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TRANSLATOR'S PREFACE. 

THE chief ohject in preparing the present English edition 
of this book has been t,o include a considerable numher of new 
electroanalytical methods which have been puhlished since 
the appearance of the fourth ('",rman edition in 1897. 

This task has been greatly simplified by the very kind 
assistanee of Professor Classen, who has generomlly placed his 
new and valuable work on "Ausgewiihlte Methaden der 
Analytischen Chemie," published in Braunschweig in 1901, at 
the disposal 01 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 
Engli<h edition. 

P"rt 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 amI Beach, from whose Text-Book of General Physics 
many of the descriptions of el"';trical apparatus have been 
taken. 

To Part Second many new methods of analysis have been 
added, the souree of these being Professor Classen's book 
mentioned above and the . original papers in the chemical 
jouma.ls. 

v 



vi TRANSLATOR'S PREFACE. 

The trarullator 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 
whicb has been inserted. He desires to express here his 
thanks to Professor H. A. Bumstead of the Sheffield Scientific 
School for his valuable advice and criticism. 

B. B. BoLTWOOD. 
Nll'w HA.VEN, Conn., Apr~ 1903. 
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QUANTITATIVE ANALYSIS BY ELEOTROLYSIS. 

PART FIRST. 
SECTION I.-INTRODUCTORY. 

CHAPTER 1; 

HISTORICAL. 

THE development of electrochemical analysis has been 
almost wholly empirical. The most suitable conditions for 
the quantitative separation of metals by electricity have 
been detemUned from a great number of experiment.., con­
ducted v.ith diligence and perseverance, while the nature of 
the reactions involved has not always at the time been clearly 
un'derstood. The relatively recent development of electro­
chemistry has served to throw much light on the theory of 
quantitative electrolysis, and th~ 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 tru; 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 a similar method for the de­
tection of met"ls in general in such solutions. 

The discovery of galvanoplnsty, a 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
temptea to ma!>e the identification of arsenic and antimony 
possible in the presence of other metals. In this work he 
was assisted somewhat by the clirections for the separation 
of metals from mixtures published by Morton in 1851. 

Becquerel observed, ns early ns 1830, that lead and 
manganese often separated, not as metals at the negative 
pole, but in the form of oxides on the positi"" 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 Wohler (1868) . The 
work of A. C. and E. Becquerel (1862) on the electrolytic 
reduction of the metals was likewise of an entirely qualitative 
"hamcter. 

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 carned out an investigation on the 
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electrolytic determination of copper and nickel, which in­
cluded a description of the methods for the determination of 
silver 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 zinc, nickel, and cobalt. The 
possibility of the quantitative determination of copper was 
eonfirmed 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 series 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 
sonrces of cnrrent 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 
eould be accurately determined in the presence of antimony. . 

Simultaneous with the announcement 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 accurate 
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 electrolytic separation 
of manganese from other metals, c.y., copper, cobalt, nickel t 

zinc, etc. 
Other papers which were published at that time by 

Luckow, F. W. Clarke, and J. B. Haunay described the 
electrolytic detennination 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 cadmium from zinc. 

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·. Smith showed (1880) that if uranium acetate 
solutions were electrolysed the uranium was completely 
precipitated as a hydrated protosesquioxide; and, further, 
that molybdenum 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 c""",, 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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Jaw, that in general the electric current exerts a reducing 
.:action on acid, and an oxidising action on alkalill.(·) soiutions. 
Recent investigations have shown, howeyer, that other factors 
tire of importance in these reactions. 

In the year 1881 Alexander Cl"R'lCn and leis students 
began a series of investigations on quantitntive unaly~is by 
electrolysis which ultimately included nearly all of the metllls. 
It was he who first pointed out the value of oxalic acid and 
the double oxalates. A large number of electrolytic methods 
.originated by him will be deseribed in this book. 

At about the same time as and quite independentlY of 
Classen, Reinhardt and Ihl. proposed the douhle oxalates 
for the electrolytic determination of zinc. 

An attempt was made (1880) by Gibbs, who used a mer­
~ury 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 number 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), on the significance of 
the potential-difference in electrolytic detenninations, 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 severa! by carefully regulating the 
potential-difference of the current which he employed. 



CHAPTER n. 
THEORY OF SOLUTION. 

THE modern theory of solution is the foundation of the 
science of electrochemistry. It is therefore most essential 
that this theory should be clearly understood by all workers 
in tillS branch of chemical science. 

Until recent years solutions were considered to .be mere 
mechanical nllxtures of solvent and solut.e and no general 
laws governing such mixtures had been discovered. A 
theory assuming chemical interaction between solvent "nd 
solute, the so-called hydrate theory, involving the chemical 
combination of the molecules of the solute with the mole­
cules of .water, Wa., 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 ,,~th 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 uniform and all portions of the solution are of 
uniform concentration. This behavior of dissolved sub­
stances suggests the existence of a lorce tending to drive the 
particles out into the adjoining solvent, and in 1877 Pfeffer * 

... Osmoti.sche Untersuchungen. Leipzig 1877. 
6 
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showed by a series of experiments that when the dissolved 
substance was prevented from diffusing into the solvent .. 
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 measUfQ 
approximately the pres.,ure which was exerted. 

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

1. That the pressure is dependent 6n the nature of the 
dissolYed substance. 

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

3. That the pres.,ure at a given concentration is depend­
ent on the temperature, and shows a 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. 

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

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

• Lois de l'Equilibre Chimique. M~moire preeente a l'ACA<Umie Roy. 
des Sciences de Suede Ie 14 Octobre 1885. 
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seemed to be a \'ery 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 
measured by Pfeffer could be calculated from the gas laws 
"lone, the values thus obtained corresponding "ithin the 
limits of experimental error "ith the values measured by 
J'frffer, He t.hus 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 
{orm at the same temperature and occupied under these 
conditions a volume equal to the volume of the solution. 
Not only dOf's the osmotic pressure vary inversely as the 
volume (Boyle's law), but the osmotic pressure is also directly 
proportional to the absolute temperature (Gay-Lussac's law). 

If it be assumed, therefore, that the laws 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 having the same osmotic pressure 
contain an equal number of molecules. This is knowo as 
Van't Hoff's law for solutions. 

This law furnishes a valuable means for determining 
the molecular weight of chemical compounds, It is only 
nf'cessary to determine the osmotic pressure and temperature 
of a solution containing a knowo 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 
{lo;'venient are employed instead. These methods are based 
on the determination of other properties of solutions which 
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.. how 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 m. 
EL EeTROL YTES. 

THE 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's law alo,!e. These compounds, among which 
were included most of the substances used as reagents in 
analytical chemistry, could be divided into three general 
clas..r;:;es, i.e., acids, bases, and suIts. 

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
poth",is. 

Anhenius * 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, if it gives an osmotic pressure which agrees with Van't 
Hoff's law, the molecules undergo no further alteration. but 
exist as such in the solution. If, however, the subst,"nce 

• Zeit. r. phys. Chem., 1, 631 (1887). 
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belongs to that cl .... of bodies which give abnormal osmotic 
pressures, then, immediaUly on passing into solution, some 
of the molecules dissociate into other particles which are 
called wns. These ions, which may be either single stOIIlB 
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 solution i. 
called the degree of dissociatwn. 

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 dissociates into two ions, A 
and B, the degree of dissociation being equal to x, the state 
of the substance in solution will be represented by the fol­
lowing expression: 

xA+xB+(l-x)AB; 

where 1 represente the gram molecule taken. 
For a given solution having a known osmotic presBure 

the degree of di88ociation can be calculated from the equation 

in which P stands for the osmotic pre8Bure measured, p the 
theoretical osmotic PreBBure calculated from the gas Jaws, arid 
k the number of ions into which each molecule diSsociates. 

The maximum value which x can attain is unity. This 
is ite value when all of the substance contained in the solution 
is in the form of ions. 

Several very important pointe with respect to the value& 
of x have been bronght out by experiment. 
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1. ·The degree of dissociation for a given substance dis­
solved in water is the same for all solutions of the same sub­
stance at the same concentration and temperature, i.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 acids, strong bases and their salts even in 
fairly concentmted solutions are almost completely disso­
Iciated 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 degree 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 
<,ondition conducts the electric current 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 alid leaves the solution are called the 
.electrodes. 

Arrhenius called attention to the fact that all solutions 
which contain dissociated substanees have the property of 
conducting the electric current, 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 asswned that the undissociated molecules 
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tn a solution take no part in conducting the cUlTent and that 
the conductivity of the s<Jlution is due to the ions alone. 

This \iew if< horne out particularly by the fact that the­
conductivity of a solution per 1I10lecule of dissolved electro­
Iyu~ inereases with the dilution; namely, with increased 
dis.'50ciation. 

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

1. That the separate ions are charged with electricity. 
2. That a molecule is dissociated into two differcnt 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 exactly equal to the sum of the positive 
charges borne by the positive ions formed from the same 
molecule. 

4. That thc 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 prima.rily appear at the electrodetO 
when the solution is submitted to electrolysis. 

Since bodies charged with electricity of unlike sign are 
known to attract each other, while the opposite is tme fOI" 
those which bear similar charges, the ions which appear at 
the negative electrode (ca.thode) are assumed to be charged 
positively (cathions) and those which appear at the positive 
electrode (a.rwde) are assumed to be negatively charged 
(anions). 

In the table given on p. 14 it is .hown 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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Acida. 

HCl 

HNO, 

HBr 

CH,COOH 

H,SO, 

H,SO, 

(COOH), 

H,AsO, 
'Salts. 

NaCl 

NaNO, 

KBr 

CaCI, 

N""SO, 

(COONa), 

ZnSO, 

K,AsO, 

K.Fe(CN). 

TABLE. 

Ions. 
+ 
H,CI 
+ 
H,NO, 
+ 
H, Br 
+ 
H,CH,COO 
+ + 
H, H,SO,* 
+ + 
H,H,SO, 
+ + 
H,H,C,O, 
+ + + -
H, H,H, AsO, 

Ions. 
+ 

Na,CI 
+ 

Na,NO, 
+ 
K, Br 
+ 

Ca,CI,CI 
+ + -

Na, Na, SO, 
+ + 

Na., Na,C~O .. 
+ -
Zn, SO, 
+ + + -
K, K,K,AsO, 
+ + + + -

-. 
NaOH 

KOH 

Ca(OH), 

Ba(OH), 

K, K, K, K, Fe(CN). 
+ + 

HNaSO, H, Na, SO, 

10M. 

Na,O-H 
+ -
K,OH 
+ - -

Ca,OH,OH 

Ba,OH,OH 

All acids dissociate into hydrogen eathions and acid 
radioal anions, all bl1SeS into meW cathions and hydroxyl 
anions, and all neutral salts into metal cathions and .acid 

+ -* In concentrated solutions: H~ HSO ... 
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radical anions. Acid salta furnish both metal and hydrogen 
cathions. 

To one who meeta the suggestion for the first time it 
may appear surprising that separate particles of sodium 
and chlorine can exist free in an aqueous solution of sodium 
chloride, since .metallic sodium resets so violently with 
water and with gaseous chlorine. But these reactions are 
between nwlecular sodium and water on the one hand, and 
between ~r sodium and nwlecular chlorine on the 
other. 

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

Na,+Cl,=2NaCI (solid)+ .. ' . 97.6 Cal. 

The solid sodium chloride possesses none of the properties 
of either metallic sodium or gaseous 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 wns and chlorine wns, these 
ions resemhling sodium atoms and chlorine ai£Jms in no par­
ticular except IJi,at of composi!wn. 

A satisfactory explanation of the cause for the difference 
in the properties of atomic sodium and chlorine and the 
same elements in the form of Wns lies in the fact that the 
qusntity of energy which is associated with the former is 
greater than that associated with equivalent quantities of 
the latter. It is reasonable to assume that the energy which 

'is set free when molecular sodium and chlorine enter into 
chemical combination resulta from the loss of energy by 
both of these elements. 



CHAPTER IV. 

CURRENT-STRENGTH, POTENTIAL. 

SUPPOSE 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 01 current. Under these conditions the elec­
trodes will be charged positively and negatively respectively. 
The negatively charged ions in the solution will be attr3Jlted 
to the anode and the positively charged ions to the cathode, 
and on coming into contact v.~th the electrodes the ions 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 ions will receive positive charges from the anode equiv­
alent to the negative charges of which they are the carriers. 
This neutralisation of the charges 01 the ions having taken 
place these particles instantly acquire the properties of atoms 
or atomic radicals. 

As a result of the process described, electricity will diJr 
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 01 a metallic con~ 
ductor. 

If the wi~ connecting 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 pIlUle, and this movement of electricity will continue so 
long as there are ions in the solution. 

Such n 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 pasSll{le 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 diseharging 
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 i passes from the electrode to the ions 

while simultaneously a quantity of negative electricity equal 
n' 

to '2 pasSes from the ions to the electrode. In the latter 

case the effect is the same a.s in the former, since it quantity 
of pOsitive electricity equal to n disappears from the elec­
trode, and the currentrstrength, i.e., the' total quantity of 
electricity passing t~ cross-section, is equal to n in both 
cases. 

For the purpose of generality, therefore, the current-
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strength through any cross-section of a conduetor will be 
considered as equal to N as defined by the following equation: 

N=n+n', 

~ being the quantity of positive electricity passing in the 
"Unit time, and n' 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
Clther a difference of electrical pressure between the two 
points is necessary. Tbis electrical pressure is called poten­
lial and the movement of electricity along the conductor is 
llIIid to be due to a difference of potential. Potential bears a 
striking resemblance to pressure in fluids and to tempera-
1me in heat, but the analogy is not rigid and care must be 
taken that they are not confounded. Since two kinds of 
~ectricity are recoguised it is important to remember that 
while positive electricity moves from a point of bigher to a 
point of lower potential, negative electricity always moves 
in the opposite direction, i.e. from a point of lower to a point 
d higher potential. 



CHAPTER V. 

FARADAY'S LAW. 

THIS law, which applies to the Jllll!ilaIle of llleetrieity 
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 directly 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 .. 
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 . similarly 
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), 
+ + 

Cu (cupric), Fe (ferrio), Cl, and Br are eleotrolysed 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 electradel< 
are in the ratio 

respectively. 

63.6 56 
1:107.9:63.6:-

2
- : 3: 35.5:80, 

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 aame as that borne by every other uni"alent 
ion. 

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 ion being twice as great 
as that of a univalent ion, etc. 

The unit quantity 0/ eleetricily has been chosen as that 
quantity of electricity equimlent to the charge borne by 
1.118 milligrams * of silver ions. This quantity of elec­
tricity is culled a couLomb. 

A current is of unit strength whep the quantity· of elec­
tricity (1'. IS) which passes a cross-section of the conductor 
in one second is equal 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 from the definition of the 
coulomb. It is only necesaary to divide the chemical equiv-

* A[ter 3 ee.reful study or the results obtained by different investigators, 
Ricb.a.rds ,and Heimroo. (Zeit. phys. Chern., 4.1, 302 (1902)) h&ve decided 
that the most probable value is La7S mg. 
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. ,uent 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 
8S 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 free 
per second at the electrodes by the pa'lSuge of a current of 
one ampere is known as the electrochemical equivalent of 
the ions. A table of the electrochemical equivalents of a 
number of ions is given below. 

Element. ~~>;;:~.IJ,n. V.l~~. i~:~~~~::~~~i~~~:'Y 
ond.milli- ute. milli- hour, 

II:rams. gT&UUI. aratn8. 

Jw,-ti-m-on-y.-.. -.-.I· -12-0-.2- Sb'" -3-1"'M14 24.86 l.492' 
~admium ... , .. 1112.4 ~~::' ~ g:~ ~!:~~ g::g 
Chlorine....... 35.45 Cl' 1 0.367 22.03 1.322 
{)opper........ 63.6 Cu' 1 0.659 39.53 2.372 

Cu" 2 0.329 19.76 1.186 
Iron... .. . .... 55.9 Fe" 2 0.289 17.37 1.042 

Fe'" 3 0.193 11.58 0.695 
Lead .......... 206.9 Pb" 2 1.072 64.30 3.858 

Hg' 1 2.072 124.32 7,459 
Hg" 2 1.036 62.16 3.730 
Ni" 2 0.304 18.24 1.094 

Mercury. '. . .. . . 200.0 

Nickel......... 58.7 

¥~.e~ .. :::.::::: }~~:g3 Ag' 1 1.118 67.08 4.025 
Sn" 2 0.616 36.98 2.219 
Sn'NI 4 0.308 18.49 1.109 

Zinc.. ........ 65.4 Zn" 2 0.339 20.32 1.219 . 

• 96,680 aeeordiDg to Richardo and Heimrod,loc. ciI 



CHAPTER VI. 

OHM'S LAW. 

THE basis 01 this law as first discovered by Ohm may be 
stated as follows: 

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

If the difference of poter>tial between the ends of the 
conductor be represented by (J!, - V,) and the current­
strength by C, the law can be expressed as follows: 

V -V 
-' C-2=K (at constant temperature), 

where K is a constant depending only on the conductor. 
For conductors 01 similar shape but of different materials 

the \"alues of K 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 inversel,' 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 a given metal 
is found to increase with increasing temperature. 

22 
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It is evident from the ahove that if, with a given diff_ 
ence of electrical potential, the length of the wire is in­
creased, the current-strength will be diminished. It is there­
fore customary to speak of the constant K, which h",. beel1 
defined ahove, "$ the resistance of the wire or hody in 
question, since by increasing the length, or diminishing tbe 
cross-section, of the wire a certain opposition appears to be 
offered to the passage of electricity. 

On the hasis of this conception it is allowable to expnm 
the law in the following manner: 

Difference of potential _ Resistan 
Current-strength ce, 

and representing the resistance by R, 

The unit employed 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 
unit 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 posseseed 
by a column of mercury, at 0" Centigrade, 106.3 centimeters 
in length and with a uniform cross-section of one square 
millimeter. 
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The mathematical expression 

Resi . h Difference of potential in volts 
stance III 0 ms ~ Currenlrl3trength in amperes 

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

The spedfU: 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 

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

.a1so. This factor, ~, can be represented by L and is called 

·the ~cmdu.ctitoity or conductance. 
The equation may then be written 

If the current-strength is measured in amperes and the 
difference of pntential in volts, the value of the conductivity 
will be obtained in reciprocal ohms. To this unit the naliJ.e 
mho has been given. 
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TABLE OF THE SPECIFIC RESISTANCE AND CONDUCTMTY 
OF SOME SUBSTANCES AT IS'. 

Silver. 

flofr'. 
Zinc . 
Iron . . 
Platinum. 
Lead. . 
Mercury . . . 
GI:\S carbon (about) 
Brass. . . 
German silver 

RMi.taDeem 
Obma of II Column 

1 )leter l.oog aDd 1 aq. 
DlDl. in CToM-Mctioll. 

0.016 
0.0172 
0.023 
0.063 

0.09100.15 
0.14 
0.21 
1.016 

50 
0.07 to 0.09 
0.16100.4 

Conductivity Referred 
to lIm:ury at. 0". 

.19 
55 
41 
15 

61010 
6.5 
4.6 
0.9S4 
0.02 

101014 
2.4 to 6 

(Wiedemann a.nd Ebert, Physikalisches Praittikum, Bra.unschweig, 
1893.) 



CHAPTER VII. 

MIGRATION OF THE IONS. 

IF the solution of an electrolyte be submitted to elec­
trolysis, a movement of the ions towards the electrodes 
and oa discharge of the ions at the electrodes will take 
place. Equivalent quantities of positive and negath'e elec­
tricity must disappear simultaneously from the anode ancl 
ruthode respectively,* and chemica.lly equivalent quantities 
of anions and cathions must be discharged. This must be 
the case, since if it were not, the electrostatic equilibrium 
of the system would be disturbed, ancl 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 more unions and promote the discharge of 
more cathions until equilibrium was again established. 

If the movement of electricity through the "~res 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 iIi 
opposite directions through the metallic circuit. For this 
and for other reasons this is the general conception of the 
character of current through metallic conductors. 

The movement of the ions toward the electrodes during. 
electrolyffis is called the migra1ion of tM Urns. The effect 

• Faraday's law. 
26 
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of tbis migration on the concentration of the solution can 
be best understood by the use of the follo\\1ng diagram. 

Let A and B be the positive and ne~ati\'c electrodes. 
between which is a solution of n binary electrolyte (an elel~ 
trolyte the molecules of which dis.,ociate into two unimlent. 
ion8), and let C be a cross-section of the solution equidistant 
from A and B. Let the fonll of the vessel be such that the 

+ 
c • 

eeeeed3eeeeG 
eeee@~(f)0(f)(f)(±) 

_ ...... ···•········ .. ······1·· ............. .. 

G e Gee e e eie e e e 
b e @ @ 0j@ (f) (±) 0 (i) (f) (f) 0 

.. -----i---------
o G 0 0 0 e 0 [0 0000 

c e e e (f)ie000®0(f)(±) 

FIG. 1. 

volume of the solutions in AC and BC are equal, and for con­
venience let it be assumed that the quantity of the electro­
lyte contained in each compartment is equal to six mole­
cules. If the velocities of migration of the eathion and anion 
are the satneJ then in a given interval of time if two anions 
pass through C from left to right, two catbions 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 ions to the left of the anode and to the right of the cathode 
have heen neutralL""d 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 



28 Ql_;ANTITATIVE ANALYSIS BY ELECTROLYSIS. 

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
alent., of electricity 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-sectil:ms of the solution has been the Bame. Equal 
quantities of the electrolyte remain on both sides of the 
section C. 

If the velocities of migration of the anion and cathion are 
not the same, a different condition of affairs "ill be recog­
nised. Let it be assumed that the velocity of migration of 
the cathion is twice that· of the anion (Fig. 1, c). Then in 
a given int<>rval of time if two cathions pass through C 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
tIicity have disappeared from each of the latter. Three 
equiyulents of electricity have pa.ssed the cross-section C, 
two positive and one negative. The current-strength through 
all cross~sections has been the same. 

The most important result which has been produced is 
the change in the relative concentration of the solution. In 
A C there are now four molecules of the electrolyte, while in 
CB there are fire molecules. 

In general when the velocities of migration of the ions 
are different one of the results of electrolysis is a change b 
the relative concentration of the solutions about the cathode 
and the anode. 

The effect on the solution in AC bas ·been to decrease 
the amQunt 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 Ilil well lIS for 
all others : 

Velocity of migration of cathion Loss at anode 
\'eIoCTfYorrnlgroti()llOf-~ull(;Il- = LoSs at catllOde' 

The terms" 10&';; at anode" and" loss at cathode" must 
be uuderstiJod to lllf'nn the decrea._'If:' in cOllcentmtioll of the 
solutions in the neighborhood of the respective electrodes. 

If the quantity of electricity supplied to the electrodes 
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 he represented by n, 
then 1-n will represent that portion of a gram..,quiva­
lent of the anion which has moved from -the region of the 
cathode toward the anode. Representing the velocities of 
migrat.ion of the cathion and anion by u and v respectively, 
we obtain the following equation: 

u n Loss at anode 
-~ 1-n - Loss at cathode' 

TI,e quantities n a'iil 1 - n are ealled the shares 01 transport 
or transport number~ of the caUlion and anion. 

In the follo,,~ng table * the relative velocities of migra­
tion of a number of cathions and anions are given: 

(0.1 Normal solutions.) 
+ 
K 55 .8 Cl 56.5 
Na 35.0 I 57.3 
Li 26.1 NO, 51.4 
NH,~ 54.8 iSO, ~ 41.9 
Ag 43.3 !CO, ~ 38 
H -296 OH - 157 

• Kohlrausch and Holborn, l"eitvermt)gen der Elektrolyte. 



CHAPTER VIII. 

THE CONDUCTIVITY OF SOLUTIONS. 

TIlE unit taken for the conductivity of solutions is the 
~onductivity of a body, a column of which one centimeter 
long and O;lC square-c~ntimeter in cross-section has the r~ 
gistance 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 mercury at 00 has a resistance of TTfl:r1T 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 ions the greater the conductivity, this factor in the 
caRe of solutions is of more immediate significance than the 
resistance. 

The simplest method of expressing the conductivities 
<Jf solutions i;;:. in terms of the unit alrcudy defined, but since 
it is for many reasons desirable to compare solutions con­
taining equal numbers of molecules, the conductivities are 
often expressed in terms of the ratio of the conductivity 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 

* Kohlmusch and Halhorn, Leitvermogen der Elektrolyte, Leipzig, 
1898. 
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iDtroduced into .. rectangulflJ' vessel having two parallel con­
ducting walls. A and B (Fig. 2), which are separated by a dis­
tance of one eentime~r, and let the two other 
sides and bottom be of non-eonducting ma­
terial. II the conducthity of the solution 
between the two electrodes be now measured 
it "ill be exactly 1000 times that of " cube 
with an edge of one centimeter, i.e., 1000 
times as great as the conductivity of the given 
nonnal solution expressed in the adopted units. 

The equivalent C01uiuctit'ity of the solution 
may be defined as the conductivity dhided 
by the eqnivalent concentration (the concen­
tration measured according to the gram-equiv­
alents of the dissolved substance in 1 cc. or the 
solution). 

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 quantuy 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 

FIG. 2. 

electrodes is unaltered, any change in the observed conduc­
ti,ities would be due entirely to a change in the state of th·, 
dissolved eleetrolyte. Since the degree of dissociation ill­
creases \\ith increased dilution the more dilute solutio" 
would contain the greater number of ions, and the oon­
ductivity would be, and in practice is found to be, greater 
in the second case than in the first. 

If the vessel were of sulIi,cient capacity so that the sow-



32 QVAXTl1'ATIVE ANALYSIS BY ELECTROLYSIS. 

tion could be diluted until all of the dissolved electrolyte 
was in the fonD of ions, then the maximum value for the 
cOllductivity would be obtained. TMre would then be one 
pmll-equivalent (23 grams) of sodium ions and one gram­
l'quivalent (35.5 grams) of chlorine ions between the two 
eledrodes. 

A description of the apparatus and method used in actual 
practice for measuring the conductivity of solutions is be­
,·ond 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 
YeSRe! pro\~ded with platinum electrodes. In calculating the 
conJucth·ity of the solutions from the values tbu, obtained 
use ii5 made of the so-called I (resistance capacity" of the 
\·(·~'l('l, 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 
ultenlating currents of high frequency and low current­
st1'f~ngth are employed in measuring the conductivity. 

Since strong acids, strong bases and salts are completely 
dissociated in solutions which are not so dilute as to make 
H('curatc measurements of their conductivities impossible, 
the equivalent conductivities of a large nwnber of these com­
pounds have been determined under all conditions of dilntion. 
If the equi \"alent condnctivity of an electrolyte at any given 
concentration be di\~ded by the equivalent conducti\~ty 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 genera! summary of the theory of electrolytic con­
ducth~ty it may be said that since the passage of electricity 
through· an electrolyte is always accompanied by the transfer 
of matter, the power which a solution has for conducting the 
nl""l"tMI" I"Il'M'Ont, TnlH,::t, rlQT\anrl rl;,.nntlu .... n +hn nn+ ............ r tl-._ 
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substances which are in the solution. The ions 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 ions 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 gencr.11 
relat.ions are expres..";ed in the law known as Kohlrausch's 
law, which states that : 

The equivalent conductivity of an electrolyte 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 '. law. 
CONDUCTIVITY' OF AQUEOUS SOLUTIONS (18' C.). 

C<lneentration expres&ed I 
in per cent. of di~olved 

substance. 

10 
10 
12.4 
10 
9.8 

10 
7 

10 
·8.4 
10 
8 
6.5 

10 
10 
10 
10 
10 
10 
10 
13 
10 
10 

I 

Suh8tanee. 

HCl 
HBr 
H~Os 
H,so, 
Acetic acid 
Tartaric acid 
Oxalic acid 
H,PO, 
KOH 
NaOH 
NH. 
KeN 
AgNO, 
CU(NO,), 

~) 
(~;so. 

.~: 
NISO. 

~6. 

Conducti vity in term8 
of unit defined p. 

0 .63 
0.35 
0.54 
0 .39 
0.0015 
0 .0081 
0 .078 
0.056 
0 .27 
0.31 
0.001 · 
0.10 
0.047 
0.063 
0.086 
0.068 
0.101 
0.032 
0.032 
0.045 
0.091 
0.040 

• Kohlrausch and Holborn, Leitvermagen der Elektrolyf.e. 



CHAPTER IX. 

ELECTROLYSIS . 

SINCE an electrolyte is already dissociated into its ions 
in a solution, the action of the current during electrolysis is 
Dot the decornpo8uwn of the dissolved substance but is con­
fined te the transportatwn and disclw.rge of the wns 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 electrolysed 
between platinum electrodes, hydrogen is liberated at the 
cathode and oxygen at the anode. Chemically equivalent 
quantities of the two gases appear, i.e; two \~olumes of 
hydrogen to everyone volume of oxygen. It might be as­
sumed from this that the ions in the solution are hydrogen 
and oxygen; but if after the electrolysis has proceeded some 
time the solutions about the electrodes are examined it is 
found that thc solution about the cathode contains potas­
sium hydroxide, while that about the anode contains sul­
phuric acid, and further, the quantities (measured in gram" 
equiyulents) 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. 

It was formerly customary to speak of the base and acid 
118 resulting from the secondary action of the atomic pota&-

34 
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mum and SO, on the water of the solution, and to express 
the complete reaction by the following equations: 

+ + -
K,SO, (solid) ~K+K+SO, (solution). 

On electrolysis-

+ + -
K+K+SO, (ions)~K,+SO, (atomic), 
2K,+2R,0~2KOR+2H, (gaseous), 
280, +2H,0~2ll.S0,+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 all accurate idea of the theoretical course of the 
electrolysis. It is therefore preferable to !'oSBurne that the 
hydrogen and oxygen which appear in the above electrolysis 
are due to the primary dissociation of the water, and the 
course of the electrolysis can then be assumed to be the 
foll :ming: 

+ 
Under the influence of the charged electrodes 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 
{)n the electrodes. Thus, for example, in the region of the 
<mthode 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 diseharge of cathioDS 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 OR 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 
ifo\ cxplaiIwd in an analogous manner. It must be remem­
bmed, howeyer, that the degree of dissociation of the sol­
vent water is extremely small, so small in fact as to con­
tdbute to the conductivity of the solution to a scarcely 
appreciable extent. But this does not limit the actual 
quantit.y of hyurogen and oxygen ions which in a. given 
time can he supplied from this source t<l the electrodes 
since no sooner a.re the ions present removed than a new 
supply is instantly furnished hy the dissociation of a fresh 
quantity of water. 

If the electrolysis of a potassium sulphate solution he 
conduct~ed with a mercury cathode and the cun:ent be suit­
ably regulated, hydrogen will not appear. Instead of this 
an amalgam of potassium \vith the mercury of the cathoue 
will be obtained. This is explained by the fact that the 
potus..sium ions, since they can immediately enter into com­
bination with the mercnry, separate more readily than the 
hydrogen ions under these conditions. 

If a solution of chromic acid, H 2Cr04 ! containing sul­
phuric acid is electrolys(~dJ chromic sulphaw, Cr2S04 , is 
formed at the cathode and no hydrogen appears. In tillS 
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 dimlent chromium compound; but 
it is more logical t<J assume that under the electrical condi-

tions existing at the cathode the C-;.o. 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 
e\'en temporarily deposited on the electrode. As .. method 
of expression, however, the former assumption is the more 
convenient and for this reason will he followed. The reac-
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tion at the cathode can therefore be expressed by the fol­
lowing equations: 

H,crO, ~ II. +CrO .. 
2CrO, +5H,+3H,SO.-Cr,(SO,).+8H,O. 

The most important factor in electrolytic experiments, 
next to the actual composition of the solution, is the mtio of 
the current-strength to the surface-area of the electrodes. 
It is obyious 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 currem-<i£n.,ity, 
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 densiiy, and current-densities ex­
pressed in terms of this unit are denoted by the symbol ND" •. 
The expression ND". ~ 1.2 amperes, denotes that for every 
100 square centimeters of the giYen electrode a current of 
1.2 amperes is passing through the circuit. 

Although the current-strength is the same through every 
cross-section of the circuit, the current-densities at the cathode 
and rulOde 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 clirrent­
density is too high the metallic copper is mixed with copper 
oxide, and hydrogen is also set free. Similarly, in the case of 
cupric 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 currentr<lensity, descrihed by Bunsen, is furnished by 
the electroJysis of a solution of chromium chloride where 
eitiwf hylirogen, chromic oxide, chromous oxide, or metallic 
chromiuIll can be obtained. The concentration and tem­
perature of the solution is also an important factor in these 
reactions. 

In the electrolysis of hydrochloric acid the chlorine set 
free at the anode reacts 'with water, forming hypoehlorous 
acid, chloric add, perchluric acid,. etc. Similar secondary 
reactions are observL'd in the eleeh-olysis of ehlorides. If a 
solution of ammonium 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 shmv similar phenomena. 

Nitrie acid, on electrolysis, gives in 'the first place 

8HNO,~4H, (cathion) +8NO, (anion), 

The latter then splits up further: 

4N20,~4N,O,+20, (anion), 

The oxygen is give,n off, while the anhydride forms nitric 
acid again with water: 

4,",,0, +4H,O ~8HNO" 

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

4H, + RNO, ~ NH, +3H,O, 

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 may enter 
into secondary reactions ill a mallner analogous to tha~ 
described in the case of inorganic compounds. 

Thus potassium acetate might be expected to yield p0tas­
sium (pot.m,-;hun hydroxide) nnrl neel;c acid as final prod­
ucts, but instead of the Iatt"r the acetic ion splits up into, 
carbon diox;de and ethane, according to the equation: 

CH,COO -C H 200 
CH3COO> - 'z 6+ 31 

and ethylene may also be formed from the oxidation 0( 

ethane at the anode. 
Potassium valerate yields, in addition to valerie aci~ 

carbon dioxide and octane ; and by continued electrolysis 
the latter is oxidised into isobutylene ani! 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 giyes carbon dioxide, carbon monoxide, oxygen, for­
mic aldehyde, and formic acid; and potassium cyanide is 
converted into potassium cyanate. 

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

. C,H,O.-2CO,(anode) +H,(cathode). 

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

When potassium oxalate is subjected to electrolysis 
the principal reactions are: 

K,C,O.~2CO,(anode) +K,(cathode), 
K,+2H,O~2KOH+H" 
2KOH+2CO,~2KHCO., 
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When ammonium oxalate is used the decomposed solu­
tion contains hydrogen ammonium carbonate; a part of the 
latter splits up into ammonia and carbon dioxide. 

In the electrolysis of double oxalates, e.g. zinc ammo­
nimn oxalate, decomposition' takes place as follows: Zinc 
oxalate breaks up into zinc and carbon dioxide, and ammo­
nium oxalate into ammonia and carbon dioxide. The 
carbon dioxide which separates at the anode combines ,,~th 
the ammonia in the solution to form hydrogen ammonium 
carbonate as explained above. 

The simplest conditions are met in electrolysis in those 
cases where the ions 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 silyer anode: the stannous ions are deposited on the 
cathode as metallic tin, and the chlorine 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 Jeposited 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, a certain minimum poten­
tial difference is essential. Tlils factor, which is of great im­
portance in electrochemical analysis, is called the tkcomposi­
tim potent-icl, 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 Blanc, who measured the de-

* The ' significance of this factor will be discusaed later in the chapter 
on Polarisation 
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1'.omposition potential of a large number of solutions, deter­
mined the following values: 

Normal (Molecular) Solutions. 
ZnRO, ...•.........•.. 2.35 volts. 
ZnBrt ...... . . ........ 1.80 " 
NiS()" .......... . ... .. 2.09 Of 

NiCI: ......... . ....... 1.85 .. 
Pb(N04), .••• • • •• •• • • • 1.52 14 

AgNO •..•• •.. . •• . .• . • 0.70 " 

Cd (NO,), ......••..••. 1.98volt& 
CdSOt ••.•••• • ••• •• • •• 2.03 jl 

CdClt •••••••.•• •• .•. • 1.88 " 
COSO, .. . ............. 1.92 it 

COCI, ...... • • • ..• ••••. 1.78 If 

ACIDS. 

Sulphuric acid ..... ... ' 1.67 volts. Pyroracernic 'lCid .. .... 1.57 volts. 
Nitric. add. . .. . 1.69 •• Trichloracetic acid . ..• . 1.51 II 

Phosphoric acid. . 1.70 II Hydrochloric acid. . . . . 1.31 II 

Monochlora.cetic acid. 1.72" Hydrazoic acid .. , " ... 1.29 If 

Dichloracetic acid ... .. 1.66 ,. Oxalk. acid. . . . ... 0.95 II 

Malonic acid .. ' 1. 69" Hydrobromic acid ..... 0.94 If 

Perchloric soid. 1 .65" Hydriodic acid ........ 0.52 If 

Dextrotartaric llCid. . .. 1 .62 " 

BASES. 

Sodium hydroxide .... . 1.69 volts. 
Pot8B8ium hydroxide.. 1.67 " 
Ammonium hydroxide. 1.74 " 

O.4~. Methylamine .. . • 1.75voltll. 
O. 2N. Diethyla.mine:. .. 1.68 II 

O.8N. Tetrarnethyl slU-
moruumhydroxide 1.74 " 

The sulphates and nitrates of the alkalies. and alkaline 
earths have all nearly the same decomposition potential, 
namely, about 2.20 volts. 



CHAPTER X. 

ELECTROMOTIVE FORCE. 

IF " strip of metal, zinc for example, be dipped into " 
solution of a zinc 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
dency may be considered as a pressure striving to force the 
ions from the solution toward the metal, and is known as 
the osmotu pressure 01 the wns.* The metallic zinc. h ,wever, 
msy he cOllsidered 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 assume the condition of ions. This 
pressure is known as the electrolytu .olutwn pressure of the 
zinc. Sin(',e the ions 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 electricity 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 pres..ure 
of the metal tend to cause cnrrents in opposite directions. 
The positively charged 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 electrolytic solution pressure 

• Nernst, Zeit. f. physik. Chem., 4, 129 (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. Wben 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 metallic 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 therefore be a tendency for 
silver ions to pass out of the concentrated solution and to 
deposit as metallic 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 
silver electrode in the concentrated solution will thus be­
come positively charged with respect to that in the dilute 
solution. As this process continues the electrostatic 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 umietgoinc:-­
chemical decomposition, i.e. metals, carbon, etc. 
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equilibrium will be reached which "ill depend upon the rela­
thre coneentrations of the two solutions, and will be measured 
by the difference of potential between the two poles, as stated 
abo\·e. 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 i. 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: 

Zinc ~9.9xlO" atmospheres. 
r,Cadmium ~2 . 7xlO' 

Iron ~1.2x10· 

Nickel ~1.3xlO° 

Lead ~l.lxlO-' 

Hydrogen ~9 . 9xlO-· 

Copper ~4.8xlO-" 

lI1ercury ~ 1.1 xlO-" 
Silver. ~2.3x10-" 

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

A familiar galvanic cell is the so-called Daniell's ele­
ment. This consists of a zinc electrode surrounded by a 
solution of zinc sulph"te, and a copper sulph"te solution 

• Zeit. f. phys. Chern., 14,229 (1894). 
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containing an electrode of metallic copper. If the solutions 
are both normal, then the electrolytic solution pressure of 
the zinc will greatly exceed the osmot.ic pressure of the zinc 
ions in the solution, and positive zinc ions will pas..:; from the 
metal to the solution, leavillg a negative charge on the former. 
The osmotic pressure of the eOlJper ions in the copper sul­
phate solution will exceed the electrolytic solution pressure 
of the copper, and accordingly copper iOllS will pass from 
the solution to this electrode and charge it \In..itive. 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 thai between the copper 
sulphate solution and the copper. This total difference of 
potential is equal to 1.1 volts. 

