required 7 hours.

Gold-Platinum.—The solution contained gold and plat-
inum chlorides (Au=0.1376 g) (Pt=0.1 g). To this so-
lution 1.5 g of potassium cyanide was added, the volume
was increased to 230 cc by diluting with water, and the
electrolysis was conducted at 70° with a current of ND,, =
0.01 ampere and a potential-difference of 2.7 volts, In three
hours the gold was completely precipitated.
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PLATINUM--IRIDIUM.

As stated on page 218, platinum can be separated from a
bydrochloric acid solution by a current of ND,,,=0.05 am-
pere and a potential-difference of 1.2 volts.

This property of platinum may be used for separating it
from iridium, whieh under similar conditions remains in solu-
tion.

The platinum is deposited free from iridium (Classen).

POTASSIUM--SODIUM.

The ordinary method of determining potassium and so-
dium in the same solution is to weigh the mixed chlorides,
and the potassium as potassium platinic ¢hloride; the sodium
is thus determined by difference. The errors of the wark,
therefore, all fall on the sodium. The potassium may be de-
termined, as already directed (p. 218), by precipitating as
potassium platinic chloride and determining the platinum
in the latter by electrolysis. To determine the sodium
directly, the filtrate from the potassium platinic chloride is
evaporated on the water-bath to remove aleohol, the residue
dissolved in water with the addition of a little hydrochloric
acid, and the platinum deposited by electrolysis. The sodium
chloride in the solution poured off from the platinum is de-
termined-by evaporating to dryness and weighing the residue.

SODIUM —AMMONIUM.

The direct determination of both is accomplished as with

potassium and sodium; the ammonium is precipitated as

ammonium platinic chloride and the process conducted as
described above.
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SECTION V.

SEPARATION OF THE HALOGENS.

LITERATURE!:
8peck Zelt, f. Elcktrochem., 4, 539 (1898).

P

The method of separating chlorine, bromine, and iodine
suggested by Specketer depends upon the fact that the
potential-difference required to effect the separation of iodine,
in the form of silveriodide, on a silver anode is Jower than that
required to separate bromine as silver bromide, which in turn
js lower than that required to separate chlorine as silver
chloride.

In Specketer's experiments the salts (KI, KBr, KCl)
were dissolved in a normnal sulphuric acid solution, and this
mixture was electrolysed. For the electrolytic cell a narrow
cylindrical glass vessel closed with a cork stopper was used.
A glass tube dipping into the electrolyte, through which a
constant stream of hydrogen was passed during the elec-
trolysis, extended through the stopper to the bottom of the
cell.  The stopper also carried the cathode, a strip of plat-
inum foil, and the anode, a strip of gauze made from pure
silver wire.

The source of current was a Giilcher thermopile, the
current from this being passed through a brass wire. The
electrolytic cell was connected in shunt between one terminal
of the wire and a sliding contact which could be moved along
it (see p. 104). By this arrangement any difference of po-
tential less than 3 volts (that of the thermopile) could be
maintained between the electrodef in the electrolytic cell.
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For the separation of iodine from bromine and chlorine a
potential-difference of 0.13 volts was used. Under these
conditions only iodine was deposited (to form Agl). For
separating bromine from chlorine the potential-difference
used was 0.35 volt, the bromine being deposited under these
conditions. Owing to the speed and convenience of the
volumetric method, the chlorine in the residual solution
was determined by titration according to Volhard’s method.

It was found that the purity of the silver used for the
anode was very important, and that the presence of even
slight traces of copper was detrimental to accurate results,
since by the dissolving of copper from the anode the results
obtained were too low.

The end of the separation of a given halogen was deter-
mined by observing the fall in the current-strength as indi-
cated by a sensitive galvanometer connected in series with
the cell. When the separation was complete, practically
no current was observed to flow through the electrolytic cell
at the given difference of potential.

The mean average of the results obtained in 13 different
determinations of iodine was: taken 0.1825 g, found 0.1814
g; of 8 determinations of bromine: taken 0.1936 g, found
01926 g.






PART THIRD.
SECTION 1

SOME APPLIED EXAMPLES OF ELECTROCHEMICAL
ANALYSIS.*

BRASS.
Alloy of Copper and Zinc (Lead, Tin, Iron).

For the complete analysis of this alloy a sample weighing
about 0.5 g should be taken. This is dissolved in a small
quantity of dilute nitric acid, and the solution evaporated
to dryness on the water-bath. The residue is moistened
with dilute nitrie acid, dissolved in a small quantity of hot
water, and any stannic oxide appearing in the solution re-
moved by filtration. The tin can be determined by the
ordinary gravimetric method (igoiting and weighing the
stannic oxide) or by electrolysis according to the method de-
seribed on p. 213, The filtrate from the oxide of tin is evap-
orated on the water-bath in the presence of a slight excess of

* Most of the applied examples of electrochemical analysis here given
appeared in the third German and second English editions of this work,
but are not contained in the fourth German edition. Qwing to the prac-
tical value in these examples the translator bas thought it desirable to
include them in the present edition, and has, at the saame time, made such
alterations as the recent advances along the various lines would seem to
juatify. %

281
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sulphuric acid until the odor of nitric acid can no longer be
detected. The residue is moistened with a few drops of
dilute sulpburic ncid, treated with hot water, and any
Jead sulphate which appears is filtered off and washed with
water containing a very small quantity of sulpburic acid.

The quantity of the lead sulphate can be determined by
the ordinary gravimetric method, or can be dissolved and the
Jead determined by electrolysis under the conditions de-
scribed on p. 196.

About 5 ec of concentrated nitric acid are now added to
the filtrate from the lead sulphate, which is diluted to about
150 ce, and the copper is precipitated by the method given
on p. 180. When the separation of the copper is complete,
the solution containing the zinc is poured off, and is again
evaporated on the water-bath to remove nitric acid. The
residue is dissolved in a small quantity of water and a slight
excess of ammonia added, when any iron present will be
precipitated as ferric hydroxide and can be removed by fil-
tration. Ammonium oxalate is now added to the solution
containing the zine, and this element is precipitated as metal
by the method deseribed on p. 165. The same electrode
upon which the copper has been precipitated can be used for
receiving the zinc. By this the necessity of preparing &
special copper-plated electrode is avoided.

NICKEL COIR.