TABLE. 

SINGLE POTENTBL DIFFQtENCES OF METALS 

OF THEll( S.~LTS , · 

Zinc . 
Cadmium 
Iron 
Nickel 
Lead . 
Hydrogen 
Copper 
Mercury . 
Silver. 

XORMAL SOLUTIONS 

+0.51 volt. 
+0.16 " 
+0.09 " 
-0.02 " 
-0.10 " 
-0.2,) Ie 

-0.59 " 
-LOa" 
-1.06 n 

The signs denote the charge of the solution when the p0-

tential of the metal is placed at zero. 
It is evident that if the two electrodes (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 Auf., 1899, p. 468. 
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be diminished. This fall in potential between them will be 
proportional to the resistance of the connecting conductor. 
It is e\1dent 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 eWctromotive force of the cell. 

The internal resistance 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. 

IF a solution of zinc sulphate is electrolysed between 
platinulJ:\ electrodes, metallic zinc will be deposited on the 
cathode and oxygen on the anode. As soon, howe\'er, as the 
metal and the oxygen have passed over into the atomic con­
dition, the electrolytic solution prea'lure of ea.ch comes into 
action and operates to dri"e them back into the form of 
ions. The electrodes can no longer be regarded ru; consisting 
Df platinum, but behave exactly as if compaRed of zinc and 
oxygen. Under these conditions the electrodes are said to 
have become polarised and the phenomenon is known as 
polarismwn. The con~bination may then be considered 
as a galvanic cell consisting of zinc, sulphuric acid, and oxy­
gen, with an electromotive force opposed to that of the first 
or primary current. 

If tbe primary current be now interrupted, and the two 
electrodes are connected by a metallic conductor, a current 
-,ill flow »etween them through the conductor in a direction 
opposite ' to that of the original current. The current thus 
obtained is called the polarisatwn current. 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 
,.,lution a difference of potential must therefore be maintained 

47 
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between the electrodeg greater than the back electromotive 
force due t<1 polarisation. Unless this is the case no current 
will pass through the cell* 

It is evident that a very close relation must exist between 
the electromotive force due to polarislttion and the decom­
positioll potential of solutions measured by Le Blanc (page41), 
since these latter values represent the difference of potential 
between the electrodes necessary in order to overcome the 
back electromotive force due to polarisation. 

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

P-p 
C~~, 

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

... It has beell observed that. very small currents wiU flow through a cell 
even when the difference of pot.ent.ial bet.ween t.he electrode.. .. is considerably 
lower than the values obtained for the decomposition potential by Le' 
Blanc (p. 41). A satisfactory explanation of this phenom£>llon is yet. 
to be discovered. 



SECTION II.-DESCRIPl'IVE. 

CHAPTER XII. 

ELECTROCHE}I!CAL ANALYSIS. 

THE object of electrochemical analysis is the quantitative 
detennination 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 quanlity 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 chie.f 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 fact that many 
separations of different elements can be effected without 
difficulty by tIllS means which are extremely troublesome 
when conducted by the ordinary gravimetric methods. The 
extreme accuracy of many of the electrolytic detenninatioll8 
is also a strong point in their favor. 

Quantitative electrochemical detenninations may be 
divided into two general classes according to wbether the 

49 
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dewrmination of a cathion (metal) or an amon (halogen or 
metal peroxide) is involved. The metals are precipitawd as 
metallic coatings on the cathode, and the halogens are rieter­
mined by the employment of a ·silver anode with which they 
combine to fonn silver halogen compounds. The process in 
the S('paration of the metal peroxides is somewhat more 
cOlllplicated. Formerly the formation of lead and manga­
neRe peroxides was attributed to an oxidation brought about 
by the electrolytically generawd oxygen. The investigations 
of Liebenow * and Lob t 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 p{)'sitive charges 
of the metal are combined with the four negative charges of 
the two oxygen ions, the resulting peroxide ion pos..9Csses t\\'O 
negative charges and consequently behaves like a bivalent 
anion. It is precipitated on the positive electrode in a 
smooth, adherent coating. 

In electrochemical 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 
cf 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 inllu­
ence on the physical character of the precipitated metal. By 

• Zeit. fUr ElektrochemieJ 3, 653 (1896-97). 
t Ibid., 3, 100 (1896-97). 
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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 electrode in cases where if a solution 
of the pure salt were used the metal would be deposited 
as a crystalline or amorphous crust totally nnsuited to accu­
rate determination. Substances are also added to the solu­
tions to permit the cmnpkte precipitation of certain metals. 
Their action is then to neutralise or counteract the effect of 
deleterious substances formed during the process of elec­
trolysis. Thus by the addition of ammoni urn oxalate to a 
solution of zinc sulphate, the zinc cao be completely precipi­
tated, which would not be the case if the action of the sul­
phuric acid formed at the anode were not neutralised by 
the ammonium oxalate in the solution. Chemical substances 
other than the salts 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 nitric 
acid t~ a solution containing the sulphates of copper, iron, and 
zinc, 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: * 

. t ' 'd I ti' Cu, Pt, As, Ni, Co, Fe, Zn 
lD po aSSlUID cyam e so u on Au, Ag, Hg, Cd ; 

. sodi sui hid ( ) I' As, Sa III urn p e cone. so ution ~; 

* Baber, Grundriss der Technischen Elektroehemie, Leipzig, 1898. 
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in ammonium sulphide (dil.) solution Sb,';::, Sn; 

in strong inorganic acids ~_. __ Zn, ?~~2qO, Ni, _~? _______ . 
Bl, As, Sb, Sn, Cu, Hg, Ag, Pd, Pt, 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) hO'ivr.-ver, 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 (Lfter their decomposition are again generated at the 
electrodes, are therefore frequently suitable, as are also 
or~a.nic acids, the decompos-ition produets of which are given 
off in n gaseous form. This last condition is fulfilled by 
oxalic acid especially, which also on account of its ready 
solubility is of special importance in the electrolysis of metals, 
partieularly 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 electrolytic 
separation of metals under these conditions; i.e. the quantity 
of metal separated is not proportional to the quantity of elec­
tricity passed through the solution. Especially the last 
traces of a metal in a so] ution 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- und Hiittenm. Ztg., 1883. Freudenberg, Zeit. f. phys. 
Chem., 1893. 



ELECTROCHEMICAL ."-NALYSIS. 53 

analysis, since they give the minimum potential-<lifference 
required for the precipitation of the metals from such solu­
tions. They also afford a means of quantitatively separat­
ing several metals successively from the same solution through 
a variation of the potential-difference of the primary current. 
For example, zinc is not precipitated from a normal zinc 
sulphate solution when the difference of potential betweell 
the 'electrodes is Ie;" 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 zinc 
-remaining meanwhile in solution. After the silver has been 
·separated, the zinc can be deposited by increasing the poten­
tial-<lifference 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, i.e. the rate gf 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 cnrrent-<lensity is too Iowa com­
pact layer does not form and the metal is deposited on the 
electrode in isolated patehes, a condition which is undesir­
able in quantitative determinations. The current-density is 
therefore an important factor in quantitative electrolysis. 

The necessity of accurate data in the performance of 
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electrochemical analysis is obvious, for unless all the impor­
tant factors are determined and recorded the el\.-periment 
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 c~act knowledge of this is most essential. The length 
of time '""uired for the electrolysis, and the nature of the 
source of current having been specified, all adequate and 
necessary data are at hand to enable every one to repeat 
the analysis under exactly similar conditions. 



CHAPTER XIII. 

DETERMINATION OF THE ELECTRICAL MAGNITUDES. 

MEASUREIl!EIIT OF THE CURREIlT-STREIIGTH. 

THE current-strength can be measured either 'by means 
of the chemical or the electromagnetic action of the curren~. 

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 
hydroxide. . 

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 00. 

The h}'c1r~:'r-n and oxygen which are liberated at the electrodes 
are conJucteJ through the tube el 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 nun 
pressure and 0" C., the strength of the current can be cal-

ss 
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culated, since a current of 1 ampere liberates 10.44 cc of oxy­
hydrogen gas per minute. 

The use of sulphuric acid as the electrolyte is objection­
able/ however, since o'\\i.ng to the formation of ozone and per-

FIG. 3. 

sulpburic 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 tw~per-eent. 
solution of sodiwn hydroxide. With this nickel electrodes 
are employed. 

The amperemanome(er described by Bredig (Zeit. f. 
E1ektrochemie, 7, 259) is an extremely simple modification 
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()f the ga.9 voltameter. It consists of a glass ¥essel a (Fig. 4) 
partially filled with" sodiwn hydroxide (20/.;) solution. It 
is closed with a tight-fitting rubber stopper through which 
pass nickel wires connecting the cylin­
drical nickel electrodes, c and b, to bind­
ing~scre\vs on the outside, and also the 
tube de. This tube is curved as shovm 
and is closed at e by a small rubber stop­
per through which passes a capillary 
tube ,. A small manometer g contain­
ing colored water is connected with the 
tube de. Tbe operation of this appa­
ratus is very simple; the escape of the 
gas generated hy the electrolysis is re­
tarded by the capillary opening through 
which it. must pass and n pressure is 
created in the interior which is shown 
by the manometer. A plug of loose 
cotton wool is inserted at c to filter the 
escaping gases and prevent the capillary 
from clogging. The instrument must be 
empirically calibrated by comparison 
with a standard amperemeter. Its range 

FIG. 4. 

of measurement can be greatly increased by providing a series 
of eapillaries of different si7""'. Each capillary mdst of 
course be standardised separately. Tbe obvious advantsge 
of this fonn of apparatus is that when · once calibrated its 
readings are obtained direetly in amperes without calculation. 

Tbe chief objection to the use of gas voltameters is that 
their baek..,leetromotive foree due to polarisation is consid­
erable (1.7-2.5 volts) and it is tberefore nearly always neces­
sary to keep them permanently in the eireuit, which is often 
very inconvenient. 
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Weight Voltameter (Coulombmeter).-In this instnunent 
the current.strcngth is detennined from the weight of metal 
(silver or copper) deposited in a given time. 

The silver voltameter is employed chiefly for determining 
the electrochemical equivalent of silver, which has been 
adopted fiS the standard for the electrochemical equivalents 
of the dcments. In practice it usually consists of a platinum 
dish cathode and an anode of pure silver. A silver nitrate 
solution is used as electrolyte.* A description of its details 
will be omitted. 

The copper volta.meter, however) furnishes a very con­
venient and inexpensive apparatus for measuring the strength 
of currents. In its simple.st foml it consists of a thin sheet 
of copper, which sen'os as cathode, suspendetl between two 
somewhat thicker sheets of eopper, which are the anodes. 
As electrolyte a solution containing the following constituents 
has proved very satisfactory: t 

15 g Copper sulphate (cryst.), 
5 g Cone. sulphuric acid, 
5 cr. Alcohol, 

100 cc Water. 

With this solution the current--density may vary from 0.06· 
to 1.4 ampere per square decimeter cathode surface.t The 

*' A silver voltameter in which a solution of silver cyanide and p<>ta,s... 
sturn cyanide is used as electrolyte is described by Farup, Zeit. f. F.lek-
trochem., 8, 5G9. . 

t Oettel, Chem. Ztg .• 17, 543 (1893). 
t Sht:':pard (Am. JOUnt. Science, 12, 49 (1901) recommends the follow­

ing solu'tion: a coneeptrated solution of copper sulphate (sp. gr. 1.2) 
which baa ~een digested with metaUiccopper for one hour at 10(" C., and 
to which a trae.e of ammonium chloride has been added. 'Ibis is recom­
mended especi.ally when high current-densities are employed. 
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difference of potential between the cathode and anode when 
a current is passing from is 0.1 to 0.5 volt. 

The cnrrent-strength is determined by connecting 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 curren~strength can be calculated by determining the 
increase in weight of the cathode. 

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

GAL V AlIOllilETERS. 

The te.rm galvanometer is commonly applied to any instru­
ment used to detect the existence of, or to measure, a 'current 
by the deflection produced in a magneti~ needle or its equiv­
alent. 

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

• Richards and Heimrod, Zeit. f. physik. Cltem., 41, 302 (1902). 
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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 

rH 
c= 2m! tan {J, 

where r is the radius of the coil, H is the horizontal com­
ponent of the earth's magnetic field, n is the number of turns 

FIG. s. 
of wire. in the coil, and {J is the angle of deBection of the needle 
from the magnetic meridian. 

Sine Galvanometer. - The essential difference betweeIl 
the sine galvanometer (Fig. 6) and the tangent gaivl!.nometel 
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is that the plane of the coil is not fixed in th~ meridian but 
can be revolved about a vertical axis. When a current is 

FIG. 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 

o 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, i .e. by suspending 
them in the same plane but with their poles reversed and 
rigidly connected with . on.e another, so that the effect of 
the earth's magnetic field on the system is almost entirely 
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eliminated. Tins increa.'l<$ the sensitiveness of the needles, 
and the effect of the current on them 
is greatly increased by surrouniling 
them ,,~th different coils containing a 
large number of turns of the same 
wire. The compound needle, to which 
a small mirror is attached, is SUS~ 

pended by a silk fiber, and its de­
flection is measured with a telescope 
and seale. A gah'anometer of this 
type is shown in Fig. 7. 

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

FrG.7. 
III the Rowland d 'Arson val gal­

vanometer (Figs. 8 and 9) the coil C 
is suspended between the poles, NS, of a strong permanent 

FIG. 8. 

magnet, by a thin strip of ph~sphor-bronze. The deflection 
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of the coil is measured by observing the reflection of the 
!SCale in the mirror M through the teleseope 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 a 
pointer which moves over a gradu­
ated scale. O"ing to their sim­
plicity of operation they are by all 
means the most convenient and 
satisfactory instruments for measur-

FIG. 9. FIG. 10. 

ing the current-strength in analytical electrochemical experi7 

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 
drawn into it until the force 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 instrwnent. 

FIG. 11. 

FIG. 12. 

In the amperemeter ShOWll in Fig. 11 the coil is horizontal 
and a curved piece 01 thin sheet-iroD to which a pointer is 
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at.!ached is pivoted eccentrically within it. The pointer 
mo,'es over a seale on the front of the instrument. 

Another type of these instruments, known as the Weston 
amperemeters, are constructed on the principle of the d 'AI­
sonval galvanometer. The essential parts of these instru­
ments (Fig. 12) are a permanent magnet, AGB, of great COn­
stancy, a fL"ed soft-iroll cylinder C, which concentrates the 
field, and a coil of wire d, wOlOld about an aluminium frame 
which turns freely on pivots V, V' . E is a pointer fastened 
to the coil and moving over an empirically ruvided scale. 
On breaking the circuit, the coil is restored to the zero posi­
tion by spiral springs S. Only a very small portion of the 
current passes through the pi voted coil , the greater part 
being deflected through a shullt of low resi~tance. 

FIG. 13. FLO. 14. 

Fig. 13 shows a standard portable instrument, Fig. 14 a 
switchboard tyJX'; and a cheaper, but for electrochemical 
purposes equally satisfactory, instrument is show:> in Fig. 
15. 

Tllis make of instrument possesses many ad"an(ages; the 
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pointer COUlPS to rest at once when the circuit js closed, owing 

]\'11::.15. 

to the damping effrct of the alu­
m.iniurn fmme on which the coil 
is lIlOUn ted; the. di visions of the 
scnlc from zero to the maximum 
::Ire pl"[lctical1y uniform ill size; 
the construction permits of very 
~('(,llr~lte reading; and the rC'­
si~hmc is so low that these in-

Rtl'lIment.c::. can be introducrd inlo or removed from the circuit 
without appreciauly llitering the st rength of the current. 

For electrochemical !lnal~'sis all in strument with a range 
of five ampere::;, with Rubd_i" isions corresponding to one-tenth 
nrnprrf', will ~ found very :-;''1ti sfartor~-, although for solne 
experiments ml instrument of lower range capaule of mcas­
uring 0.01 ampere n13!' be required. 

MEASUREMENT OF THE POTENTIAL. 

For nl('U tiring the potential a Jal'ge number of instru­
ments !U"e in USC1 their suitability depending upon the accu­
rary of measul'emcn t uesired. Two instrUmc.ll ts a.re em­
ployed in electrochemical analysis, the voltmeter ami the 
torsion guh'anometer ; wbile for eXfI.ct determination of 
t!iffercnces of potential and electromotive forces, especially 
small ones, t,he capillary electrometer and quadrant electro­
meter haye been generally adopted. 

Voltmeter.- ln construction the voltmeter (Figs. 16 and 
17) is essentially a high resistance galvanometer. This is 
accompli hed in the Weston \,ype of instruments by con­
necting' a high resistance in series with the movable coil, 
through which the entire current furnished to the voltmeter 
passes. The scale of the instrument is empirically divided 
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so that the position of the pointer indicates, in ~olts , the 
difference of potential between the binding posts. 

In measuring the difference of potential between allY 
two points the voltmeter is provided with a separate circuit of 

FIG. 16. F lO. 17. 

its own, the free tenninals of which are attached to the points 
to be measured. Since the resistance of the instrument is 
very high (several thousand ohms in the low-range instru­
menta), that portion of the current deAeated through the 
voltmet<>r circuit may be neglected, and likewise the resistance 
of the connecting wires. 

In th.e type of instruments in which an immovable coil acts 
on a. movable magnet, t he bigh resistance is obtained by 
constructing the coil of a. large num ber of turns of exceedingly 
Jine wire. 

For the purposes of electrocbemical anal ysis a. vol tmeter 
having a scale reading to 10 v01ts, in fractions of 0.1 volt, is 
S8.tisfactory. 

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 



0068 QUANTITATIVE ANALYSIS BY ELECTROLYSIS. 

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 

FIG. 18. 

opposil<l 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, 
()wing to the fact that it is neeessary to adjust them for 
each separate reading. A torsion galvanometer is shown in 
Fig. 18. 

Capillary Electrometer.- The principle upon which the 
action of tIlls instrument depends is the following: If a small 
mercury electrode is in contact with dilute sulphuric acid, the 
<Jhange in t he 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 convelllent form of thls electrometer is shown in 
Fig. 19. The capillary C is partially filled by a short col­
mnn of mercury which is a portion of 
a larger col umn of mercury contained · M 

i n the wrtical tube JJf, open at the 
top. The remainder of the capillary 
is filled with cIiIute sulphuric acid, as 
is also the shOtt wide tube S. The 
bottom of S is covered with mercury, 
which is oonnected wi th a small mer­
,cury contact P by a p latinum wire fused 
into the glass between them, The 

FIG. 19. 

mercury in Jlf is similarly connected with an external 
o<)ontact N. When N and P are connected \\;th a small 
-difference of potential the oolumn of mercury in a rises or 
ialls owing to a change in the surface tension at the me­
niscus. As already stated, the movements of the meniscus 
,are proportional to the potential-difference when thi.. does 
not exceed 0.1 volt. The movements of the mercury are 
usually observed through a low-power nllcroscope contain­
ing a transparent glass scale. 

In practice the poles of a galvanic eleme::lt are connected 
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through " resistance of 1000 ohms. This resistance is pro­
vided "ith a series of contact plugs so distributed that the 
total resistance of 1000 ohms is divided into nine resist­
anees of 100 ohms each and ten resistances of 10 ohms each. 
~ince it follows from Ohm's law 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 hadllg a resistance 
of 100 ohms between them will he 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 "ith alternate plugs 
along the resistance, its polarity being opposed to that of 
the dement furnishing the st.'1IHlul'd current. The move­
ments of the mercury column of a capillary electrometer 
connected in the circuit of ihe unknO\vn potential-differenee, 
eene to indicate the point at which this difference of potential 
io balanced or compensat"d to within 0.01 volt by the known 
difference of potential along the resistance. The difference 
of ]lotential is then read to "ithin 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 Poggendorf compensation method. 
It is obvious that the known difference of potential between 
the ends of the resistance must always he greater than the 
difference to he determined. 

Since no flow of current takes place throngh the eleetro­
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 force 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 

FIG. 20. 

for the measurement of small potential­
differences and the electromotive forces 
of galvanic elements. 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. E'.:wh of these segments is 
called a qwulrant. * The opposite 
quadrants are connected by wires, and 

FlO. 21. 

within them is suspended, by a quartz fiber, a light a1urrilnium 
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 
otber suitable appliance, and contact with the needle is 
effected through a small wire attached to it and dipping 
into a vellOlel of concentrated sulphuric acid just beneath. 
One pair of quadrants is grounded, and the other pair is 
CODnected with one pole of the electromotive force to be 
determined. The second pole of the electromotive force is 
connected with the earth. This cauSes !I deflection of the 
needle, which is measured with a telescope and scale. 

• In Y1g. 20 one of the quadrants is removed. 
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• The instrument may he used instead of a capillary elec-
trometer in the compensation method, or may he used inde­
pendently after having been calibrated by comparison with_· 

a standard electromotive force. 



CHAPTER XIV. 

SOURCE OF CURRENT. 

THE. source of current in electrochemical analysis may 
be either 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 thennopiles. 

PRDlARY ELEMElfTS. 

LeclancM Cell.-This cell consists of zinc, ammonium 
chloride solution, and carbon.* FJectromotive 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 
carbon electrode. Owing to the absorbent action of carbon 
towards gases a small quantity of hydrogen can be deposited 
without producing marked polarisation, but when currents 
of any considerable strength are furnished by this element 
for even a short time polarisation takes place and the p0-

tential difference rapidly diminishes. In order to avoid this 
disadvantage these elements are usually modified by sUr-

* In the descriptions of primary elements the e:tte~al negative pole 
will be given first, the solution or solutions next, and last the externa..l 
positive pole. It should be borne in mind, however, that the movement oC 
the positit'e electricity in tM interior of the cells is from the negative to 
the positive pole, and that of the negative electricity is in the opposite 
direction. 

73 
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rounding the carbon rod \I,th a porous earthenware jar con­
taining a mixture of mangauese dioxide and retort carbon, 
or the electrode itself is composed of a compressed mixture 
of these two substaoces (Fig. 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 
satisf a.ctory as sources of curren t for electroanal ysis. A large 
number of cells of this type are to be fouod 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 open cir~uit work. 
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The so-called dNJ cel~ are mostly LeclancM elements in 
which the use of a fluid is avoided by moistening plaster of 
paris, sawdust, or absorbent paper with the electrolyte. 11,e 
negative electrode of sheet-zioc usu:llly fonus the contain­
ing vesse1. 

The in terrutl resistance 01 the LeclllncM element varies 
with the construction, but is usually about 0.25 ohm. The 
internal resistance of the dry cells is considerably higher. 

DanieU Cell.-This cell consists of zinc, zinc sulphate 
solution, copper sulphate solution, copper. I ts electromo­
tive force is approximo.t~ly 1.1 volt. 

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

FlO. 23. 

considerably, in the earlier form the zinc is placed in It porous 
earthenware cup contaioing the zinc sulphate solution, and 
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FIG. ~7. FIG. 28, 

An clf'nlcnt of this t.Ypf'/ kllOYnl :l~ the Ec)json-Lelande 
cell (Fig. ~~-l h:\:'. {', O!tH~ bJ'g-eJy into use in the United States. 
Thf':;."e el~ll~ :lJ"t' m:wnf:H:t ured 'l.ith capacitjes of froul 50 to 
600 arnJ)('I'('-iIours :lud furnish a ypry cOIlvenient primary 
source of ('urrent for eleetrochcmical experiments. 
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GALVANIC SECONDARY ELEMENTS. 

Accumulators, or Storage Batteries,--'( ;:ljY!llli(' (']rrnellts 

Jliny he ."(·pnr:!t('d jlltll 1\\-(1 !!f'IH"cll groUjl,"; , i.e. n'\"(T:-:illil' ('!']!:'" 

aud irr(' Y('r:-;il)1(· ('I·ll~. B('\"(·r."ihlt· ('I·I\...; !U"( ' iilq";(l wIJil'h :rfter 

}r:1\'i!lg prodl!('("d CUITl'llt alld h:lyiIlg uJH1('rg'I~IlI' (,jH'llli(':r1 

('il:t!l,!!I.· i~:m he n':"'tnJ"(,d til t.h l'ir Ol'igill:tl eO]l(,litinll b.\" pa:-;:-:illg 

tlmlUg-h them [I C'llTTI'Ilt ill OJ(' oPJlII;;iu' din'l'ti()11 1(\ that 

,,·!ti('l! tlw ..... !taH' fUl'lli . ..;jwd. T()tltisl.!rf)\l]ll)l·]()ll.~:-: Hw T>:llli('11 

('('II. "\\"11('11 this ('('ll i~ furni:-:ltill.U: ('l.Irrf'rli, zill(' P:I:':-;( ::-; illto 

~nl\1ti()n :llld ('OppN i~: jH'p('ipit:l1!'d , tllf' (',UrrCIJ\ \\'itltia the 
eeli Ho\\"iIlg \yi t. il 1"(':-;PI'('t t,() tIl(' plI:-:itin' ('h·(·lri('it.'· fnnu tlw 
zinc 10 1h(~ ('01'1)('1'. H thi:-; ('(,11 i:-: -"I) att.:!(·]J('d til :'t .::';( II1IT[" 

of hi!.,dln (· j('('tl"olI1011n' f (l l'("(' t.lJ:lt. the Cllrr('ut , witllill til(' (,(,11 
i . ..; fmc("] io flll\Y in il]1' oppn'-'.itr· din'ctinll, i.e. rn!111 t.1l{' C'(lp)lef 

t(l 'the ZiIl(,; thell ('opper \\"ill jl:l'-'.-" illto s(l~llti()11 :lIHI tlwt:tlli(': 
zillc will lit' (h'p():"it('d (,Il 1h(> Zilll' ('If'ctrll(k. Till ' (It'i~ill:tl 

eowliti(J11 1)'[ tl1(: (~i'll ('ail tln):"' j,(, f('-I':::lul\li:-:l )('I l. 
lrn'Y('r:-:,ihl C' (,f'll,.; ~H'(' t1lo\~(, in \\'ll il,h thr· orig-ill:ti ('()ll,jililll'ls 

are. nnt J"i.'-('st:lhli:::lwd h.Y tl,1{' n'\'('r,:,,: ,t! {)f tJH ~ liir('ctioll (II' tll(' 

curn'nt. Thu~, fpr f'X:llllPlt') (Ill pa...;~ing- :t ('UITI'll! tlll'(lllfdi a 

pilrtiall~" ('xh:nl~tI'd (;1',\YI' (·(·11, ill :l din·('tioll I)PP(I~i1(' to 

that of tlw current \\"hir'lJ it lta:-; flll'lli,.;1lI'd, h.'"I. l!"llg-I~n will 
apfJCar at the ziIle pule and ()xyg('l! a1.· tIl{' plaLlllUII'J. 11: t.he 
sen:-:e in whieh this ('xpn:ssirHl is u:iHd, therdo!'(', ;-:uel! a {',('.J! 

is not T{'Ycrsiblf', 

\Vhen a rc,'ersiblc e}eTIlf'nt is producin_g a ('UlTf'nt d (·ke· 
triCitYl a transformation of chcllli(~al encrg-.\' illto (·l( ~e trieal 

energy is taking place. ,Yhen t.he dirp.etion ()f l11f' (,lUTCllt 

is reycrsed l eketrleal energy is bein~ tranSf(lrn}(·d ill t (! ciJ1'lll­

ieal energy, Since the chemical (-~lwr,!.,r.>' whieh i;-; thu:" sj(Jrr~d 

up and accumulated within the cell may Le again c()llyerted 



80 (JL\\"TlT,\TIIT AXALYSIS ny EL}:CT!{I!l,Y:--,I.':';. 

in1.n e](·(:tri(:al 1.'1l('rg)',. this tY}lr of cpll i~ kllo\Yll :l." :t f'tornge 

~ell or iH~('UIlJtil:Il<Ir. 
1'h(' IIl()!-':t .<;nt.i."f:lclory ('(·11 of this typP if' nbtain{'d by the 

conlbinatinl! SP(lIlg-y lead) dilutr :"ulphuric :tcid ~ lead ]>('rox~ 

ill!> , ]t~ ('ketr()!llotin' f{)n-'(~ i~ approximatel:':2 nM:-;, \'-hen 
ihi~ ('I,ll funti,..;jH'f'. ("UlTC'nt. 1,b(' sJlon~y II'ad P:l:":"('f' into ~nlll­
tiflll to forTll k:H[ :',:ulphat.<'! which i~ depo~it('d a::':' :111 :ll11I('I'('nt 

(.'o:l1i!lg Oil ill(_' surfa(',(' of Ow lead e]('ctI'Ot]co, :\Hd thi:-; t('}1\18 
t.o di:-:I'la('(' h~-drop:('n at th' Ot1H'1' po1c~ a:" a rep-ult of ,,,}lich 
the lead IWn)xid(~ (Ph( )~.) i:-; rcduc:('d to l('ad oxide (Pb() 

w1Jidl ill turn i~ !l('1pd UPOIJ ]):' tlH' electrolyte tl ) fOrlll lC':lu 
f'Lllpkt1f'. 

III an ('str'rnal ('ondur-{()f cOH!r(·ctilJg' tIl(' t\\-(I [1(1/(':', the 
('urn'II!, ,\'jilt r('~lwct to the po:;.;i1j\'(' ('h~{' tri('il:' , \\'ill flnw 
frollJ thn 1(,;\(1 ],I'J'(lxitie (,jec-trolk 10 i Ill' lC';"](1 (,]('('trodp. 

Til! : ~iJllPl(':-;t !'qua1ioJ] for J'l'l)J'VS{'lltillg lilt' J'( ':H,tion * in 
1,hi~ (,(,11 is the ffll!o\\'ing: 

]f thf' (,UITellt lhl'oup:h tlH' eell be llO\\, n'\'('r~('(l tll(, 1r.'ad 
E'u1Ilhai(: at t]H' 11('I!~\ti\'(· (kad) ('It'd roll£' \yill l){, redu{'ed to 
f;pnl ll!Y l(,:Hl. and the ll':id :"uJplwtf> ;it the pn:"itin"> pnle will 
be ('(l11Y('rt('(\ illt o It':Hi ]J('[(lxid(', !\('('(lJ'dillg to the equation 

A largt' 1lI1T1l1)('T (If diiTerent t:T)('s of this plement have 
beell , :1nd !"till ar(', m:Ului'actuJ'{'d,. awl lllany of them have 
found ypry W'IHTal pr:lctical applieiltion, ]n the construc­
tion of ~H'{,1I11lU1a1or;-, the chid objeets aimed at arC' a long 
Efe, low internal re;;::i:'\tance and a high ; : capacity 1) per 

* Tht., 1iworY of tht, It'ad :lr'('ulHulutnr has lwen the cause of much scien­
tific argument.· Its discussioll wiU 1.1E' omitted. 
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pound of dpctrotie makria1. B~- ('(I})(J('ity i:-- 11!l':111t tIl(' Cllr­

T('llt. fUl'Ilis}J{'d h~- all U('('Ulllllbtor {,xln'{~,;:,,('d ill :llIljlPn'-!lClur:-:; 

(produl't of amlx're:" and hl)lIr~!. 

}<'OT HlP p1'f'par:l.tinIl of tll(' {·It,('tJ't)(k~ two g't'lH'1'a\ I1l('tll(ld~ 

fl1'(' ill U:>;:'(', On(" ori!.,!';in:l1t'(j 11." l'lalltC'_, t\(']l('lld:-; UI'Oll 1hl' 

lwha\'inr of l{,:H\ plates iii ('(1111:\('1 \\-ill! ~ulpll1ll'i{' :\('id dUl'ilig 

('l{'('- trol~':-:i~, Ii 1\\'0 :-;w,h plak:-, :In' illllllt'l':-,pd ill dilntp ~1I1-
phllrie acid :1nd :1 ('lIrt'f'llt i:-; p<1;o;::;l'd het \\"('('11 1IH'1Il, tllp, surf:lc'I' 
of the plate C'OT1lwctc'd \\'ith til{' pn:-.;itiH' poln of thr f;OUl'{'P (If 
('UTrellt i", (,OJl\'P1'tf'd i!lto ]f',ld }I('n1xid(' nIld h~'dnlg:('l1 is 

('\,o!\,pd at. tJlt' W"g-:ltl\'(' 11[:11('. H til(' di1'('('tioll of ill(' {'U!T('llt 

I::; 110W J'('\,i'n"p(l, the' ]{':H1 p('1'IIxid(, i:,= n'dtlf'{'d t,1. l :-:PI )1I,:!Y 11':id 
find tli(' nth('t' pl:I1{' i~ :-:llJwr{iri:dl~' 1'_Il11\,('rl('d iuto JI'ad jJ('l'­

(lxirh" By oe(':t:-;inI1ally rt'\'('r-.;ill),!: thl' tiin'('i-i.tlll of the' current 

and ('()J'ltinuing tlw np(~r:tti(11l for ~()llH' till](" n\(, :u'.lioIl 1i)]:I1I.\' 
Pf'Ilf'tl':llP::O: til 1.11(: int('rior of 1]\(' plate:.;, ,yhich :lI'(' th1ls bn1ugll1 
into a condition :-:uit.al)lt- for th/" in all :l<'{'U1tltllatllr, Tllj~ 

pnJ('(':-O:.": i:-: (,:11]('1.1 ; ; f{)nllillf~, " :II](! i:-: pn~IIJ()l,,'d I ~y 1:1H' :ll ]Ilil i, III 
to the ('lreiro!yte of certain elH'mi('al :-:U1)Sl!JIH't';';, Jlartj(,llhl'l~­

IJilratp-.;. 

The ntlwr method i;;:. b:l.o;;('d UpOll tlw appli(,~t.ti(ln to [l. h:lrd 
lead frame or "~rid~" of n. pa:-;te f'.(lllljlO:o;(,d ()f 11':ld (lxid(' 
(litb:1rg('), ~ulphuJ'ie acid :t1J(1 s()llH'tilTlPS oUlf'r ~\llJ.";t:L1I('J ~ ;':, 

The mixture em f:tmj(lill~ nr'quirp,::; a f'()lid (,()llsist , (,I1(,~· all') 

i:') aft('rw:rrrls fOrIll('d into SP(lllgy fe'ad :u!d l(~ad -p(:ruxidc lJ)' 

dectr()l::;;:.i~ in a bath of diJut.e suillhurie acid, 
In the "chlnn(ie l)ro('(~s:"" the SP()!l~y l!~a(l jlhit.('s nre, 

prepared by east.iHg II hanl lead frame around (;llU(::'i con]­
posed of a mixt.ure of zine and lead elJ1oricies, The J>lat.(~ . .:; are 

thf'n conncch-1d as eathoues in an aeiJ bath [Uld the zinc t1do­

ride dissn]ycs (lut , leaying a spoJlge-like frame of lead chloride 

which is converted into metallic leatl by the electrolytic 
-process. 



S" (J! .\:\nTATIn~ AXALYSIS BY ELECTH(JLY~J.~. 

\'';; Ilrd·lllarih· I'(m~tru('tpd .' an a(,(,Ulnula1..or ('Onsi:"t0 of a 

J'I'I',la!lgular j:lf '(Jf gl:u..:~ I,ll' h:ml l'uIJuf.'r .. whi('h contaiIl:' tilt' 

e](·('1,J'(II:·l('. :tilt! a ."t'J'i(':-; of hard ](':lil fr:mw~ whieh (':ttT." thp 
;wti\'(' Ill:li t 'J'ial.-;, T\\'u ::-:o]id ](-:\(I ero,::-::-baf:-:: or ('Oll!I('('t()I';;; 

:In' rigid).\· :l1 1:tclH'd. (IIIC t() :ilJ the }!(Isitiq' plates, the utI]!'!' 
til :tJl tIl/' 11f'.L':;llin' pbt(':,. :llld 1h(' pl:ttc~ an~ :0;0 ~rr:lngj'd 

Iklt thl' po:,iti\'('s and !1I'gali\'(':' :dterllat(', OIlP p()~ltin' l.u'lng 
I da('f'( I 11(' \ \\,('t'11 ('\"('r." 1 ,,'0 Ill',~:Ltin~:-:: , ('nnt:1(~t, l)('t \\'('('ll IlH'1ll 

l)cill).! IJI'('\"('llt,I,(1 JI)' :-::Uit: 1J )I(' il1:,ulator:;;. Eketrie:d ('OilJH"C­

tion wiih tIl(' l'1:1t(':;; i:-:: pffN'{f'd through Ow medium of IOllg 

1-.: :\.d hq!:" w.lli{'l l :\f(' rigiiHy ('oltBert('d with Hw croRs-11~\r:,,-. 

TIll' ('ap;\('il,\' of a I!i\'(,ll aCC'UlllulatnI' \"aries eOllsidel'abiy 
\\'itll tlli' ~tr('np:th of 1h(~ ClllTCilt whieh it. is n'quin~d tel fllr­

lIi:,L. This i:-:: ~ho\,"1l in thf' ["oll(l\yillg (able, wherc' tile ~trf'l!l!th 
of flJ(\ CliITt'IJt, tlw lllllllll('l' or ll()ur~ wllich it i ~ ,c;,uppli('d , alld 

tIlt, c(ll'n':O:IHllll!illt! eapac:ity. i:-:: gi \'l'll for a. cel't!lin aeculllulator. 
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Fig. 2D f.:h il \Y!'; a type (If accumulator llJal1ufactun'd by 
the' l]l'ctri(' ~t(lrag(;' B:ltter~T Co. Port:tble cells (Fig. :30) 
are also made, ill which <tit!' :)('('uIIlUlator."; are ('ontailH'd in 

B(~:ll{'d I'll} lIlt,'!' jars ('1H'1ost'd in hart!-\H)()tl {'as~'s pr{)yili('(,l with 
handle.:.:. :1I1d (_'xi.C'Tllal bindil1g-pOS.t8. Yarious capacitics nre 
fumi:::.lwd. 

Th(' illtf'T'Tl:ll l'f' . ..;isbnc(' ('If :l("('UIlmlator.:.:. varies with t,he 
siz(' :lud ('(lTl:,trtH'ti(l1l IIPtW('l'll 0.001 and 0.02 ohm . 

. \C(,lIIlllll:t1ol"."; fumi.;;;]) thc nlOst satisfactory SOllrcC' of 

CllIT('llt. f\lr c1 (.,{'tn)clH'J'lli{'al analysif', Their freedom from 

obnox_jnll~ fUllJ(,;': or Y:I}l(lJ'S, thp fad that their component. 