Alloy of Copper and Nickel
About 0.5 g of this alloy is dissolved in dilute nitric acid,
8 ec of dilute sulphuric acid (509) added, and the solution
evaporated on the water-bath until all nitric acid is ex-
pelled. The residue is then dissolved by warming with
about 100 cc of water—which requires some time since the
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gulphate of nickel dissolves very slowly—5 ¢ of dilute nitric
acid is added, the liquid is diluted to 150 cc, and electrolysed
with a current of ND, ,, = 0.5 ampere and a difference of poten-
tial of 2.2 volts. By this treatment the copper is completely
precipitated in about 6 hours.

After the removal of the copper the solution is evaporated
on the water-bath to remove nitric acid, the residue is dis-
solved by warming with about 80 cc of water, the solution
is neuwtralised with ammeonia, and about 40 ce of ammonia
(8p. gr. 0.96) are added.  After diluting to about 150 cc the
nickel in the solution is precipitated by a current of ND,,,=
0.5-1.5 ampere and a potential-difference of 2.8-3.3 volts.

GERMAN SILVER.
Alloy of Copper, Ziuc, Nickel (Tin, Lead).

The copper, tin, and lead present in this slloy can be de-
termined by the method given for the determination of these
elements in brass (p. 281). About 0.3 g of the alloy should
be taken.

For separating the zinc and nickel the method described
by Vortmann can be used. For this purpose the solution,
after the separation of the copper, is evaporated to remove
the nifric acid, and, after dissolving the residue in water,
the solution is neutralised with sodium hydroxide. - 5 g po-
tassium sodium tartrate is now added to the solution, which .
is made strongly alkaline with sodium hydroxide, and the
zine is precipitated with a current of ND,,,=0.3-0.6 ampere
and a potential difference of 2 volts. The rine can be pre-
cipitated on the electrode bearing the copper precipitate.
Tn this operation oxide of nicke] may separate on the anode,
or may appear in the solution in sufficient quantities to
glightly discolor the precipitated zinc. This may be pre-
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vented by adding a small quantity of potassium jodide to
the solution.

According to Neumann * the nickel remaining in the
solution after the separation of the zinc, can be determined
by slightly acidifying the solution with sulphuric acid, adding
the proper excess of ammonia and precipitating the nicke! by
the method described on page 158.

Since the separation of nickel and zine by electrolysis is
not in all cases entirelv satisfactory, it is perhaps better to
conduct this separation in a formic-acid solution by treat-
ment with hydrogen sulphide.

This method of separation was first proposed by Hampe,t
and the following modification by Prof. H. L. Wells of the
Sheffield Scientific School can be %pecially recommended in.
the case under consideration.

A sample of the alloy weighing 1 g is taken for the an-
alysis, and after separating the copper as already described,
the solution is evaporated to remove nitric acid, and the
residue of sulphates is dissolved in water. About 2 or 3 cc
of formic acid (sp. gr. 1.12) is now added to the solution, then
enough ammonia to change the color to blue, and finally
25 ce of formic acid (sp. gr. 1.12).  The solution is now diluted
1o o volume of 100 cc, heated to boiling, the source of heat
removed, and a rather rapid stream of hydrogen sulphide
passed into the solution for about 15 minutes. )

The precipitated zine sulphide, which should be pure
white, is filtered from the hot solution and washed with hot
water. The fitrate is evaporated to dryness, 25 cc each of
concentrated hydrochloric and nitric acid added, and heated
on the water-bath until effervescence ceases. The solution
is then evaporated and heated until all traces of nitric and

* Analytischen Elektrolyse. Halle, 1897,
+ Zeit. [. anal. Chem., 24, 588 (1885)
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hydrochloric acid have heen expelled. The residue is dis-
solved in u small quantity of water, the solution made alka-
line with ammonia, and any ferric bydroxide which appears
removed by filtration. The ferric hydroxide should be
washed, dissolved in a small quantity of warm dilute sul-
phuric acid, reprecipitated with ammonia, and this filtrute
with the washings added to the filtrate from the first pre-
cipitation.

For the determination of the nickel, about 40 ¢cc ammonia
(sp. gr. 0.96) are added to the solution and the nickel is pre-
cipitated under the conditions given on p. 158.

The precipitate of zinc sulphide obtained from the treat-
ment with hydrogen sulphide can be dissolved in a small
quantity of sulphuric acid, and the zinc precipitated by elec-
trolysis by one of the methods given under Zinc (p. 163).

COPPER—ALUMINIUM ALLOYS.

For the special determination of copper, in copper-alumin~
jum alloys, Regelsberger * suggests dissolving 3-5 g of the
alloy in nitric acid and evaporating the solution down to the
consistency of sirup. The sample is diluted, and a measured
quantity (corresponding to 0.6-1 g substance) is poured into
the electrolytic cell. An excellent precipitate is obtained if
the acid solution is neutralised with ammonia and 10 cc of
dilute nitric acid (sp. gr. 1.2) are added o 200 co of the
liquid. The clear solution is electrolysed with a current-
density of ND,,, = 0.4 amp. When the solution is warmed
the separation is completed in about three hours.

* Zeit. {. angew. Chem., p. 473 (1891).
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BRONZE.
Alloy of Copper and Tin.

The salloy in a finely divided form is treated with aqua
regia, and the solution is evaporated to dryness. The residue
is digested with a concentrated solution of sodium sulphide,
which dissolves the tin, and the copper sulphide which remains
after filtering is washed thoroughly with sodium sulphide and
then with hydrogen sulphide solution, dissolved in the proper
quantity of nitric acid, and the copper precipitated under the
conditions given under Copper (p. 179).

The solution of tin in sodium sulphide is brought to a
volume of about 150 cc, 25-30 g ammonium sulphate is
added, and the solution is boiled for about one-hall hour to
convert the sodium sulphide into ammonium sulphide (sce
p- 216). The solution thus obtained is treated as described
on p. 215.

Accurate results may also be obtained * by treating
0.2~0.4 g of the alloy, best in the form of fine turnings,
with 8 cc nitric acid (sp. gr. =1.5), and adding 3 cc water.
When the reaction is over, the solution is heated to boiling,
diluted with 15 ce boiling water, and the stannic oxide filtered
off. To the solution containing the copper, 5-10 cc of nitric
acid is added, and the copper is precipitated as directed on
p. 180. The stannic oxide is dissolved in ammonium sul-
phide and determined electrolytically (p. 215).

PHOSPHOR-BRONZE.
Allay of Copper, Tin, Zinc, and Phosphorus.
When the alloy is digested with concentrated nitric acid,
‘as stated under Bronze, a precipitate remains, which consists

* Neumaan, L. ¢
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of a mixture of tin oxide and tin phosphate, with small quan-
tities of copper oxide. It is filtered off, washed with water
containing nitric acid, and heated with a concentrated solution
of sodium sulphide. The residue of copper sulphide is dis-
solved in nitric acid, and added to the principal solution.

The tin is determined by converting the sodium sulphide
into ammonium sulphide, and electrolysing as directed, p. 215.
The phosphoric acid is determined in the filtrate in the usual
manner,

The nitric-acid solution contains the copper and zinc.
They are separated according to directions for the adalysis of
brass (p. 281).

MANGANESE PHOSPHOR-BRORZE.

" Alloy of Copper, Tin, Zinc, Manganese, and Phosphorus.
The process is similar to that given for Phosphor-bronze;
the manganese remains with the zinc, and is finally separated
s directed p. 248.

SOLDER.

Alloy of Tin and Lead.

About 0.4 g of the alloy in the form of small pieces is
treated with 6 cc nitric acid (sp. gr.=—1.5) and 3 cc water.
‘When the reaction is completed the solution is heated to boil-
ing, and diluted with 15 ce hot water, the precipitate of stan-
nic oxide allowed to settle, filtered off, and washed with water
containing a little nitric ‘acid. The stannic oxide may be
determined gravimetrically, or may be dissolved in ammonium
sulphide and determined by electrolysis according to the
directions given on page 215. The lead contained in the
filtrate may be determined by the method given on page 195.
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‘WO0OD'S METAL.
Alloy of Tin, Lead, Bismuth, and Cadmium.

The alloy is treated similarly to solder, the tin being sepa-
rated and determined in the same manner.  Since it is impos-
sible to separate lead and bismuth by electrolysis, it is neces-
sary to evaporate the solution to a sirup on the water-bath,
add water and repeat the operation until the odor of nitric
acid can no longer be detected. The solution is then treated
with dilute ammonium nitrate solution, and the basie bismuth
nitrate is filtered off. * A sufficient excess of nitric acid is
added to the filtrate, and the lead is determined by electroly-
sis. The cadmium is precipitated by one of the methods
given under Cadmium (p. 188).

HARD LEAD. TYPE-METAL.
Alloy of Lead and Antimony (Copper).

For the electrolytic determination of the metals Neu-
mann and Nissenson T recommend that 2.5 g of the alloy
be dissolved by warming in a mixture of 10 g tartaric acid,
4 ce nitric acid (sp. gr. 1.4) and 15 cc water. 4 cc concen-
trated sulphuric acid are then added, the solution is diluted
somewhat with water, allowed to cool, and further diluted
to exactly 250 cc (in a graduated flask). After standing for
some time the Jead sulphate will be completely precipitated
on the bottom of the flask, and the solution will have become
quite clear. 50 ce of the clear solution is now removed with
o pipette, made strongly alkaline with sodium hydroxide,
50. ec of a saturated solution of sodium sulphide added,
the solution heated to boiling and filtered immediately.

* Neumann, Analytischen Elektrolyse. "Halle, 1897.
 Chem. Ztg., No. 49 (1895).
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The precipitate (copper sulphide and traces of lead sulphide)
is washed with dilute sodium sulphide solution, and the
filtrate electrolysed according to the method given on p. 269.
The copper is determined by dissolving the precipitate of
copper sulphide in nitric acid, and precipitating the copper
by electrolysis (p. 180).

The per cent. of lead present can be determined by differ-
ence, but if its direct determination is required 0.5 g of the
alloy can be taken and the copper sulphate determined gravi-
metrically; it is, however, more satisfactory to trea, the first
solution of the metals directly with sodium hydroxide and
sodium sulphide, and to dissolve the precipitate, consisting
of the sulphides of lead and copper, in nitric acid. This solu-
tion is then treated as described on p. 256. -

ANTI-FRICTIOR METAL.
Alloy of Lead, Antimony, and Tin (Copper).

The analysis of this material is conducted in much the
same manner as the analysis of Type-metal. To the solution
containing the copper, antimony, and tin, a slight excess of
sodium hydroxide and sodium sulphide are added, and copper,
if present, is precipitated as sulphide. This precipitate is
filtered off and washed first with a saturated solution of
sodium sulphide, and finally with water containing hydrogen
sulphide. The washings with sodium sulphide are added to
the filtrate, which should ultimately contain 80 cc of saturated
sodium sulphide solution and an excess of 1-2 g of sodium
hydroxide. The antimony and tin in the filtrate are then
separated and determined according to the directions on p.
269.

ALLOY OF ANTIMONY AND TIN.

The method of analysis has been already given on p. 268.

The alloy is oxidised with nitric acid, and the residue, after
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evaporation, dissolved in a concentrated solution of sodium
sulphide, sodium hydroxide added, and the process followed
throughout as given on p. 269.

ALLOY OF ANTIMONY AND ARSENIC.

It has already been stated (p. 271) that the two metals
can be separated under counditions similar to those in the
separation of antimony from tin; the method requires the
arsenic to be oxidised to arsenic acid. The alloy is digested
with aqua regia, the acid removed by evaporation, the residue
dissolved in concentrated sodium sulphide, sodium hydroxide
added, and the directions given on p. 271 followed throughout.

CINRABAR.

[ Mercury, Mang: Copper, Alumina, Iron,
Caicium, Sulpbur.

The mineral is decomposed by heating with aqua regia,
the solution evaporated on the water-bath, and the metals
converted into nitrates by repeated evaporation with nitric
acid. Mercury and copper are precipitated from the nitrie-
acid solution {p. 204), the two metals redissolved in nitric
acid, converted into the double cyanides, and determined
according to the directions on p. 260. The small amount of
manganese present is precipitated, as dioxide, in the elec-
trolytic process, and may be weighed as such.

To determine iron, aluminium, and calcium, the solution
decanted from the metals is evaporated to dryness on the
water-bath, the nitric acid removed by repeated evaporation
with hydrochloric acid, the weak acid solution of the residue
treated with ammonium oxalate in great excess, ealcium
oxalate filtered off, and iron and aluminium determined as
directed, p. 232.
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For the determination of mercury in this mineral Smith
and Wallace * treat about 0.2 gram of the finely pulverised
sample with 20-25 cc of a solution of sodium sulphide solu-
tion (sp. gr. 1.22). The solution obtained is diluted to a
volume of 125 cc and electrolysed with a current of ND,, =
0.12 ampere at & temperature of 70°. The mercury is gom-
pletely precipitated (see also p. 204).