P:JTts require 110 1'el1(,'\":11., :tnu the great constancy of the 



P(lh'IHi:ll diIY!'!"I'J\("!' w11il '11 tll (' \ fumi",]!, :1)', ' :t\l il1ljl\\r1:11i{ 1:1"­

t or :-: whi{,\l 111:d~(' tlic'1l\ II:lr1il'II1:il'ly "'llil , ',\ I"~r \\"rh (If till:-: 

('h ~\r:H'tN , 111 t1l1' ,-\;l('\I l'll bl)()r:lt()r~' frlur p:,ir;;,:, (If :1('('I!IlIII­

bInI'''' 11:1\, \ ' 111'i.'1! ('(III:-:l:IIJ11y i !1 US(' :-:iIH'(' lSSS, \\'ilhllill 11",,01 

(If J'('p:lir. Four a(' ('1I1l)llbtur~ :11'(' ill U-':(' in tlj(' :t1 1:1i .,-tll' :d 

Ltll{lr:I1(JJ'.' ·. f(lr \\-j,i/'ll 111('Y ban' \'>r()\"("[ ('lltiJ'i'\Y ~llnj('i(,JII , 

alld f(lur ill the :lu\'llill":-: IJl'j\":t1,(: lalJ()J'aI ()ry, 
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Th(, t,"jW of :1('('lllliu]ator '\"]lich i:'i ordinarily l"mploY('II 
[(lr thl' PUT"PO,':;I' of (jII:lIJlit:Jti,'e :tJJ:d.'",.:.:i,..; if-: not. shippr'd from 
tlil' (:II'tIJi"Y 1"1':111,\' llJOlillt'I' d for lI~(', :1:'> :'11'(' thc' smaller portable 
1.:']11':"> qf ! J;t1 '\I'ril':-', hut t h(, !!l:t:-'~ j:l r:-" (';11110<1(' ali< I anode pbt(,~, 

:wd the :wjll :11"/' p:l('kl " j ";(']I:l r:l kl,\", ~\fll'r nIP. ,!!l:"..;s j:trs 
11:1\'(' hl'I'11 ('!tn,fltll)' 1'11'!I!H'd, thl' pl:t1I':-' :tn.' :-;l't ill alld lh(~ jars 

:IJ'(' tilkd \yilb lltl' :Il'id ( ' k('\],\ll~'u' , (h\"iil~ to tht' bet tllnt 
tIll':' :-;t:t!ld tr:lll:,pnrt:lti(lli 1\11lclt l.H'ttl'l' llTl(kr 111(':'3/' ('oIldi­

li oll:', -:11(' phII.':' :U'V JIII\ ~hiplli.'d ill til(' pl'jl\)ary state by the 

Ill:lllUi';lcIUlTJ':', hut :ll"f' p:lrti:tlly di::.:.cltargl'd awl are t1lC'11 

dri('lL 11w e\:('(':-,;-; (II' :-,ulphuril' acid hadng first h('t'll Tf'lllO\"C'd 
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fr(':,ttl thrm, III onIl'1' that t'lH'Y call ll{' u:::('d as f'(lllf('('~ of 

(,11!'I'('n1. it' i::; tlH'rf'f()J'{' fir~t IH'('l'~,''';:lry in f:hal'p;t' tli(,tll. Thi~ 

npf'-r:lt10n ~h()uld 1)(' b('gUIl 'lfllllI('(/ia/('/y af1('r 1h(' j.lb1(·~ kin' 
hf'Pll pb(,(,r_\ in tht' cl{'('lJ'()_l~·tc,. :llld ('o!l~i~t-~ III ('()!lIH,(,till,!:!; 

1-11(' (,(,,·lIs with SOJlH' f'uii:ilJlf' ~f)U1\'(' of ('urJ'('IIl. 11lf' 1(';ld JlCl'­

(lxir\p pbl(':-:' l)l'ill~ ('O)IIH'('lUI \\'illl 1\u' po,..;itiy(' 1)\ ;11' .. :111\1 ill(' 

;';]hHlI!"Y h':ld pl:th':-' ",iil! 1.11(' ll(\g:!t.i\-f' )Ink, (If tht, ('iJ:I;'gillg­

CUITt'llt.. Tht' IUCl.<.;t f:l\ 'Ol':IlJlp ('olldilion.':': for ('h:lq:~in~ :II'l~ 

:lhy:\y~ f:p('('ifif'd b~' the malluf:l('tlln'I'~. t\lld :'(h()uld :tl\\,:l~'~ 

he el(l~'l~' ('OIllplil'd wi1-h in ord('r to ohtaill 11l(' III ()f>t. ;.:.;i!-i.--­

f:tetory]'(·;"o]1,:". The t.f-'l'lllirwtioll of toile ('}Jar~iHg i~ d('II(llr'd 
by 1h(, l'Ynlutioll of (l\"~'g{,11 and bydrogCll II:I~('S at.. til(' :l.1l(ldc 
:Uld cathode re::;peeti\'('ly. 

TIl{' p\lrit~· of tho ('lpC'trnl~·t(' is of 11](' uhnost importance. 

III pl'('pariIl~ it oIlly di~tillt'd \\':1t(']' alld ~t.ridl~· (,jl('lllil':tlly 

pure :--:nlplll11'ie aeitl should I_J(' lIt"('d. ~\Hlmll-! 1!J()~f' ~\!l)­

~tHIl(·f'."; \\·hi.(_~h are p:lIticubrly dnrinl(~llt:ll Ill:l~" he 11]('11-

t.i01H'd, (,hloridrs; Jlitratc;.; , iroll salts, and ars('lli('. If (Jnly 
t1H' c()ll"lll"H'rci:tl sulplluric :u·id is :n'ailabk it C:1l1 1)(7 parti:dly 
purifir'd by passing 11ydrl\gcn ;.:.ulpllid( ~ gas 1l1"ough it, whieh 
]-,I'(·cipil.at(':-, ;'-i(mJe of thr~ llwtals a:-: sulphidr's Thl' pl'('eipi­
talf-' i.;.; alJmH'd to :-:ui.J.;:jdc, tlw (']ear !l(:id is dr'C-llltr'd, :lfld tlle 
dissoi\'('{i h~' dr()gcIl sulphide i:-:; ('xp('lkd by l.,]cWillg ill :lir or 

by wanll.ing .. 
\\-lwn au :H~('llmu]i1t(lr is fuJ1~' c}larg('.d it. has an {'I~,('tro­

Illoiin: force of :2.2 ,'oIts, but whell (,Ul'mnt is bkt'll frnlJi it 
this f:'llls rapidly to 2 yolts and rf~rrUlin~, pradieaJly ('(lfJ:;tant 
uIltil the D\'ailable supply of CUITPnt is ('xhaus1:P(L The 
e!ectroIllotiyc f(lf(~p then falls to 1.8;') Y(lJt, and 'wrwll thi~ I )()irlt 
i:o: reached t.he us(~ of t.he aceumu1at,or tl:-i a. SOU1'e(: of currr:Ilt 
f'l}1ouhl Le discontinued and the process of rcdlUrging it sllOultl 

be begun immediately. 
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T() ilJ."u1'I ! the dllr:J»iJit .. ' of tu'cuIlmbto]"s, 11](' fl)JJow~Ilg 

rul('~ * 1I1n_-"1 1.)(' OhS('nTd: 

1. 'nIP_\" 1I1U:4 1.)(' prot(,('tf'd from short-C'ircllit. 
:2. Tilt, Ill[lxi!Jllltrl r:-ttf' nf di::·:c/"targ:(' n'coJrnllf'IHk,d by the 

nlallUr:l('tUf"I'r:-; Tllll~t not 1)(' {'xt('('(kd. 

:{ .. \11 (']r'Ill('lit lllu;-;t Iiot he disch[lrg:pd UTlti1 its ('leet_n)­
mnti\' {' forct' i:-; h'1n\\" ].S;") yoh . 

. 1. "\ll (·If'lll!'nt lllust not hc' alln\H'd t o ~tand ill an un­

eharg('ll cOIlditinn; and wliell 1](11. in u:--;p it Il\u:'!t be charged 
at h':l:-,t OlH'(' ill ('\'P1'_\' t1if'1'(' (II' fOLir Ill(Hlt1i:-:. 

:-). Yinl(,tl1 s1t:L\.;:ing Jllust hi' ;woid('d, Riner: tlJi:-; e:lUS{'S the 
:H'1i,'(' IJ1:lj-(,1'i:111() j'j('{'()J11(' lOO:-t'IWd. 

] )urillg the l)1'()('('sS nr (·llarginf,; .. and especially during .;;.:uper­
ch:l.rgillg-. whell g-:IS i:-:-: lJ('ilt§! g:('lwratcd at tIl(' (':ltllntif-' :UH.l 
:wode, ;m irritating ";I[IOr, wIlich produces .'1 eliukirlt; ~('ll:-;;!­

-tiPIl ill 1"]w t hrn:lt :llld f'Xf'rlS :l \'e1'y c0rn\s.i\·(, !!('tioll nIl 

('Xl~():-4('t! l1lct.al ~urLII--'('s; is gi\"(~n (lfT by th(' :W('Ullllll:!tnrs, 

Tlli:" (':m 1.)(' (,lltjn'l~" llTC'\"('Ilt('d l)~' pouring- a thin h~Tr nf 
pun' IIl i //('rol nil nn tile surface of thc' ('I('('trol~' tc" .\n <,ii 
of tIl(' ('(ln~i~t(,IJ('_\ ' of tlte f'o-eallt'd : i r~>lind('!' oil '" ",ill he 
fnund lllO:-4t s:ltidador_\' This treatTll0nt l>(~:-;:-;('::;:-;(':" otl1rr 
illljl()J'\.:tnt :l\h'ant:l~(,s: c.y. tIll' ('rccpillY or til(' ('le('trnl~,tc 

aloll,!.! til,.· Ing::-: to the (,OIlIlc'ctc~rs is ('ntirely prcYPlllcd; the 

('i<'ci 1'01_\'1<' dO(':-4 not ('~'aporat ,(': siJlgl(' eell ::: (':lll 1)(' IlHAPCl 

alld c!lrrivd about with rnlH:h great-c'r fn'{'doill. since the 
,"i,,;;('o,,,it_\" of til(' oil gret!tl.'" retard.'; sJopping. III batteri{'s 
cOlltaining :l. large Illllnber of ~iIlg-le C'('ll~ c'ollIwcted in ~erit.'s, 

kak:lgp of r-UlTCllt from OIH'- edl to another is reduced to a 
miniulUYll 110t othcI'\\i:-;(' obtainable. 

For eharging nCCtllllubt.or~ the r-llrrent may be furnished 

by a dyilumo l n th('rnlOpilc .. or by primary elements. 

* ;\nkitung zu elektrochemischen Yersuchen yon Dr. Felix btte\, 
189·1. 
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If t}lP char¢ng ~UrJ'('II1 i:-:: bkt'll troIll :1 dnl:1111o,tlH' !lumber 
:md arraIlgellH'llt (If tb{' ~pp:lr:_d(' ar('L1IlI<u!:I1'nr:" ~h()llid \w 
Buell th:lt tllf' dpdromotiyt' forc£' of tilt' d~·tWJtI (l ('UIT('.llt \Yilt 
f'xcP('d that of tIlt' :W{'lUllubtol':-; hy a. :-;l1lall amount. ;\ 

r}H'()~tat ) for furtlu'l' n-·gulat.illg tilt' ('urr!"llt, shollid ht' iIl­
(~ud('d in tl1{' ('.ircuit. ,,,hie1L ::-liOlll,\ al:-;() ('olltain all :11111"1'1'('­
mcttT for ::-;li(lwing tIl(' i'tr('lIgth (If tilt' ('.lll'l'(,llt u~(\d in chargillp:. 

TIl(' Hl:IXiullllll {'l largillg: CUlTC'llt l'{'('OlIIJIH'Il(bl ])y tlJP 

mnnLlfacturcr~ for the particular model of aeeulIlulat,oJ' ill U,.;e 
E'l](luld n('\-('r be .. C'xet'('dpd. 

Jf til{' Ilullllx·\ !' of :l(TuTHul:dorN if'; lint ~ ;llnj('.i(,lJ t, 1(1 TIP:lrly 

·eoIlLpem:ate t11{~ primar:v }>()l{'nti:t1 of tll(' clwq .. 61lg UIITl'llt , :l 

rlH'():4:1t ,,-itl! f'ufiieient r(';-(isfancp to I'('duc(' t}l(' (: l.nll',gill~ 

(~ urr(,l!t to tlw dr'sin'd ~t-rr'llgtll lll:-I.V bo u:,,('d. 
TIle dire(,t current fllrni~·dl('d ill l1JaflY phic(':, fur {'If,(,tTie 

light-ill~ (~;tn h~ ypr~' ('(ll)\'cniPll t \y 11;-«('1\ fOT t ~ haJ',!.(lllg arClllllll­
l:lt(Jr~. ,'-here (lIlI~' til!'!'!' OJ' [(HlI' ('f'll!-: a]'(' ttl !)f' Ch:lq.!:t,d, 

'and thi~ llUUtlWl' i~ Ruffieif'nt ff ll' :111 ordin:II'Y c]l'('tr()~lll[dytif : al 

pUrp()Sf'f.;., they m:l ~' he e()l!n(~ct('d togdll('l' ,in series (1'. !U;) 

:l.nd thargf'-d frolll tiH' 1il!ht.ing cirC'uit by illtC'rP()~illg:1 :::'l.Iit:dJI(~ 

ine:n j(\t'f;('pnt lan\}"! n'~\ ~t~u\\'P. Thu::., for eX:l1llj ll(', if tlli~ ll i )r­

lIlal ('barging r:lh· (If til(' :t('CmIlllbt.(lT::-' i::.; ;) ampf'J'f':-i, and ihn 

tlifrf'}'f'lICl' of potential of the lightillg; eire.uit is "lIU Y(Jlb, the 
e]i:lrging m::l:' be drt'etec1 by ins( ~ rtillg, jll Ow (~jJ'(~uit cfJIltai!l­

inp; tIl(' [1('C'unmlatnrs, H rp~istaIICt~ con:.;i:.:;tiIlg of ten .")ix1.('pn­

oCllH\,Hp-\\{\WPl' 1:nIIP~ coun('cV.'(l in 1Iuro.Jlel. Sinc.c ('~\eh lG ( ~ P. 

lamp n~quires a current of one-half amperc, the total -curreut 
passing the aeClUllulators 'tvill be equal to 5 arnper{'s. 

Sinee it is perfectly feasible to charge accumulators with 
a current tJclmc the normal, the simplp;.;t alld most (~()llv(miellt 

nwthod is. often to connect the accumulators in paralld in a 
]001' of tbe main conductor supplying a numlwr of lights. 
'When the lights are turned on the current will pass through 



tl1{' ('(,JI.,,\ and 111(' pff/,ct (,I' tl]f' hack-,:]('dl'oIl1otin' force of 
1 bf' ('I'll" \rill Ilut :l]lprl'ci:Jhly tlilllini:-:.h l]w brilliancy of the 

li~ht~ ill i!i(' ('in'uit. 
Jf a tli(,rtlJ(lpik (lr 11riIIlar:- gnh-nJli(' ('](~nH'uti' an' 11."C'd for 

('h:n',!.-61Ig :1('('lUllllbtors_, i1 i~ u~u:dl:,' IWl~p~::;.al·:'· 10 ('o111wd 

t[I('. a('_(~lHunl:d'!l''': j' li ( p, ~lIi \ . Tlli:..; method of th:tr~-

iII,!! j,.; (\'\tJ'(\ilwl,\' :llld il!('(1lIn'lliP1Jt! and I"hould be 
n':-,()rt\'I_l111 OJl!~' ulIdl'l' t!I(' 1'111'1'\' ur ll('\'(·~:-.:-.il:-. 

\\"lll'll Jj(l d: 'n:J1lj() (Jr ('ircuit . ..;uiuil ,)]e fill' chargiIlg if" to 
h( ~ 11:!tl ()Il tlJ(' prl·Illi,.;v". it j,.; h('.'-;f to us(' the pnl'tab!(' type 
of :WI'\llllubtol' ;-.]Ii)\\·t\ in Fig-, :W. wilieh. ('~m J\i,' (·h:I1")!{'\1 out­

side' Ow 111tiltlill_~:l1 :'(1))(' p()int \\'heJ'{' current i . .:.; :l\·aibbl('. 
11 j" \Tl':'- dl'~ir:lh1e 1 ('! hay(' :1 p:lir (If k:HI ";:lrf'1y-fll~(,S 

ill~('!'t('d ill tili' ('in'uit with ttl(' a("('Ulllnl:lt()r~ to ])T'oted :lg:linst 
(.\(.(,,.;.,.;jq,)): high (,UlT('TltF, Tl](' (':IP:I{'jty {If th('.";(' fll:,P:-< 

~hl)\lld Iii' :::'lH',h 1]);11 11l1'Y will I. blow-on1 " ,yht'H tIll' ('lIlTf'llt­

.L.;tn ' ll~th (' X(~I'('il~ the UI~L\_iUiUltl n·co1l1ll.lcnded for tll(' g:i\'l'11 

:i(,(,lIlILlllat(lr~. 

PHYSICAL METHODS OF PRODUCING THE CURRENT. 

Dynamos.-The production of ('un-ent by d:-nruHo tnfl.­

('llill('~ (kUl'wls UJlOll tl)(' prilleiplc 1]1,1 1. "'1]('11 a conductor 
i:::. l1I\r\"t~('t tbroup:h a 1l1~LP)Plit fjp\d a {,UlTPl)t- If:'. ;.;et. up iu the 
(,OllductllJ' ; tIle din,(,tioD (Jf t1)(1 ('UlT('nt heing f;uch:l~ to OlJl1ose 
11w ('h:llIgr' which produ('cd it. The induced (,]pctl'01lJoth·c 

fon_·(, if' proportional to th< ' llumlwl' of linps of furn' whieh_ arc 
cut. per ";f'CUIld l)_\" t11( ' conduct-or. 

III rlymnnos, a.":; thf':" are COmlHOU!Y eow;;tru('tetl, the l1lag­
IH'tie 11.dd is produ(,(,(t lwtW\".Pll 1h(' lwIt's of powerful eh,ttro­
mag-net~, :lIld tll(' (,oIldueton:; ill ,\-hirl! the current i~ g('nertlteu 
cOH,si;::;t lif immbtptJ eoppe]' ,dr['s ,,"ound :ihoui an iroll core 
which SelT{'S to eo!lc('utrat", the rua~netic field. The eOl'e is 
attached to a shaft. or spindle supportecl by lubricat.ed bear-



in~:::;, :llld throllgh till' ~IPl~:i(,: l li(l]1 (If ])('\\'('1' ( I) tile ,,,ll:dl tIl!' 

('(In' and aUa<'lj(,d ('(llldut'l(IJ':' :11'" r:ljlidi,\" 1"1l!:llt'd ill Ill',' 

1Il:1;!III'tir' fir']11. III (1I'd(,!' lit ,,('I'U1'C :1 dinTt ('[IITI'li1 of 111':]('­

ti(':dl~- ulli\'!,rll'l ,..:,tn'll_!!lh :llld P(ltl'llli:tl, 111!' lll('yill;.!: "('lldlll'll,r 

1:-' diyidl,d illt\) a lll!!lll){,1' ( If ,":I'('lio\)" \dli('lt :1 !'I' :->"11:11':110'1 ,\ 

('(IIIII('('t(,1I t(\ ill";Ul:ttcd Il;[r:-:. uf ('('Pl'(,l' pi:l(.'c'd il l iill' f(Il'l11 !.If:1 

rill,!.! :dJ(lul' till' :-pi)lI. I]I', Jir-I:t!li(' 111'\1:-:111'" :lll:l('Ij('1] \(1 tIll' 

f r: I IlW (,I' I h(' 1lI;.l('liinl' ll1:lk(, ('ject ri(' ('I)Jlt:I( ' \ \\'il11 ! ll( ~ ('U]I]l('1' 

]":11",, (Ill 1h(' ,"l'iwlll', 
T1H' e]I'('1J'()!tI:l,!!;Il!'I:-, whi('h Ill'oduc'(' 1111' fipld :In' ktll l \\,l1 

!t ,": 111(' jiclrf-,I/(I!!lld:-:: 111 (' iroll ('on' \\'illl 11)(' :11 1:[(,\I(,d {'Ilil­

du('tllr:-: l:-'-I":dkit \1\1' (lI1.'lI!i ll l'l ' : ;1111,\ II\\' ring Iluih ull )If (',llj1l)1'r 

b:lr" i-.: 1':t\II 'd till' ('(1)/Jl/n/IIl/IIT. 

])in'i't - ('I!TT!'llt d~'II:III\1):-' ;\1'(' (·ia,..:;:.;ilif'll. tl('('o]'di!ll-! II ) til(' 

111;11 1111'1' in '\\'llidt t1H' livid l\I:Ip:!ld~ ;11'(' ('\J'ill,d, ;L:-:: 

J, ,'-.,'I'(/c." d!l'if/II/(/S, jn \\ ' ]lil'lJ 1)1(' ,\\']1(,)(' (,\IfT('IJt· f]'l))11 1111' 

:tl'Jl::t111],f' ll;l~"('~ thn,ugh til(' ('Iii)" (\f 111/' jjl')d-l?I:lgll('l:-:, t)II'ir 

n',..;i:-;t~ln('(' h;\\'jll,L': 'he/'n ;11::1](' :t.:-' ,"ilIa!! :1.": 11():-,,~',il)II' (Fig. ;~I ,I, 

') Sluml dYJUlJl/tls, in ",lli('1i (JllI,\' tl }!()]'tioll (If th(' ('[IlT(,llt 

FIG, 31. FIG, 32. 

is allowed to pass through -the coil.9 of til(' ficld~magTlds by 
joining them in parallel with the main cireuit (Fig, 32). 

3. Compound dynamos, in wlilch the field-magnets arc 



('\'(';(1'1/ p:lrd~' II." ;1 f(,w ! IlrIl~ /If ",ire ill -('ric',": \\ 'ith tlll' ;Irrllll -

1ll1'I', :IJH! P:1I'11,,' 11." a ('pil ('(IIIIII'l'tl'li ill p:lra\l('1 "'ill! 1111' 11 1:lill 

('in'llit I Fi,!!, :t~ " 

.-'1" 'il '''' d~'II:1llltl:-\ :In' lI..:;...d wllCn ' tlu' ('Hllditinll": (1f thf> (''\.-
11 '1'I1:J! ('in'uil :11"( ' \1IWi1:III,!!ill!!. ~hunt :lIld ("11t1J1{11l1!d 11~ ' 1I:1-

Illl, ... ;(1'( ' u .. (·d \\ 11('1'( ' ('harl~":-.' if I tIlt ' ('\U'rH:d cin_'uit :111 ' df' ­
:-ir:d l)j, II)' IIIJ:J'·lli l l:lll!t,. 

:-,hUllt d.'"!I:LI1I()~ fFi!.!:, :~-I l :Iff' 1iu' !llll:'! :--:lti:,f:lt'tUl'." t:'"l'C 

ill!' df'("inl(,\lI'lllic,:t1 11UI'1l(I"C';-:, ..:inr{'. II_\' il1tJ'() ~"I('illg :l Y:I1'i ­

:ddl ' 1"(':,j"I:II1('\' ill ti ,l' l,jn'uit (11' tIll' (it,ld ('{li!:-:- ( Vig, ,'t.? ) , 111(' 

"!n'ngl!! p! Ill{' lipId, :w,j {·01T(' .. /u//l/lingl," t1l(' (']('etl'flllwtin.' 

fol'("( ' of llll' {'xt{,rIlai l' ir('uit. ('all \l(' ('),:lll!!l'd alld l'(·gulat<.'d, 
\Yill'II , :tftl'l' h:l\'inp: I,t'('\1 :11 ["{'~t. IlIt' tI~'I1:tlll(':, ~I'(' ~t:Hl('d, 

t!tl' m.':lk l'(,:-,idu:l! Ill:lgl1('ti:O:11l j'{'IlI:lilling ill the fipld-lII:1gnets 

S('f\'(':-; ((I huild lIJl the' CUIT('llt ill thl~ arm;Hur(', 

The pon'('r for nlllllill,C' :1 d.\'lliWIO Ill:t.\' he taken from :H1 

rllgill(, ("II' tll:ly h(, fUl'11i~ht'd h." :111 f'lertl'i(' 1110tOI'. If the 
fornwl' is l1i'(·ll. th(' 1Il1l::.t (' fli('i('nt J"('::.:ult~ ~I'e obtailled h~' con­

nectillg the {.'ng-in(' and d~'II:lnl{\ (lin.·cIly toget.her l ~nli trall5-

IHitling tilr PO\\'('I' L~' [1 :-.:.ing-Il' shnSl from one to the other. 
The ~mall dynamo:::, such <13 are sliitable for currents used in 
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C'lN:tl'()nll~tly~i"..;, 111:1,'" !'(' dl'i"{'ll h~" /)\'!I. .. :It t!lf'fli'd fn plllft,y::; 
on ~uil!lhl(' ('flllfll"J'- ... h:lft..;" ""hert':1IL f']I'I'tril' llilltor j..; ('Ill ­

plOYl'd 1 the dYIl:UlIO {':Ill III' ('ttllll(,{,tl'd ,,"jIll it II,' :l 1)('11, hut 
Ul such ta:;\e:-, iL hi U;-;ltt1l.'" Ilion' "':::lli;-;I":II.:\Of.'" t,o "ll,"'(' :t Illolor-

dYll:11tln (rob!','" 1r;1I1:-,[01"lll('I') ,,'llic"1t lila.'" ('IIIL..;j ... t (If :1 Juntor 

and d~'1l:1Inl) IIU1UIlI('d Oil lilt, f':IIlU' fr:IIIH' ill]l] ('Ollll('C'tf'd h~' 

a sinf!\c Rhaf t ( Fig:. ::.» ), or (If a .-:ill ,!,d( ':::l'i (If fi<\id-lll:I~!](,\~ :lnd 
an :\rll1:1lul'l' conl:tillin~ \\\'O illdf']lPIHl(,lIl wi]lIiillg:'l ( Fi~. :1G). 

The 1lJ{):-,t C(lIIY(,llic'llt pl:1I1 in rkctJ'O('lirll1ic'al :l llalY:-:iis is 
t(l u£op 1.11(' cllrrent fJ'OI11 it dynamo nnly for clt:\rj!in~ RtOI':l,!!C 
h:1twl'if':", but it is-; p('l'f('ctl~' pl'al.'tied to use' it dirpf'lly ~IS will 
lx~ dCRCl"ilwd 1:11"(']' ill ('h:lpt<-'r X\ ' . ]f it i", i(J 1)(: w.,(,d dir('ctlYJ 
~1Il rlectrolllotiH' foJ'C-p of :.t1'OlIt ]0 \'oll~ ,\"ill IlIprt (,,"f' ry re­

quirement. If it is to lx' used fol' c-harg-iltg [lCClllllulators, 
its capacity will cirpC!HI upon tllP Illllllhcr alld size of these. 

The horse-powf'l' requiJ'pcl for driYillg n given dynamo can 
bP approximately d{'tcrmincd by multiplying the current in 



:llIlJwn':-, by tile put£'lltial in yolt;';l :Hld diyi l.ling t.llr pr(JdH('t 
I,," (~:!,;, 

Thermopiles.- lf t,,·o ~t rip ;;: of di~~illl i lar 1n£'1:1.1:, ~n' rOIl ­
IlP('tt-d:ll lil('ir ('rub, {lilt! nIH' of Il1r jUII{'tl OIt:'\ 1hl!:' ff) rJlI£'d is 

L 

1!lnint:lirH,d :tI a ditl'p!"c'rrt tprrqwl';lturc' fro ll l the other, an 
£'}reiri<.' ClI l'I'l'ut will hr prodllc('d in tbi~ tire'uit. If t ile strips 
(' ollsi ~t of (,OPPt'J" :tnd bi:->!t1uth, :1 ('olltinuou~ C'urrent \\ill fl ow 
froll1 the bblllutlt to the Coppl'r acro:-;.-; the warmer jLUwlioll) 
th (, work dOIl(' by the currrnt b('in~ mechauically C'qui,·alent to 
the Ilf'a"L which if.; ahs(wheLi at the warLl1('r junction. The 
<-1<.'('tromoti\'(' forrc of ~ll('h ~ couple is s111:111; but by combin­
ing n suffici('nt numh<.'r of f'lIch pairs in series, i t can lw in­
('r('a~('d to n. point wliC're 1he ('ombinntion is ~uitahl(' ~I~ ~l 
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source of primary Cllrrrnt.. An nrrang(·meni or t.llif' sort is 
callf'd n thermopile. and thp srpnrate couple':" are ('alleJ 
lliermf}-elements. 

Practical therUlOpilrs JunTo fx>cn drsiglwd by ('lamond, 
1\0<'. nnd Gulcher. 

Thf' ~{'n('r::tl appcn.ran('(' of Glil('hrr '~ thrrmopil i:-. ~hown 
in Fig. 37. The two mct::ds rOrInill~ t.he pl('meni:; at"(:' a nickel 

alloy (known us argenta,,) nnel a "pecinl nllny the chief ingre­
dient of which is antifllOl1:-. TIl(' lwuting j~ dorIc by ga', 
.and the s('paratC' f'if'ments are so constructl·d thai u. mixture 
of gas and nir is conducted t.hrough ftl1 arg(,lIklrl tuhe nlld 
burn~ with n non-ltuninous fhmr ju:::.t at the point \\"11('rr the 
top of the tube is ill intimaL" metallic cOllLnct \I·ith a flat bar 
of the antimou," aLloy. Thpsc points of contnc·t between the 
tubes and the antimon), bars constitute the hot, jWlctions, 
and the cool jW1CtiOilS lie at those points where each bar of 
311t.imoBY is coml~ctcd \l~jth the bottom of the nrgcIllnn tube 
of the nc:x"1 adjoining element . Contact between the antimony 
bar and the bottoms of the burner-tubes is effected by means 
of thin plntes of sheet copper which offer a large surface for 
the radiation of heat and thus tend to maintain the cooler 
junctions at a relatively low temperature. The separate 
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eif'mrnt.s nrf' a!'!-«'mbltx l ill :-,cri('~ ill two rows on an insulated 
iron fr:lllH-'J and tll(, IlJi xl urf' nf l!~18 all el air is supplied to them 
frowa hlrg't' pipf' rUllnillg directly 1)('II{'ntll t1l f'111. 

The' elc·ctrornoth'c force of the th{'rmopile Y3rie's \,ith 
changf'~ ill HlP trtlllwrature nnd sine£' thi~ is to n considerable 
f'xl('llt c1r]>('ndcIlt un the gas prrssuJ'e . the' latl('r must IJI? care­
fully l'f'gulated if a (,(IIl:;tant elpctl'oIllotin' forcE' is r('quired. 
or 1llP YrIJ'inliS rrg'ulalors const ructed for this purpose, that 
d('~ig'IPd U)' Danllcel * is the simplest and rnast cfiicicut. 

TIl{' rOlu=-tructinn of tlus instrument, is 8bO\\l1 in the ad­
joinin!,: , ketch (Fig. 38) . The solenoid S is connected by 

wirf's to the binding:-post,~ of the thermopile', and 
the ga, supplied to the thermopile 1''''''"'" lIuough 
the 1'rgulatofJ entering nt B a.nd lpaying nt A_. 
The ~ol('n()id fits 0\"(' 1" a glass tube, "ithin which is 
n peJ'lll:lIwn1 nlngnrt /If suspendNI by n spira l 
spring cnp:lble of :Hlju~tDl('nt. An in CTraf:f' in 
thr rlrctrornoti\'(' fol'c(' of tIl€' thrrmopilr, <.lUI" 
10 n ri!'(' in 1.('mpf'l'atu re rrt t h c junctions, (,flUSf'S 

morc cl lITC'nt to fl ow through the eoil. amI the 
magnf't is dmwn furtilpr into it. The' !mYrring­
of tllr 1llag-nd fnrce;:.; a dif.:.(' dCr\\'ll on 1!'l! oJ'llee of 
th(' gns- supply pipC' nnd I'C'c1ucC's Ow ;. l' llp] !" (If gas 

FlO. 3R. passillg to the thpl"mopil('. C is n. thumb-s.crew 
by wilieh :1 S(,CClW.l open ing from B t o A ('an he 80 regui::t.tecl 
that just. f;uffi{'icnt gns IXI~seS through it to kC'('p the burners 
of the thermnpilc from I}('rng o>..1;inguishcd when the other 
valve is c0I11plrtcly closed . 

• Zeit.. f. Elektrochcmic, 3, 81 (1896-97). 



CHAPTER :A"V. 

ME'tHODS OF REGULATlKG TUE CLRREKT·STRENGTH 
AND POTEXTIAL. 

TIll<.: relations between the currcnt-stnmgth, t.he ciifTerC'Dce 
of porential, and the resistance are expressed by the equation 

Current-strength 
Difference of potential 

Ucsistance 

In any given system consisting of n source of CUTIT'nt and 
an external circuit, the abo,'c equation in order to express 
the exact relations may be wriHen 

C= _ E_. 
H+r' 

in which E represents the electromotive force of the sourCe 
of (.' Jrrrut, R tlw f{,o:.:istanel" of thr external circuit, and 
r the internal resiSL!lIlCe of the SOlll'C'!' of current. In the 
case of gah'nnic celis, the fn,ctof r repr<'Rcnts thr int.ernal 
resist..'1.11Ce of the cell, and where the source of current. is n. 
dynamo, r represents the resistunrc of the circuit through 
which the current passes within the dynamo. 

In any given circuit having a definite eAi.ernal resistance, 
the simplest method of alrering the cu rrent-strength is by " 
direct change in the difference of potential. Whete the 
source of current is a p:a1vanic element, the difference of pa­
renti"1 can be increased by connecting two or more of these 
elements in series. 

95 
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TIH' procrss of connecting two galnl.Uic elements in series 
consist..; ill conlH'ctillg the positive pole of the one to the nega­
t in' pole of the ol,h,'r. The current is tben taken fl'om 
tiL(' t Wf! relllaining poles. Any numLer of cirmrnts can be 
COIIlH'cteJ ill thio nU1nnCf, as shown iu Fig. 30, and the 

FlG. 39. 

clectrom()ti1!C force of thr combination, when the clements are 
~l11 :11ike, i~ equal to t,he r}('rtromoth-e force of one eit'nJcn t 
nlt111irjird u.'" til" total nUmbf'f of clements thus connet'tcd_ 

\rh(,J1 t\yO or' IlI(lrC r]rfl1('nts nre ('onn('cif'd in 8crie.fl, the 
currcnt-EtrC'llgth iu the cin:uit is represented by the equation 

c=- IE 
H+xr' 

in whirh :r is t1l0 llUlnber of clements !lull E is the electromo­
tiye' f(lr('(' rlf (,~l('h ck·nlrnt. 

.\/Hlthrl· IIIdhud of i_ncr('a~ing the current-strcng:tll in a 
Cirl'llit i::. hy connec:ting bro or more elements in 7Jarallel . 

FIG. -l0. 

This con~i,(s in connecting all of the positi\'e poles of the 
S('\'cl'al rjements to one conductor, and al l of t he negative 
polf";;;' to nn0ther. n;;;. ;;;.hmm in Fig. 40. The external circwt 
is t.hen connected \\ith the two conductors. The electromo--
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tin' force of such an arrang{'m('nt is til(' sanw :\_ ... l,h{' elect ro­
llloti"e force of a sin~le cell, but t.he illt.('rnni n':::;iRt:lllCC is 
eqllHI to the resistallce of one elelllent dipidcd bv the totul 
number of elements. The current.-strcngth untie; these con­
ditions is determined by the equation 

c~_€_. 

R+!_ 
x 

The effect of this arrangcm{'nt on the curr{'nt-stren~t.h is 
l:1rgel~' drpCllLlent on the rclath'e value's of thc internal alld 
ext.{'J"llnJ Tesistnnc(,R

1 
~illc{, thr Rnlitllrr the' \":\Iu(' of R \\ilh 

1'(,O:::I]cct to Tl the greutrr wiII be the increl1!-'c of the current 
produced by thus connecting t/1e cl(,rllC'lIts in jlitrall!'L 

.-\noth('r means for allf"ring thE' currcnt-~tr(lngth in a 
circuit is afford('d hy 11l(' illtroduction or rcmm'ul uf rCRist­
all(·(~. This is usually cffcdcd through the usc of rheostats 
or rr-si:-:tanc('-hox('s. 

Thr name rheoslat is gin)n to :my appliance containing a 
liquid or metal conductor tbe electrica1 T"t'sistanrc of which 
can be aiten·d fit plrasure. InstrUlnent.s of this sort, con­
structed on va T;ou8 patterns, can be purchased from dealers 
in electric,,1 instruments. Only a fell' of these will be here 
mentioned. 

Fig. 4] shows a general form of instrumentl knO\nl as a 
Urcsistnnce-box. II The resistances, in the form of coils of 
fine wire, are contained in the inteIior, and the terminals of 
t.hese coils are attached to metal blocks fastened to the top 
of the box. By inserting metal plugs between adjoining 
blocks the resistances can be short-circuited and rcmoyed 
from the path of the current. As ordinarily constructed 
these instruments are ill adapted to use in a chemical lahora­
lOry, because the exposed metal parts are quickly attacked 
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by acid nq'oJ". This dilliculty hag been me!, by the use of 

FIG. ,11. 

I1lrrcury r(lIllaC't;;: . jn!';1('ad of plll~:;'1 10 ccll1nect the metn,l 
pJ:ucs. .:\u ill ~1 rUlll(,ll t of this sort, rnaue :It the author's 

l'!G.42. 

suggostion b,' Fm", Brothers of Trunsiedel (Germany), is 
ShO\\11 in Fig. -:12, This js so constructed as to give resist-
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:UI('E"S from 0.5 to 80 ohms, in Illultiples of O.t. ohm. Con. 
tinued use has established the fuet that, such u rheostat is 
extremely convenient und satisfactory. 

Another commercial form of rheostat is shown in Fig. 43. 
The ,·::triable resistallce is a cir­
tular coil of \yire onl' end of 
\,"hich is attached to one of the 
binding post~ shown at the 
corners of the ba.."<'. The other 
post is connC'('tcd \\itl! the 
ph'ot of a momble lewr. To 
t he end of the ]("'er i, f""tcncd 
:1 sliJing con bet ",-hich presses 
on the coil of wire. In the 

FIG. 43. FIG. 44. 

rheostat shmvn in Fig. 44, the lever can iJe mo\,pd Oyer a. 
number of metal stuus arrangcLl in a f;emicircl(' On ::to 
inRulatcu base. One terminal of the circuit. i~ COtlIl('cteu 

with the lever, the other "ith a coil of wire attache·1[ to lhe 
frame, By IDO\'ing the lever over the studs the turn'nt is 
Iorced to pass through any Dumber of the scparat,(' f:nctions 
into which the resistance coil is divideu. 

A commercial type of rheostat much used i:1 t!,c l'nited 
States is known under the trade-name of flIron-Clad." In 
these rheostats the ,,-ire resistance is fused into a protecting 
enamel, and the possibility of corrosion or mechanical injury 
is entirely excluded. 
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H j:;: ofl£>l! 11f1:<sii)iC to constrllct simple rJJ£>051.ats, which 
fien·e nil the Jlurpo~(,3 required in the oT"tlin:1r.'· course of 
eh~ct roch ('fIIi(·~tl analysis, ruther than to purchase the more 
costl.'· (JJ1t'~ frolll dC'alers. 

An urr<lngcmell t * of this sort is shown in Fig. 45. It 

J 
F IC.45. 

C(1)~i.~fs of [l light ,voocien frnll1P, in the Conn of n pn..rallelo­
gram, u:lt'k alltl forth ncroRS wlii('h is strung a galyn..nised 
iroll wlr(', sllJ1Port('d on smull porl't'bin Or glass insulators. 
]f (,U'T('nt~ of lo\\" potenti:11 onl.'" 3re to be URed, the in­
sulators can b<, ('ntirrl.'· dispensed with, and the wire ('un 
be pu~S('d simply thr(\u~h iron ~cr('w-cyes inserted in the 
woodwork. One end of the wU'e is attached to a bincling­
pn;.:t with ,,·hich onp. trrmmaj of UJe ciJ'cuit can be connected, 
and the other terminal of (he circuit is fastened to " brass 
cbmJl (a) which C:1.11 be rbmp('cl on thr iron "Wi re at any 
POlllt along it. Tl\(-' r('~istancc which cn.n t.hm~ be introduced 
is on ly lirnil-('(l b~" th(' total t"('si~tftncf' of the iron "ire, and any 
fracti on of t.his total can be in""rted by attuchUlg the clamp 
fit the prol'<'f po,ition . The frame can be at.tached to the 
wall ~nd the :-:t.r-ands of wire can run up and dm\n across it, 
in which cnse contnct can be made with the bottoms of the 
srpnrate strall(ls. In many cases such an arrangement is 
extremely cOllYenient. 

* Edgar F. Smith, Electro-Cbenucal Analysis, 1894. 
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AnoLllf'r simple amI \"ery conn'nirnt arrallgC'mf'nt is 
shO\rn in Fig. 46. Two separate rcsisLafJC('S composed of 

FlO. 46. 

narrow strips of sheet-zinc (or ga]vani~('d shN:'t-iron) are 
fastened to the opposite sides of a wooden frnnle, nnd ono end 
of ('nch of these Rtrips is connf'cted with n Sf'pamte vinding­
post. Tc these binding-poRts the terminals of the circuit are 
(·ol1llf'ctcd, and the rcsistancc betwcC'lI th£-rll is va ried by 
mOI'illg r. "Jiding clump (3) which is in contact "ith both 
strip" along tho lop of the frame. Fig. 46 (A ) shows the 
pm.! "dew of such a rheostat, anJ B in the same figuTr sho\\'~ 

ho\y the strip!' can be cut from a sheet of zinc. The thickness 
of the sheet-zinc uscd and the II"idth of the slrips determine 
the rf'!';i~klllC(, for It gj\'f'll length of conductor. The frame 
is proyideLi "ith feet so that it can stand upright, and it can 
b. placed On the Hoor in the neighborhood of the work-lJench. 

The plan of " simple rheostat described by Octt..1 * is 
giYen in Fig. 4,. Spirals of wire forming the ,"nriable 
resistance fl.re attached to a "'ooden frame at the top and to 
heal'ier copper wires at the bottom. The ends of the copper 
\\;res dip into cavities in the base-board containinR mercury. 
The ends of the \\-ire resistance arc connected \,ith binding-

• Anleitung zu Elektrocbemischen Versucben, 18!).t . . 
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P()~tR. by wldch til(' rl1f'o~tat i:.i insrrfRd in the circuit. The 
"If'''! NHlYf'llipn1 fll'r:-lIlg'l'llwnt i3 obtained b~' baying the 
IClIgtiJ uf tbe "ire in the different spi rals in the ratios 

., 
~ 

] : 2: -1: f',: 1H: ~t? ('Ie., h,\' ,yhieh any number of units of re­
f'i,..:.t:lJlC'C (':111 be lntr(ldu('C'(1. The l'('sj~t.3I1(,(' (If lite circuit 
p!u ... ",ing through the rilC'o::;tat is 1'C'<iu{'C'd nt ,,-ill by plncing 
('opp('r-,,;T'P hridgC';.; (a) hf'tw(,(.'11 adja('C'nt mercury cups. 
]f n fill(, !Idjus{,ll\rnt of thf' T'f'sistanc(' iB d('~il'(:>d, this cnn 
be' :1c('olllpii:-.hed by st retching fI_ win' , of :l J('ngth slightly 
g:rc:1it'r lh:111 tll:1t in thp ~Tllaf(('~t ~pir:1l, ill the form of a loop 
with )131'31\r1 ~id('s :11ong a11 upri,!!ltt wooden strip nttacheu to 
th£' £'nd of UH' frnnw supporting th£' spirnls. This loop carries 
a s\id('r (8) in contntt with bot II strnnus, nncl, by moying this 
siidf'r up or dmnl, a Yel':" delicnte adjustment of the resistance 
can 1.>0 effoct.",!. 

Tlw melhod, for !·pgulai.ing the potential of the cworont, 
which nrc mort' or less indC'pcndent of the electromotive 
force of the source of supply, depend in general upon the 
fact that the fan in pot.en tial along any conductor through 
which a current is passing is proportional to the resistance. 
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Thu~, for examplrl if A. (Fig. 48) if:: thr ~ourl'r of n ('urrel1t 
f.owing throug:h t.he circuit ..1_B('.4/ and the conditions are 
snch that tbe difference of jJotential iX'tll't'eu Band C is 

~---jl A t-I ----.., 

or 1 
Fw. ,18. 

equal to x Yolts] thr diffpfcnc(' (If pott'ntial hrtwN'n any two 
points OIl the l'olHluctor Be \,ill bo represcnted uy the 
eqlwtion 

1. 1 -1' , =xR'. 
I :: f( I 

where H' is thr r('sistnnc(' brtw(\rll thc two poini~ in question 
ami R j, the total resi,tallce of the con(\uetnl' BC. If x is 
equal to)O Yolt" and the conductor BC i, 100 centimeters 
long :lJlU of uniform mntprial ami cross-&,ctioll, the djffc-'I'­
(.' l1er of potent ial lx-t wcen any two points 1 em apart "ill 
be 0.1 yair. 

By connectiug one electrode of nn electrolytic ccli with 
the point B lind the other electrode with some point along 
the conductor BC, any difference of potential less than 10 
yolts Clln be maintaineu between the two electrodes . 

.... i.n arrangement of thjs sort, ll'hf'rc n. second circuit is 
connected in parallel with another circui t" is calh4 d a shunt 
connection) and the second circuit is knowll as the shunt 
circuit. 

A shunt circuit attached to the conductor BC is shown 
in Fig. 49. If R represents the total resistance of the circuit, 
R, the resistance of the portion C.1B (consisting of the re­
sistance of the conductors BA and CA and the internal 
resistance of the source A), R, the resistance of BD, R, the 
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r('~i ~tanr(' of DC, R~ the resistance of the shunt circuit con­
t:ulling the electrolytic cell E, and if • is the electromotive 6 1;,1 

• R, 

R, 

E 

FIG. 49, 

R, 1 
forre (If the sourer (If current, then the current C fiowjng 
through the entire circuit will be represcnted by the equation 

nud the Yflluc of R i~ gh'rn by the equation 

Thr Y:lluC's for the current-strengths throug:h the pnTal1d 
circuits lJD (c,) and BED (c,) are determinecJ by the equations 

CR, CR, 
c2 =R---;+R.' c4=J{~+R4 · 

FinaU)-, the difference of potential (x) between the points 
Band D Chll be ctllcuhted from the equation 

R .. R, 
R: R,+R;~' : x_ 

From au examination of thesc equations it will be e,-ident 
tha t ,,.hen R,+R, is large ,,-ith respect to R" and R, is large 
with respect to R" the current-strength throngh the main 
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circuit will be but lit.tle altered by connerting or di""onnrrting 
the shunt circuit BED. 

The siIllplest. practical armngement for thus utilising the 
yarinble difference of potential which can Ix' out:uIlC'd in flo 

shunt circuit is suggested by Fig. 49. The conductors BA 
aml .-l C can consist of stout cOpp<'1" wir('s ~ and th(' points B 
and C catl. bE' connected by a. wire of G{'rm~lll-flil\"('r having 
n rPsistancc of S!lY 10 O\U11S. If thf' sour('p of ('urr{'nt. if-' t \vo 
ac(',umulalors conneci<.>d in series. :l dilTprcllc(' of pol,rnt.iai 
of approximately 4 volt.s will exist between Band C. By 
means of a sliding contact on BC any difference of potential 
less than 4 volts can be brought into actior. in the cell E. 

A Rimple instrument. 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 N N, and returns to the battery 

FIa. 50. 

through b. In making electrolytic determinations the plat­
inum dish sel'\-mg as cathodes are connected with any 
one of the binding-posts numbered from 1 to 20, while the 
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platillUm nnodes are connected "ith the binding-posts marked 
with the + silo'll. With this apparatus eight different opera­
tions can be conducted simultaneously. 

Another larger ana more complicated instrument for 
the same purpose was construc(<ld for the author's labora-
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tory by the firm of Siemens & Hnlske (Fig. 51) . With 
this instrument a large number of electrolytic det.ennina­
tions, requiring currents differing in strength and potential, 
can be cnrried on independently of one another. The current 
from a dynamo with a potential of 10 ,"olts enters by the 
cables attached to the ends of the resistance MM,. This 
resistance is composed of braRs wire-gauze in strips urranged 
ill a zigzag across the top of the base of the instrument 
and is ,li,;ded into 20 dh'isions by the contact - bars 
0 , 1, 2, 3· . 20, to which it is fastened at equal intervals. 
Since, as already stat.ed, the total difference of potential is 
equal to 10 volts, the ,lifferencc of potential between any two 
"djacent contact-bars will be equal to one-twentieth of the 
toto.l , or t volt. Connection with the sepamte contact-bars 
is effected by wires attached to the binding-po~ts K" K" ctc., 
which slide on the galyanised iron strips S" S" etc., [md the 
btteT are connected nith ihe blocks W" W" etc. The posi tj I'e 

terminal of the d~'n"mo is connected wiih the long contact­
bar M, at the lon'er edge of the base-bo.rd. The cells in 
which the electrolytic determinations are conducted nre con­
nected between the bar M, and the blocks TV" TV" etc. Tbe 
total current passed through the resistance was 60 amperes. 
A yoltmeter (0) attached to the ends of the resistance indi­
cates the total difference of potential. 

Electrochemical 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 i~ \L~ually distributed 
by what is known as the three-wire system. In this system 
the circuit COllsists of three wires which fOT the purpose of 
.,xplanation will be designated as a, b, and c. Under normal 
conditions the difference of potential maintained between 
the "ire a and the wire b is 110 volts, a being positive with 
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respect to b. The difference of potential between b and c is 
al80 no Yolts, but c is negative with 

[]

. -Dl' - respeet to b. The electrical relations 
b()tween the "ires nuty be considered 
as of the same nature as that between 
the t1uee "ires a' , b', and d (Fig. 52), 

I where a' is cOIlIleeted "it11 the posi-
a ' b' c' t.ive pole of a galvanic element, b' to 

I'm . 52. the negative pole of the same element, 
and c' to the negative pole of " second element connected 
in ""nes with the first one. 

By connecting between the wires a and c, a corrent ,,~th 
a difference of potential of 220 volts can be obtained. 

If, therefore, a currcnt at. a potential of 110 " olts is at -
di'posal , it is necesRary to considerably reduce this before 
it is suitable for carr,'ing out electroanalytical determina­
tions. For reducing this currf'nt incandescent lamps are 
extremely com·ell.ient. An ordinar)' 16-cllnd1e-pon'er 110-
volt lamp has a resistance of approximately 220 ohms. 
Therefore when it is connect,cd in the circui t it pennit" the 
passagc of a current having the strength of 0.5 ampere. 

[j [J ill 
FrG . 53. FrG.54. FlG. 55. 

The simplest arrangement for conducting an elect rolytic 
detenllination is shown in Fig. 53. In this case the electro­
lytic cell C is connected in series. with a single lamp * L 

• For mounting the lamps cheap porccla.in sockets are very convenient. 
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between the tcnninals of a 1l0-voit circlut.. The current 
through the cell will be approximately 0.5 ampere. In Fig. 54 
the circuit contains two lamps (16 C. P.) in series, and the 
current in titis ease will be approximately 0.25 ampere. 
Two lamps in parallel will give a current of one ampere, and 
titree lamps in series a current of approximately 0.16 ampere. 
By a proper arrangement of lamps in the circuit almost any 
desired current-strengtll can be obtained. 

This sort of an arrangement, however, while perfedly satis­
factory for depositing most metals from solutions of their salts, 
is not suitable when the separation of one metul from several 
others is to be accompliShed, since the difference of potential 
between the electrodes in the cell is dependen t on the con­
ductivity of the solution and may therefore during the process 
of electrolysis increase to a value above that at which a sep­
aration ('un be effected. 

For conducting separations of different metals the ar­
rangement shmm in Fig. 55 should be followed. Two or 
more lamps connected in parallel are placed in the circuit, 
which also contains a variable resistance R connected in 
pantllel "ith the electrolytic vessel c. By properly "djusting 
R the desired difference of potential between the electrodes 
can be maintruned throughout the electrolysis. A number 
of other modiJie&tions of this method are possible and will 
undoubtedly suggest themselves. 



CHAPTER A''I. 

.-\CCE~SORY APPARATr;s. 

Electrodes.-The electrodes use(! for the purposes of 
elcctroch('lIlical nnalysis are in lw:uiy all cases compused of 
pur\' platillum or of u pl:ltinullI-iriwun1 alloy. Excep­
tions to this general rule nrc the lnprcury c3thodes 
'which nrc Romctiru{'~ employeo for det,prmining metals In 
the form of amalg~lnL.':i l and the silycl' anodes used in the 
drt (, l'mill[l tion of the halog(,lls. 

The ad",minges of the platinum-iridium alloy ()O% 
iridium) m'er purr pJUt-iIHllH arc ilmt. its resista.nce to cJec­
t.rolytir :wtion iR 3:0: grC'ftt ns that of pure platinum flnd its 
f!l'f'atcr rigidjt~· and elnsticily make the pjectrocies composed 
of it h'" linble 10 injury. Electrodes nwle from platinulll­
iridium c:m be much light.er than pure platinwn electrodes 
of tlH' sallle dimensions. 

The size of the electrode on which the electrolytic deposit 
is pr<'ripitated is of cons.iderable importance, since when the 
(:·xpo;,:(.'...i stlrfaet· is (arge the rlcpo~it adheres more fiTn"\_}-y to 
it. )f a metal separates from [l. ~olnhion in a. dense form, as 
ill (,he e1ectl'olysis of double oxalates, the probability of the 
oxidation of til(' mebl is not appreciably increased by en­
larging the surf!tce of the cathode. In the precipitation of 
lead nnd manganese peroxides a relatively large electrode 
surface i. most important. It is not pmctical, therefore, 
to employ" platinum crucible for electrolytic 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 cathode 
cannot be widely enough separated to facilitate the S<'parntion 
of the deposit iu a dense form. 

The "atum of the surface of the el~ctrodcs is also impor­
tant, since SOllle mrwls Rf'pnrate If'sR f:;utisfndOIily on ham­
mered ~urfnc(.'s than on those which 1my£, beC'n ~pun (or roiled) 
ano polished. In some- cases, as in the prrcipitation of certain 
mrtnlB and in the determinution of lead 3!:' pcroxidf', th(' firm 
adherence of the precipitate to the electrode can onl)' be se­
cured b,. the use of ~ pbtinum electrode the surface of which 
has been rOlighellPcl by lhe usc of II sand-blast. 

For the lIega!i"e electrode (cathode) the author uses ~ thin 
platinum dish haYing the form shown in Fig. 56/ 9 em in rliam­
eter, -1.2 em ill ueptb, holding about 250 cq and weighing 
from 35 to 37 gr~lIns. * 

Another form of dish el('ctrodf' i ~ ~hown in Fig. 57. This 
is the form recommended by,' . Klohuko\\', twd diff(,rs from 

II< Dishes of thi.9 weight must be composed of pln.tinlllU-iridiu1'II to be 
sa:tis_f:ll'tory. The rclations between the volume of the (_'ontIUllf'd liquid 
and thl' fiYliilnble electrode surfll{;c in n dish hl1ving cxactly the siz(;' and 
2hape given, is shown in the following taLlc: 

Volume (){ LiQuid, 
in Cuhic 

Cenlifl1cterz. 
260 (full) ...........• • .. 
250 .. 
200 .. 
1fj() .. 

120 .. 
100 ... , 

Areu .)f E11~t r.Mie 
8 urfru:t'. ill 

SqUAW. 
Ceutinleters. 

HiO 
155 
130 
1]4 

100 
90 

The dish contains 150 cc when filled to within l.i ern of the edge, 
and 12(] cc when filled to tvitbin 2.2 em. 

When n disk anode, 4.5 em in diameter, is used ,,;1.b this dish the 
DJost unilorrn distribution of the current is obtained by adjusting the 
disk 80 that it. is exactly in the center of the dish and about 2 em below 
the edge. 
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that of the author chieR)· b)· ha,·ing a lip which allows liquids 
to be conveniently pourcd from it. 

Flo. 56. FlG. 57. 

Since dishes which hn,'e become tough , scratched, or bent 
are not satisfnctor;. for electrolytic uetenninations, it is 

strongly recommended that the dishes used 
as cit'ctroues be reserved exclusi\'ely for their 
lllic'nllrd purpose. 

_,." anode, tbe author uses a disk of 
moderatel)" thick sheet, platinum (Fig. 58), 
about 4,[> em in diameter, which is fastened 
to a strong plati.num ,,·ire. The disk should 
h:1\'e a number of ~ood-siz('d holes in it to 
promote the circulation of the liquid and 
allow the ready escape of the gases formed. 

The author has also used an anode hn,-ing 
the form of the platinum dish shown il1 Fig, 
56, 50 mm in clinmeter and 20 mm in 
depth. This anode is supported by It pbti­
num wire attached to its center Clnd has 

<I!!!!!!!!!!!!!!~!!!!!!> fj\"e openings in it. It is particularly sui t­
Flo. 58. able for tbe determination of those metals 

which have a tendenry to separate in a spongy fonn, i,e,} 
cadmium and bismuth. 

The form of the c1ectrQdes used at the Mansfeld smelting­
works chiefly for the determination of copper, is shown in 
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Figs. 59 to 62. The catbode * may be either a platinum 

FIG. 59. FIG. 60. 

cylinder (Fig. 59) Or a cone (Fig. 60). The anodes used with 
these are shown in Fig. 61 and Fig. 62 resJ,ect-
ively. A vertical alit in the cathode opposite 
the supporting ";re, 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 that 
the current is very unequally distributed over 
the surface of the cathode, the current densi ty 
being particularly high on the lower edge, FlO .. 61. 
which often causes the deposited metal to separate there in 

• An important ruhrantage of this fonn or cathode i.e that it can be used 
in solutions containing a precipitate. When the dish electrodes are used 
the precipitate settles to the bottom and interferes with the depoeition 
of the metal. . 
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a crystn.lline or spongy condition. The current-density Is 
also much lower on the outside than on the inside. 

A form of electrode recommended by Winkler * is shown 
in Fig. 63. It is made in the form of a cylinder, 3.5 em 

Fla. 62. Flo. 63. 

in diameter and 5.5 em in height, from platinum wire gaUlle 
(,,1re 0.12 mm in thickness, 250 meshes per sq. em). The 
top and bottom of the gauze are strengthened by a riUl of 
sheet platinum. The weight of the electrode is from 13 to 
15 grams. The surface area can be approximately calculated 
from the' formula 

• Ber. deutsch. ohem. Ges., 32, 2192 (1899). 
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in which d is the diameter of the wire, " the number of meshes 
per sq. em, I the circumference, Md b the height of the 
cylinder. 

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 electrolysis, 
the metal is deposited OIl the entire circumference of the 
separate wires, (,here is much less tendency for the precipitate 
to scale off, and as a consequence satisfactory deposits can be 
ohtained 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 Md consequently in a much shorter time. 

A.nother form of electrode, designed by Oettel * is given 
in Fig. 64. The cathode is a sheet of 
platinum 8 em high and 5.5 em wide. 
The anode consists of two parallel 
spirals of platinum wire att.ached 
to a forked support, and is so 
]Jlaced that the spirals are at equal 
distances on either side and opposite 
the middle of the catl)ode. With 
thisarrangement the current-density 
at the cathode is fairly uniform. 

Stands. - For holding the elec­
trodes t.he author has used a single 

FIG 64 

standard (Fig. 65) having a metallic ring, to which thrre 
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, 192 (1895-96). 
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FIG 55. 

FIG (ifi FIG. 67. 
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corroded by thc Joborat<>ry vapors, which may lead to an 
imperfect elect rical connection. The stand shOWll in Fig. 

F IG . 68. 

66 has given good sen;cc for a long time. The ring and arm 
are clamped to a glass rod C, and n is CODllccu,d with the 

F1G.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 
{lom",nient when a metal is precipitated from an acid solu­
tion, since by lifting the standard the two electrodes can be 
quickly removed from the electrolyte and plunged into a 
vessel of clean water. 

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

FIG. 70. 

The arrangement shown in Fig. 70 has been used by 
Herpin. The platinum dish P supported by a metal Viipod 
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 whicb prevents loss 0 
of tbe solution by spirting. 

The apparatus used by Riebe is sbown 
in Fig. 72. The cathode (Fig. 73) is a 
cone having the shape of a crucible open 
at both ends and prmicled with a ba.il. 
It contains a number of oblong openings 
in the side to facilitate the circulation FlO. 71. 

of the electrolyte. 'rco eone is so placed in a platinum 

F1G. 73. 

FlO. 71.. 

<:rucible, which serves as anode. tbnt the distance between 
them is from 2 to 4 mm. 
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An arran;:ement fa,· carrying on scyeral similar deter­
minatio,,, simlllla"cousl~· has been described by \". Malapert.* 
It consists of a wooden fmrne (Fig. 74) at the top of which 

Fw,71. 

binding-posts for attaching 
the electrodes are placed. 
Beakers containing lhe solu­
tions are supported by the 
shelf B, Arrangements of thi~ 
sort are vcry eonvenicnt when 
a large number of similar de­
terminations are carried out 
regularly, as is often the raS(' 
in tccbnic!l1ll1born.toriE·s, 

~'here 8eypral sinlilar d('­
terminn Lions arc made :l t the 

sllmp timr it i!=' not infrequently the prnctice to connect, the 
Yal'ious crl1s ill parallel "ith one another, and to assume 
th:1I the ('urrellt distributes itself equally be(lYccn tlwlTl. 
This a~sulllption, llOwe\,cr, is usually incorrect, since slight 
ditTprenr('fol in the resistance of the cells, clue to differences in 
the concentration aud composition of the solution and to 
in('quality in the distan('es between the electrodes, "ill cause 
Ill!lrkeci differences in lhe strenf,>1:h of lhe currents passing 
1 hrough them, Bf'cauRe of this inequality, unsatisfactory 
results will be obtained. In such cases, therefore, the cells 
should :1lways be connected in series, so that the exact 
current-strength and potential of each cell can be measured 
and controlled. 

Many ""para.tions and determinations are promoted by 
heating the e1er.trolyte. 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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to the boiling-point, since in tlus case the precipitnted metal 
,,;11 be loosened from the electrode and its quantitative de­
ternunation will \x>come impossible. To insure a uniform 
heat, which is al:;;o essential, a thin asbestos board may be 
placed uncler the dish or beaker, and the source of heat can 
be either the burner sl'0"" in Fig. 75 or the bottom of an 

FtG. 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 tbe 
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 ,,;re into two parallel circles con­
nected b)' an upright. The smaller 
of the rings supports the dish, and FIG. 76. 

the heat i furnished by t.he small flame from the hase of 

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

F1G. 77. 

A universal 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. R is 
the dish cathode, Ethe anode; B is "mlcm-burner for heating 
the solutinn. By a system of glass and rubber tubing pro-

* Joum. r. prak. Chern., (2) 34., 539 ; ibid., 40, 121 ; 'loid.) 33, 473~ 
:See also Kruger, Elektrochem. Zci t., 3, 106 0'. (1896). 
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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 
can be introduced into the dish from F. 

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

Fto.78. 

Through the courtesy of Professor F. A. Gooch of Yale 
University the translat<>r 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. Joura. of Science. April, 1003. 
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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 

FIG 70 

of the metal upon a rarn:d1y 
rotatulg cathode. The cathode 
used is an ordinary platinum 
crucible (20 cc capacity) , which 
is rolated at a speed of 600 to 
800 re\'olutions a minute by "­
"mali electric motor. The motor 
is fastene<:\ so that its shaft is 
,"('rtical, and to an e:\i.ell~ion of 
this shaft the crucible is fixed 
b~r pressing it oypr n rubber 
stopper bored centmlly and titted 
tigliily to the end of the shaft. 
To secure electrical connection 
between crucible and shaft, a 
narrow strip of sbeet-platinum 
is soldered to the shaft and then 
bent upward alonl! the sides of 

lhe stopper (A. in Fig. 79) , thus brUlging the shaft in electrical 
contact ",it.b the ulside of the crucible when the latter i, 
pressed O\'cr the stopper.-

The solution to be electrolysed is phced in a beaker upon 
a small adjustable stand, so that the crucible may be clipped 
into the liquid t.o any desired depth. The crucible is con­
nected with the source of current by attaching a wire to one 
of the bearings in which ille shaft turns. A sheet of plati­
num foil suspended from the edge of lhe beaker serves as the 
other electrode. 

Tbe solution, 50 cc in volume, was placed in a beaker 
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h[lying" total capacity of about 150 cc, and the height of 
the beaker was so adjusted that ti,e liquid covered about 
two-thirds of the crucible. This gave a cathode surface 
haying an "rea of about 30 sq. em. 

By the use of this arrangement quantities of copper equal 
to about 0.25 g were satisfactorily precipitated from a 
.sulphuric acid solution with a current of ND", - 10- 13.3 
amperes in from 15 to 20 minutes; 0.19 g of sil\'er from a 
.solution of the double cyanide with a current of ND,,,-
8.3-10 amperes in 10 minutes; and 0.17 g of nickel from a 
."olu·Lion containing ammonium sulphate and an excess of 
",mmonia wi th a current of ND,,, ~ 11.7-13.3 amperes in 
25 minutes. 

The process as described is rapid I exact, and very simple, 
and the specia l apparatus required is inexpensive. The 
speed with which a determination Can be carried out by 
this method would seem to be due chiefly to the complete 
and coustant stirring of the electrolyte, by which fresh 
quantities of metal ions are brought to the surface of tbe 
.cathode for discharge and deposition. 

It will probably be fouud possible to apply this method 
with success to most, if not all, separations and determi­
:natioDs. 

Vessels toe Electrolysis.-For tbe special purposes of 
electrolysis, in adcli tion to the electrodes and dishes de­
scribed, a large number of other forms have been suggested. 
These are all based 'more or less upon tbe same principle. 
The elbow apparatus, also originated by v. Klobukow, de­
serves mention. In this the gases set free at the electrodes 
can be separately collected and therefore quantitatively 
detennined. The apparatus is readily understood from 
Fig. 80. The corks, which are paraffined, carry thick plat­
'inum wires to which the round flat plates which serve as 
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electrodes are welded at, angles of 45°. The form of the 
electrodes is, of course. not confined to any particular one; 
v. Klobukow also suggests round fluted platinum foils, wire 
spirals, or pointed electrodes. 

In case the anode and cathode liquids arc to be kept 
separate by a porous membrane, v. I~lobukow proposes the 
arrangement shown in Fig. 81. The two separate arms 
bave c1ose-li tting ground faces, wh.ieh are ccmented into a. 
brass mounting. A tigbt joint is obtained by a hinge and 
screw. 

} 'LG. 80. FIG. 81. 

An electrolytic apparatus, depending upon another prin­
ciple and sen 'ing other purposes, which nevertheless might 
be uscful for quantitative work, is described by Hofer.* Fig. 
82 shows two electrode chambers of glass provided ,,~th 

inlet and ouUet tubes for tbe electrolyte, which is conducted 
in a continuous stream through the apparatus. There is Rise> 

an escape tube for the gases generated. The two halves, 
between which parclm1ent paper or otb";' porOlla diaphragm 
is interposed, are fastencd together by a firmly cemented 
connection provided with a screw. The electrodes have the 
fonn of spirals of platinum wire 0.8 = in thickness, or of 
small platinum plates attached to wires. The connecting 

• Ber. deutsch. wem. Ges., 2'7, 461 (1894). 
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wires pass through the gas-outlet tubes, and in case the gases 
ru e to be collected, they are carried on through T tubes placed 
at the top and madc tight with rubber stoppers. 

The liquid to be electrolyscd is contained in a dropping­
funnel, the t.ube of which i. con­
nected by rubber tubing to the 
lower inlet tube of one section of 
the appamtus. The liquid is thus 
continually brought to the particu­
lar electrode and is made to circu­
late through the cell from the bot­
tom (<l the top. It fiows out 
through the outlet tube, thence 
through a piece of rubber tubing 
provided ,,~th a Screw pinch-cock 
for regulating the fiow, and into a FIa. 82. 

vessel placed at a lower level. 
This piece of apparatus, which has hitherto been used only 

for the study of organic decompositions, might perhaps be 
suitable for the quantitative determination of gases. 



CHAPTER XVII. 

THE ANALYTICAL PROCESS. 

'l'HE complete proc'ess involved in the quantitative elec­
trolytic determination of an element mal' be divided into a 
series of separate operations, as follows: 

1. Preparation of Ihe eZectrrxks. These should, of course, 
be scrupulously clean . For scouring and polishjng them 
sea-saud is "ery commonly used. Tlus should be of good 
quality a.nd ffPC "from sharp-cornered grains, or othen,;se 
the surfa,·. of the dishes and cylinders will become scratched 
:lnd worthless for many det.erminations.* For the remo"al 
of grease, traces of which on the cathode are extremely 
nbjcctiomble, the electrodes Illay be heated to redness, or 
('leaned by immersing them in n, fWlution of chromic acid 
in concentnl.ood sulphuric acid-the so-called "ox.i.dising­
mixt.ure II_pl'rpared by adding powdered potassium bichro­
mate to ordinary oil of 'itriol. After washing \\~th distilled 
I\·"ter and thoroughly drying by heating, the cathodes are 
allowed t,o stand in a desiccator for a short time before weigh­
ing. The surfaces on which the metals are to be deposited 
must. never be touched \lith the fingers . 

• The lranslator lisa observed thAt. platinum cathodes can be Vety sat­
isfnctorily cleaned with 8. commercial product known as "Ron-Ami," which 
is ordinm;_ly sold for cle&ning glil.sswnre. Deepcr 8tain~ CUll be removed 
succcssfuUy with " Sapolio," the surface being afterwards polished with 
the materia.l · first mentioned. These substances are applied wi.th a 80ft 
cloth or small sponge, the plnt.inulIl surface being rubbed gently in order 
to avoid the usel~ removal of metal. 

128 
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2. Preparation 0/ t/w solution. This is conducted accord­
ing to the specific directions gi"en for the determination to 
be made, and to obtain satisfactory results these direc­
tions should always be followed as closely as possible. If a 
dish electrode is used, the mi>.'tul'c of the \'~rious 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 electrolysis is to be conducwd 
at an elevated temperature, the solution should be ",unned 
to the proper point before starting the current. 

3. Attachment 0/ electrodes to circuit. This is carried out 
in a manner dependent upon the form of electrode cm­
played and the kind of standard used. The anode and 
cathode should be so "d just<-d that the current-deliRitv at 
the electrode on which the precipitatiou is to ' take place' will 
be as uniform as possible. If the anode sham' in Fig. 61 is 
used, it should exteud to the bottom of the \'esse! in which 
the electrolysis is conducted. In gcncml the conditions in 
the ci rcuit should be such that sufficient resistance is present 
to prevent an ahnormally high current-strength or difTerence 
or potential when the electrolysis is started, since this would 
lead to unsatisfactory results in many separations. It is 
best, therefore, to have sufficient resistance in the connected 
rheostat so that when the circuit with tbe source of current 
is closed, a current no gre.owr than the maximum required 
for the given electrolysis will pass through the circuit. 

It is also important that all metallic contacts in the cir­
cuit should be clean and rigid, since otherwise the current 
ma.y beeome weakened pr interrupted. TIns Ilpplies to t be 
battery connections, to the connections between the wires 
and the various instruments in the circuit, and to the con­
nections between the electrodes and the supporting standards. 

4. The electrolym. The circuit with the source of 
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current haying been completed, the resistance is adjusted 
so that the current-strength and difference of potential 
bf't.ween the clectrollcs correspond with those given in the 
dirccLions. Since the rclative values flf these two factor~ 

arc uepcndent on the resistance of tbe cell-which in turn 
U('PCllUS upon the twtual conductivity of the solution, the 
size anu shape of thc (!Iectrout·s, and the distance by wbich 
they al'e separated-it will frequcntly be found that. the 
current cannot bc so regulated that the values of both of 
thcse factors will correspond with those described by some 
other experimen ter. In such a case it is in general best to 
bring the pctential to thc dcsired valuc and allo\\" the currellt­
strength to adjust i tself to this condition. This is especia lly 
true in the case of the electrolytic separation of" metal from 
others contained in the 8-o me solution, where the potentiaJ­
differenee is usually the fnctor of chief importance. 

A very convenirnt method for determining the com­
pletion of :1 precipitation consists in placing a small ship of 
bright platinum foil ill contact "ith the cathode. If after 
somc timc no deposit is formE'd on it, it is snJe to aSf:;ume 
that. the electrolysis is completed. If a deposit is formed 
it can be quickly removed by placing the foil in contact 
with the anode for a few moments. This method is of course 
unsuited for metals which when deposited closely resemble 
plntinum. 

In order, during electrolysis, to preyent the loss of a por­
tion of the solution in the form of small drops thrown up­
ward by the esca pe of gas bubbles, the electrolytic vessel 
should be co,'ered. When a dish electrode is used the cover 
can consist of a wrttch-.~Iass cut into two equal halves by the 
use of a diamond, or of a wutch-glass perforated by a single 
small opening. The hole in the watch-glass can be made 
with the point of a file moistened with a sol ution of camphor 
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in turpentine. The COI'er also greatly reduces the " ' ·.porn­
tiOD of water from warm electrolytes. 

5. The remm'al of the solution, washing (md drY'in9 1/", 
eleetrode. Many det<!rmumtions require the removal of the 
solution from the cathode without interrupting thr current, 
since other"ise the drposiu'd metal would "gnill pass into 
the solution. When dish electrodes nrc used they can be 
placed on triangles of platinum "ire on the bottom of good­
sized beakers, and when the clectrolysis is completed the 
solutions C(LD be displaced bya stream of frcslJ water; or the 
solution in tbe dish, supported on an ordinary stand, can be 
siphoned off, the deposited metal bcing washed during the 
process by a stream of wawr from a wash-bottle. For most 
purposes, hO"'eyer, the results obtained are sufficiently 
accurate when the current is stopped and the conwnts of 
the dish are immediately poured out, the precipitated metal 
being quickly washed with pure water. \\l'e" the cylin­
drical cathodes arc used, the electrode, still attached to the 
stand, can be lifted quickly from the solution and plunged 
into a vessel of clean water. Afwr a thorough washing with 
water, the electrodes are washed three times with about f cc 
of pure absolute alcohol, dried for about five minute'S in an 
air-bath at about 70" to 90°, allowed to cool thoroughly in 
a desiccator, and weighed. 



CHAPTER' A'VIII. 

ARHAl\GEMB!\T8 FOil A!\ALYSIS. 

THE question as to the most suitable equipment for 
electrorumlyticnl experiments docs not permit of a general 
answer, owing to the nUlherous details, 5ul'h as the locat·ioD 
!ind construction of the building, the urrnngement of roOD1S, 

ek, upon which it depends. Even if the use of accumula· 
tors in combination with" d)"amO is decided upon as the 
most practical sourre of current, the delails of the equipment 
can be described only from n certa.in point of "ieu-, according 
to the ~pecific requirements. The laboratory at Aachen has 
followed the dewlopment of quantitatiyc electrolysis almost 
from the beginning, and starting with a small and simple 
equipment has gradually acquired a most elaborate one. 

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

KrUger * h35 published a general revicw on the equip-­
ment of electrolytic Jahofll tories which contains many val­
uable suggestions. The arrangements of certain other lab­
oratories have also been described by Nissenson.t The 
choice o~ special apparatus depends so much on indiyidual 

• Elektroc.hem. Zeit., 2~ i3, lW, 129, 174, 207, 251; ibid.., 7 , 76, 129. 
t Zeit. Elektrochem., 6, 221. 
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taste, that exact directions are practically impossible. In­
deed the practical advantages of the set of instruments recom­
mended by Kriigcr have not been contirmed by their use in 
the Aachen laboratory. 

Simple Arrangement for Electrolysis. 

The equipment needed for carrying out a single elec­
trolytic experiment, when a const.:'lnt source of current is 
at hand, is an extrcmely simple one. A 
standard, a pair of electrodes and instru­
ments for measuring the current-strength 
and potential-difference are all that are 
required. The manner in which the 
various pieces. of apparatus are con­
nected is shown in Fig. 83. The atn­
IJeremeter (A. ) is connected in series in 
the circuit with the cell, and the "olt­
meter circuit is attached directly to 
poin ts on the .w.ndard in metallic con­
tact with the cathode and anode. The 
,'oltmeter is represented by I', the F,G. 83. 

variable resistance for controlling the current by R, and the 
source of current by S. 

Since, however, it is often desirable to conduct several 
ex-perimcnts simultaneous1Yl 3n arrangement for accom­
plishing this will be described which has the advantage that 
i t can be constructed by anyone ,vjshlng to carry out elec­
trolytic determinations. 

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

FIG. 84. 