MOLYBDERITE,

For the determination of molyhdenum and sulphur in
this mineral Kollock and Smith have published the follow-
ing directions: ¥ :

The pulverised sample is fused with a mixture of alkali
carbonate and nitrate, which results in the formation of
alkali molybdenate and sulphate. For the determination of
molybdenum the fusion js dissolved in water, and the solu-
tion is acidified with sulphuric acid so that an excess of about.
0.1-0.2 cc (conc.) sulphuric acid is present. The molybdenum
is then determined by electrolysis as directed on p. 219.

For the determination of both molybdenum and sulphur
the solution obtained by digesting the fusion with water is
filtered to remove any insoluble oxides, acidified with acetic
acid, boiled to expel carbon dioxide, and electrolysed at
80-85° with a current of ND,,,=0.05-0.07 ampere and a
potential of 2.54.4 volts. In from 3 to 8 hours the molyb-
denum will be completely precipitated as hydrated oxide.

The sulphur, existing as sulphuric acid in the solution
poured off from the molybdenum, is determined gravimetri-
cally by precipitation as barium sulphate.

* Journ. Am, Chem, Soc., 18, 169 (1895).
1 Ibid,, 33, 660 (1901),
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DETERMINATION OF COPPER IN SULPHIDE ORES.

According to Heidenreich * 2-5 g of ore are treated with
aqua regia, and the solution is evaporated to dryness. The
residue is taken up with 5 cc dilute hydrochloric acid and 10
ce water, transferred to a flagk, diluted to 100 cc, and warmed
with an excess of sheet aluminium. When the solution is
eolorless, showing that all iron is reduced, the residue (Al
and Cu) is filtered off and washed until free from chlorides.
The filter-paper is incinerated, the copper and sluminjum
dissolved in nitric acid, and the copper separated by elec-
trolysis (p. 180). The method is stated to be both accurate
and rapid.

COPPER AND LEAD IN COPPER MATTE.

H. Nissenson, who employed the miethod described on
p. 258 for determining the copper and lead in copper matte,
gives the following directions for carrying out the analysis:

One gram of copper matte is dissolved in 30 ce nitric
acid (sp. gr. 1.4) and the resulting solution is ditluted to 180
ce. The electrolysis is so conducted that the lead is precipi-
tated as dioxide on the platinum dish, a perforated plati-
pum disk which serves as cathode receiving the copper.
The electrolysis is conducted at ordinary room temperature
and is started with a current of ND,,, = 0.5 ampere, which
at the end of an hour is increased to 1.5-2 amperes. The
copper and Jead are both completely precipitated in 6-7
hours.

For technical analyses, where the determination is con-
ducted in nitric-acid solutions, the presence of small quan-
tities of silver snd Dismuth can be neglected. Where the
solution contains arsenic, selenium, or manganese, even in
very small quantities, the results obtained by the foregoing
method are not accurate.

* Zeit. {. anal. Chem., 40, 15 (1901).




REAGENTS. 203

SECTION IL
REAGENTS.
POTASSIUM OXALATE.

The crystallised potassium oxalate of commerce always
contains determinable quantities of iron and lead. To purify
it one part of the salt is dissolved in three parts of water in
a porecelain dish, and ammonium sulphide is added drop by
drop as long as a precipitate forms. The solution is now
heated on the water-bath till the precipitate settles, and
filtered through a plaited filter. To decompose the slight
excess of ammonium sulphide a current of air is conducted
through the solution till it is perfectly colorless, and no
longer gives a reaction with sodium nitroprusside. The
separated sulphur is allowed to settle, and the clear solution
siphoned off.

AMMORIUM OXALATE.

The same impurities are present as in potassium oxalate.
The salt is purified by precipitating the hot saturated solution
with ammonium sulphide. Tt is heated until the precipitate
coheres together, and filtered hot by the use of a water-jacketed
funnel. The greater part of the ammonium oxalate crystal-
lises from the filtrate on cooling. The solution is poured off,
and the crystals dried by placing them in a funnel stopped
with asbestos, and connecting with a filter-pumyp.

OXALIC ACID.

The impurities are similar to those of the alkali oxalates;
it is purified by repeated mcrysmll_isation.
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TARTARIC ACID.

This substance often contains considerable quantities of
lead and iron salts. It is best purified by dissolving to a
concentrated solution in water, treating with hydrogen
sulphide, filtering off any precipitate and removing the excess
of hydrogen sulphide by blowing air through the filtrate. The
tartaric acid can be used in the form of the concentrated
solution or can be crystallised out by further concentration.

AMMONIUM SULPHATE,

The method of purifying this salt is similar to that de-
scribed for the purifieation of ammonium oxalate.

SODIUM SULPHIDE,

The crystallised sodium sulphide of commerce is not only
exceedingly impure, but is frequently a mixture of poly-
sulphides and sodium hydroxide. The presence of the
latter explains that of alumina, which is always found
in abundance. If commercial sodium sulphide is used, its
solution must first be completely salurated, without access
of air, with hydrogen sulphide gns. It is better, however,
to prepare the substance directly, in which case the process
is ns follows: Sodium hydroxide purified by alcohol is dis-
solved in water to a solution of sp. gr. 1.35. The solution
is divided into two equal parts, and one-half, with exclusion
of air, saturated with the purest possible hydrogen sulphide
gas till the volume ceases to increase. The hydrogen sul-
phide is purified by passing it through & wash-bottle of water,
and several tubes filled with cotton-wool or wadding. When
completely saturated the solution is filtered from the precipi-
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tate formed, and mixed with the other half of the sodium
hydroxide solution. Hydrogen sulphide is again passed into
the mixture, with exclusion of air, and it is filtered again.

" The nearly colorless filtrate is evaporated in a capacious
platinum or porcelain dish, over a sirong free flame as quickly
as possible. It boils without bumping if a platinum spiral is
placed in it. As soon as a thin crystalline pellicle forms on
the surface the boiling js stopped, and the solution poured
‘while hot into small flasks with well-ground glass stoppers
which must be filled full. It is best to completely exclude
the air by melted paraffine. For the separation of antimony
and tin, the solution should have a sp. gr. of 1.22-1.225.

ALCOHOL,

The aleohol used for washing metals must be free from
acid, and, as nearly as possible, absolute. It is left standing
in a large flask, for twelve hours, over quicklime, and then
distilled off on a water- or steam-bath. The distillate must
lesve no residue on evaporation. | ’
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copper .
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gold . .
iron ..
lead. ...
manganese .
mercury . .
zine ... ..
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determination in nitrates .