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

+ 

F IG. 85. 

posts witb the negative, the other. (E ) with the positive 
pole of the source of current. Another wooden block, 
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I , is placed in front 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 set inverted thi.mbles 
filled with mercury. The arrangement of these holes is 
shown in Fig. 86, and tho..<e (1, g, 3, and ~) along one edge 
are connected with corresponding binding-posts on the block 
A by stout coppcr wires which dip 
into the mercury. The mercury­
cups 1', g', 9', 4' are connected by 
wires to one terminal of the rheo­
stats Wh W" W:11 W.J respectively, and 
the other terminals of the rheo-
stats are connected by wires \\;th 0 
posts on the block B. The cells in 1 0 
which the various electrolytic deter- '-_______ ---l 
ruina.tions are carried out are in- FJO. 86. 
serted in the circui ts between the rheostats and the positive 
pole (Cu C" C" C.). The circuit through cell C, is completed 
by laying a hridge made of copper wire between the mercury­
cups a ·and 1', and the current then flows from B, through Cu 
through Wu from l' to a, and through the amperemeter to 
A. The current-strengtb can be read from the ampere­
meter and regulated by tbe variable resistance w,. In order 
to proceed with the second experiment (C,) tbe cell is con­
nected as sbown, between Band W,. A second copper-wire 
bridge * is now laid between mercury-cups 1 and l' and the 
Erst bridge between a and l' is removed and laid between a 

* 'Then the i.nternal resistance of the a.mperemeter is appreciable, 
which is Dot the case with tbe standard Weston instruments, the bridge 
used to connect the mercury--cupe 1 and I', ! and 1', :J and :J' , etc., must 
have a resiatance exactly equal to that o( the a.mperemeter. Otherwise 
the current 88 measured witb tbe amperemeter will be less than that 
which p888C8 through the cell when the amperemeter is removed [rom 
that circuit. 
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and W. The current through C, now passes through the 
flmprrcmelcr and cnn be observed and regulated. I n an 
exactly similar TIlaImer the cells C, and C, are connected 
WiUl the main circuit. In order at any time to obser\'e 
tho current passing through any given cell the correspond­
ing mcrcury-cup on thc lower edge of the board I is con­
nected with a and the bridge between the two opposite cups 
on I is removed. In this way it is possihle to measurr each 
of the separate currents without causing any interruption. 
All the connections in the main circuits, including the con­
nections of Ihe amperemeter, should be made by stout. 
copper "ires. 

For measuring the rlifferences of potential between t,he 
Sf'paratc elcctroues, another wooden block, Fig. 87, i.1) pre­
pared. TIlls block contains four mercury-cups (S" S" S,. S,l 

arranged on the arc of a circle along 
f.'I f.'I one cdrrc and one cup on the edge 

f.'Is, '0 ~ f.'Is• b <..:::.J ~ opposite. The cups S" S" S" S, are 
connected with the terminals of 
the rheostats tvll U/2 1 W 31 WtJ as sho",l 
in Fig. 85) and the cup S is cou­
necteu witn the negative binding-

(0 post of the voltmeter, the positive 
'-________ ..J post of this instrument being con-

F'G. 87. nected directly with ooe of the 
binding-posts on the block B. B,' placing a copper-wire bridge 
between tbe cups 8-8" 8-8" 8-8" or 8-8., the difference of 
potent.ial between the electrodes in the cells C" C,' C" 0" C., 
respectively, "''to be read with the yoltmeter. The simul­
taneous measurement of the potential of two or more cells is 
of course out of the question. By increasing the num.ber of 
binding-posts on the blocks A and B, and the number of 
mercury-cups in tbe blocks I and II, 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 renMnable number. 

This simple appliance, the principles of which recur in 
the following pages, can be prepared by anyone 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 elabomte 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 cnrrent at a potential of 10 volts. The current 
from the dynamo was used either directly· or for charging 
accumulators. . 

When the current from the dynamo was used (lirectly 
for electrolytic purposes, the instrument described on p. 106 
was employed for reduci"g and regulating the current. 