Normal-density, ND,y, defined

... 161, 162
.. 161

Ohm,defined. ...... ... oo s 23
Ohm’a law............. 22
Osuiotic pressure . .. 7
of ions in solution . . . 42

Oxalic acid, aa reagent . .. ... ... oo . 203
electrolysia of solution of , .. .............. 39
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separation from gold. .................... .l
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. separation from sodium
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lactate, electrolysis of solution of.
oxalate, electrolysis of solution of.
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Primary eleruents .
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Potential . .
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box ... 97

table of 25
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Rheostats. ... .. 87
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Shares of transport of iops. ..
Shunt-circuit
Silver, determination of .
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nitric acid solutions .

separation from

Bodium,
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Sodium succinate, electrolysis of solution of
sulphate, as reagent
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unit. for 30

equivalent. .. .. 31

hydrate theory of .. ..... G
preparation of, for analysis. . . ... 128
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theory of
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regulator for
Tin, determination of .. .. . 212
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oxalate solution. ................ ... 212

phosphoric acid . . 275
Transformer, direct-current 91, 146
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263
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Zine, determination of
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as amalgam .. ..
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citric acid solution

separation from aluminiui .
bismuth.
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Schwamb and Merrill's Eloments of Mechanizm. . . .
Smith’s (R, 5.) Masua} of Topogtapbical Drawing.
Smith (A. W.) and Marx’s | "achine Desiga. . ...
® Titsworth's Elements of Mechanical Drawing .

Oblonz 8vo,
Warren’s Elements of Plane rod Solld Free-hand Geometrica! Dmdng 1amo,

Drafting Inatruments and Operations. . ... . -13mo,
Manual of Elomentary Projection Drawing. 13m0,
WManual of Elemeantary Problems in the Linear P!mpecﬂn of Ptrn.n and

Shadow...... .
Plane Probiems in El:menhry Geometry.
Prlmary Geometey . ... o....o....oo
Elements of Geometry, Shad

General Problems of Shades and Shadowe , ..

Elements of Machine Construction and Drawing. ...

Problems, Thoorems, and Examples in Descriptive Geometry. B
Weisbach's Kipemstics and Power of Tracsmission, (Hermann and

Kleln.),
Whalpley’s Practical knstruction in the &rt of Letter Engraving.
Wilson's (EL M) Topographis Surveying. .
‘Wilson’s (V. T.) Free-hand Perspective.
Wilson's (V. T.) Frea-hand Lettering. ... ... ...
WoolPs Elementary Course io Descriptive Geommy

ELECTRICITY AND PHYSICS.

Antbony and Brackett’s Text-dook of Physick.  (Magie)......... Smal] §va,
Anthooy's Lecture-notes on the Theory of Electrical Measuremants.
Banjamin's Hixtory of Blectricity. . .

Voltaic CelL . .
Classen’s Quantitativ yais by
* Coltina’s Manua! ot Whelﬂl Tr.lgmphy., PO

Crehore nid Squjer’s Polarizing Photo-chronograph, .
Dawsor’s “Brginesring” and Electric Trastion Pocket-
: 10 :
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Dolozalek's Theory of the Lead Accumulator (Smlln Battery). (Ven
Ende.

Dubem’s Ahgrmodynmln and Chsmistry.
ather’s

ang the
Gilbert's De Magnate. (Mottely.). ........ e
s A Currents

Herlng’s Ready Reference Tablos (Canvcnlon Flcwfl)
Holman’s Precision of Measurements. . .
Telescopic Mirror-acale Method, Adjustments, and Tests.
Ki *s Testing of Conti Machines. .
Landauer’s Specirum Analysls. (Tingio.). .
Le Chatalier s High: (
Lub"s E istry of Organic C: 0 {Lorenz.). ..
* Lyons’s Treakise on Blectromagumetic Phenomena, Vos. L and IT. 8v0, each, 6 oo
* Michie’s Eloments of Weve Motion Relating to Sound and Light.
Niaudet's Rlemontary Treatise on Electric Battaries. (Fiahback.),
* Parshall and Habart’s Electric Machine Design. .. ..... ..
« Rosenberg’s Elnctrical Engineering. (Haldans Gee—Kinabruaner,
Ryaq, Notris, and Hoxda's Electrical Mechiaery.
Thurgton’s Statlonary Steam-engines. .. ..
* TUlman’s Elamentary Lestoos in Heat. .
Tory and Pitcher’s Manual of Laboratory Phymica.
Ulke's Modern Electrolytic Copper Rafining. .

® Davie's Elements of Law. 330
*  Treatiso on the Military Law of United States. . ... 7 00
» 7 30
llnuﬂMOoumman.. ............... 150
Wait's 6 o0
6 50
Law of
tecture. . . ... 5 o0
. 880
Law of Contracts.... .. 500
Winthrop's Abridgment of Mllitary Law, 250
MANUFACTURES.
chdou'. Smokelom Powder—Mitro-coliniom 20d moq of the Cellalose
3
a2
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Leach’s The Inspection and Analysis of Rood with Special Reference to State

ControL . . o L. - .. Large Bvo, 7
* McKay apd Larson’s Principles and Practice of Bufter-making.... .8vo, 1
Matthews's The Textile Fibres. ... . . ....Bvo, 3
Metcalf's Steel. A Maoual for Steakusers. . 2
Metcalie’s Cost of And the 5

Meyer's Modern Locomotive Construction.
Morse’s Calculations used in Cane-sugar Faclories, .
* Reisig's Guide to Piece-dyeing. . .
Rice's Concrete-block Manufucture. .
Sabin’s Industrlal and Artistic Ttdmoiogy of antl and Varnish.
Smith’a Press-working of Metals,
Spalding's Hydraulle Cement. .
Spencer’s Handbook for Chemisu of Bcel-nlz.r ‘Houses. ¥6mo, morocco,
Handbook for Cane Sugar Mannfacturers. . *6mo, morocco,
Taylor and Thompson's Treatise oa Concrete, Plnin and Reinforced. . . .. 8vo,
Thusston’s Manua} of Stexm-boilers, their Dlmxns, Construction and Opera-
tion. ... ..... Bvo,
* Walke's Lectures on Explmlvn_ -Bvo,
Ware's Beet-sugar Mannfacture and Reﬂmnz ..Small 8vo,
Weaver's Military Explosives. .. .. .
‘West's American Foundry Prlchcz.
Moulder's Tert-book. ., .. .. .
Wolff’s Windmill as a Prime Mover ., .
‘Wood’s Rusticss Coatings: Corrosion and Electzolysis of lrob and Stzzl

7
El
3
.12ma, 3
3
3
5
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.Bvo,

MATHEMATICS.