In general the current from the dynamo was used to 
charge four accul1Iulators, connected in series, and the cur­
rent from tho"" luning'" potential of 8 volts was carried 
by suitable conductors to the work-bench used for elec­
trolytic experiments. The connections of tbe elect.J'Olytic 
cells to the positive concluctor were effected by means of the 
six binding-posts marked 1, 2, 3, 4, 5, 6 (Plate. T, Fig. 1). 
For connecting the elect.rolytic 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 blocks is 
diagrammaticalJy shown in Figs. 88 and 89 (one-fourth act.ual 
size) . Tbe four mercury-cups, 1, !J, 3,4, are in metallic con­
tact witb the four binding-posts marked K in the diagram, 
cups 5 and 7 are both connected with the negat.ive conduct.or, 
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ru>d CUp (J is connected with one of the wires leading to the 
amperemeter. (The position of these six blocks with respect 
to the circuit is sbown in Plate I, Fig. 1, where they are 

~~~&, urI 
®®CD ® ® (f) .. 

FIG. 88. FIG. 89. 

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

In order to cn.rry out an electrolysis at a given current­
strength a wire ".as carried from one of the positive bindillg­
posts and attached to the anode of the cell, and the cathode 
of the cell was connected by "~res to one of the binding-posts 
0';- the block connected with the negative conductor. A 
rheostat was inserted ill the circuit between the catbode and 
the negative binding-post, and by meansof this a moderately 
high resistance of, say, 60 ohms was introduced into the 
cell circuit. The object of introducing tbis high resistance 
at the start waS to prevent the current-strength from attain­
ing an undesirably higb value wben tbe circuit was com­
pleted. To complete the circuit it was only necessary to lay 
" copper bridge between the mercury-cups .j. and (]. The 
current would tben pass from the positive conductor, through 
the cell, through the rheostat, to the mercury-cup on the 
block, and through the amperemeter to the negative COn­
ductor. ·(These connections are shown in Plate I, Fig. 1, 
position 5.) 

With II resistance of 60 ohms in the circuit the ampere-
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meter would show only a very small current, which WIlS 

increJlSed to the desired value by reducing the resistance 
in the rheostat. When tlus WIlS done, n bridge was inserted 
between the mercury-cups 4 and 7 and that between 4 and 
(J was removed. By the latter operation the amperemeter 
'W1lS disconnected from the circuit (position 3 in the diagram). 
1n order to observe the current-strength at any time during 
the electrolysis, a bridge was laid between cups 4- and 6 
and tbe 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 finn of Hartmann & Braun (Bocken­
heim-Frankfurt a. M.). It had two scales and two pointers 
(one on each side), and the scales had a radius of 16 cm. 
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 parallel 
with it, whereby the range of measurement could be increJlSed 
tenfold. 

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

l\l!IlIt&DC'W'ell ba'tlng. ftlSLstauee 
eq\\&1 to lb&( ottbe amperemllter 

FlO. 90. 

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

For mcn.suring 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 cOlltained 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 circui t, the other 
four were each in contuct with a separate binding-post. 
For measuring the potential a wire was connected with one 
of these binding-posts and the other end of the wire was 
attached to the stand supporting the cathode. By placing 
a copper bridge bet.ween the mercury-cup in contact with 
the given post and the cup in the center of tbe block the 
catbode waS brought into electrical connection witb tbe 
volt,meter, and since the voltmeter was in turn connected 
with the positive conductor, the potential which it registered 
\Va., that existing between the electrodes in tbe cell. This 
connection is shown in Plate I , Fig. 2, to tbe left of the 
diagmm . 

. tu; shown in Plate I , twenty-four separate 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 "'ere provided for supplying tbe qi;ect curl'Cnt 
from the dynamo, as well as that from eight accwnulntors. 
Tbe wire-gauze resistance described on p . 106 was used to 
reduce th current frolD the dynamo wben this was employed 
directly or for charging the accumulators. Tbe circuit frolD 
t he dynamo and tbe circuit from ' the accumulators passed 
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from the private laboratory to the work-benches in the 
laboratory 01 instruction. One amperemeter showed the 
eurrent which was being used in the laboratory 01 instruc­
tion, and another served to measure the current used in 
eharging the accumulators . . 

Present Equipment of the Electrochemical Institute at 
Aachen. 

In the former equipment 01 the Electrochemical Institute 
at Aachen the electric current was supplied by a generating 
plant on the premises. In designing the present equipmimt 
it was considered desirable to be as independent 01 such a 
plant as possible, since small isol:1ted plants are uneconom­
ical and are not always ready for usc. 

To avoid the maiotenance of a priv.~e electric generating 
plant it was decided, therefore, to take tbe current from the 
cables 01 tbe municipal electric system of the city 01 Aachen. 

The Aachen Electrical 'Yorks supply tbe direct current 
by a three-wire circuit at a potential 01 about 108 volts be­
tween the middle wire and an outside wire, and a potentinl 
of about 216 volts between the two outside wires. It is 
therelore neceSS3ry, for tbe purposes of electrolysis, to reduce 
this high potential in some suitable mlllmer to the low poten­
tia.] required [or experiment. This is accomplished by the 
use of a rotary transformer, which is efficient, practically 
noire1essJ cODvenient, 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 01 the Aachen 
Electrical Works, the nature of the different e.xperiments 
carried out in the laboratory will be mentioned briefly in 
order t hat what follows may be mOre readily understood. 
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1. Experiments u.th Low Potentials.-The e.'-1"'riments with 
low potentials are confined crueAy to the eleetrolytic analysis 
of solutions of metallic salts. Experiments on the electrolytic 
precipitation of metals on a lnrge scale are also carried out 
as un introduction to the study. of electrometallurgy. 

2. Experiments u.;lh High Potenlials.-The high-potentinl 
currcnt is employed crueAy for el<1"'riments with the electric 
furnace, for the decomposition of fused electrolytes, and 
for the decomposition of gases and other bodies h""ing a 
high rcsist[lnce. For producing the Davy arc a potential 
of about 45 volts is rcquired. 

In addition to the above, the current is also used in an 
electric projection lantern and for a number of arc and incan­
descent lights. 

The distribution of the currents to the various rooms,. 
and the control of the transformer, is eErected from a centrnl 
switchbmud locatoed in the author's private laboratory. By 
this arrangement the switchboard is placed uncler competent 
supervision 'lOd ageneml oversight of the entire plantispossible. 

From the central -witchboard circuits are carried to the 
following places: 

1. PriYate laboratory. 
2. Large lecture-room. 
3. Lnboratory for electrochemical analysis. 
4. Lnbomtory for e"1"'riments on a large seale with high 

and low potentials. 
The circuits running to the different rooms are distin­

guished, according to the intended purposes of the current 
which they carry, as 

a. Lighting circuits, 
b. High-potentinl circuits, 
c. Low-potential circuits, 

and are entirely independent of one ·another. 
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The lighting circuits run to tJ,e privat.e laboratory and 
to the large lecture-room. 

The high-potential circuits 3J'(' carried to the private 
laboratory, the large lecture-room, and to the laboratory for 
experiments ,,;U, high and low potentials. 

In additjoll to these circuit.s there is Ohe for charging 
the accumulators and anoU,er for TUnniog the transformer. 

The switches, rheostats, safety-fuses, and measuring in­
struments for the illfferent circuits are placed on the central 
s"~tchboard. 

1. PRIVATE L.UlOl'-'TORY. 

The private laboratory contains the central switchboard 
and the battery of accumulators. A photographic view of 
the interior is given in Plate III. In the center can he seen 
the switchboard upon which the various iostrumeots are 
motmted; to the left is the glass hood containing, io the 
bottom, the hftttery of accwnulators. Along the wall on the 
right are two work-benches, one for electroanalytical work 
,,~th 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 bench by the ,,;ndow is a slanting wooden 
frame, on the face of which are fastened the switches and 
biodiog-posts, while the connecting wires are attached to the 
back. There are altogether J:ive work-places on tbjs bench, 
at each of which two analyses call be performed simultane­
ously, so that io 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 current distribution shown io 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 eyery analysis can be independently varied 
by lIleans of the regulating resistance at the work-place. A 
single amperemctcr, which can be throWl1 ioto the circuit 
of any analysis by m('allS of a switch placed at each work­
pl,we, serves for mcasuring the current-strength. ,Yhen the 
ampcremeter is cut out, its place is taken by a resistance, in 
order that the currentcstrength wilinot be altered (see p. 135). 

The measurement of the potential is carried out in a similar 
manner by n single yoltm(,ter, which cnn at "ill be switched 
into the circuit of :lny nnuJysis in progress. 

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

The cOllnections of the electrolytic apparatus to the "mall 
s\\;tchboards of the work-bench are madc with yery flexible 
rubber-insuhted copper conductors. the ends of which are 
pro\'idrd with small copper links to allow them to be more 
cOIlYenienti), attached to the apparatus. 

For conducting experhncnts ,,-ith large currents of high 
or low potential, two cases furnished ,,;t!, locks are affixed to 
the second work-bench. TtI"t for low potential contains two 
plates which carry a number of binding-posts, thus allowing 
severnl different pieces of "pparatus to be connected at the 
&'l.mc time. 

The case for high poteutial contains three plates, connected 
with the two outside conductors and the middle conductor 
of the three-\\;re system so timt n. maximum potential of 
about 216 volts is obtainable. These plates also carry several 
binding-posts, which pernilt the use of several pieces of appa­
ratus at one time. 

The two accumulator batteries' contain four cells each. 
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One ba.ttery with the cells connected in series requires a 
charging current of 90 amperes; the other, similarly con­
nected, requires 25 nmperes. 

The batteries are charged from the transformer. 
The small battery furnishes current to the private labora­

lory only, while the large one supplies the rest of the plant. 
E.~ch of the batteries is pro,~ded with a ccli switchboard for 
four cells, so that by cutting out separate cells the potential 
of the current may be reduced and the use of high external 
resistances avoided. 

To prevent. the direction of the current. becoming reversed 
during the process of charging, each battery circuit is pre>­
",;cled with an automatic cut-out. 

The potential of the separate cells is measured by a special 
,·oltmete,., having contact plugs wh.ich allow the potential 
of each cell to be independenUy measured at the cell s"~tch­
board. 

For the measurement of the battery potential and the 
strength of the charging and discharging currents a special 
voltmeter and amperemeter are pro~ded. Furtber, that the 
operation of charging and discharging may be more closely 
observed, indicators for sho"mg th.e direction of the current 
are attached to the several circui ts. 

2. L.illGE LEcrURE-ROO" . 

The instsJlation of the large lecture-room is especiaJly 
intended for the performance of lecture e'''periments which 
comprise the demonstration of electrolysis, the decomposi­
tion of gases and liquids by the Davy arc, and fusion ex­
periments. 

Besides this, pro~on is made for running an eiectric 
projecting lantern, as well as a number of incandescent and 
arc lamps. 
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3. LABORATORY FOR THE ELECTROANALYSIS OF METALS. 

In tlus room the transformer is placed. It also contains 
a large table having ten work-places for carrying out electro­
analytical experiments with low potentials. (Of. Plate IV.) 

. The transformer will next be described. 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 tW(} 
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 tbe low-potential 
current, is so arranged that the potential at the poles may 
be varied from "bout 4.5 to 9 volts, the corresponding cur­
rent-strengths being respectively 360 and ISO amperes. The 
cond uctors carrying the low-potential current from the dy­
namo run to the central s\\~tchboard. The potential of 9 
volts is the one generally used, the lower potential of 4.5 
volts being employed for larger el.ctrolytic experiments, 
such as the preparation of pure metals. 

The "Iteration in the potential of the current is brought 
about by connecting the two halves of the double anna­
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. 

Further, concerning the construction of the transformer, 
it sbould be mentioned that the machine is very solidly built 
and the magnets protected within the frame, so that a me­
chaoipal injury to the field-coils is out of the question. The 
lubrication of all parts is ""'l.rried out by means of ring-lubri­
cation, which has proved vety satisfactory. Such delays 
as often wcur when other mechanical contrivances are em-
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ployed are here impossible. Owing to its construction, 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 ita speed of 
about 1300 revolutions per minute, is so quiet and free from 
any jarring or shaking, that its running ClUl scnrccly be de­
tected even in the immediate neighborhood. 

It should be stated that there is a switchboard M.ar the 
transfomler, by which direct currents of low potential can be­
taken off in tillS room without rooking use of the central 
s,,~tchboard. Such currents are required when experi~ents 
with high-current strength and low potential are perfomled;. 
and in sucb cases short cables are run from this switchboard 
to the nearest work-bencb, where the apparatus is set up. 

The arrangement of the large work-bench, a pbotob'Tnph 
of wlllch is given in Plate IV, corresponds in general to that 
of the table for conducting 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 in all twen.ty experiments can be 
carried on at the same time. * 

Plalc V shows the method employed for measuring­
the current-strength lind potential of an analysis. The am­
peremeter and voltmeter are above. The currents are reg­
ulated by means of the rheostats (I, II, III, and IV). These 
consist of slate hlocks into which are fixed metal knobs. 
attached to separate resistance spirals. By turning the 
lever in. the direction indicated by the arrow, the resistance· 
is cut out and the current-strength correspondingly increased. 

The s,,~tches for the amperemeter Au. 1l.1I1.1v),. for the 

• ~o other work-benches ba ve been recently added, 80 that there are 
now twcnty'work-places for clertroa.na1ysis. 
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elpctrolyses E(l, II,H). JVI, and the safety-fuses B tl,I1,IIl, IV) 

are covered by b"oll,ed m~tf11 cases. 
" " . 11.m. 1\1 arc the billeting-posts to which the elec­

troJyses are cUJlJ'lecled, r is a. doubJp-poJe switch used in 
moasuring the poiRntial. ]J, the position 0 the voltmeter 
is ('ut out; at I , Il , 111 , IV the corresponding electrolysis is 
oonnect"d with the voltmeter. As already stated, there is 
onl~' one ampcremeter and one voitmpter to eyery table 'with 
]0--20 dishes, and therefOlY' onk one electrolysis can be 
measured at a time. TIl(' four figures in Plate V are de­
signed to make the f'::q)ianatiolls clearer, 

In position I , where the keys A, und Et are horizontal, 
thf cirrujt is open. In II,. All is vertical; the amperemetcr 
is connrcted. if the key E is now turned to the vertical 
position a current will flow through the circuit and the lever 
of the rbeostat at II may be turned in the directioll of the 
nrrow until til£> ampefE\mrt.er re¢stcrs the desired current­
st.rength. A i: then brought, into the position .>tm. The 
current now Bows no longer through the nmperometer, but 
through a roll of "ire, the resistance of which is equal to that 
of tl,,· mnpt'relll~tP!'. The curreDt~8trength remains the 
same as that pre\iously shown hy the amperemeter. 

l' serves for measuring the potential at the electrodes 
of the electrolytic "e,,-<;cI, as ShO\\11 at \'lV. In this operation 
the position of .>t and E is the same as in III. Tbe two metal 
strips (88) are pushed to the right or left (in the figure to 
the right, h'l, and the voltmeter then shows the potential 
existing at that time between the electrodes of the corre­
sponding electrolysis. The measuring instruments are 
switeh~ out of the circuit i=ediately after use. 
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4. L.illORATORY FOR PERFORMI NG BxrERBtEyr!; ON A LARGE 
ScALE WITH Low AND HIOH POTENTIALS. 

As already mentioned, special cases which receive their 
currents from separate conductors mnning from the central 
switchboard are provided for high and low potenti,,1. 

Within tbe case for high potential there are three separate 
plates corresponding to the three fecd-\\;res of the three-wire 
system, prmdding currents at potentials of lOS and 216 volts 
accordingly. 

The case for low potential contains two connections, ,,;\h 
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 . temunal boxes 
provided with locks. By tlus arrangemeu teach ta ble is 
provided with both high and low potential. 

Each of t be branches rUlllUng to the tables is suppli ed 
with a safety-fuse and" switch ; each table is therefore 
independent of the others. 

In conducting experiments a set of portable measuring 
instruments and portable resistanees for regulating the cur­
rent is used. 

Large and cumbersome resistances are required to pro­
duce appreciable variations in tbe potential. A simple 
appliance in use in the Aachen laboratory overcomes this 
difficulty in the case of experiments of short duration, where 
economical use of the current is not an essential feature. 
This scheme, Originated by LOb and Kaufmann / pernlits 
t he coDvenient splitting up of tbe current of 216 or 108 volts 
into separate independent currents having the required 
lower potential . 

• Zeit. r. 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 porcelain trough filled with sulphuric ac.id (Fig. 91), 

II E in such a manner that they cut all 
the lines of the curren t . They 
must therefore almost touch the 
sides and bottom of the trough. 
When the current passes, these 
lead plates act as intermediate 

FrG.91. 

8 conductors, the sum of their 
separate potentials being 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 
mO\ing the plates toward or away from the electrodes the 
:potential is varied, and any desired potential may be ob­
tained by making a connection between a terminal electrode 
and one of the plates. The arrangement is given in Fig. 9l. 
E denotes the source of current; T, the trough filled with 
sulphuric acid; A and K, anode and cathode; lIf, the five 
plates. The "ires to S show tbe removal of three separate 
'currents of different potentials. A large number of such 
-connections are possible. On account of the gases given 
<lIT, 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, and is not always 
placed in experienced hands, it was considered desirable to 
have all parts solidly constructed and intended for contin­
uous usc. 

The . switches and regulating instruments, as well as the 
branch-plates, are all mounted on bases of fire-proof 
material. 
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All connections are made with the best rubber-covered 
wL-e, fastened to large porcelain brackets, so that most perfect 
insulation of the conductors is assured. 

To secure against improper use, nil switch-cases are pro­
. vided with safety-locks, so that currents can nowhere be 

taken off without the permission of the director of, the 
laboratory. 





PART SECOND. 

SPECIAL. 

SECTION I. 

QUA.l'UITATIVE DETERMINATION OF METALS. 

IRON. 
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If a solution oi a ferrous salt is treated "~th potassium or 
ammonium ox"late, there is pro<lucccl an intensely )·"llowish­
red precipitate of ferrons oxalate, soluble in an excess of the 
reagent to a yellowish-red solution of the double salt. 
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The stoted oxall1l:es do not precipitate ferric snits; but, 
if adder! in sufficient quantity, a solution of the double ferric 
MIt. is prorlueed having a more or less green color. 11 this 
solution is submitted to electrolysis, there is Ii,.,;t produccu 
the double ferrou, salt, which is then decomposed ,,"t.h separa­
tion of metaUic iron; tl,e green liquid therefore becomes fl"t 
red anll then colorless. Because of this actiou, the deter­
minution of iron is more rapidly performed in solutions of 
ferrolls t.hl1n of ferric salts. Potassium iron oxalate i, not 
adapted to electrol)·si" Jx.cause the potassium carbonate 
which is produced precipitate<; iron carbonate, and th us com­
plete reduction is prevented. The electrolysis of the ammo­
nium double salt, when ammonium oxalate is in sufficient 
exceRS, proceeds smoothly, with no sepamt ion of an iron 
compound. If the solution contnins free hydrochloric acid, 
it is Jx.st to remm·e it by evaporation on the ,Ya ter­
bath. 

Free sulpburic acid may be neutralised ""th ammonia, 
since the ammonium sulpbate thus produced onl)" increases 
the conductivity of t.he solut.ion. NiLrates are conwrted by 
evaporation ,,-jth sulphuric acid into sulphate., or by repeated 
cvaporat,ion with hydrochlOric acid into chlorides. The 
presence of phosphoric acid is not objectionable. 

The detennination is conducted as follo"·8: Assuming 
that 1 g of iron may be present in the solution to be clec­
troll'sed, from 6 to 8 g of ammonium oxahte are ctissoh-ecl 
by hel1t.ing in as little water as possible, anr! with constant 
stirring the iron solution is gradually added.* The solution 
is then (uluted ,,; th water t.o 100-1.';0 ce and the positive 

• It is nOl 'desirable to add ammonium oxalate solution to a ferrous. 
solut.ion, as difficultly soluble ferrous oxalate separates, and can be dig... 
solved to the double salt only by long beating. With a ferric solution t..his 
precaution is unnecessary. 
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electrode 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. 

CONDm ONS FOR A.."JALYSIS . 

Metal present as sulphate. 
Substance added : 6 to 8 g ammonium oxalate. 
Total vohtme of solution : 100 to 150 cc. 
Temperature: that of room, or 40" to 65°. 
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 electrodes : 

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

Time required : 2t to 6t hours, depending on tbe tem­
perature. For tbe quality of tbe precipitated metal, polished 
Of roughened dishes anS"·er equalJy well. 

The end of tbe reaction is determined by taking out a 
small portion of the colorless solution witb a capillary tube, 
acidifJing strongly with hydrochloric acid, and testing with 
potassium sulphocyanide. "\'I'ben the reaction is ended the 
positive electrode is removed from the solut ion, wh.ich is 
poured off, and t he dish washed three times with cold water 
(about 5 cc each time), and three times with absolute alcohol, 
dried a few moments in the air-hath at a temperature of 70" 
to 90", and weighed after cooling. 

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

Used 2.1-2.5 g FeSO.(NII.),SO •. 6H,O (Fe~14.29%), 
6-S g ammonium oxalate, 120 co of liquid. 

Cul"1"6ut·denl!.ity. Elect.rode Polenth.', Temp. Time. Found . • '\rrll.e~ . \'Oltfi . 

1 -1 .5 3.8.:;......1.3 20-40· 2 hr. 15 m. 14 . 21 % 
1 -1 .05 3 . G --4 . 2 36° 3 " 50 " 14 . 21 
I - 1.08 3.0:.,..3 .52 fi5° 2 " 30 " H .2S " 
0.5-0 .55 2 .0 -2.3 5H ... 52° 3 " 30 " 14 .24 " 

Used 2.6-2.8 g ferric potassium oxal"te (Fe,(C,o.),. 
3K,C,o •. 6H,O) (Fe - ll.4.0'k), 6-7 g ammonium oxalate. 

Curnont-density. Electrode Potential. Temp. Time. Foulld. AIJlIJoCre8. VoIL'! . 
1.5-1 .7 3.55-1.25 35--:10° 2 hr. ;')-lm. 1].39 "0 
1 .(}-I . l 3 .9 -·1.0 30-400 3 " 15 " 11. ~{5 " 
0.5-0 .8 2 .4 -2 .8 50· G .' IS " 11.25 " 

Edgar F. Smith ha, recommended tlil' precipitation of 
iron from n solution of nllunollium citr~tc to which a few 
drops of citric acid have been added. The ,,"thor's experi­
ments in earlier yrars, on the separation of iron from other 
metals in (·itric and tart .. 'lric acid solution, demonstrated 
that in the presence of fixed organic acids the precipit"ted 
metal always contains carbon . . Heidenreich has shown, by 
experiments conrillctpd ill tbe Aachen laboratory, that iroD 
may be quantitati\'cly dotermined froOl such solutions under 
certain conditions. namel)': 0.2 g ferrous anunonium sul­
phate, 50 cc of a 10 per cent. solution of sodium citrate, 2 co 
of a saturated solution of citric acid; entire volume of liquid, 
120 cc; tempel'llturc of room; ND". = 0. 75-{).9 amp.; potcn­
tiaJ-difJ'erence, 5 yolts; time, 4-6 hours. The iron, however, 
always contains carbon. 
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COBALT. 
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Cobalt may be very easily precipi tated [rom n solution 
r cobalt ammonium oxalate containing an excess o[ amm<>­
ium oxalate (method of the autbor). The metal separates 
lpidly at the negative electrode in a compact adherent 
)ating, showing its charncteristic metallic properties. The 
peration is performed as in the determination of iron. 4-5 
ammonium oxalate are dissolved by heating in the solution, 
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t he volume of ,,·hich should be about 25 ce; it is then diluted 
to 100-120 ce, wafmeJ, and eleetrolysed at 60-70". 

COKD1TJONS FOR ANAl.YSIS. 

Metal present as sulphate. 
Substance added: 4 to 5 g ammonium oxalate. 
Total volume of solution: 100 to 120 ce. 
Temperature : 600 to 70". 
Current-density nt cathode: ND ... -l.O ampere. 
Potential-difference: 3.1 to 3.8 volts. 
Time required: 2t to 3~ 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 CoSO •. K,SO •. 6H,O (Fe=13.43%), 4-5 g 
ammonium oxalate, 120 cc solution. 

Current.-donmty, Eleetrode Potential, Temp. Timo. Found. Amperes. Volt •. 

1 -1.1 3 .1 -3 .78 6(}-GS' 2 hr. 15 m. 13 .36 % 
O.&-!l .S2 2.7-2 .95 60-6510 3 " 30 " 13 .49 " 
I -1.2 3 .9 -4 .0 15-350 4 " 30 " 13.43 II 

O.iHl.53 3.46-3.9 15-270 6 " 3,5 II 13 . 25 " 

According to a method given by Fresenius and Bergmann, 
the cobalt solution, alter the addition of 1&-20 cc of an am­
monium sulj.>hate solution (300 g (NH.),SO. to the liter) 
and 40 cc ammonia sp. gr. 0.96 (where more than 0.5 g cob~lt 
is present in the solution, 50-60 cc NH.OH) is diluted with 
wn.ter 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 reduction. 
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 ANAL"'SIS. 

Metal pre5('.nt as sulphate. 
Substance added : 4.5 to 6 g ammonium sulphate and 

o to 60 cc ammonia (sp. gr. = 0.96). 
Total volume of solution : 150 to 170 cc. 
Temperature : that of room. 
Currentrdensity: 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 following method for the 

etermim.tion of cobalt: 
The salt is dissolved in water and a quantity of ammo­

ium chloride, equal to four times the weight of the salt, tnken, 
, added. The final vohmle of the liquid should be 150 cc, 
of which is an ammonia solution (sp. gr.=O.92). (See 

trther under NickeL) 

NICKEL. 
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Nickel may be reduced under conilitions similar to those 
for the determination of cobalt; the metal is precipitated 
from a. solution of double oxaiates, containing mrunomwn 
oxalate in excess, as a bright adherent coating on the negative 
eJectroue. 

COXDITIONS Fon AX ,o\1;Y815. 

Metal present as sulphate. 
Substance aLldecl: 6 to 8 g ammonium oxalate. 
Tobl volulne of solution: 120 cc. 
Tcmpemt~: GO° to 70°. 
Current-densit y at cathode: NDIQo=1.0 ampere. 
Potential-ilitTerence: 3 to 4 volts. 
Time required: about 3 hours. 
The question of the complete precipitation of the nickel 

call be settled by adding a slllall 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 can 
be detennined by adding bromine to ilissolve the sulphide 
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and again electrolysing the solution aft"r the addition of 
nn exce.._Q,g of nnunonia. 

According to Fresenius and Bergmann, nickel can be 
completely precipitated from a solution contruning ammo­
nium ulphate and free ammonia (SL'C Cobalt). 

Oettel bas demonstn,ted that nickel may also be deter­
mined in solutions containing the chloride. Since the pres­
ence of nitric acid is very objectionable, however, this must 
be entirely removed if present. Oettel effected this by e".1'­
orating the nitric acid solution to complete dryness "nJ then 
boiling the residue several times with concentrated.hydro­
chloric acid in a long-necked flask, until the reaction of nitric 
acid with diphenylamine was no longer obtained. Small 
quantities of nickel citrate can be precipitated as hydroxide, 
w""hed fUld dissolved in hydrochloric acid. Large quantities 
al"e most conveniently com'erted into sulphate and deter­
mined by one of the methods mentioned above. 

To the solution of the chloride so much ammoni" (sp. gr. 
=0.92) is added that 10% by volume of free ammonia is 
presen t (wben less is present black oxide of nickel separates 
on the fUlode). About 10 g ammonium chloride per gram 
of metal to be precipitated is added, and the electrolysis is 
conducted with eurrents of r.,TD,oo=0.4 ampere. The time 
reqlured is from 7 to 8 hours, and the method permits large 
quantities of nickel (as much as 2 gmms) to be precipitated 
in white, strongly adherent deposits. A uniform curr<'nt­
density on all portions of the suriace of the cathode is im­
portant to tbe success of this method.* 

E. F . Smitb t recommends tbe precipitation of nickel 
"and cobalt from a solution containing an alkali cyanide 

• Classen, Ausgew!ihlte Methoden, p. 410. 
t Electro-Chemicnl An.alysis, 1902, p. 94. 
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under the following conditions: Enough potassium cyanide 
is added to the sol ution of the metal salt to redissolyc the 
precipitl1te at first formed and to pro,;de an excess of 0.1 gmm 
of the cyaniue; 2 grums of ammonium carbonate nre then 
added, the solution is diluted to 150 cc, warmed to 60°, :Uld 
electrolysed with a current of KD,,,,~ 1.5 ampere and a po­
tenLial-ditTerence of 6 to 6.5 volts. The time requir~d for 
complete precipi tation is about th~ and one-half hours. 

According to Fernberger and Smith the detennination 
of nickel Illay also be conducted in a solution containing 
phosphates. They mention the follo"ing ~xperiment: 

To a solution of the nickel salt (containing 0.1360 g of !IIi) 
45 cc of a disodium hydrogen phosphate solution (sp. gr. ~ 
1.0358) and enough phosphoric acid to dissoh·e the precipi­
tate formed lind to have a few dmps in exceSS were added. 
The solution n',OS then diluted to 250 ce, warmed to 65°, and 
elcctrolYHeu for three and one-half hours with a current 
of ND,,,~0.53 ampere and a potential-difference of 7 
yolts. 

Campbell and Andrews dissolve nickel h~'droxide in 30 ce 
of a 10 per cent. solution of disodium hydrogen phosphate, to 
which 30 cc of a concentrated ammonia solution are added, 
alld, with a distance of ;; Dill) between the electrodes, sepamte 
the nickel by the use of a current of ND".~O.l4 amp. 

Gooch and Medway have used the apparatus described 
on p. 124 for the determination of nickel. Nickel lilllIDO­

nium sulphate was dissolved in 25 ee of water ,md 20 ce of 
strong ammonia were added. In this solution about 1 g of 
ammonium sulpha,te 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 tbe nickel (0.0954- 0.1738 g) was 
from 20 to 30 minutes. 
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ZINC. 
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The metal may be easily and quickly separated from the 
double salts of zinc ammoniwn oxalate and zinc potassium 
oxalate (method of the autbor).* 

The reduced metal has a bluish-white color, and under 
proper conditions adheres firmly to the negati\'e electrode_ 

• The reduction of zinc from a solution of zincarnmonium oxalate i.~ "ery 
often credited to Reinhardt Ilnd Ihle. The author, howe,-cr, described 
this melhod in Fehling's U Bandworterbucb " before t.be publicatioll of the 
article by Reinhardt and Ible in the J ournal fUr praktiscbe Cbemie, to. 
the editor of which, Kolbe, the author especially stated the facts at the time. 
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Indeed, the metallic zinc often adheres so firmly to the plat­
;uwn dish that, after being cleaned with water and alcohol 
and dried, it is "ith difficulty dissolved by warming with 
acids. Generally, after tills operation, a dark coating of 
platinum-black remaius which cfln only be removed by ignit­
ing the dish and again treating "itb acids. It is therefore 
desirable, before weighing the dish, to precipitate upon it a 
thin coating of copper, tin, or, better, silver. In laboratories 
where many zinc determinations ure perfonned, silver dishes 
may be advantageously employed. 

A bright, thick coating of cappel' can be obtained in a few 
min utes if a sa turated solution of copper sulphate is treated 
with an excess of ammonium oxalate to fonn the double salt, 
acidified "ith oxalic acid, warmed to 70-SO°, and ti,e copper 
precipitated by a current of 1 ampere. The preparation of 
t he uoublc salt in a beaker, and the transfer of the clear 
hot solution to the phtinum dish is to be recommended. 

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

In determining zinc by this method, the zinc salt is dis­
solved in a little water by warming, about 4 g of potassium 
oxalate or an equal amount of ammonium oxalate is added 
nno the whole is brought into solution by warming and, jf 

nec~ssary, by the addition of small quantities of water* 
The liquid is no,,· transferred to a platinum dish co.J"d with 
copper or silver and electrolyserl. The anthor has demon­
strated by experiments that the separation of the zinc in a 
dense, metallic form· is possible if the solution be kept acid 
during the process of analysis . 

• If !.be nlkali oxalat.e be- added to a dilute solution of a zinc salt, tllere 
first. forms !l precipitlLte of zi.nc oxalnte wblch is not completely converted 
into the soluble zinc double salt. if the solution of tbe alkali oxalate is too 
dilute: 
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Fur acidif~ing tho solution, a cold saturated solution 
of oxalic acid, or, better, " solution of t.artaric ,wid (3: 50) 
is employed. At the start the solution is eleetrolysed 
for about 3-5 minutes ,,;thout addition of acidJ and 
then the acid is permitted to flow in drops (about 10 
drops per minute) from a burette "ith a fme outlet, UpOIl the 
watch-glass covering the dish. The acid flows through the 
holes in the watch-glass into the dish itself. Alter the re­
duction is completed (this is determined "ith potassium 
ferrocyallicle), the metal must be washed without interrupt-
ing the current. . 

COl\-urTlONS FOR AN.USSIS . 

Metal present as sulphate. 
SubRtrulce adeled: 4 g potassium or ammonium oxalate. 
Total yolume of solution: 120 cc. 
Temperature : 50° to 60°. 
Current-density at c.athode : 

KD,,,,,-0.5 to 0.1 ampere. 

Potential-difference : 3.5 to 4.8 volts. 
Time reqtrired: about 2 hours. 
Roughened or polished dishes answer equally well, but 

they should be copper or silver plated before usc. 

EXPElll~-tE!'T . 

used 1.8--2 g zinc ammonittm sulpbate (Zn - 19.29% ), 
4 g potassium oxalate, 120 cc solution. 
Current-density. Electrode POlelltial, Temp. Time. Found . 

Am~rea. Volt!!. 

O.iHl .55 3 .5-4 .0 55-60° 2 hr. 1B .44 % 
O.IH 4.i-4.8 60° I " 50 m. I B.42 

According to " . Miller and Juliani,4 g potassium oxalate 
and 3 g potassium sulpbate are dissolved in water, the neu-· 
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trnJised zinc solution (sulphate or nitrate containing not 
more tlulll 0.3 g Zn) carefully added, nnd electrolysis effected 
\\ithout heat, by a current of ND".~O.3-0.5 ampere. The 
reaction js comp]rt.f> jn 2 to 3 hours. 

!\. Eisenberg * obtnineu the following results by the pre­
ceiling method: 
SlIt>!'t. Cumnt- EleetlT'de Condition 
Taken. delJ,.ny, PUIl'lltmJ, T(lIDJ). TUlle. Found . of 

Aml>e.ret!. Yolls. Metal. 
1 .8312 0.-1 -0,35 3 .1}..' .0 25-26° 4 hr. 16.35% part Iy spongy 
1 .8:!12 0 .40-0 .35 4 . 1-4 .2 2S-3Qo 4 " 16 .01 " spongy 

Remark: (1 ) llougbcm.:d dish i (2) Pol;sbcd dish. 

The constant mixing of the liquid by means of a stirring 
~ppliance is recommended for this method. 

Accoriling to Jordis, zinc, when present in the form of 
·sulphate, ch.loride, or nitrate, Ill"r be S{'pornted from a lactic 
",cid solution. The case "ith which this method can be car­
ried out appears froll1 the directions of the outhor, which 
read us follows: " 2 g ammonium sulphate and 5--7 g ammo­
nium lactate arc added to the neutral solution containing 1I0t 
less thall 0.3-{).5 g zinc, which is then acicliiied "ith a few 
drops of Inrl,ic :1cid. A stirring attachment is employed, 
and the solution is eleetrolysed with a cw-rent of ?I.'D".= 
1.0- 1.5 amp. After 40--00 minutes the electrolyte is poured 
into u secoud dish and the separation completed in this. With 
a current of the ahove density this requires 20-25 minutes. 
A somewhat concentrated solution of ahout 120-150 cc is 
advanta,geolls. " 

, ' 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, t)le electrolyte remains acid until the end and re­
quires no further attentioIl. II 

·Iu8ugural-Dissert. Heidelberg, 1895. 
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Luckow, Beilstein and Jawein, and Millot have described 
tbe precipitation of zinc from solutions contaillillg potassium 
cyanide. To a neutral solution of the zinc salt, or a solu­
tion made slightly alkaline with sodiwn hydroxide, just 
enough of a solution of pure potassium cyanide is added 
in small portions to dissoh'e the precipitate of zinc 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 elec­
t rolysis may be conducted at ordiDary temp",,·.tures, or from 
50° to 60°. In the latter case the difference of potential 
between the electrodes "ill be from 5 to 8 volts and ·the time 
required from tll"O to two and one-half hours. If the deter­
mination is to be carried out over night weaker currents 
can be used ~t room temperature and a good deposit will 
be obtained. Thc completion of the precipitation can be 
determined by decomposillg a small quantity of the solution 
with hydrochloric acid and Ildding potassium ferrocyanjde. 

_.\ method previously suggested by VortmaUD depended 
Oil the nddition of n bown weight of a mercury salt to the 
zinc solution, and tbe precipitation of the mercury and zinc 
by electrolysis in the form of an amalgam. Paweck has 
substituted a direct method for tltis, and precipitates the 
zinc on an amalgamated c:tthode. 

For this purpose two circular diska 6 em in diDmeter 
are cut from ordinary brass-wu'e gauze, and after thorough 
cleansing by scouring and by treatment with acids are at­
tached to a brass wire 10 em long and 1 rum thick, pointed 
at the lower end, in such a manner tbat the wire eztends 
about 2 mm beyond the lower disk, and the two diska are 
parallel and about 12 mrn apart. After washing with water, 
alcohol, and ether, and drying, this electrode is inunersed 
in a solution of 0.6 g mercuric chloride, 5 cc concentrated 
rut·ric acid, 200 cc water, and electrolysed for i to 1 hour 
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with a current of 0.1 to 0.2 ampere. By this treatment the 
electrode is evenly amalgamated, Ilnd it is then washed with 
h) urocbloric acid, water, alcohol, and ether, and dried at a 
gentle heat, as is obtained by holding it a short distance from 
" hot asbestos pIale. It is then placed on a watch-glass in a 
desiccator, amI accurately weighed before using for an analysis. 

The solution) which Dlay contain as much as 0.5 g of 
zinc as sulphate, is prepared by adding 10 g of sodium­
potassium tartrate and 7 to 8 g of pure sodium or potassium 
hydroxide cussolvcd in water, and is diluted to a final volume 
of 200 cc. The electrolysis is conducted with a current­
strength of 0.1 to 0.5 ampere and a potential-difference 
of from 2.6 to 3.6 volts. The operation requires [rom 3 to 
-l hours, and the end of the precipitation can be determined 
"ith hydrogen sulphide. "nen completed, the cathode 
is removed quickly, washed. "it.h water, alcohol, and ether", 
dried as beforc, and allowed to st.~nu in a desiccator for 15 
minutes hefore weighing. For a second experiment the 
catbode can be cleaned by treating \\;th almost concentrated 
h.ydrochloric acidJ and is washed with wat.er, etc., as in the 
first casco 

Paweck . lso succeeded in precipitating the zinc quau­
titati,·ely on unamalgamated brass-,,;re gauze cathodes. 
The solution in till" case eonsisted of the zinc salt as sul­
phate, 14 g sodi um or pot.~ssium sulphate and three drops 
of concentrated sulphuric acid. The circuit was so ad­
justed that the current began to pass as soon as the cathode 
was introduced into the solution, and the washing at thc 
end was carried out "ithout interrupting the current. A 
potential-diil"erenee of 3.6 yolts WIlS employed. 

Smith has determined the following comutions as suitable 
for the determination of zinc by the method originally pro­
posed by RicM. 
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To the wl ution of the ZillC salt (polassium zinc sulphate 
equal to 0.2002 g Zn) 1 g of SOCUUlll "ct'lale nn I 0.3 cc of 
Rcel;c acid (99'70) were added. 'fhe ,"olume of the fmal 
solulion was 150 cc and the electrolysis was conducted at 
a temperature of 65° in silvered rushes, "ith a rw·rent of 
ND", = 0.36 to O.iO ampere and a potential-diflerencc of 
4 to 5 volts. The time required was 111'0 hours, and lowards 
the end of the operation, when the solution appeared to 
1e fi lled with small gas bubbles, it was neutralised with am­
monia. 

For the eleetrolytic detennination of zinc Smith* stales 
that he prefers tbe method suggested by Parodi and M ..... 
cazzini, which he describes as follows : To a solution of 
the element (0.1-().25 g Zn) as sulphate add 4 cc of a solu­
lion of ammonium acetate (orrunary laboratory strength. 
presumably!), ZO cc of citric acid, and dilute to 200 cc \lith 
water. The electrodes are then introduced into the liquid, 
their distance apart being not more than a rew millimeters. 
A platinum cone is used as cathode and t he current should 
be 0.5 ampere and 5.9-6.3 volts at ordinary tempt'rutures, 
or 0.5 ampere and 4.8 to 5.2 volts when t he solution is warmed 
to 50-60°. 

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

• Electro-Chemical Analysis (1902), p. 84. 
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MANGANESE. 
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From the results of cxperience in the Aachen laboratory, 
·none of the methods long in use are applicable for the direct 
quantitath·c determination of this metal as peroxide. It 
is gcncrally assumed that the peroxide when dried at about 
68° has the eomposition MnO,.H,o, an assumption which 
the author cannot confirm. If the attempt be made to coo­
Yert i,he hyuratRd peroxide into anhydrous peroxide. by 
prolonged drying at a higher temperature, " strongly hygro­
scopic sllbstruwe Tf\f'U]ts which rapidJy increases in weight 
during the process of ~·eighing. It is therefore necessary to 
e.onvert the dried peroxide iota mangano-manganic oxide 
by ignitidn, all opemtion conducted with ease and safety. 
After determining thp necessary conditions for the separa­
tion of large quantities of lead peroxide, the author was in­
ducpd tn assume that manganese behaved similarly to lead. 
ILlvestigation proved, however, that strong inorganic acids 
interfere with complete precipitation, and even make it im­
possible. Of tbe organic acids, acetic acid alone is suitable, 
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'l'lthough thc precipitation of large quantities, even when 
roughened dishes are uaed, cannot be succe,sfully carried 
-out, since it is impessible to obtain firmly adbering pre­
.cipitates. 

If a salt other than the acetate is at hand, it is best to 
precipitate the manganese as dioxide with ammoniacal hy­
-drogen peroxide. The precipitate is washed thoroughly and 
dissolved in 5 cc acetic acid, 5 cc hydrogen peroxide (4-5%), 
.and 25 cc water. Thls is especially necessary when the man­
,ganese is present as chloride or when the solution contains 
other chlorides. Permanganic acid i~ 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 satislactorily determined as peroxide is only 
.ahout 0.08 gram. 

CONDITIONS YOR ANALYSIS. 

Metal prcsent as acetate or sulphate. 
SUhstance added: 25 cc acetic acid (sp. gr. = 1.069). 
Total volume of solution: 75 cc. 
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, 
.. s a result of investigations conducted in the Aachen lahora­
'tory. The method is as lollows: 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 
solution is then electrolysed. Chlorides must not be present, 
:Since the evolution 01 chlorine interferes wi th the separation 
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of" the IIlnngrmcsc. If 'they are present, the manganese is 
converted into acetute as described a,boye. 

CO:\~DITIOl'\S Fon AN.U YSIS. 

Metal present us acetate or sulphate. 
Substance added: 10 g ammonium acetate and 1.5 to 

2 g chrome alum. 
Total " olume of solution: 125 ee. 
Temperature : SOo. 
Currenlroensity at anode: ND". - 0.6 to 1.0 ampere. 
Potential-difference bctwc'Cn electrodes: 2.S to 4.0 volts. 
Time required : about It hour. 
Roughened dishes must be used. 

K\'I'ERlAfE?\"T. 

In the determinations gh'en below, 10 g ammonium ace­
tate and 1.5-2 g chrome alum were added to the solution. 

Mu(N~b).~~,g" )lt6 I-1tO . c~ ~~:lijt:~e~~~y ~!J~~f. 
1.1522g 0 .6-0 .5 2 .8-3. 1 
1. 25.:H" 0 .6-0 .5 2 .8-3.1 
1 .m4" 0.6 3. 
1.8099" 1 .1 3 .7--4 . 1 

TemlJ. Time. 
Found 
Mn.U4 • 

g. PerCent . 
800 {hr. 0 .2235 19 .39 
800 0 .2436 19.40 
830 0 .2520 1~ . 39 

800 0.3513 19.40 

In the determina.tion of manganese in the salts of perman­
ganic acid, tbe solution of tbe lat·ter is decomposed, accord­
ing to Engels, "ith 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 firm 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-{).5 g is sufficient. 
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EX!' t:IUM E:o."T. 

50 cc of a POtfiSShUll permanganate solution were decom 
posed with 5 cc acetic "cid and 10 cc of a weak solution 0 

hydrogen peroxide. The exccss of H:t0~ W[lS rnmovcd \,~tJ 

ero,. 
CulTelll·dl',.llsily 

NU, ... Potential. Time. Ternl). :MnIO •. 

I. 1. 5 Ilmp. 2 .8\'oHs 1 hr. 85· 0 . 1217 g 
II. I.G5 3 . 15 " 1 " 85° 0 . 1220 II 

III. 1.78 " 3 . ·1 " 1 " 80· 0 . 1220" 

The current-strength available varies betw(>(>TI c9mpara 
tiveJy wide limits. 'Yeak currents also give r!tpid and satiB 
factory results. 

EXP£.H1l1IE7\I'. 

Three dishes, each containing manganese sulphate solu 
tion, 10 g ammoniwn acetate, and 1 g chrome alum, were con 
nected in parallel, and the current from a thermopile passel 
through. The potential at the electrodes at the heginniI11 
of the electrolysis was 3.2 volts, the entire current-strengtl 
1.5 amp., so that each dish received about 0.4 amp. Th 
manganese salt used contained 20.45% Mn,O,. 

Mn(NH·)fi~~,·5B~O.~~~~~~~YP~~i~~~I. Temp. . Time. Found. 
1.1'.)55 0 .22 3.2 goo 2hrs.30min. 20.450/, 
0.9009 0.22 3 .2 goo 2 , j 20.44" 
1.2012 0.22 3.2 80° 2 q II" 20.40 II 

Since manganese separates as peroxide from a cold solutiol 
to which ammonium acetate has been added, at 1.25 valli 
and when warmed to 800 as low as 1-1.1 volts, the clectroly 
sis may therefore be conducted with low electromotive forCe! 
The constancy of the latter may be assured by connecting iI 
shunt (page 103). The lower the potential, the longer th 
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time required for the separation. With the maximum poten­
tial of 1.8 volts it takes from 41.05 hours. For the firm adher­
ence of the precipitate a temperature of 80° is essential. 

In those cases (i.e., in the presence of silver) where the 
chrome alum produces a precipitat.e in the solutions} it may 
be replaced by 10 cc of alcohol, which in general is not as 
satisfact.oryas the chrome alwl1 ill S<'p!1.mting the manganese­
peroxide. 

When alcohol is used, the elcctrolysie is conducted at " 
temperature of 75-80°, with n maximum potcutial of 2 ,"oIts, 
which gives a currcnt-density ND11l0=~bout 0.15 amp. Time 
required for the electrolysis, about .5 llOurs. 

Kaeppel has stated tll!1t by the aUllition of acetone to 
solutions of mang,ulese sulphate be was ;tble to deposit 
quantities of manganese dioxide as great as 1.6 g on rough­
ened anodes. He rmploy('d solut.ions containing manganese 
oqui"alent t.o 0.1 5 to 1.6 gram of manganese clioxide in 150 
CCI :1Ild adtled from 1.5 to ]0 cc of acctone, depending Oll 

the "mount of manganese sulphate presenL. The electrolysis 
"'us conducteu at a temperature of from 50° to 60° anti. re­
quired from 2 to 5t hours. iv; somee of curreJlt he states 
Lhat he used accumulators and Cupran clements, giying a 
potential-difference of 4 to 4.25 yolts and currents of from 
0.7 to 1.2 nmpere, directions which are insufficient to permit 
a repetition of his ,,""periments. His method has not given 
satisfactory results when tried in Ule author's laboratory.* 

ALUMINIUM, URANIUM, CHROMIUM, BERYLLIU'.M. 

II a solution of aluminium ammoniwn oxalate containing 
ammonium oxalate ill excess is subrnitted to the action of the 
electric current, the ammoniwn oxalate is changed into car-

• ClMscn, Ausgewahlte Methoden, p. 3iO. 
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bonate, and the nlunilnium separates as hydroxide. "l,en 
the oxalate is dl'Composed, the solution is.hent.rd wltil there 
is only a fnint odor of anUTIonhl, the hydroxide filtet1'd off, 
washed with water! and cOlwcrtcci by ignition into A120,. 

L"rtlnium is acled on in the same way lLS aluminium. 
Chromium nnul10niutn oxalatr is oxidiSf'd by the current 

with formation of ammonium chromate. · To determine the 
chromic ncid) the ammonium carbonate is decomposed by 
boiling, the solution acidified with acetic acid, and thc chromic 
acid. detel'mined as lead or bu.riwn chromate. 

"l,en beryllium ammonium oxalate is subjected to elec­
trolysis, the hei-ylliulll is kept. in solution by the hydrogen 
ammonium carbonate produced, prO\;derl the solution is 
cold. 

The beh:l.,:ior of aluminium, chromHnn, uranium, and 
beryllium can be macle use of, a.~ explained later, to sepamte 
them from each other and from all metals which separate 
from iheir double oxalatcs in the Dletallic state at the nega­
th·. electrode. 
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According to Smith and WnlIace uranium can be Jeter­
mined by tlte electrolysis of a solution containing free acetic 
acio. The uraniwn separates on the cathode as yellow uranic 
hyclroxide, which, on the continued action of the current 
is converted into black hydrated protosesquioxide. When 
the salut.ion had become colorless, the current was inter-
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Turted, the precipit.ate was washed with dilute acetic acid and 
boiling water, dried, ignited to protosesquioxide, and weighed. 

To n solution containing urano-umnic oxide (C"rSOg= 
0.1185 gin 10 ccl, 0.5 co. of concentrated acetic acid "'as added 
and, after diluting to 40 co., the "olut.ion ,yas elect.rolrsed at 
70° \\ith " current of ND"o~0. 18 ampere and a potential­
difference of 3 volts. The precipitation was complete in 
.5 lJOurs. 

Kollock ,md Smith reeommend the foiloll-lllg conditions: 
llraniwll acetate (U .O, ~O.098&-0 . 2295 g), 0.2 cc acetic ,wid 
(29%), total volume of solution ~ 125 cc, temperature 65-70°, 
ND"o~ 0.05-0.55, ]lotential-difference~4.O-J6.2 volts, time 
4-6 hours. 

For uranyl nitrate solutions, the same authors recom­
mcnd thc foliOlling conditions: 0.1222-0.1320 g UP .. "01-
ume of 801utjon=J25 cc, temp. =65--75°, ND ,Qo =O.02-O.04 
amperc, potential-difference ~ 2.0-4.6 Yolts, time 5-8 hours. 
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If copper be reduced from a solution containing an excess 
of runIDoniuID oxalate, it is not always possible to obtain the 
metal in a compact fonn . For this reason the author, as 
long :>go [e' 1888,* began experiments on the determination 
of this metal from a solution of the acid double oXlllate. 
Further experiments ill this direction have shown that CD­

herent, bright-red copper precipitates can be obtained when 
copper is reduced from such solutions at a temperature of 
about 80". The ROlution containing the copper is trcate,1 
with a cold saturated solution of ammonium oxalate, heated 

• Ber. deutsch. chem. Ges., n , 2898 (1888). 
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a!'l directed, and at first electrolysed for a few minutes ,,;th­
oUI, 1110 addition of oxalic acid, A cold saturater! oxalic acid 
solution is tl1('n run in from" burette. The method of pro­
c('(lul'(' here is similar to that deseribet! under Zinc (1', 165). 

]n the allnl~"sis of sub~tances low in copper, the soilltion 
mny Le made acid at the> Rtart; in concentrateu solutions, on 
the contrary, t.he clectroIYRis must be conducted in soJutions 
n"hich nre as ncm"}}, neutral as possible, since oilJcr\lisc diffi­
ctlilly soluble oxalate of copper will scpamte out, owing to 
i,he free oxalic aciel present. The end of the reaction is de­
tcnnincd by testing with potnssium ferrocyanide a small por­
tion of t.he sorution strongly aciciifit'd with hydrochJoric acid. 
The pr<'<:ipi!:tk must be washed ,,·ithout stopping the ('urrent. 
The 11lrt:ll is drirt! in an nir-bat.h aft.er treating \lith water 
:tnd "kohnL 

The prrcipiloted ropper has a bright-ret! color, adheres 
firml;· to the eli,il , 'lllel has little resemblance (.0 the ropper 
prccipitated froll! nit,ie acid ""lulians (see belm,,). The 
chid ad,·anlage of this method is the ra]lieli!.)" \lith which it 
may be conducted . 

C'oxnlT10KS FOR _ .... NALYSIS. 

Metal prescnt u.s sulphate. 
~l1hst:Hlre adu('d: 4. g ammonium oxalate, oxalic acid 

as dese)ibcd oboye. 
Total yolume of solution: 120 cc. 
Tempcmture: SOo. 
Current-density at cathode : ND,oo=l.O ampere. 
Potcntinl-rlifference : 2,5 to 3.2 volts. 
Time required : Z hours, 

EXPElUME.:\'T. 

t"sed 1 g copper sulphate, 4 g ammonium oxalate, oxalic 
acid as described above, 120 ce solution. 
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~r:on.:..t;:;~. ~~l~~ Temp. lIDle. Tilkell. }~Duml. 
1.0 -O .S 2 .8-3 .2 80° 2 hr. 0 .2529 g 0.2531 g 
0.45-0 .35 2 .• ~2.8 Soo 2," 0 .2529" 0.2528" 

Copper prt..'Cipitllte bright rt.'<i. 

As has been obscn'ecl by Luckow, copper may also be 
precipitated frolll a solution' to wh.ich nitric acid hus bc<>n 
added. 

The rpduct.ion of copper from a nitric acid solution de­
pends upon the presence of u certn.in quantity of nitric acid 
anu the absence of chlorides. To about 200 cc of soi"utiolJ, 
containing the copper as Eulphate, 20 cc of nitric acid * (sp. 
gr. - l.~l ) al"C "uded and the liquid is subjected to electrolysis. 
The elld of th(" reaction is uet.crmined with ammonia. 

The presonce of chlO!iucs is to bo [I,"oided. 1n the pres­
encp of .u ntirnon~·, arsenic, lliercUl~', siJvrJ', tin : and bismuth, 
tracf'~ of the'S(> I1lrtais comC' dO\,-n \\-;th the copper, (~specjuJly 
wh('1) :;;tron1! current-densities nrc cmplo)'t'ti. In tbf' presence 
of those el"mcnts it is bost to conduct thc elcctmlysis with 
currents of from 0.2 to 0.3 a.mpere, thp maximum quantity 
of lO')t by volume of conr"ntrated nitric acid being prescnt 
in the Roiution. Iron, cobaJt, nickel, cadmium. 11131lgane8C', 
and zinc can be ,",parateu readily from ropper b;' tltis mclhod. 

Acrorcling to the researcbes of Schroder large quantities 
of iron are det.rimental, since a secondary reaction ma~7 take 
place between t,he ferric salt· formed and the precipitat<,d 
copper, which causes the copper to redissolve. 

C<>pper separates in a crystalline form from solutions, 

• Such n large quantity of nitric acid is required on.ly when the copper 
is to be separated from other metals present. in the same solution. Wbon 
no other metal is present 2 to 3 per cent. by volwne of concentrated acid 
is sufficient. 
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warmed to 50-00°; it is moreO\'er impossible to separate 
the illSL tmces of copp,'r "L this tempemture. 

COXDITIOXS Fon .",-':\LYSIS. 

Metal present '" nitro!e or sulphate. 
SubRtance added : 5t;O hy yolume dilute nitric acid. 
Total wlume of solution: 120 to l W CC. 

Temperature: 20° to 30°. 
CWTent-densit)' al cathode : KD,..,~0.5 to 1.0 ampere 

(the Jatter onl,' when no ot her metal than copper is present 
in the solution). 

Potential-cliiference betwccn electrode.: 2.2 to 2.5 '"OiLS. 
Time trC}l1irrd: 4 to 5 hours. B~' continuously stirring 

the solution the op(:'r~l1,ioll is hastent:d. 

l;:XP lml~IF.!,\T. 

l'S<'d "bout 1 g copper sulphate mId 5'7c by "olume nitric 
lcid. Entire ,"olume of liquid 120 cc. 

Current.tlefl!'ity Elet'ttnde 
P()ll'nt\_"'.I, Telup. Time. Tak.en. Found. 

ND 1"" , Ampere!!. YOIIII. 
1.1-1.0 2. 2 -2 5 25---3(}0 5nT. O. 2.J95g Cu O. 2490 g. au 
1.0--0 .95 2 .25-2.3 30--320 5 " 0.2510 " " 0.2505 .. " 

A solution containing free nitric acid m:l.y also be used 
for separating such metals as rtrc not reduced in the presence 
of this acid, Or which are set free at the positive electrode in 
the for111 of peroxides. In ~uch cases, however, it must be 
kept in mind that the nitric acid is gradua.lIy converted into 
immonio., on accoullt of which) after the current has acted 
ior Some t ime, nitric acid must be occasionally added. 

For the determination of copper, emploJ~ng the apparatus 
:!escribed on p. 124, Gooch and Medway used a solution cou-
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tninillg 0.0651-O.254S g of copper as sulph"te, to which 6-7 
Urops of (tilute sulphuric acid (1 : 4) were added. The total 
volume of th~ solution was about. 50 cc, and the electrolysis 
was conducted with a current of from 0.8 to 4 amperes 
(cquimlent to ND,oo~2.7- 1 3.3 amperes). The time required 
for the complete precipitl'tion of the copper was from 10 to 
25 nllnutes. 

The same investigators also used a solution containing 
0.0651 g of ropper to which from 6 to 9 drops of dilute 
nitric acid (1 :4) had been added. The ,-olume of the solu­
tion was 50 cc and the prccipi [ation of tbe copper was 
conducted with a current of 0.8-1.8 ampere, equal to 
l\'D,oo~2.7--{i amperes. The time required was from 20 to 
35 minutes. From tests of this method m~de by the tran5-
lator it would appear that the precipitation of copper from 
" nitric acid solution is more satisfactory and equally rapid 
,,"hen the quantity of dilute nitric acid (1: 1) added to the 
sol ution is equal to about 570 of the final volume. Under 
these conditions the conductivity of the solution is so higll 
that the tRmperature of the electrolyte remains lOll" through­
out the electroiysis. As staLed elsewhere in the text, the 
separation of copper from a nitric acid solution proceeds 
most satisfactorily when the solution is cold. 

Copper rna)" be separated from" solution containing am­
monillm oxalate or one cont::UniIlg free nitric add, in the 
presence of small quantities of antimony and arsenic. If, 
howe,'er, the amounts of the latter are considerable, then, 
after continued nction of the current, 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 ignilRd for a 
sbort 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 i, clissol"ecl in nitric acid nnd again submitted to elec­
trolysis.* 

I n general til(' prescnce of chlorides causes the copper to 
separate in n, spfmgy ('onclition. To an!rt thiR action and to 
sccure an adhcl'('nt precipit,u,tc, Riidorff adds :'!-3 g ammonium 
nitrate and 20 <'c ammonia (sp. gr. 0.96), dilutes "'ith water 
to 100 cc, anu eh'ctrol)'scs t.his solutjon. ,\t lhe ·close of the 
lctiu('tion the solution is a.cidified \\itl! dilutE' acetic acid, the 
dish filled to overflowing ,,;th water, emptied, sl1:lken to re­
mow the last drops of water, and dried at 100° in the air­
both. 

In the laboratory of the Munich Polytechnic Institute 
thr prrcrding method js cnrrjc:'d out under the fol1o"ing con­
ditions : Ammonia is "deleel in slight excess until the prccipi­
tau' which at fir,t app,'ars is redissolved. Then 20-25 cc 
ammonia, sp. gr. 0.0(\ are added, in ense not more than 0.5 g 
"opper is prcscnt.t III this solution 3-5 g ammonium nitrate 
are dissoh·rd, it, is cliluted to 100 cc, and the electrol)'sis is 
conelucted "itl> n current of 1\])".=2 amperp,s. The precipi­
tate ll'Hlst be washed ,,;thout interrupting the current. 

Octtel, who also carried out experiments on lhe quantita­
tive determination of copper from ammoniacal solutions, 
fOlmd that, by the aciclition of ammoniullI nitrate, 0.2-0.25 g 
of copper sulphate was qunntitath'ely reJuced in 6-8 how-s 
at. ordinary temperat.ures. The results of bis investjgation 
.nrc: 

" 1. That copper can be scparated in a compact form 
from weakly ammoruacal solutions contllirung alllIlloruUlll 
nitrate, by cw-rents of ]\'])",=0.07-0.27 ampere. With too 
little ammonium nitrate, as \rell as in the presence of large 

'" !\lansfcld'sehc HuLt(.'[!cii1X'ktion. 
t If I.l.S much as 1 g Cu is prcsent.t the quantity of ammonia is increased 

to 30-35 ce. 
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qUDutities of free ammonia, tbe I'recipitnte shows n tendenc)' 
... 0 a spongy structure. 

"2. The highest concentration of the solution is 0.8 g 
copper per 100 sq. cm electrode surface, with the employ­
ment of fi wire-shaped positil·e electrode. 

I j 3. The presence of chlorulc, zinc, arsenicl aDd small 
quantities of antimony is \\1thout detrimental netion; when 
the solution contains lead, bismuth, mercury, cuclmiuITl, or 
nickel, the results of the determinations are some\\"hat too 
hlgh.'1 

E. F. Smith has proposed the determination o[ cnpper 
iu solutions containing hydrogen ili~ocEum phosphate and 
free phosphoric acid. The proper conditions, accorWrlg to 
Fcrubcrger and Srnith, are the following; 

JIletal present. as sulphate (~1293 g Cu); substance 
added: 20 cc of " solution of },ydmgen disocliuJl1 phosphate 
(sp. gr. ~ 1.0358) and 5 cc phosphoric acid (8p. gr. - 1.347); 
tt'I1IP(·I:).t.W·£': 54-64.°; t.otal \olum(': 225 cc; XD 1oo = 
O.0.3[>"'O.06S amperes; potential-difTerence : 2.2-2.u mIls; 
ti Illl': G-7 hours. 

A rapid and accurate method for the determination 
of eorl"'r has been worked out by ea.!"l Engels in tbe Aachen 
bboratol-Y. This method has the admnt.gc O\·er the use 
of nitric acid solutions that it oan be more rapidly performed, 