Baker’s Eltlptic Functions. ., .....
® Bass's Slements of Diflerential Calculua
Briggs's Elemeots of Plane Analytic Geometry.
Compton's Manual of Lagarithmic Computations.
Davis’s Introduction to the Logic of Algebrs.
» Dickson’s College Algebra... ...... ...
®  Introduction to the Theory of Algebraic Equations. . . 25
Emch’s Introduction to Projective G-ometry and its Applications. . .Bvo, 30
Habrted's Eloments of Geomstry. . 7
Rlomentary Synthetic Geometry, B
Rational Geometry. . . 75

* Johnson's (], B.) Thras-place Logarithmic Tubles: Vest-pockst size. paper, 15
o0

s

oo

oo

s0

oo

100 copies for 5

. Mounted on heavy cardboard, 8 X 10 inches,
o coples for 2
Johnson's (W W.) Efementary Treatise on Differemtiaf Caleulus. .Small 8vo, 3
Elomentary Treatise on the Integral Calcutus .......... . .Smalt 8vo, 1
Johason’s (W. W.) Curve Tracing in Cartesian Co-ordinatex .. ..1amo, T

Johnson's (W. W,) Treatise on Ordinary and Partial Differentia! Equations.
Smalifve, 3
Jobnson's (W. W.) Theory of Errors and the Mothod of Least Squares. 12mo, 1
« Johnson's (W W.) Theomdell !ledume& -ramo, 3
Lapince’s hical Esnay {Truscatt aad Emory.). vhmo, 2
* Ludlow and Bass. Elemm c( Trlxvnnmﬂry and Logasithmlc and Oﬂaer
Tables.

and Tubles

¢ Ludiow’s Logarithmic and Trigonometric Tables.
Manning’s Errational Numbers and thelr

E.88% 83%%
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Math: ical M Edited by

S. Woodward........ 1 00

o. 1. History of Modern Mathamatics, by Da:

Fo. 2, Synthetic Projective Geometry, by George Bruce Halsted.

Ko, 3, Determinants, by Laenas Gifford Weld. No. 4. Hyper-

bolle F lons, by Jemes M No. 3. Func-

tions, by William E. Byerly. No. 6. Graesmann's Space Analyeis,

by Edward W. Hyde. No. 7. Probabllity and Theory of Errors,

by Robert 5. Woodward, No. 8. Vector Analyals and Quaternians,

by Alxand No. 9. Di by

Willlami Woolsey Jobnson. No. 1o. The Solution of Equatious,

by Macsield Merriman,  No. 1. Fonctlons of a Complex Varabls,

by Thomas S, Fiske.
Maurer’s Technical Mechmnles., . ....... ... s 8vo, 4 oo
Merriman’s Method of Least Squares. .. .. ............... 1 00
Rice and Jobpson's Elementary Treatise on the Differentinl Cllculus Sm 8vo, 3 oa

Differontial and lategral Calcalus. 2 WL!. 2 .Small 8ve, z 50
‘Wood's Elemrats of Co-ordinate Geometr ..Bvo, 1 00

Trigonometry: Analytical, Plane, um Spherical .......... ... timo, 1 00

MECHANICAL ERGIREERING.

MATERIALS OF ENGINEERING, STEAM-ENGINES AND BOILERS.

Bacon’s Forge Practice. . .

Baldwin's Steam Heatlog for Buildidgn.

Barr’s Kinematica of Machinery. ... ..

# Bartlores Mechanical Drawlog...........
Abfidged Ed

Benjllmn s Wrinikles and Recipen. .

888889%3%%

Huﬂng and Ventilating Boildings. . ... ......
Cary's Smoke Suppression in Plants unmz Bituminous Coal. (In Puun

on.

Clerk’s GI‘ and Ol Engine. .

- Coolidge’s Manual of Drawing. . B

Coolidge and Freeman’s Elsmems of Geperal Draiting for lxhlmul Ea-
&

&

neers.
Cromwell's Treatise on Toothed Goaring.
Treatise on Behs and Pulleys. . .
Duriey's Kinomatica of Machines. . ..
Flather's and the
Rope Driviog. .. .....coooniannon
Gill's Gas and Fuel Analysis for Emnbeﬂ
HailPs Car Lubricatton. .. ...............
Hering's Ready Refsrence Tables (&Iwcﬂnn. F-ﬁnn)
Hutton's The Gus Engine. .. . ..
Jamison's Mechanical Drawing. .
Jones's Iu:hmﬂ Deaign:

L A )
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MacFariand’s Standard Reduction Factors for Gases, .
Mahao's Industeis) Drawing. (Thompson.).. .. .
Poale’s Calorific Power of Fuels. .
Reid's Course in Mechanical Dra
Text-book of Mechanical Drawing and Eumenm-y Machine Desiga. Bro,
Richard’s Compressed Air
Robinson’s Principles of Mechanism. . .
Bchwamb and Merrill's Elements of Machaniam,
$mith’s (0,) Press-worklng of Mtals . . ...
Smith (A. W.) and Marx’s Machine Deslgn. . 8vo,
Thurstoo’s Treatise on Friction and Lost Work in Machiners and MGll

88888388%%

288368

. ..8vo, 3 00
Animal as a Machine and Prime Motor, and the Laws of Enulau:n. 12m0, 1 00
Warren’s Elenents of Machine Construction and Drawing. . .., ........ 8vo, 7 5~
‘Weisbach’s Kinematics and the Power of Trangmission.
Kletn.). . .......... e et e et o0
Machinery of Tr ion and ( o
‘Wolfi's Windmill as 2 Prime Mover. 00
‘Wood's Turbines, s
MATERIALS OF ENGINEERING.
* Bovey's Strength of Malerials and Theory of Structurss. ............. Bvo, 7 50
Burr's Ellau:nty and Resistance of the Muterlals of En(mecnnz. 6th Editioo.
7 50
Ghurch’s l-chm[u of Engineering. 6 oo
* Greene's Structural Mecbanics . 8vo, 1 s0
Johnson's Materials of Construction. . 8vo, 6 oo
Keep’s Caxt Iron. .8vo, 2 50
Lanzs’s Applied mdun.u. Bvo, 7 500
Martens’s Handbook on Testing 8va, 7 5o
Maurer's Technical Mechanics. Bvo, 4 oo
Merriman’s Mechanics » Materials. Bro, 5 a0
Strength of Materiz: 13m0, 1 0D
Metcalf’s Steel. A man-a 12m0, 2 00
Sabin's Industrie) and Aruslic T:c.hmlou of Palots nnd Varnish. .Bvo, 3 00-
Smith's Materlals of Machunes. . © 100
‘Thurston's Naterials of Rnguuulu 8 00
Part 1, lron and Bteel 350
Part L. A Treatise on Brasses, Bronres, and Other Alioya lnd tbeu
Constitueats. ., E 3 50
Text-book of the Materiaks of Construction. . . . oo
Wood’s (De V.) Treatise on the Resistance of Mater:
the Preservation of Timber. . o0
Eloments of Analytical Machanlcs. . .Bvo, 00
Wood’a (M. P.} Rustless Coatings: Conulonlndkbmbs‘ho(kvnm‘
e PR [ e 4 00
STEAM-ENGINES AND BOILERS.
Berry's T Diagram.. . B ¥
Carnot’s Reflections on the Motive Po‘ar of Beat. .. 12m0, .-k
Dawson’s “ Engineering™ snd Risctric Traction Pocket-book. .. . 16md_mpr;, %
Ford's Boller Making for Boller Makers, v &
Gome's Locomotive Sparks. -2
mmw.wmmuuuasw Economy. ... ...,.. 1200, X



Mcger's Hodern Locomotive Consmncllun
Peabody’s Maooal of the Steam-engine lodicatar
Tlhl- of the Properiles of Saturated Steam and Other Vapors
of the St ngine and Other Helt-cn(lnel..
Vllva! for Steam-engines.
Peabody and Miller's Steam-boilers.
Pruy’s Twenty Years with the Indicator. Large
Pupln's Thermodynamics of Reversiblo Cycles in Guu And Saturated V.pon.
(Osterberg.). .
Reagan's Locomotives: Simple Compound, end Electrir.
Rontgen’s Principles of Thermodynamics.  (Du Boin). .
Sinelair's Locomotive Engine Running and Management
Smart's Handbook of Engineering Laborutory Practlco.
Snow’s Steam-boiler Practice.
Bpanglor’s Valve-gears. . . .
Fotes on Thermodynamics.
Spangler, Greane, and Marshall's
Thomas’s Steam-turbines. .
“Thargton's Handy Tables. ..
Manual of the Steam-engine. .
Part L History, Structure, an
Part I Design, Construction, .nd Operation, .8vo,
Handbook of Engine and Boiler Trials, and the Use a( ﬂu ln(ﬂe‘m and
the Prony Brake. 5
Statonary S‘elm-mﬁm& 2
Steam-boiler Explosions in Theory and in Pned(e B ]
Maoual of 8 boilers, their Dezigns, Co ant 5
ing's A d Softralng of Boiler Feod (hmﬂw)hm4
. 5
5
4

$3588¢688%838

‘Welsbach’s Hest, Steam, and Steam-engines. (Du Bols),.,.
‘Whitham's Steam-engine Dogign. .. ...........c..vaein.s
‘Wood’s Thermodyaamics, Heat Motors, and Rah'l[ﬂ'lﬂn‘ IA:M.D- -Bvo,

28888%%8 §339988B8ERTY

MECHANICS AND MACHINERY.
. Barr's Kinematles of Machinery.

230
'chhsﬁemdla\mh\lmﬂnmdshmmn 7 80
Chase’s The Art of Pattern-making. , 2 30
Chorch’s Mechanics of Engincering. . . 6 00

Notes and Examples in Mechanica. . . 23

13
13
150
180
T 50
a o0
3 o0
3=
400
7 50
10 %0
4 00



Fitzgerald's Bowton Machinist. 100
Flather's and the 13m0, 3 060
Rope Driviog. . 13m0, 3 00
Gowe's Locomotive Sparks. 8vo. 3 00
* Graene's Structural Mechanlea, 8vo, 2 50
Hall's Car Lubrication, . 13me, 1 00
Holly's Art of Saw Filing 1%mo, ™
James’s Kinematics of a Polatand the Rational Mechanics of a Particle.
Sma’l 8vo, 2 00
* Johnson's (W, W.) Theoretical Mechanics, 3 o
Johngou's (L. J.) Statics by Graphic and Algebraic Methods. . 2 o0

Jones's Machine Design:
Part 1. Kivematics of Machinery. ....... .
Part IL.  Form, Strength. and Propostions of Pll“l. .
Kerr’s Power and Power Transmisslon. ........... .
Lanza’s Appiied Mechanics. ...............
Leoard’s Machine Shop, Tools, and Methods. .
* Lozenx's Modern Refrigerating Machiners. (Pope, Haven, and Dean.}.8vo,
MacCord’s Ki tcs: or. Practical Mechanl . .8vo,
Velocity Diagrams. .. .................
* Martlo’s Text Book on n(ecumes. Vol. 1, Statics. |
Maurer’s Technical Mechanics. .
Merriman’s Mechanics of Materials.
%  Elements of Mechanics.. .
* Michie's Elements of Analytical Mechanits. .
¢ Parshall and Hobart’s E)ectric M.lch)nnDan
Reagan's Locomotives Slmple, Compound, and Eh:ctm;.
Reld’s Cours¢ in Mechaglcal Drawing. ... ....... ... ... ... ... ...
Tm—boﬂk of Mechanical Drawing and Elzmenlary Machine Design . Bvo.

3%9838%
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35

s Principles of
Ryun, Norrls, and Hoxle's Electrical Machinery. Vol |
Sanboru’s Mechanics: Problems.. . . . ....... .....
Sehwamb and Merrill's Elements of Mechanism. . ... -
Sinclair’s Locomotive-cngine Runniog and Mapagement, -
Smith's (0.) Press-working of Metals
Smith's (A. W.) Materiels of Machices. ..
Smith (A, W.) and Mars's Machine Design
Spaagher, Greene, and Marshall's Blernents of Steac-engineering.
e on Priction and Lost Wark in Machivery and Ml
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300

Loo,
Wurren's Elements of Machine Conlmmllon and an\n?, 7 50
Weisbach's K 3 -nd Poter DIT 5 00
Machinery of l 5 00
Wood's Ehmen!x of A.nllydml H.echlnh 300
El 1 a8
Turbloes. . ..ooreennnnnn. 2 50
The World's Cohunbhn Rlyo:ldnn oi 1593 By

METALLURGY.
Eglexton’s Metallurgy of Silver, Gold, and Mercury «
Vol. L Silver. ...