and that, in sepurations, it also dispenses with the tedious 
conwr,ion 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 hydro~·)' lamine is ttdded. The 
method is as follows : 

If the separation is to be carried out with weak currents, 
sa)' during the night, the addition of 2 ec concentrated sul­
phuric acid and about ~ g hydroxylamine sulphate is recom-

I 
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mended. A fine crystalline precipitate and absolutely accu­
rate results are obtained with a current-strength of ND,oo ~ 
0.08-0.18 ampere. Thc potential at the poles of a shunt cir­
cuit was 1.8--2.2 volts; after connecting the dish the potential 
sank to 1.1-1.3 volts, ,,1th a current of 0.1-0.2 amp. 

Taken 
Cu804 .5H,O. 
1.0130g 
J.7065 « 

1.189:~ II 

EXPERIMENT. 

Current.<!en..,ity Pr>te(ltial, 
:ND 1U. ' Vult!;. 

Time. 

0.1 amp. 1.1 ~ight. 

0.12" 1.3 
0.1 1.2 

Found. 
Cu. 

0.2574 
0.4335 
0.3021 

PerCent.· 

25.41 
25.4() 
25.41 

If stronger currents are used, the amotUlt of sulphuric 
acid must be increased. 10-15 cc of conc. sulphuric acid 
are poured into the solution of the salt, it is diluted to 150 
ct\ a.nd 1 g hydroxylamine Hulphate is addeo. If 0.3-0.5 
g eu is present, with a. r.urrent-strength of KD{oo = 1 amp., 
the separation if:; filli~hed in. 1~ to 2 hours. TIw condition of 
the precipitated copIX~r is much better and much more suited 
for quantitative determination than the copper obtained 
under similar conditions ,,~thout the addition of hydroxyl­
amine. 

Urea exerts 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-density, is completed in 1 t hours. 

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

* rIbeorv 25.3..10/... Cu.l 
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CONDITIONS F'OH EXPERrME~'T. 

Temperature of liquid : Most suitable, 60-70". 
Potential-difference: 2.7-3.1 volts. 
Current-density: ND",~O.S-1 amp. 
Time: It hours. 

:r.XPgRl.'\UiXT. 

Used copper sulphate containing 28.08% Cu. 

18';' 

QU&ntg 8ubsi .• ~'D:~:~~~,y PO~rt~~I. Temp. Time. Found. 

1.1364 1.05 3.1 2.5' lklSm. 25.00% 
0.9671 1.2 3 .1 55° 1 fI 15 H 25 .09 If 

1.3972 0.75 2.7 65° 1 <I 45" 25 .09 H 

The current may be interrupted in washing the precipitate. 
The separated C0pper contains traces of 'carbon, and also 
platinum which dissolves from the anode. These admixtures 
can be determined by dissolving the copper in dilute nitric 
acid (1: 10) . A thin dark coating remains on the dish, 
which may be washed with water, but not with alcohol, with­
out becoming loosened. The weight of the dish , determined 
after washing and drying in the air-bath, is used as a basis 
for calculating the weight of the separak>d copper. 

With weaker currents the length of time required is of 
cou"'e greater. With a current-density of NI\,,,~0.2 am­
pere, the precipitation of from 0.3 to 0.4 g Cu is completed 
in 3~4 hou",. It is desirable in this case to add less sul­
phuric acid to the solution; 5 cc conc. H,so. to each 150 CC, 

is the proper proportion. 
Four dishes were connected in parallel, and for every 150 

cc of solution of the copper salt which they contained 1 ~ 
urea and 5 cc cone. H,so. were added. The four electroly­
ses were then conducted in the cold, with the current from 
a thermopile. The entire curren~rength was ND,,,,-0.8 
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ampere) so that each di~h reeeived a current of NDlOO=O.2 
ampere. The anal,'scR were completed in 4 hours. The per 
cent. of copper ilJ the salt use,l was 25.08. 

UlICd CuSO •. 5H~O. 

1.0101 g. 
1.08Hi 0"< 

l.Oa20" 
1.0111 !, 

Found Cu. 
O.25;Ja g. 
0.2709 " 
0.2,189 " 
0.2535 " 

BISMUTH. 

LJ'fEltATFRE. 

IJuckow, Zeit. f. anal. Chern., .[9) ](j (1SS0). 

}'ound:r;. 

25.07 
25.05 
25.08 
25.07 

Classen and v. Reiss, Her. deut,.<;ch. ('hem. G(·5 ... 14 .. 1022 (1881). 
Thoma."! and Smith, Am. ChClll. Journ .. 5, 114 (1883). 
~h'hueht, Zeit. f. anaJ. ~hem., 22, 492 (1883). 
Wieland. Her. deut.<;;ch. chem. Gcs., 17, 1612 (1884). 
Moore, Chcm. New::,;, 53, 209 (1886). 
Smith and KnelT, Am. Chern. Joum' j 8) 2Q{) (1886). 
Eliaslwrg, Ber. dentsch. chern. G~., 19, 326 (18881. 
Brand, Zeit. f. alll.1J. Chem. , 28) ;")96 (1889). 
Vort.maun, Her. deutseh. ('hem. Ges' r 24, 2749 (1891). 
3mit.b and Frankel, Am. Chern. Jouru.) 12,428 (1891), 
Riidorff, Zcit. f. angew. CheIn., p. H.l9 (1892). 
Smith l.1nd Salt:tr, Zt'it,. f. anorg. Chern., 3, 418 (18'"J3). 

Smith ..'l11d Moyer, JOUnI. of the Am. Chem. SOC' I IS, 28, 101 (1893). 
Schmu{'ker, Zeit. f. Rnotg. Chern" 5) 19~ (1894). 
Kolloek, ,Journ. Am. Chem. ~oe., 21, 911 (1899). 
HalachoVi"8ky, Compt. n'ud., 131,179 (1900). 
\Vimm('l}.'luer, Zeit. f. auorg. Che-m., 27, 1 (1901). 
Hronek, lkr. deutsch. chem. Crt'S., 35, 1871 (1902). 
Kammerer, Joum. Am. Ch€"ul. Soc., 25, ~~ (1903). 

Until recent.ly it has been found impossible to quanti­
tatively precipitate bismuth in a compact, nletallic form) 
since it has a strong tendency to separate in a more or less 
spongy ~l:ate from all of its compounds. 

In 'an article published in 1903, Kammerer (loe. cit.) 
states that tllis element can be satisfactorily deternliued 
under the following conditions: 



CADMHTM. 187 

Metal: 0.10 t<l 0.15 g Hi dissolved in 1 cc nitric acid 
(sp. gr. ~ 1.42). 

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

Tota] volume: 150 ce. 
Temperature: 45° to 50°. 
ClirreJlt~strength: ND 1(10 = 0.02 ampere. 
Potential-difference: 1.8 volt. 
Time: 8 to D hourn. 
The end of the precipitation is determined with ammo­

nium sulphide, Of by adding water t.o the contents of the 
dish and ObSf'TVing \vhetJlf'r a dark ring appears :.Ibovc the 
deposited metal. During the electrolysis the electrolytic 
vessel should he tightly (~overed to prevent e'irapora{ion. 
The pre('.ipitate should be washed wit.hOlit illternlpting the 
current, firnt ,,;th hot wat.er, then with a mixture of 1 part 
alcohol and 2 parts ether, and finally with pure 'anhydrous 
ether. 

CADMIUM. 
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The gpparation of this Inptal in a. compact form, with a 
bright metl1l1ie luster, can be aeeomp1ished * by the electroly­
sis of H solution of the double oxa.late which is kept acid by the 
addition of a cold saturated solution of oxalic acid during 
the progress of the operation (see under Zinc). 

To prepare the double Rnlt, the cadmium compound is 
dissoh-ed in 20--25 cc water by warming in a platinum. diflh; 
a hot solution, \vhich should be previously mtel'ed, of 10 g 
ammonium oxalat-c in 80-100 cc water is added :llld the solu­
tion i~ clertrolysed. A~ soon as the. action of the ('.urrcnt has 
begun! sfycral cubic centimeters of oxalic acid are poured 
UpOIl tho watch-glass covering the dish and the liquid is kept 
weakly aeid during the electrolysis, 

CONDITIONS }'OR ANALYSIS. 

Metal presen t as sulphate. 
Subst.anee added: 10 g ammonium oxalate, oxalic acid 

as described above. 
Total volume of solution: 120 cc. 
Temperature: 70° to 75°. 
Current-density at cathode: 1Il1),., - 0.5 to 1.0 ampere. 
Potential-difference: 3.0 to 3.4 volts . 

• The condition of the precipitated cadmiuID, when the directions 
are closely followed, depends upon the 'absolute cleanliness of the surface 
of the cathode. 
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Time required: about 3 hours. The maximum quantity 
()f metal which can be precipitated is about 0.15 g. Polished 
dishes gi"e the best results. 

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

Smith and Luekow recommend the precipitation of cad­
mium from a solution of the chloride or SUlphate, which has 
been saturated with sodium acetate. EJiasberg, who tested 
this method ill the Aachen laboratory, found that the reduc­
tion took place readily when the solution, of about 100 cc 
volnme, was treated with about 3 g sodium ac.etate and a few 
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, is treated with 3 g sodium acetate and made weakly 
acid \\~th acetic acid. The solution is warmed to 45° and 
€lectrolysed with a current of ND,,,~0.02-O.07 ampere. 
The metal is washed without interrupting the current, and 
quickly dried at 1000. 

During the electrolysis the solution should not be warmed 
"bove 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 cadmium 
may be separated i.n about five hours. The presence of 
nitrates is detrimental. 

According to BeiJstein and Jawein, the determination 
of cadmium may be conducted from a solution of the double 
salt with potassium cyanide. A soluti.on of potassium cya­
nide is added to the solution of the cadminm salt until 
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the precipitate at first formed is redissolved and a slight 
exces..<;j of potassium cY:llliue is present. This solution is. 
diluted to 1.50 cc, and e1ectrolysed at ordinary temperatures 
with a. current of :\DIUO=O.5 ampere and a potential-differ­
ence of 4.7-5 volts. Time required G--7 hours. The com­
pletion of the precipitation of the cadmium is determined 
by removing a small quantity of the solution, adding a 
slight eXcess of sulphuric acid, boiling to expel the hydro­
cyanic acid, nUll testing ,\;th hydrogen sulphide. (Classen, 
Ausgewilhltc Methoden, p. 112.) 

The precipitation of cadmium from a potassium cyanide 
solution is described by Kollock as follows: 

Ten cubic centimeters of a solution of cadmium sulphate, 
containing 0.1659 p; of Cd, was used. awl to this I g: of potas­
siurn ryani(le was added. The solution was diluted to a 
volume of 125 CC , and electl'olyscd at 60° ,dth a current. of 
ND", ~ (l.O'! to 0.06 ampere and a potential-difference of 
from 2.9 to ~{.2 \'olts. The cadmium was completely precipi­
tated in nbout ;') hours. 

Yortmann ha~ suggcf'ted the determination of cadmium by 
a mrthod similar to that. used for the determination of bismuth 
and zinc. by precipitation from a solution of the ammonium 
double salt in the form of am:llgam. 

A method of uetermination proposed by E. F. Smith has 
been described by Wallace and Smith as follows: 

0.1329 g of cadmium oxide was di.;;solved in acetic acid, 
the solution was c,'aporuted to drynef:S, and the residue ,,'as 
dissolved in 30 cc of water. This solution waf$ warmed to 
50° and electrolysed "~th a current of ND", ~O.06 ampere 
and a potentbl-differene-p of 3.5 volts. The metal 'vas com­
pletely precipitated in four hours. By adding 1 g of ammo­
nium acetate aft'lr the electrolysis had proceeded for about 1 
hour the time required for complete precipitatio:, was short-
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ened. The deposit should be washed without interrupting 
:he current. 

The snmo authorn also describe the following experiment: 
0.12iO g of cadmium oxide WM dissolved in 2 cc of sulphuric 
acid (sp. gr. 1.09) , the solution WM diluted to 30 cc, find 
electrolysed for a period of 4~ hours at. 5(}0 with a current 
of ~Dl0o=O.15 ampere and a potential-difference of 2.5"olt~ . 
11,e deposited cadmium was washcd "ithout interrupt.ing 
the current, and was i.n the form of an auhereut canting 
which gave excellent results. 

Another method has heen proposed by Smith which 
depends upon the precipitation of cadmium from a solution 
containing phosphates and free phosphoric acid. It is best 
illustrated by t.he following experiment described by Smith 
and W[lUnce: 

To ten cubic centimeters of a "olution of cadmium sul­
phate, eontaining 0.1656 g cadrniuDl, ao cc of 11 solution of 
disodium hydrogen phosphate (sp. gr. 1.0358) and 1.5 cc 
of phosphoric acid (sp. gr. 1.347) were added, the solution 
WftS diluted to . 100 cc, warmed to 50° and electrolYBCd "ith 
a eurrent of ND 100 =O.06 ampere and a potential-uiffercnce 
of 3 volts. At the expiration of 4 hoUl's the current WM 

inereaBCd to 0.:{5 ampere and a potential of 7 volts. The 
metal was completely precipitated at the end of 7 hours, 
and WM bright and adherent. 

LEAD. 
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If a solution of a lead salt containing an excess of ammo­
onium 0",,13te be electrolysed wann, the lead separates at 
the negatiye 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 produce the amalgam, 
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is tmated with 3-5 g sodium acetate and a few cubic centime­
:cr8 of concentrated potas:;ium nitrite 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 yellow solution diluted and c1ectrolysed. If 
lead peroxide appears on the positive electrode during the 
reaction, more potassium nitrite is added. The end of the 
reacthm is determined by testing v.i.th ammonium sulphide . 
.. A..$ lead amalgam oxiclises rather readily when moist, it is 
qui"kly washed with water, alcohol, and ether, dried by the 
warmth of the hand and by blowing upon it, and finally in the 
desiccator. 

The amalgam may also be separated from an aqueous solu­
tion acidified with nitric acid. However, 3..'> free nitric acid 
favors the formation of lead peroxide, mote frequent addi­
tion of potassium nitrite is necessary, and complete precipi­
tation is thereby seriously hindered. 

In a solution ('ontaining free nitric acid, lead is acted on 
like manganese; it is oxidised, and separates as hydrated 
peroxide at the positiy" electrode. If there is no other metal 
in the solution, it must contain at least 10 per cent. free nitric 
add, 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-derisity which is used. The currentrdensity de­
pends in turn on the condition ,of the surface of the positive 
electrode. If this is very smooth, a current of ND, .. -O.05 
is sufficient, otherwise one of ND".=O.5 is needed to pro­
duce an adherent precipitate. When ND".=O.05 ampere, 
2 per cent. by volume of nitric acid should be added when the · 
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solution if: h£'ated, and 10 per cent. hy volume at ordinary 
teJlll'f'ratufes. \Yhell XD 10(l=0.5 the volume-percentages 
arc, resppetively, 7 and :!O for heated and cool solutiolls. 

Beating the solution to about 50° matcrial1y assists the 
sC'paratioll. The precipitate may be ,,,asheu without lo§) 
aftpr the current is int.errupted. 

ChloriTw compounds must not he present in the solution 
for ("leetrol:'sis. 

En'n when the stated conditions are observed, the quan­
tity of lead which can be precipitated as veroxide in an :HI­
l\erent form is re1ativt~ly RIIlall.* The rapid separation of 
large quantities of It'ud peroxide , firmly adh(~n:nt likp a metal, 
rnay only be carried out witllOut diffirulty, aft thc"author's 1"<'­

~earell('s h!l\'c shown, when the inside of the platinum di::,h 

s('rdll~ as anode is roughened "ith a sand-blast. t By th(' 
uS<' of such dishes it ]s pos,<;i1Jle, with a. current of 1.,1 am­
J)('TC', to precipitate in a fe,,' hours as much as 4 g of lead per­
oxide on ] 00 SCI. ('Ill of s.urface. 

For conducting the detemlinntion of Ipad, nfter the ~ol11-
tion of the lead .salt ha~ been accomplished, 20 cc nitrie acid 
(sp. gr. !.3'}--!.38) are added, the solution is diluted to about 
]00 (',('., warmed to 60-65°, and clcctrolysed with a curr{~nt 

of ND100 = 1.[)-1.7 nmp<>rcs. If the warming is continued 
during the ekctl'olysis, the precipitation of quantities up to' 
1.5 g lead peroxide is ('oDlpleted in about 3 hours; v;ith larg(~r 
qUtllltities in tibout 4-5 hours. Complete precipitation is 

* From c:\-pcrien('(' in the Aachen laboratory, the great.e~t possible 
quantity is 0.15 g Ph01 per 100 sq. cm surfa('e, while arcoroing to t.he 
statements of Dr. Cohen (Chern. Zig., 1893, No. 98) as much as 0.3 g can 
be prpcipitat.f'd. 

t The plat.inum refinery of G. Siebert in Hanau has faultlersly earried 
out, the' roughening in the desired manner at the request. of the author. 
Such roughened dishes are of course applicable to all other electrolytic' 
determinations. 
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insured by adding about 20 cc of water and. observing 
whether the freshly weHe'd surface of th(' ell'rtrod(, bpcomcs 
Ibrker. III em:p no blackcuing- is nbserycd lIt tIl(' pnd of 10-15 
rninutes) the currpnt b ~toppe(l amI HlP precipitate is \\'ashf'd 
\\;th wat.er and aleohol and dried at 180-190°. The residue 
is anhydrous pernxidf'. 

CO~DlTIO;";S FOR AXALYF-IR. 

Ml" ['al pl'(~sent a~ acetat{~ or nitrate. 
~ubstance "dded: at least 10% (by volume) of nitric acid 

(sp. gr. 1.3;)). 

Total volume of solution: 120 ce. 
Tel1lpernture: HOo to 70°, 
Current-flensity at anode: KDJQ(l= 1.0 to 2.0 amperes. 
Potential-difference het\\'ccn electrodes: ·2.:{ to 2.7 volts. 
Time required: 3 to .) hours. 
"\T1wr(' the quf-tntit: · of peroxide to be f'qmrated is at aU 

considerable) roughellcd dislws must be URPd. 

}:XPRnI.UE:'\T. 

Used lead nit.rate (l'b~72.21'!;) diRSolved in JO() cc 
water, "ith the addition of 20 cc nitric acid (sp. gr. 1.3&-1.38), 

Current-deni<it .'!. El.,-trno"'Potential, Temp. Time. Found. 
Al]lpere~. Ylllt~. 

1 .. :").~1 . 4,) 2.43--2.-1 ('tfH15° 1 hr. !lm . 72 .20 :,1 
l.n -l.BS 2.4~2.43 ()(}-liSo 1 • , 10 " 72,HJ 
1.6 -L6,s 2.41-2 .36 (iO-65° J ij " 72. 20 " 

ITnder t_he.;;e conditions lead can be separated frolIl zinc, 
iron. cobalt, nickel, aluminium, and magnrsiulll, 'i'.:hich 
remain in solution. and also from copper, antimOliy, gold, 
mercury, and cadmium, which are wholly or partially ptL~ 
cipitated on the cat.hode. Silver and bismuth, which sepa­
rate partly as metals on the cathode and partly as oxides 
on the anode, interfere with the determination; hut if 20% 
of nitric acid is contained in the solution theee latter cle-
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menta do not interfere with the results unless present in 
considerable quantity. 

The presence of arsenic is very 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 
al"BCniuretted II)"drogen and the precipitated metals again 
pass into the solution. If the electrolysis is conducted for 
" sufliciently long period, all of the lead will ultimately 
be precipitated as peroxide on the anode. The effect of 
splenium is sim.ilar to that of arsenic. In conducting separa­
tions, the solution should always contain 20S'{ of nitric acid. 

In the analysis of substances containing lead and sulphur, 
e::;pecially when, as is often necessary, these are decomposed 
with uitric acid, a precipitate of insoluble lead sulphate is 
frequently obtained. Lead sulphate can be brougbt readily 
into solution under conditions suitable for the electrol.ytic 
determination of the lead by the follm\~ng trcatmen.t: A 
slight excess of ammonia is added and the mixture is wanned 
for a short time; this converts the lead sulphate into porous 
leat! hydroxide. With constant stirring, the mixture is 
nOI\" poured, little by little, into a platinum dish containing 
about 20 cc of warm nitric acid, and the lead sulphate which 
reappears eitber dissolves immediately or, if the quantity is 
large, the greater part goes at once into solution and tbe re­
mainder dissolves slowly on warming tbe solution for a short 
time. The vessel in which the decomposition of the lead 
sulpbate bas been conducted is first wasbed with a little 
nitric acid and then ,,~th water, the washings being added 
to the Solution in tbe platinum dish. 
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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 proces., is balled 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 100 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 
ammoniulll oxalate are dis-
solved in this flask and el""t~ I'IG. 92. 

lysed, siter dilution, with a current of 0.1 ampere. The 
completion of the rt'.action is a.seertained by testing with am-
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mOBium sulphide. As the ammonium oxalate is convertE"rl 
into curbonate by tlw cnrrent, alJd the measuring-tube w0uld 
he insufficient to contain the liberated carLon ilioxitlc, 
the solution remaini!lg hl t.he flask i::- removed after the re:lC~ 
tiOIl. This Illay 'Tl!tHiily be done by the u~e of two siphons. 
NCmnnIlll'S automatie arrangemcnt for this purpose is shnw"Il 
ill Fig. na; it is very cOIlvenient where many determinations 
are to be performed, and its operation is easily seen from 
the figure. Tlw washing is conduded without interrupting 
the current. To remove the gas bubbles clinging to the 

FIG. 93. 

electrode it is desirable to heat the flask a short time after 
the washing is c~mplete. 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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Of the methods proposed for the determination of sUver, 
the one suggested by Luckow (separation of the silver froIT 
the potassium double cyanide) is probably the most suitable 
If insoluble silver compounds (silver chloride, silver oxalate: 
are to be analysed, they are dissolved in potassium eyanid, 
solution. For conducting the method, 3 g potassium cyanid, 
are added to the solution,.which is then diluted to 100-120 cc 
.Eisenberg, who tested the method in the Aachen laborat{lry 
was convinced that its successful performance, as well as th' 
metallic condition of the precipitated silver, depends upon th, 
purity of the potassium cyanide used. Even the so-callee 
• I purissimum " potassiwn cyanide of commerce is unsuited 
It is therefore desirable to prepare pure potassium cyanide by 
passing hydrocyanic acid gas into an alcoholic solution 01 
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 cc. 
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: It to 5 hours. 
For this determination roughened dishes give best results. 
J. Krutwig treats the solution of the silver salt "ith 

ammonia ill slight excess, adds ammonium sulphate, and 
electrolyses. 

In the Munich laboratory the following conditions have 
been determined for the preceding process. The solutioll, 
which must not contain more than 0.5 g silver, is treated 
"ith 20 per cent. by volume of ammonia (sp. gr. 0.96) ;nd ;j% 

ammonium sulphate solution (I: 10), warmed, and elec­
trolysed with a current of ND",-0.02-{).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 a dense fonn 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 \\ith water to about 
ZOO co and electrolysed. 

According to results in the Munich laboratory, it is desir­
ahle 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 ND,oo= 
0.0-Hl.05 ampere. The silver must be carefully washed 
without interrupting the current, to prevent loss. An insuf-
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ncient quantity of nitric acid Dlay lead to the formation of 
peroxide. 

Silver can be obtained as a white strongly a<lliering 
deposit on ronghened dishes by eleetrolysing a solution 
containing 1 to 2 cc of nitric acid (sp. gr. 1.4) and 5 cc of 
alcohol, if the potential-difference between the electrodes 
is carefully regulated so as to be within the limits 1.35-1.38 
volt. The time required for precipitation is from 6 to 8 
hours, and depends but little on the amount of ~ilYer contained 
in the solution. A quantity of from 0.1 to 0.5 gram of silver 
is 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 even 1.4 volt causes the sihlcr to separate in a 
spongy form, which is useless for quantitative determination.* 

Kollock describes an experiment under the follo,,~ng 

conditions: 0.1270 g of silver, present as nitrate, 0.5 to 1 g 
of potassium cyanide, temperature 65°, total V{)lume 100 cc, 
ND",~0.04 to 0.07, potential-difference 2.5 to 3.2 volts, 
time required 3 to 5 hours. 

A further experiment is deseribed by Fulwejlcr and 
Smith as follows: 0.2133 g "ilver present, 2 g potassium 
cyanide added, total volume 125 cc, t"mperature 6O-tl5°, 
ND", ~O,03..j).04, potential-difference 2.i'>-2.7 volts, 'time 
required for complete precipitation of the silver 3-4 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 enongh ammonia was 

* Classen, AusgewAhlte Methoden, p. 3. 
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added to make the solution strongly alkaline. The weight 
of silyer taken varied from 0.0968 to 0.1898 g, and the 
e}eetrolysis was conducted "ith a current of 1.8-3 amperes 
(equi"alent to ND,,,,,~6- 1O amperes). The time required 
for the complete precipitation of the silver was from 8 to 15 
minutes. 
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The metal can be readily separated from solutions of the 
'mercuric salts to which 4-5 g ammonium oxalate have been 
added (method of the author). If the mercury is present as 
·chloride in t.hr- solution, the electrolysis is continued untn 
mercurous chloride disappears from the positive electrode. 

COXDITIOXS POl{ ANALYSIS, 

Substance added: 4 to 5 g ammonimll oxalate. 
Total volume of solution: 120 to 150 cc. 
Temperature: 16° to 40°. 
Current-density "t cathorle: ND"o~l.O ampere. 
Potential-difference: 5.5 volls. 
Time required:' :2 hOUTs. 

Roughened dishes arc preferable to polished, on account 
·of the more uniform distribution and firmer adherence of the 
mercury to the cathode. On polished rushes the mercury 
;separates in the form of small globules. 

EXPERIMEI-.;"'T. 

Subst. Current-- Eletlttode Found. Used. den~ity, Potential, Temp. '.['ime, n...., .. 
HgCl,. .Ar.nper~. Volts. hr~.m. ~ 

g. ND1"u 
'0.4068 0:2 -0.15 2.6 -3.3!) 30-23° 15 

" ") '0.4073 1.02-0.93 4.05--4.75 29-37° 1 30 73.63 
0.4076 1.0g..{}.92 4.42-4.88 25-40° 73.77 Ro""h .... 
0.4080 1.15-1.09 4,97-.5.05 18-40.5° 2 73.87 IJi>h. 

-0.4080 1.12-0.93 4.95-4.85 18--38° 2 73.84 
0.4080 1.52-0.48 3.65-4.65 16-27° 55 73.67 
·0.4070 0.2 -0.23 2.89-3.75 28-240 5 15 73. 801 
{) :4073 1. 06-<J. 95 4.45-5.00 30-39.5° 1 30 73.29 
'0.4076 1.16-1.09 5.32-5.53 23-400 2 5 73.93 t P,.)lj~heu 

D;"h. 
11.4080 1.20-0.99 4.70-4.90 18-43° 3 - 73 .55 
(J.4075 1.51-048 3.87-4.50 1!>-3O" 3 55 73.85J 

Theory 73.85% Hg. 
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Mercury may also be quantitatively precipitated from a 
solution containing nitric, SUlphuric, or hydrochloric acid. 
If no other metal than mercury is present, 1~2 per cent. by 
volume of nitric acid is sufficient; ,,,hile in the presence of 
other metals, which are not precipita.ted from so1utions con­
taining free acid, 5 per cent. by volume is required. In the 
latter case a current-density not greater than 0.5 ampere is 
('lnployed; in the former the current-density may be raised 
to ] ampefe. Time, about 2 houfs. 

The precipitation of mercury from a nitric acid solution 
is described by Kollock as follows: 0.1403 g of mercury was 
dissolved in 3 cc of concentrated nitric acid, the solution 
'VaR diluted to 125 cc and electrolysed, at 70°, with a current 
of ND", ~O.OO ampere and II potential-difference of 2 volts. 
The mercury Was completely precipitated in 2 hours. 

The same author describes the ])rceipitation of mercury 
from a sulphuric acid solution under the following conditions: 
To :1 solution containing mercuric chloride equivalent to 
0.1403 g of Hg, 1 cc of coneentrated sulphuric acid was 
added .. and the solution, after dilut.ion to 125 CC, was elec­
trolysed at 65° wH,h a CUfrPJ11, of NDHhl =0.4--0.6 ampere 
and a potential-differenee of 3..', volts. The precipitation 
of the mercury was complete in 1 hour. 

I! hydrochloric acid is used, only a few drops are added, 
since larger quantities have a detrimental action on the sepa­
ration of the metal. Large quantities of chlorides h&"e an 
aetion 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 & dilute solution of sodium chloride (about 
10 per cent.). This process, originated by the author, is 
used at Almaden for determining the amount of mercury 
contained in cinnabar. 
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Fran~ois has shown that in a similar manner thc iodide, 
10date, chloride, find bromide can be electroly""d in the solid 
state. 0 .. '1 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 cc ammonia was 
added. The anode was a platinum wire I mm in diamet.er, 
which dipped for a distance of only 1 mm into the liquid. 
The contents of the cruciblE> were stirred from tirne to time 
with a glass rod. The washing was conducted first "ith 
ammonia and then ,,~th water, the liquids being aU owed to 
stand in contact with the precipitat,-,<l mercury for some 
time. Finally the cathode was washed with alcohol and 
ether and drie<J at a low tempemture. For exact results 
the anode should be weighed before and after the electroly­
sis to detennine any loss of platinum from this.* 

Edgar F. Smith has described the determination of mer­
cury hy the electrolysis of a solution containing potassiu,m 
-cyanide. The solution of the mercuric salt, whidl may 
contain about 0.2 g mercury, is treated with 0.25-2 g of 
potassium cyanirlc, diluted with water to 175 cc, mId sub­
mitted to electrolysis. 

Heidenreich, working in the Aachen laboratory, has 
determined the following conditions for this method. 

CONDITIONS FOR A;.~ALYSIS. 

Metal present as mercuric salt. 
Substance added: 2 to 3 g potassium cyanide. 
Total volume of solution: 175 cc. 
Temperature: that of room. 
Current-density: ND".-0.o.3 to O.OS ampere. 
Potential-diffcrence: 1.65 to 1.75 volt. 
Time: about 5 hours. 

* Cla8een, Ausgewahlte Methoden, p. 50. 
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The met,,] r~ducpd by this method must he ",,,shed with 
water only, and nnt with alcohol, sinc(' when the latter is 
nsc(l, small quantities of mf"fCury will hecome loosened and 
will be carried U'Y\'uy. 

Tlw following experiment has [wen (lescribpd by K'ollo('k: 
l\'lereurie chloride equintlent to 0.143D g mercury. 0.5 g_ po­
tas:::;iuIll cyanide, tot.al yolume 100 ce, h~mp('rnture 65°, 
current-density ND11)f) =O.O:.?-O.07 ampere, potential-differ­
ene{) 1.6-3.2 volts, time required 3-0 hours. The mercury 
was eompletc1y pr('cipitntrd. 

Smith and -\Vallure desrrih(' the prf'cipitation of merrury 
from a sodium sulphide soll1tion under the foll(m;ng·(·OlHli­
tiOIlS: To a solution contaiuing O.HH3 grnm of inerr-ury as. 
chloride there wnEt nddf'd 20 cr of n sodium sulphide solution 
(sp, I'L L22), The total YO]Ull1C of the solution was 125 cc. 
The t'lectrolyris was CUrriN} out at a temperatnre of 65° with 
a cun-cnt of XD1oo =O.13 ampere. The mercury -was com­
pletely precipitated in 3 hours. 

GOLD. 
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Gold may he separnted in a compact fonn from solutions 
of gold salts containing potassium cyanide. To form the 
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double cyanide, about 3 g of potnssium cynnide nre 
",Ided. The solution is then elcctrolYbcd at ordinary telll­
pera.tures or at temperatures between 500 and 60°. Since 
it is generally supposed that th0 gold can be removed 
from the plntinum disll with aqua regia only (un opera­
tion by which the platinuu .is a!:'\() di~so[w·d), platinum 
llishes c.oated,with· a thin ueposit of silver ha\'p. previl'luf'ly 
been used for this determination. According to a private 
communieution from D. \V. Dupr{'J of Stas~furt, the gnhl may 
be readily removed from the platinum dishes by warming 
with a solution of chromi(~ anhydrid{· in saturated ~{)dium 
chloriiie solution. The t1uthor can eonfirm this f'tnt.cmcnt; 
in this operation gold only, and no platinum, goes into solu­
tion. Aceording to Smith, the deposited gold can he r<~mO\'ed 
from HlP cathode by allowing it to stand· in ('.ont.net with 
dilute potafl.,'3ium cyanide !"olution, the electrode being con­
nected as anode. with a source of feeble current. 

Sinee the conditions for the t-5eparution of gold from 
douhle c-ynnides }wri not bf'f'n previously detl'rmincd, t hey 
were ascertained by Dr. v. Wirkner at the suggestion of the 
author. . 

CONDl'rlONR FOR ANALYS1S. 

Substance added: 3 g potassium cyanide. 
Total volume of solution: 120 ceo 
Temperature: 500 to 600; thc) electrolysis can aIRo be 

conducted at room temperatun~, but thi~ is ullrh~sirable, 

since ' [I. br01l'llish decomposition product of pota .. s..:.;ium· 
cyanide often separates. 

Current-density at cathode : ND t{l(}=O.3 to 0.8 nmlwre. 
Potential-difference: 2.7 to 4 volts. 
Time required: for warm solutions It hour, for cold 

solutions from 4 to 5 hours. 
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EX!'ERIMEl\,"'T. 

A solution of chloride of gold of unknown strength was 
used. The electrolyses wore carricd out in roughened plat­
inum-iridium dishes without a coating of silver. Used 3 g 
potassium cyanide, 120 cc liquid. 

Taken, ("c. (;Ur~nt- Elect.rode Temper- Time. Found. Gol(l Chlo- den~lty, Potential, 
rjdt' SuI. Ampere);. V(,It!.'. ature· hr. m. g. 

15 0 .3 3.5-3 .9 2~27° 5 - 0.0545 
15 0.35 3.!H .O 22-28° 14 (overnight) 0.0548 
3D 0.37 3. {)-.3.9 2(}-28° 4 15 0.1099 
15 0.38 2.7-3.8 52-55° 1 30 0 .01»4 
15 0.38 2.7-3A 53-54 0 1 20 0.0546 
15 0.39 2 .7-3.8 52-5{jO 1 30 0.054.5 
15 0.85 4.0-..t.l 52-560 1 30 0.0544 

Smith st·ates * that gold can be satisfactorily precipitated 
from :t Rolution containing sodium sulphide (sp. gr. 1.18) by 
a current of O.1-D.2 ampere when the total volume is about 
125 cc. 
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Antimony is precipitated from a hydrochloric aeid solution, 
hut not ill an adherent form. If potassiulIl oxalate is added 
to the solution of the t,;ehloride, antimony is e:u;ily reduced, 
but adhere" even less firmly than in the former ea.'le. An 
adherent metallic deposit can he ohtained by adding potas­
sium tartrate, but the sepamtion is then too slow. 

The precipitation of antimony from the solutions of its 
~uJpho-salts is complete and p;atisfactory. If arrunonium 
sulphide is used to produce a double MIt, it must contain 
neither free ammonia nor polysulphides. Ammonium hy­
drosulphide, therefore, is convenient for the detennination; 
it should he kept in small tightly corked bottles. 

When a solution of antimony containing ammonium sul­
phide is electrolysed, there is formed over the metal a coating 
of sulphur which cannot he washed off with water. When 
the metal is washed afterward ,,~th alcohol, the thin coating 
of sulphur can he removed by rubbing with the finger or a 
handkerchief moistened ,,1th alcohol, without danger of loss. 

The ':'se of ammonium sulphide has the disadvantage that, 
when several determinations are made together, the odor 
becomes unbe.arable. For this re:u;an the author has made 
a series of experiments with potassium and sodiuDl monosul­
phide and hydrosulphide, the result. of which show that the 
precipitation of antimony from double salts with these com­
pounds proceeds satisfactorily. As sodium sulphide (Na,8) 
is one of the salts named which is most desirahle for facil­
itating the separation of antimouy 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 sulpha­
salt. 
At the cathode: 

Sb,S.+3Na,S+6H=2Sb+6NaHS. 

At the anode: 

6 NaHS+30=3Na,S,+3H,o. 

The reduction of antimony from the prepared sulpha­
salts can be carried out as well at ordinary as at higher tem­
pemtures. In the first case the determination requires 17-18 
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 adhere firmly to the dish, and the 
employment of weak currents is necessary. In recent ex­
"eriments 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 reac.tion 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, i.e., the 
cathode.t 

• For the preparation of this salt, see section on Reagents. 
... Q""' ............. 1'21\ 
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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. 

CONDITIOXS FOR ~"NALYSIS. 

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: 17! hours. 

B. 

Temperature: 55° to 70°. 
Current-density at cathode: NDlO.=1.0 to 1.5 amperes. 
Potential-difference: 1 to 2 volts. 
Time required: 2! hours. 

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 heated till it becomes color­
less. If a great excess of hydrogen peroxide is used, it may 
happen that the alkali sulphide is 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 is cooled, 80 cc of a solution of 
sodium monosuJphide are added, the whole is diluted with 
water t() about 120-150 cc and electrolysed as aboye 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 (20%) and heating nntil the liquid is 
colorleH'" This reaction depends upon the formation of 
"odium thiosulphate from the SUlphite, sulphide, and sul­
phur of the polysulphides. 

TIN. 
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Tin separates completely from a solution containing the 
ammonium double oxalate, or from an ammonium sulphide 
solution. Sodium and pota..'lSium sulphides cannot be used, 
as tin sepamtes only partially from a dilute solution of the 
corresponiling sulpho-salt, and not at all from a concentrated 
solution. 

If tin is precipitated from the ammonium double oxalate, 
a separation of stannie acid readily occurs, especially when 
much tin is present, which must be redissolved by addition 
<If ox'llic acid. The reduction of tin may be carried out 
without difficulty, however, if acid ammonium oxalate is uood 
instead of the neutral oxalate. The results obtained by this 
proce~s arc so accurate that the author has found it adapted 
to the determination of the atomic weight of tin. 

The BOlution of tin is treated with a cold saturated solu­
tion of acid ammouium oxalate in the proportion of 2() cc to 
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0.1 g tin. The solution is diluted to about l[l() cc and elec­
trolysed. The tin is completl'l.'" precipit.ated U8 u closply ad­
herent, shining, silver-white metal, even when as much as 
6 g is present. The current is internlpted and the metal 
washed as usual with water awl alcohol, and dried at 8O-HOo. 

CONDlTlO:!\S FOH ANALYSIS. 

Composition and volume of the solution a._<:; described above. 
Temperature: ordinary 'room teulJx~rature. 
Current-density at cathode: 0.2 to 0.6 ampere. 
Potent.ial-Jift·crence: 2.i to 3.8 volts. 
Time required: 8 to 10 hours. 

EXPERlMENT. 

Used 0.g....1 g SnCl,.2NHp [32.10% Snl, 120 cc of a satu­
rated solutiou of acid ammonium oxalate. 

Current-deo~ity, 
Al.Ullere~. 

Electro<lc 
Poteotial, 

Volts. 
Temp. Time. Found. 

O.2-{).3* 2.7-3.8 25° 8hr. 5 Ill. 32.0f.i% 
0.3-0.6 2.8--3.8 3(}-35° 9 n 45 " 32.00" 

If larger quantities of the tin salt are used, it is necessary 
to add acid ammonium oxalat-e from time to time, on a.ccount 
of the. decomposition of the acid ammonium oxalate, which 
CalL'3CS the soJution to. reaet alkaline. According to recent 
inve~tigations, the detenninatiorl of tin may be earried 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 la,,­
oratory, found that the detennination of tin can be cQm­
pleted in 4-4! 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, wamed to 60-65°, and electro-

... F"mally i.n.crea.sed to 0.5 ampere. 



214 QUANTITATIVE ANALYSIS BY ELECTROLYSIS. 

lysed with a current of ND"o~1-1.5 amperes. The pre­
cipitate must be washed without interrupting the current. 

Instead of oxalic acid, acetic acid 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 till 
salt, which is then acidified with 25 cc acetic acid (sp. gr. 
1.0615; about 50%). The metal is precipitated in the form 
()( radiated crystals, in contrast to the precipitate from acid 
ammonium oxalate solutions. Tin adheres better to rough­
ened than to polished dishes. 

The follo,,~ng experiments were conducted by the acetic 
acid method: 

e\.lrrent-d~nsity, Elootrode 
Potentia,l, Temp. Time. Found. Ampere. Volt.". 

0.3 increased to 0.5 3.2--3.8 25· 6 hr. 15m. 32.00% 
0.5 " 1.0 3.f>-4.2 25-30° 5 " 45" 32.01 <I 

In these experiments the tin in the polished dishes ap­
peared brilliantly crystalline, and in the roughened dishes 
silver-white. 

Since tin, like zinc, is dissolved with difficulty from the 
platinum dishes by acids, it is necessary ,to lISe fused acid 
potassium sulphate to remove it." It is therefore best to 
precipitate the tin in coppered dishes (sec Zinc). 

Engds worked out the following method in the Aachen 
laboratory: The tin salt is di'lSolved in water containing a 
few cubic centimeters of oxalic acid, and 0.3-{).5 g hydroxyl­
amine, 2 g Itmmonium acetate, and 2 g tartaric acid are added 
for every 0.5-1.2 gtin salt taken. The solution is then diluted 
to 150 ~c, warmed to 60-70°, and electrolysed with a current 

*' The rernel'a! of the deposited tin from the electrode can usually be 
effected without difficulty by warming with a mixture of 5 g tartaric acid., 
8 t'c water. and 200 of concentrated nitric acid. 
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{If ND toO - 0.7 to 1.0 ampere and a potential-difference of 
4 to 5 yolts. Under these conditions the time required 
for complete precipitation of the tin is 3 to 5 hours. 

EXPERIMENT. 

2~H~t;i, Currtlnt~ Electrode Found. density, Put.f!ntilJ.l, Temp. Time. PerCent. Caloulated. .. Amp . Valt", 
0.9175 1-0.8 5.2-5.6 70' 3 hr. 0.2970 32.37 32.37% 
09859 1...{).8 4.8-5.3 63' 3 " 0.3195 32.40 
0.9050 1...{).9 5.{)o...5.6 6.,>0 3 " 0.2931 32.30 
1.1879 0.;') 5.1--6.0 45' 6 " 0.3847 32.38 
1.0026 0.7 3.4 60' 3 " 0.3238 32.31i 
0 . 9940 0.7 4.0 60' 3t <I 0.3219 32 . 38 
1.0024 0.8 4.6 60' 3 0.3250 32.42 
J .0022 0.8 4.2-4.4 60' 3 " 0.3252 32.44 

In the solution of the ammonium sulpha-salt tin behaves 
like antimony. The till solution (if necessary after neutral­
isation with ammonia) is treated with ammonium sulphide 
free from "uimonia (no more is added than is needed to form 
the sulpho-salt), diluted to 150-175 cc, w"nned to 5lHlO°, 
lind electrolysed ,,~th a current of 1-2 amperes, at a potential­
difference of 3 . .'">-4 volts. Under these conditions 0 . .3-0.4 gof 
tin rnn 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 ea.,ily 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 llJIlmoruum sulphide. 
In order to determm:e the tin electrolytically in such cases, 
the sodium sulphide must be conyerted into ammonium sul­
phide.* To accomplish this, the solution is treated "with 
about 23 g pure ammonium sulphate free from iron, and' 

* Sodium sulphide cannot be repla.oed by potassium sulphide in the 
.separation from other metals, became the latter produces difficultly soluble .. 
potassium sulphate when ammonium 8Ulpbide is formed. . 
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heated \'ery cttrefully, with the dish covered, till the hydro­
gen sulphide has all escaped; the solution is then kept in 
gentle ebullition for about fifteen minutes. Complete con­
version into ammonium sulphide is shown by the greenish­
yellow color of the solution. If the heating is continued 
too Jong, till sulphide TJln,V separate; it can be dissolved in · 
ammonium sulphide. After the solution is completely cool. 
any sodium sulphate that rrwy have separated is dissolved 
by addition of water and the solution electrolysed. 

The determination of the tin is much more simply and 
easily accomplished by eonYcrtln,g- t.he solution of tin sulphhle 
in sodium sulphide into the aeiJ oxalate. This con\"('>rsion 
nwy he accomplished in two wny:-:: either· the sulpho-salt is 
decompORCd with dilute sulphuric. ueid to remove the greater 
par! of the sulphur as h)'dro~en sulphide, Ulal the separated 
tin sulphide oxidised 'with hydrogen peroxide * until the st.an­
nic. acid 'which is prociuc('(l appears pure white, or the heated 
alkaline solution is trented directly with hydl'Ogen peroxide 
(of which a great quantit!, is neerled), then acidified with sul­
phuric. acid t.o precipit.nte stannic acid, neutralised w:ith 
ammonia, and treated with more hydrogen peroxide. J n 
either case the f'o\ution is heated to decompose the excess of 
hydrogen peroxidr-, and the stannic acid allowed to Rettie 

ond then filtered off. The precipitate is washed "ith the 
Dxalate solution from the filter into a beaker, the filter washed 
I\;th hot. oxn1ic :1cid solution, and the . stannic acid in the 
leaker dis,dved by heating. Rometimes there is a rr-sidue 
)f sulphur, whieh is removed by filtration. The filtra!;, is 
,olleekd in the "'eig-hell platinum dish to bo used for the dec­
,rojysis. and the sulphur is washed with a cold saturated 8nlu· 
"inn~ of' ammonium oxalate (If acid ammonium oxalate. The 
lolution for electroly~i8 must contain at least 4 g of the oxalate . 

.. Classen and Ba.uer, Ber. d. ch. Ges., 16, 1062 (1883). 
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Arsenic cannot be quantitatively separated either from 
aqueous solutions or from solutions containing hydrochloric 
acid, ammonium oxalaie .. or alkali sulphides. From aqueoUl! 
as fTOm 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 arsenic 
passes off in the form of arseniuretted hydrogen. 

The behavior of arsenic (present as arsenic acid) in a con­
centrated solution of sodium sulphide permits the separation 
of arsenic from antimony, as will be shown later. 

PLATINUM. 

LITERATURE: 

Luckow, Zeit. f. anal. Chem., 19, 13 (1880). 
Cla.ssen, Rer. deutsch. eheOl. Ges., 17, 2467 (1884). 
Smith, Am. Chern . .loum., 13, 206 (1891). 
Hiidorff, Zeit. f. angell'. Chern" p. 696 (1892). 

Platinum is very readily precipitated from its solutions 
by the cl~ctric current. According to the determin.~timlR 
made by Dr. W. GOhbels in the Anthen laboratory, if a solu­
tion of a platinum . salt containing 2-3 per cent. by \'olunw 
of sulphuric acid is used and lS electrolysed with a current of 
ND".=O.HJ.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 6O-{)50 is electrolysed with a current of ND". 
~O.O.5 amp. and a potential-difference of 1.2 volts the plat­
inum }:('parates f]uRntitatively and in a very compact form. 
The reduced metal is so dense that it erumot be distinguished 
from hammered platinum. The operation requires a period 
of froll! 4 to 5 hours. If it is desired to remove the deposited 
platinum, the cathode should be first plated with a coating 
of copper or silver (S<'e Zinc) . 

. ~ccording to the method employed in the Munich labo­
ratory, if the quantity of platinum present is "hout. 0.4 g, 
2 per cent. by volume of dilute sulphuric acid (1 : .S) is added 
to the solution of the platinum salt, the liquid is heated to 
about 65°, and electrolysed with a current of ND", ~O.Ol to 
0.03 ampere. The potential-difference when the current­
density is 0.03 ampere is at first about 0.05 volt" hut rises 
toward the end of the reaction to 1.7 volts. Although the 
odor of chlorine escaping at the ~node 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. 

Iridium is not reduced from its solutions hy a current of 
ND"o~O.05 amp. and 1.2 volts potential: this property may 
be used for the quantitative separation of platinum from 
iridium (Classen). 

PALLADlUJI. 

LITERATURE; 

W6hler, Lieb. Ann., 133, 357 (1865). 
Schucht, Zeit. f anal. Chern., 22, 242 (1883). 
Smith and Keller, Am. Chern. Journ., 12, 252 (1890). 
Smith, ibid., '3, 206 (1891); '4, 435 (1R92); 

Zeit. f. anorg. Chern., 3, 476 (1893). 
Joly and Leidi~, Compt. end., 1I6, 146 (1893). 
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Palladium is determined in the same way as platinum. 
If tbe current of ND,,, =0.05 . ampere, with a potential­
difference of 1.2 volts, is used for tbe reduction, the palla.­
dium is obtained in an excellent metallic condition. 

](OL YBDEIfUX. 

LI'l'ERATunE: 

Smith, Am. Chern. Jouro., I. 329 (1879). 
Hoakinson a.nd Smith, Am. Chem. Jouro., 7, 90 (1885). 
Kollock and Smith, Jounl. Am. Chern. Soc., 23, 009 (1901); 

According to Kollock and Smith the quantitati ye deter­
mination of this element by electrolysis is po",';ble under 
the following conditions: 

To 125 cc of R solution of ammonium molybdate (con­
taining the equivalent of 0.1302 g of molybdenum trioxide) 
two drops of concentrated sulphuric arid ,,;ere added, and 
the solution was eIcctrolysed at 75° with a current-density 
of "DI00~O.04 ampere and it potential-difference of 2.2 volts. 
The molybdenum separated as olttck h~'dmted sesquioxide 
on the cathode. The precipitation was complete in about 
3 houl'll. The deposit was washed withou~ interrupting the 
CUfl'<'nt, and while still moist was dissolved in dilute nitric 
acid, the solution evaporated to dryness, and the residue 
gently heated on an iron plate to expel tbe last traces of the 
nitric acid. White molybdic acid remained. If blue spots 
appeared in tbe mass, they were removed by a second treat­
ment with nitric 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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POTASSIUll, AJDIONlUll. (NITROGEN.) 

Potassium and ammoniulll lllay be detennined, as is wen 
known, by cOllverting 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 pohlssium from sodium, has 
many disadvantages. It is preferable, after precipitating 
and washing the platinum salt as usual, to dissolve it in water, 
and determine the platinulll as directed on p. 218. 
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SECTION II. 

DETERMINATION OF NITRIC ACID IN NITRATES. 

t.ITF..RATURE: 

Luckow, ~it. L analyt. Chem., IC), 11 (1880), 
Vortmann, Her. deutsch. chem. Gt.'S .• :23, 2798 (1890). 
Ulsch, ZeiL f. Eiektro('hem., 3, 546 (189()-'97). 

As is well known, nitric acid is often converted ·into am .. 
monin, and the latter determined. The action of the electric 
CUTrf'nt converts nitric acid into anl1nonia, as explained in 
the Introduction (1" 38). If the solution of an alkali nitrat.e, 
acidified with dilute sulphuric acid. is acted on by the cur­
rent, no amn~onia is formed. 

Luckow discovered that the reduction of the 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 
hM determined in the Aachen laboratory the conditions for 
the quantitative detennination of nitric acid in nitrates. 
'The solution of the nitrate is treated with a sufficient quant.ity 
<>f copper sulphate (in the analysis of rotasllium nitrate, 
half as much crystallised cOllper sulphate a8 potassium ni­
imte), acidified with dilute sulphuric acid, and electrolysed 
""old. When the reaction is complete the solution is poured 
off, sodium hydroxide solut';on is added, and the ammonia 
distilled off and determined volumetrically in the usual way. 
For this purp""" one-fifth normal solutions of ammonia and 
sul"huric acid are used. To standardise the sulphuric acid, 
1t 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 
CuSO,.5H,O, 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 ammonia. 

The method described by Ulsch is based on the reduction 
of the nitlic 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 m. 
DETERMINATION OF THE HALOGENS. 

ChloriDe, Bromine, Iodine. 

LITERATURE: 

Vortmann, MonatBhelte f. Chern., '5, 280 (1894)j z6, 674 (1896)~ 
Elektrocbem.'Zeit., x, 137 (1894). 

Whitefield, Am. Chern. Joum" 8, 421 (1897). 
Specketer, Zeit. f. Elektrochem., 4. 539 (1897-98). 
Muller, Ber. deutsch. chew. 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 increase in weight of the anode gives directly the quan­
tity of halogen which has separated. The completion of the 
analysis is detenmned 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, 6-10 cc of a 10% solution 
of sodium hydroxide added, and the solution diluted to 100-
150 ce. The silver anode, having the form of a wa.tch-glass 
6 em in diameter, 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 O.03-{).07 ampere and a difference of potential of 2 volts. 
After 4-5 hours the greater part of the iodine will be converted 
into silver iodide, and the remainder may be separated on a 
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fresh silver anode, alter the addition of sodium potassium tar­
trnte to the solution. The liquid is warmed to liO--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. 

LITERA'I'URE: 

Classen, Ber. deutfich. chern. Ces., 27, 2060 (189"4). 
Engels, Compt. rend., IS, ,15, 20 (1890). 
Ducro, Bu]]. Soc. Chim., 17.881 (1897)-
Neumann, ChelIl. Ztg., 22, 731 (1898). 

2:.15 

The two metals may be determined by electrolysing the 
solution 01 the double oxalate., as directed under Iron (1'. 155), 
weighing the iron and cobalt together, and determining the 
form"r volumetrically. 

Alter weighing the iron and cobalt, the deposit is dis­
solved in dilute sulphuric acid (dilute sulphuric acid is poured 
dver th~ metals, and concentrated acid gradually added, "" 
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 i. easily recognised. 

The residue of cobalt and iron may also be dissolved in 
hydrochloric acid, the iron oxidised with hydrogen peroxide, 
and titrated with stannous chloride, after removing the excess 
of hydrogen peroxide by hoiling. 
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EXPERIME1\""T. 

Used 1 g each of CoSO •. K,SO •. 6H,o and 
3K,C,o •. 6H,O, and 8 g ammonium oxalate. 
liquid, 120 ec. 
Current..~ Electrode Time. Found, 
dell.~;ty, Potf'Tltiui, Temp, hr. m. Fe +Co. Calculated. 

AmpeT'eH. Volt!!. g 
2.D-l.6 3.0-3.6 65-70° 1 40 0.2658 0.1141 gFe* 

0.1517" Co 
V.2658g 

1.55-1.4 3.2-3.6 62-65° 1 2{) 0.2650 0.1138 g Fe 
01517" Co 
O . ~ij55g 

1.0-0.85 2.85-3.1 60-65· 2 30 0.2585 0.1I37gFe 
0.1451 " Co 
0.2586g 

O.5-0A 2.0-2.7 60--670 4- 0.2593 O.1I36gFe 
0,1452" Co 

9· 2588g 
0.5-0.45 2.35-2. '1 58-620 4- 0.2617 0 . 1139 g Fe 

0 .1477" Co 
O.2616g 

Iron-Nickel. 

LlTER ..... TUUE: 

Vortmann, Monatshefre f. Chern., 14,536 (1893); 
Elektrochem. Zeit., p. 6 (1894). 

Classen, Ber. deutsch. ('.hem. Gee., 27, 2060 (1894). 
Engels, Compt. rend., IS, 5, 20 (1896). 
Ducru, Bull. Soc. Chim'J 17,881 (1897). 
Neumann, Chem. Ztg., %2, 731 (1898). 

Fe,(C,O.l,. 
Volnme of 

Titrated. 

O.1l40g Fe 

0.1140 If U 

0.1140" If 

0.1133«" 

0.1141" " 

The method of determination is exactly like the preceding. 
Iron and nickel separate in the form of a beautiful white 
alloy 'scarcely distingwshable 'from platinum. This alloy re-

'" The numbers placed under the heading UCalculate<jll are the quantiw 

ties of iron and cobalt in the two salts taken, which ~ separately deter­
mined by electrolysis. 
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<ists strongly the action of aci,ll;, and is only very slowly 
attacked by dilute sulphuric or hydrochloric acid. 

Since the precipitatjon of the Inst, lmee of nickel takes 
pbee very slowly, the URe of a ('.urrent of at least NDlll1l = 1 
ampere is to be recommended. Taward the end of the opera­
tion the current-strength shouhl be increasc,L 

To determine the iron, the precipitate in the diElh must be 
heate(l ,,;th coneentrated hydrochloric neili; [lrul if the iron 
is to be titrated with pennanganate, the solution must be 
reduced by na.:::icent hydrogen. It is more simple to. oxidise 
with hydrogen peroxide, ao(l, after removing tbe excess, tit­
rate the ferric chloride witb stannous chloride. 

EXPER1:UEJ\"T. 

Used 1 g each of NiSO,.(NH,l,SO,.6H,o and Fe,(C,o,l,. 
3K,C,O,.6H,O, and 8 g ammonium oxalate. Volume of 
liquid, 120 cc. 

Cuttent-density, Electrode Time. Found, 
AmpeN!'.'I. Pot.elltillol. Temp. .hr. m. Fe+.N'i. Calculated. 

Vo!t~. 

2.2-1.75 3.45-4.0 70--650 2- 0.2760 g O.1135~ Fe* 
O.Hi22" Ni 
0:27"5rg-

2.0-1.75 3,35-3.9 69-670 2- 0.2654" O.1l35g Fe 
O. J527"Ni 
O.2662g 

l.H),7 2.6-3.1 65-71 0 430 0.2675 " O.lI.1.5g Fe 
0.15.50" Ni 
O-:-Z683g-

0.5-0,' 2.1:1-3.0 68-71 0 5- 0.2€64 " O.26G4 g 

Vortmann adds 4-6 g sodium pota..sium tartrate and aI. 

excess of sodium hydroxide to the solut~oll, warms, and pre-

* The numberd placed under the heading II Calculated" are the quanti_ 
ties of iron and cobalt in the two salts taken, which were separately deter­
mined by electrolysis. 
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cipitates the iron with a current of ND",=O.3-{).5 ampere in 
three to four hours, the nickel remaining in solution. 

Iron-Zinc. 

LITERATVEE: 

VortmannJ Monatahefte f. Chem.J 14.536 (1893). 

If the double oxalates of iron and zinc are submitted to 
electrolysis, the two metals do not separate as an alloy, but 
zinc, 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 than one-third as much zinc as iron in. the solu­
tion. If the proportion of zinc is greater, the zinc disBoh'es 
with the evolution of gas a..~ the action proceeds, and a pre­
cipjtate of oxide of iron is formed. 

Vortmann proposes the follo,,;_ng method: 4-6 grams of 
potassium !4odium tartratf~ and all excess of a 10-20S{ .. solu­
tion of sodium hydroxide arc 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,",~O.07-{).1 ampere. 
Jt is best to raise the temperature at the close of the operation 
to 5<HlOo. After "e,'eral hours the iron will be precipitated, 
the zinc remainillg in solution. The zinc can then be quan­
titatively precipitated by electrolysing with a potential-dif­
erence of 4 volts. 

Iron-Kanganese. 

LITERAT'L'"RE: 

Classen, BeT deu~ch. chern. Ges., 18, 1787 (1885). 
E!tgels, Compt. rend., pp. 5, 40 (1896). 
Kaeppel, Zeit. f. anorg. Chern., 16, 26S (1898). 

As stated in the Introduction, a solution of ammonium 
oxalate is decomposed by electrolysis, mainly into hydrogen 
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and hydrogen ammonium carhonak The latter is partly 
decomposed into ammonia, most of which remttins ill solution, 
and carbon dioxide. In the electrolysis of a hot solution or 
ammoniwn oxalate, the ammonium carbonate produced by 
the current is partly neutralised as a result of dissociation of 
ammonium oxalate; carboll dioxide is rapidly liberated at 
the positive electrode. 

If a solution of the double oxalates of iron and manga­
nese is subjected to electrolysis without the previous addition 
of a great excc&'l 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 impossible to obtain 
a quantitative separation of the two metals, since the manga­
nese dioxide carries down with it considerable quantities of 
ferric hydroxide. 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 znanganese, 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 tlus 
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 aets on the mang~ese 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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Iron, \\~th the difference only 'that 8 to 10 g ammonium oxa­
late are dissolved in the liquid, which is warmed to 80-90", 
"nd electrolysed with a current of ND",~O.5 amp. 

When the reduction is complete, the solution is poured 
off, the dish washed repeatedly ,dth water, and this, together 
with traces of the dioxide precipitate, removed by alcohol; 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 detennined 
in the liquid from which the iron has been separated. 

To obtain a complete separation, the solution, containing 
'su:-:.pcnded rmmgunese dioxide, is heated with a solution of 
pure potassium or sodium hydroxide in a porcelain dish, 
till the ammonium carhonnte produced by electrolysis is de­
composed and the solution no Jonger has the odor of ammo­
run; and then sodium carbonate and a smal/. quantity of so­
dium hypochlorite, or, better, hy.drogen peroxide, are added. 
The manganese dioxide quickly falls to the bottom, and can 
be filtered off. The precipitate is best washed with hot water 
to which a little ammonium-nitrate has been added, and is 
"ither converted into mangano-manganic oxide (MoPJ by 
ignition, or, better, into manganese sulphate (MnSO.). 

The conversion into manganese SUlphate 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 detennine the manganese as manganese 
sulphide, the solution is boiled till the ammonium carbonate 
is decomposed, the remaining ammonia is neutralised with 
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rutric 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 conducts the separation of iron from manganese 
in a solution of the double salts of pyrophosphoric acid. A 
solution of ferric ammonimn sulphate (0.1 to 0.15 g Fe) and 
manganous ammoruum 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 phosphoric acid were added. If the 
phosphoric acid produced turbidity, this was removed by 
adding a few dr~ps 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 the electrolyte was 
30-40°, and the time required was 8 to 10 hours; the iron 
being precipitated. For the iron fairly accurate results were 
obtained, but the manganese remnirung in the solution could 
not be determined by electrolytic methods. The deposited 
iron was washed without interrupting the current. 

IrOll-Aluminium. 

LITERATURE: 

Classen, Ber. deutsch. chern. Ges., 18, 1795 (1885) j ~7, 2060 (1894). 
Engels, Compt. rend., 'S, 5,20(1896). 

When a solution containing the above metals and a great 
excess of ammoruum oxalate is electrolysed in the cold, iron 
is deposited on the negative electrode, while the aluminium 
remains in solution as long as ammonium oxalate is present 
in the solution in greater proportion than the ammoruum 
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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 
is stopped as soon as no reaction is obtained. 

The process is as follows: The aqueous or weakly acid 
solution (in the latter case neutralised ,,1th 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 necessalY) 
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 ce. 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 necess<1,ry to reduce the iron; for, otherwise, a la.rge 
part of the aluminium is precipitated as hydroxide, and 
clings so dosely to the negative electrode that it cannot be 
removed. 

In such a case it is necessary to bring the aluminium hy­
droxide into solution by acidifying ,,1th 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 platinam 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
ide is dissolved, without interrupting the current, by careful 
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addition of oxalic acid, and the electrolysis repeated until 
the iron is completely precipita~. To determine the alu­
minium in the solution poured off from the iron, it is heated 
in a porcelain dish till the ammonia is driven off, Jilt"red, 
and the aluminium hydroxide converted, by ignition, into 
AI,O,. 

~XPERIMENT. 

Used 1 g each of Fe,(C,O,),.3K,C,o •. 6H,O and AI,(SO,) .. 
K,SO •. 24H,o, and 8 g ammonium oxalate. Volume of 
liquid, 120 CC. 

Current- Electrode 'time. Taken, Found, density, Potential, Temp. 
Amperes, Volts. hr. m. .. C· 

1.95-1.6 4.3 -4.4 31-42° 235 0, 1135 Fo O.1l43F. 
1.65-01.35 3.8 -4.1 30-48' 3- 0.1150 'I 0.1159 " 
1.00-0.84 3.55-3.8 31-36° 430 0.1135 <I 0.1138 " 
0.50-0.42 2.75-3.1 30-32° 540 0.1135 I, 0.1139 tI 

II) order to avoid the separation of aluminium hydroxide 
(small quantities of which often adhere to the iron) strong 
currents, which raise the temperature of the solution, should 
not be used. • 

The effect of strong currents and high temperatures is 
illustrated in the above experiment. 

Iron-Chromium. 

LITERATURE: 

Cll\88t'ln, Ber, deutsch. chern. Ges. , 2,'1, 2060 (1894). 
Engels, Cornpt. rend., 15, 5, 20 (1896), 

If a solution which c'bntains an excess of ammonium oxa­
late, and chromium as se.."'Iuioxide, that is, .as chromium 
ammonium oxalate, be submitted to eleetrolysis, all of the 
chromium is converted into a chromate. If 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 liquid. is poured 
()ff from the precipitsted metsl and is boiled to decompose 
ammonium carbonate, and the chromic acid reduced by boil­
ing with hydrochloric acid and alcohol. The chromium is 
then precipitated as hydroxide with ammonia. 

The hvdroxide is converted into Cr P. in the usual manner, 
and \\'cigh~d. 

EXPERIMEX']'. 

A. Used 1 gram of Fe,(C,o.),.3K,C,O •. 6H" gram of 
3K,C,o •. Cr,(C,o.),.6H,O, and g grams ammonium oxalate. 
Solution diluted to 120 cc. 

Curront· Electrode Time. Ta.ken_. F()und, rien",jty. Potential, Temp. hr. tn. }'e. F •. Amperes, Volts. 

2.0()",1.60 3.4--3.6 62-68° 4- 0.1120 g 0.1123 g 
1.00-0.95 3.2-3.8 66-680 5- 0 .1135" 0.1135 (0 

1.9iH.50 3.3-3.7 62-65 0 3- O.113S u 0.1130 " 

B. Used 2 g chrome alum, 1.5890 g ferrous ammonium 
sulphate, and 8 g ammonium ox,,]ate. 

Current. Electrode 
den~ity. Potential, Temp. 

Amper(\"" Volts. 

1.5 65° 

Time, 
br.m. 

4-

Taken, 
F •. 

14.28% 

Found, 
F •. 

14.19% 

C. Used 2 g chrome alum, 1 g Fe,(C,O.),.3K,C,o •. 6H,o, 
and 8 g ammonium oxalate. 