4 Dex’s Lead-amelting.
Keep'a CastIren. . .ovvuevniiniiiviniinn

]
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hm-?muuoroumummxum ...... e . .Bvo,
. Lo Chatslier’s Bigh.
Matcalls Steol. A Manyal tor Steel-users.
Miller’s Cyanide Process. ..............
Minet’s Production of and i Tee.
Robine and Lenglcn's Cyanide Industry. (Le Clerc.).
Smith's Matesials of Machisies. ..
Taurston’s Matetlals of Enginetring. 1n Three Parts.
Part IL Iron and Steel ...........
PactIIL A Treatiso oo Brasses, Bronzes, and Other Alloyn and thalr
Constituents. .Bvo, 2 S0
Ulke's Modern Electrotytic -Bvo, 3 o0

MINERALOGY.

of Minerals of C Value. Oblong, morotco, 1 30
Boyt's Resources of Southwest Virginia. . 8

Map of Bouthwest Virlgnia... . ..
Brush's Manual of Determinative Mineralogy.
Chestor’s Catalogue of Minerais. . .

Dictionary of the Rames of Minerals.
Dana’s System of Minesalogy. Llrze Bvo, hl.l! lea\her 12 50
First Appendix 10 Dana's Rew *‘ System of Minernlogy.” . Large Bvo, 1 o0
Text-book of Mineralogy. .
Mirerals and Bow to Study Them .. .
Cataloguo of American Localities of Minerals. .. . Large Bvo, 1 00
Manual of Mineralogy and Petrography. ... .
Douglas's Untechnical Addresses on Technical Subjucts. . . 1amo, 1 00
Bakle's Miceral Tables. ............... ......
Egleston’s Catalogue of Minerals and Synonyms.
Goesel's Minerals and Metzls: A Reference Book. . 16mo, wor.. 3 00
Groth’s ion to Chemical Cr (Marshall) .
Hussak's The Determination of Rock-forming Minerals, (Sml
MesTill’s Nou-metaltic Minerals- Thelr Occuwrrenco and Uses. .. ... Bvo, 4 o0
* Penficld’s Notes on Determiuative Mineralogy and Record of Minerai Tests.
8Bvo, paper, 50
¥ of the Rock-mkhg Mierals.
{IAAINRR). o ve et
* Tiliman's Text-book of Important Minerals ud Roch.

MINING.

Beard’s Ventllatlon of Minee. .........
Bord's Resources of Southwest Vicginta.
Map of Southwest Virglala. ... ...
Douglas’s Untechnical Addresses on Techoical Subjects.
* Drinkear’s Tunneling, Explosive Compounds, and Rock Drilk. . 4to, hl.mon. zs o
Elssler’s Modern High Explosives. ... .. Cirae i .
GoesePs Minevals and Metals - Akdennunook .
Gm“n%mmdmwmmﬂmewm ..12m0, 2 30
Ihlsong’s Munua} of Minkng. ... .oovuvenesnnn.s B
## Tles's Load dth (Postage gc.
Kunhsrdt’s Practice of Ore Dressing In Rurops. .. .
L




©'Driscoll’s Notes oa the Treatment of Oold Ores. ..
Robine aad Lenglen’s Cyanido Indwtry. (Le Clere.
* Walke's Lectures on Explosives, .. .
Weaver’s Military Explosives. . .
Wijson’s Cyanide Processes. ..
Chlorination Process. . . .
Hydraulic and Placer Mining
Treatise on Practical and Theoretical Mine Ventilation.

SANITARY SCIENCE.

Baghore’s Santtation of a Country House.
*  Outlines of Practical Sanitation.. . .
Folwell's Sewerage. (Desiguing, Copstruction, usd Maintenance.). .

‘Water-supply Engineering. .
Fowler's Sewage Works Analyses
Fuertes’s Water and Public Health,

Wazer-filtration Works.
Gerhard’s Guide to Sanitary House-lospection ..
‘Goodrich’s Economic Disposal of Town's Refuse
Hazen's Fittration of Public Water-supplies. .
Leach’s The Inspection and Analysis of Food wll.h Specix] Reference to Suta

CE e
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h 7 50

Masoo’s Water-supply, (Consldered principally from a Sanitary Standpolnt) 8vo, 4 0o

Examination of Water, (Chemical and Bacteriological,). nmo, 3 25

Ogden’s Sower Depign. .. ........ . 2,00
Prescott and Wisslow’s Elements of ‘Water Bacterlology, with Spe&hl Bder—

ence to Sanitary Water Analysis. . .1ame, 1 as

* Price’s Handbook on Sanitation, 1ame. 1 50

Rickards’s Cost of Food. A Stady h'x Dhlules .12mo0, t 0

Conyof Living as Modified by Sanitary Science. .1amo, 1 OC

Cost of Shelter . . .. Iamo, 1 00
Richards and Woodman's A(.r Wlm. lnd Food from & S-niury Stand-

i Bvo, 2 00
® Richards .nd Wlllams’s The Dietary Compuier. . Bvo. 1m0
Rideal's Sewage and Bacteria} Purification of Sewage. Bva, 3 %0
Turneaure and Russell's Public Water-supplies. . .Bvo, 5 o
Von Bebring's Suppremion of Tuberculosia. (Bol\dm ) 1zmo, I 00
Whippie's Mlcroscopy of Drinking-water. Bvo, 3 g0
‘Winton's Microscopy of Vegetable Foods. . .Bvo, 7T %0
‘Woodhull's Fotes on Mllitnry Hygtene. 180
*  Porsonal Hygiene. . . 1 00

MISCELLAREQUS.
De Fursac’s Mancal of Peychiatry. (Roeanoff end Cofilnc.). .. .Large rimo, 3 50
Ehrlict’s Colected Studies on Imunumitty (Bolduan). . o oo
xm.wiwmmdmmmnhnxndmdm .
1 Congrom of Large Bvo, € 50
FerreP's Popular Treatiss on the Winds. . T 4 @
Haines's American Baibway Magsgement. . . .1dmo, 2 30
Mott's Fallacy of the Present Theory of Sound ... .émo, 1 o0
Ricketts’s Ristory of Renssalaer Polytechiic Institute, u—ilumhu '3 00
w‘l Smnn Dlunuu- (ﬁuldun.’). T
10




Stesl's Treatise on the Diseages of the Dog. . .
The World's Columblan Exposltion of 1893 .
‘Von Bahring’s Suppremion of Tuberculoals. {(Holduan.). .
‘Winalow's Elsments of Applied Microscopy...........
‘Worcester end Atkioson. Small Hospltals, Establishment Malrtenance;

for Hospiial Plaos for Small Hospltal. 12mo, 1

HEBREW AND CHALDEE TEXT-BOOKS.

Green's Elomentary Hobrew Grammar.
Hebrew Chrestomathy. . .....
Gesenius’s Hebrew and Chalder Lexlcon to the
{Tregelles.)... . Small 4to, ball morocea, 3
Lotteris's Hobrew Bible. . STTIITTT IR 8vo, 3

4 €884