~~~~~: ~~7et;ti!i. Temp. J:.n:. T~~~n, 
Amperes. Volb. 

1.50-1.60 3 .0-3.2 65° 4 - 11.40% 

Iron-Urani~ 

Found, 
F •. 

11.35% 

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 precipitste<i 
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The process is conduct<ld in th~ same manner as the separa­
tion of aluminium from iron. When a strong current is 
employed, especially when there is an insufficient quantity of 
ammonium oxalaw present, it may happen that, as " result of 
the decomposition of the hydrogen ammonium carbonate by 
the heat produced, the uranium is precipitated as hydroxide. 

The uranium solution, after the other met.al has beeu 
separated, is freed from oxalic acid by further electrolysis, 
and finally the ammoniulll carbonate is decomposed by 
heating. 

To bring the finely divided precipitate of uranium hydrox­
ide into suitable condition for filtration, nitric acid is added, 
the solution is heated till the precipitaw is wholly dissolved, 
and ammonia is added to reprecipitate the hydroxide. The 
precipitate is converted into uranium oxide by ignition in II 

stream of hydrogen. 

Iron-Aluntinium-Chromium. 

LI't'EnATURE: 

Clll$Sen, Ber. deutsch. ('hem. Ges.} 14, 2771 (1881). 

The separation is performed as above. To separate the 
aluminium from chromium, the solution poured off from the 
precipitawd metals is boiled till it has only !I weak odor of 
ammonia, thc aluminium hydroxide filwred off, and the chro­
mium precipitawd as above. 

lrfm-ChromiIUJl--Urwum. 

Ll'fERATtffiE 

Classen, BeT. deutsch. chern. Gas., '14. 2771 (1881); 
ibid. '7,2483 (1884). 

The separation is accomplished by tbe precipitation of 
iron as metal, from the double oxalate solution, and the oxi­
dation of chromium to chromic acid by the current. Uran­
ium is separated as hydroxide, while chromium remains in 
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solution as ammonium chrumate. 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
moniulll carbonate, and allowed to stand six hours. The chro­
mium is determined, as ahove, in the filtrate from the 
uranium. 

IrOD-Beryllium. 

LTTER_-\Tt:RE: 

Classen, Ber. deutsch. chern. 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 eare is taken to have an exce..,o;;;s 'of ammo­
nium oxalate present. The iron is precipitat,ed according to 
the directions given under the se'puration of aluminium from 
iron. 

Strong currents are not advisable lest the sol ution become 
heated, and thus the ammonium carbonate, which holds the 
beryllium in solution, be decomposed. The beryllium hy­
droxide may. in any case, begin to precipitate hefore the 'iron 
is fully deposit"d. The determination of beryllium in the 
Rolution poured off from the iron hI, very simple; the solution 
iR boiled to decompose the hydrogen ammonium carbonate, 
and the heating mmtinued till the solution has only a weak 
odor of ammonia. The beryllium hydroxide is filtered, 
washed with hot water, and converted into BeO by ignition 
in a platinum crucible. 

IroD-Beryllium-Alumini~ 

LITERA'l'{;RE: 

Classeq., -Her. deutsch. chern. Ges., 14, 2771 (1881). 

The process is precisely like the foregoing. When the 
iron is reduced the solution is poured into a second platinum 
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dish, and the action of the current is continued till aU the 
()xalic acid is decomposed, and the nlumiuiwn is precipitated 
.as hydroxide. The beryllium is precipitated from the filtrate 
.as hydroxide by boiling. 

It is advisable to redissolve the aluminium hydroxide, 
t<> convert it again into the double oxalate, and to repeat the 
-electrolysis. 

hon-Copper. 

LITER.\Tt:RE: 

Sehweder, Berg- u. Hiitt-enm. Ztg., 36, 5, 11 , 31 (1877) . 
Vortmann, MQnatshefte f. Chern., 14, 536 (1893). 
Classen, Ber. deutS('h. chem. Ges. , 27, 2060 (1894). 
Fernberger and Smith, Joum. Am, Chern. Soc., :J1, 1001 (1899). 

The separation may be accomplished according to the 
method given by Luckow (p. 17(1), if the operation is con­
ducted at ordina.ry temperatureg. To determine the iron in 
the solution from which the copper has been removed it is 
evaporated to dryness with the addit.ion of suIHcient sulphuric 
acid to convert the iron into sulphat." and the double oxalate 
is prepared by the method given on page 154. 

EXPERl:\n~~'T . 

Used about 1 g each of copper SUlphate and ferrous am­
monium sulphate and 5 cc nitric aCid (sp. gr. 1.35). Volume 
of liquid, 120 cc. 

Currl~~~::~ty Pot!'~~'~lts. Temp. 

1.1Hl.9 3 .()-3 .3 1~32' 

1.1-1.0 2.6-3.2 18-32' 

Time, 
hr. m. 
4-
330 

Taken 
0.. 

O.252Bg 
0.2450 " 

Found 
Cu. 

0.2S1Bg . 
0.2430 lI. 

The free sulphuric acid iu the decant.,d liquid was neu­
tralised with ammonium hydroxide, and 8 g ammonium 
()xalate were added. 

~~~ity, P~~,~~It.. Temp. 

1.3!Hl.B 2.7--4.5 31--42' 
1.45-1.1 3 .()-3.5 00' 

TUne, 
hr.J;D.. 
3-
330 

Taken Found 
Fe. Fe. 

O.1400g O.1416g 
0.1435 H 0.1438 ( 
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A similar separation may also be cartied out in the pres­
ence of sulphuric. acid instead of nitric acid. Three cubic 
centimeters of the concentrated acid are used, the other con­
ditiolls being the same. 

Currellt...Jensity. EIMt.rode Temp. Time, Taken Found 
Atnperell. Potchtial, Volt!;. hr. m. Cu. Cu. 

1.05--1.20 3.().-2.85 22-30° 2 10 0.2539 g 0.2534 g 
1.00-0.95 2.5-2.45 56-59 0 2- 0.2510 H 0.2504" 

The dptcnnination of the jron was conducted. as before~ 
Curre"t-<ien~it.y . Elootrode Temp. Time, Tl\ken Found 

Ampere.~. Potentil!i, V()lt .~. hr. m. Fe. Fe. 
1.55-1.32 3,4-3.8 33-40~ 4- O.1411g 0.1419g 
1. 6{)-1. 40 3.D-3.5 61_" 3- 0.1675 " 0.162.5 " 

The separation of iron and copper may be effected if the 
copper is precipitated from a hot solution of the double 
oxalate con,taining free oxalic, tartaric, or acetic acid. A 
saturated solution of oxalic acid is used, and one of tartaric 
acid which contains 6 g acid in every 100 cc. 

EXPERIM])I\"'T. 

Used about 1 g each of copper sulphate and ferric salt, 
6 g ammonium oxalate. The copper must be washed without 
interrupting the current. 

Curront-ilenll-ity, Electrode Temp. Time. Taken Found 
Amperel:l. Potential. Volts Cu. Cu. 
1.1-1.0 2.95-3.5 51-62" 3 hr. 0.2S28g 0.2525 g 
0.7--0.7 3.20-2.85 62° 3 " 0.2530 " 0.2532" • 

The iron was detertnined in the solution which was poured 
off from the copper, the free acid being first neutralised with 
ammonium hydroxide. 

~;::~ty. Po~a\~:lt!l. Temp. Time. 

1.4-1.3 3.()'-3.2 68-70° 2~ hr. 
1.0-0.9 3.1...,'l.3 30-40" 3"" 

Taken Found 
Fe. Fe. 

O.l435g 0.1431g 
0 . 1429" 0.1425" 
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Vortmann dissolves the oxides of both metals in an arn­
moniacal solution, to which are added several grams of nmme>-­
nimn sulphate, arId electrolyses with a current of ND ,,,-
0.1-0.6 ampere. Only copper is precipitated, the ferrie 
hydroxide rema.ining unaltered in solution .. 

According to Fernberger and Smith) copper can be sepa­
rated from iron under the conditions given in the following 
experiment: 

60 cc of a solution of disouium-hydrogen phosphate 
(sp. gr. 1.0358) were added to a mixture (If 25 cc of a copper 
sulphate solution (~O.I239 g Cui and 50 cc of a solution of 
ferric ammonium alum (~O.2002 g Fe). The rrecipitate 
which formed was dissolved in 10 cc phosphoric acid (sp. gr. 
1.347), and the solution diluted to a total-volume of ZZ;jcc 

was electrolysed at 53° with a current of ND,,, ~ 0.04 ampere 
and a potential-difference of 2.4 ,-olts. The copper was 
completely precipitated in about 7 hours. 

Iron-Lead. 

This separation is effected by precipitating the lead rut 

peroxide from a solution containing free nitric acid (I" 195). 
To determine the iron remaining in the solution add sulphuric 
acid, evaporate to dryness t<l expel the nitric acid, and de­
termine the iron by electrolysis in an oxalic acid solution as 
described under Iron-Copper. 

Iron-Bismuth. 

LITERATURE: 

Kammerer, Jouro. Am. Chern. Soc., 25, S3 (1903). 

According to Kammerer the iron should be present as 
ferrous sulphate, and the solution having a volume of 150 ce 
should contain 1 cc nitric acid (~p. gr. 1.4:1), I g potassium 
sulphate, and 2 cc sulphuric acid (sp. gr. 1.84). 'The elee-
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trolysis is conducted at 45° with a current of ND"o~0.025 
ampere and a potential-difference between the electrodes of 
2 volts. About 8 hours are required for the complete sepa­
ration of the bismuth. 

Iron-CadmiuIb.. 

LITER-\.TUR"E : 

Stortenbeker, Zeit. f. Elektrochem" 4, 409 (1897-98). 

The following method for separating these two elements 
is given by Stortenbeker: Cadmium and ferrous Bulphates 
.are dissolved in 100 cc of water slightly acidified with a rew 
drops of dilute sulphuric acid, and to this solution 2 to 3 
.grams of potassium cyunide are added. The mixture is then 
warmed until perfectly clear, and if it does not become yel­
low immediately a few drops of a solution of potassium hy­
droxide are added. The solution is (liJuted to 200 co and 
eJectrolysed with a current of NDIOO~0.03 to 0.10 ampere, 
st the room temperature. Cadmiulll will be deposited. 

Iron-Silver. 

LITERATURE: 

KoUock, Joum. Am. Chern. Soc., 21, 911 (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 .. 0;..4 g potassium cyanide were 
sdded and the solution was diluted to 125 cc. The elec­
trolysis was carried out at 6&-75° with a current of ND100~ 
().02-{)'04 ampere and a potential-difference of 1.8-2.2 volts. 
The silver was completely precipitated in from 3 to 4 hours. 



COBALT. 

COBALT. 

C()balt-Nlckel. 

LlTERATURE: 

Vortmann, Monatsh. f. Chernie, 14, 536 (1893). 
Cohen, Zeit. f. Elektrochem., ,., 501 (1897-98). 
Balachowsky, Compt. rend., 13:1, 1492 (1901) . 
Roaenheim and Huldschinsky, Phrum. Centralbl., 4.3, 393 (1901). 
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The following method for separating these two elements 
is described by Balachowsky: To nn acetic acid solution con­
taining 0.3 g of the metals, 3 g ammonium sulpho-cyanide, 
1 g urea, a11<l enough ammonia to neutralise the free acetic 
acid, are added. The solution is diluted to a convenient 
volume anti electrolysed at 70--80" in n- platinum dish-elec­
trode with a maximum potential-difference between the 
eleetrodes of ),0 volt and a current of ND"o~0.8 ampere. 
The precipitation of the nickel is complete in It hour, but 
the deposited metal contains sulphur and should therefore 
be dissolved in nitric acid, the sulphur filtered off, and the 
nickel again precipitated by one of the standard methods 
(p. ](iO). 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 npon the 
electrolysis of a solution containing sodium potassium tar­
trate made strongly alkaliIie with sodium hydroxide. V ort,. 
mann states that with a current-densityof ND, .. -0.3 to 0_06 
runpere the nickel remains in the soll\tion while the cobalt is 
precipitated. The _Ilt.ial data for repeating these ex­
periments are lacking. 
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Cobalt-Zinc. 

LITERATURE: 

Vortmann, Monatsch. f. Chemie, 14, 536 (I893)j 
Elektrochem. Zcit., 1, 6 (l894). 

Smith and Wallace, Journ. of Anal. Chern., '1, 183 (1893). 
Wa.l.l~r, Zeit. f. Elektrochem., 4, 241 (1897-98). 

According to Vortmann an excess of a 10-20% solution 
of sodium hydroxide is adrled 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,oo-0.07--{).1 ampere and an electrode tension of 2 volts. 
The cobalt is precipitated, but the addition of potnssium 
iodide is necessary in order to prevent the separation of 
cobaltic oxide at the anode. 

According to Waller, who conducted his researches in 
the laboratory of the author at Aachen, satisfactory results 
can be obtained under the following conditions: 

6 grams of sodium potassium tartrate and frQm 1.0 to 
.1.5 g of potassiulll iodide were dissolved in the solution COD­

troning the metllls as sulphates, which was then mllde alka­
line with 10 co of a solution of sodium hydroxide containing 
2 to 3 grams of NaOH. The solution was diluted to 150 cc, 
and waS electrolysed at 60-65° with a current of ND

lO
• ~ 

0.05 to 0.1 ampere and a potential-difference of 2 volts. 
Since 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 
1 % of the entire quantity present. 

The zinc is afterwards separated from the solution by 
electrolysing with a potential-difference of 4 volts. 



COBALT. 243 

Cobalt-Aluminium. 

The method is carried out similarly to that of iron from 
:Uuminium. 

Cobalt-Uraniumj Cobalt-Chromiumj Cobalt-Uranium-Chromium. 

The methods employed are similar to those of the corre­
!ponding separations from iron (p. 234). 

Cobalt-Copper. 

LITERATURE : 

Wa.rwick, Zeit. f. anorg. Chern., I, 299 (1892). 
Classen, Ber. deutsch. chern. Ges., 27.2060 (1894). 
Rii.dorff, Zeit.. f. angew. Cbetn., p. 388 (1894). 
Fernberger and Smith, Jour. Am. Chern. Soc., :II, 1001 (1899). 

The separation of these two elements can he satisfac­
torily conducted by the electrolysis of a solution containing 
immonium oxalat.c, at a temperature of 50-60°, if the differ ... 
,nee of potential hetween the electrodes is so regulated as 
to be kept between 1.1 and 1.3 volt. Under these condi­
t.ions only copper "ill he precipitated. 

EXPERIMENT. 

Used I g copper sulphate (25.33% Cu), 1 g cobalt arumo­
nium stilphate, and 6 g ammonium oxalate. 

Electrode Po~ntial. Temp. Time, Found 
Volts. hr. m. gCu. :S:Cu. 

1.24-1.30 5Q..6O. 3 50 0.2602 2.5.36 
1.20-1.35 50-60· 3 30 0.2531 2.5 .29 
1.20-1.29 5Q..6O. 4 - 0.2522 25.28 

These elements may also he separated in a solution CQDo 

taining free nitric acid (p. 179). 
For effecting the separation in a solution containing 

phosphates we are indebted to Fernherger and Smith 
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for the following particulars: To a solution containing 
0.1329 g Cu and 0.1 g Co ill tbe form of sulphates,60 cc 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 a volume of 225 cc. The electrolysis was conducted at 
620 with a current of ND,,,~0.035 ampere and a potential­
difference of 1.5 volt. The copper was completely de­
posi wd in 6 hours. 

Cobalt-Bismuth. 

LITERA'rURE: 
Smith and Wallace, Jouru. of Anal. Chern., 7, 183 (1893). 
·Smith and Moyer, Zeit. (. anorg. Cheln., 4. 268 (1893) . 
.Ka.mmerer, Journ. Am, Chem. Get:!., 1S,83 (1903) . 

.. ~('cording to Smith find "~allace, and also Smith a.nd 
Moyer, [t s(>paration of these metnls may he satisfactorily 
conducted in n solution eontnining nitric add. Since) ho'w­
ever, the required COllditioHS of experiment ure not given in 
the respective publications the methods "ill be here omittl'd. 

Kammerer states that the following conditions are sa~ 
isfactory for effecting this ""paration: 

Cobalt sulphate in quantity equivalent to 0.15 g cobalt, 
0.5 g potassium SUlphate and 2 cc sulphuric acid (8p. gr. 1.84) 
were added to a solution containing 0.15 g of bismuth and 2 
cc nitric acid (8p. gr. 1.43). The solution,. was diluted to 150 
cc and electrolysed at 11 temperature of 450 with a current of 
ND, .. ~O.025 ampere and a powntial-difference of 2 volts. 
The hismuth was complewly deposited in 9 hours, and was 
free from cobalt. This method serves equally well for the 
""paration of bismuth and nickel. 

Cobalt-Lead. 

The solution, after the addition of nitric acid, is electro­
Ivsed as described under Lead. p. 195. 
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LITERATURE. 

Kollock, Journ. Am. Chem. Soc., lX, 911 (1800). 
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The following experiment is described by Kollock: To 
a solution containing 0.1 g silver and 0.1 g cadmium, both 
present as nitrates, 2.75 g of pota.._~ium cyanide was added, 
and the solution was diluted to 125 ce. The electrolysis was 
carried out ",;th a current of NDlfIo =O.02 ampere and a po­
rential-difference of 2.2 to 2.7 volts. After 5 hours had 
elapse.d the silver was completely precipitatl~!. 'n)e tem­
perature of the solution throughout the entire operation 
was 65°. 

Cobalt-Mercury. 

LITERATUllE: 

KoUock, Jaurn. Am. Chem. Soc., 21, 911 (1899) . 

Kollock states that the following conditions are suitable 
for the separation of these elements: The solution contained 
0.1216 g of mercury as mercnric chloride and 0.1 g of cobalt 
as nitrare. To this 2 g potassium cyanide were added, the 
total "alumc was 100 cc, and the electrolysis was caDducted 
at 650 "ith a current of ND,,,~O.03 ampere and a potential­
difference of 2.9 volts. The mercury was completely precipi­
tated ill 5 hours. 

NICKEL. 

lfteet-Zinc. 

LITERATURE: 

Vonmann, Mona~h. f. Chemie, 14, 536 (1893). 

For the separation of these metalB Vortmann suggests 
a solution containing 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 dec­
trolysis was conducted at ordinary temperatures with a 
current of ND,oo~0.3-{).6 ampere. He states that under 
these conditions only zinc is precipitated, the nickel re­
maining in solution. 

Nickel-Xanganese. 

LITERATURE: 

Engels, Compt. rend., IS, 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. 

Nickel-Aluminium. 

Similar to the separation of iron from alurninium. 

~ickel-Uranium; Nickel-Chromium. 

Similar to the corresponding separations from iron; 

Nickel-Copper. 

LITERATURE: 

Classen, Ber. deutsch. chern. Ges., 27, 2060 (1894). 
Fernherger and Smith, JoW'. Am. Chern. Soc., MI, 1001 (1899). 

The separation takes place under the same conditions as 
the separation of cobalt from copper. 

If 1 g eJich 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. 



PotentiaJ-di6«ence, Time, 
. Volts. hr. Ill. 

1.11-1.3 3 50 
1.20--1.3 3 -
1.20--1.3 3 30 

1.34-1.45 3 50 

1.20--1.6 350 

NrCKEL. 

EXPERIMENT. 

Found 
I Cu, ~Cu. 

0 .2552 25.40 
0.2559 25.37 
0 . 2591 25. 38 

0.2579 25.45 

0.2595 25.33 
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Theory 25.33;: cu. 

Aeidified with oxalic acid. 
Addihd with tartatie aeid. 
A(';tiifieJ with acetic arid, The 

eop):JeJ' oont kined nickel. 

The copper eontained nickel. 

The separation of these two metals can be very satisfac­
torily conuucted in a solution containing free nitric acid 
(see p. 179). 

For the separation of nickel and copper in a ' phosplut\ .. 
solution the following details are given by Fernberger and 
Smith: 

To a solntion containing copper sulpbate (-0.1239 g ell) 

and nickel nitrate (-0.1366 g Ni). 75 cc of a solution of cli­
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'09-0.072 ampere 
and a potential-difference of 2,45 volts, the total volume of 
the solution being 225 cc. The copper was completely pre­
ei pi tn ted in 6 hours. 

Wickel-Lead. 

The separation corresponds to the method given under 
Cobalt. 

1fickeJ-Jlercury. 

L1TERATURE: 

Smith, Am Chem. Journ. n, 104 (1890). 
Riidorff', Zeit. f. angew Chem" p. 388.(1894). 
Heidenreich. Ber. deutach. ebem. Des., :18, 1585 (1896). 
Kollook, Joum Am Chern. Soc., :n, gil (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 
u solution of the double cyanides. 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. 

l'sed about 1 g nickel ammonium sulphate and 3 g potas­
sium c.yanide. 

Taken 
gHgCh. 
0.3687 
0 .3702 
0 . 3000 

cUT~;:e~~itY. Po~nt~~J:~~erence. Time. 

0.08-0 .03 1.2-1.6 5! hr. 
0.0.5-0.93 1 .4-1 . 5 overnight 
0.05-0.03 1.4-1.5 

Found-
Per Cent Hg. 

73.65 
73 .62 
73 . 66 

The following conditions are given by Kollock: Two 
grams of potassium cyanide 'vere added to a solution contain­
ing mercuric chloride (=0.1216 g Hg) and nickel nitr'ate 
(=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-Manganese. 

LITERATURE: 

Riederer, Joum. Am. Chern. Soc., 21, 789 (1899). 
Classen, Ausgewiihlte Methoden, p. 386 (1902). 

The solution of the sulphates, to which 6 grams of am­
monium oxalate and free oxalic acid is added, is electrolysed 
at 50-00° ,,~th a potential-difference between the electrodes 
of 1.1 to 1.3 volts. Under these conditions the manganese 

* Theory, 73.8(YJc Hg. 
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remo.ins 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 Md a slight excess of ammonia, and the MnO, after 
careful washing is dissolved in a mixture of 25 cc water, 5 
cr acetic acid, and 5 cc hyctrogen peroxide solution. Thl' 
excess of hydroge.n peroxide is destroyed with erO" and the· 
solution is electrolysed as described on p. 172. 

Zinc-Aluminium. 

LITERATtlRE: 

Classen, Ber. deutsch. chern. Ges. , 1.4, 2nl (1881). 

These elements can be separated by the electrolysis of a 
solution containing ammonium 'oxalate and free oxalic acid, 
uuder conditions similar to those given for the separation 
of zinc from manganese. 

Zinc-Copper. 

LITERATURE: 

Riidorff, Zeit. f. angew. Chern., p. 452 (1893). 
Smith and Wa,l18('e, Joum. Anal. Chern., 7, 183 (1893). 
Heidenreich, Ber. deutscb, chern. Ges., .28, 1585 (1895). 
Fernberger and Smith, Journ. Am. Chem. Soc., 21, 1001 (1800). 

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 
laboratory the proper conditions for analysis, found that 
if the solution contains about 4 cc free nitric acid (sp. gr. 
1.3) to 120 co of solution, and a potimtiaJ-difference between 
the electrodes of 1.4 volt is not exceeded, the copper is pre­
cipitated free from zinc. (See p.I79,) 
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EXPEnI3,IE!'I;"'T . 

Used cop!",r sulphate (containing 25.29% eu) to which 
0.8 g zinc ammonium sulphate was added. 

Taken ND!O(l Potential Dif~ Time, Found. 
CuSO •. bH~O feren~ between Cu. .. Ampere. Electrodes. k .,. , 

0.4689 0 .2 1.00-1.15 volt 15 30 25.25 
0.4728 0.2-0.15 1.0 -1.2 " 15 25.25 
0 .• 5049 0.1,';-0.2 1.13 18 25.31 
0.4660 0.5 1.2 2 - 25.22 

As illustrating the separation of these two elements in 
a solution containing phosphates and free phosphoric acid, 
the following ex!",riment is ' described 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 cop!",r and oj g 
of zinc as sulphates, the solution was diluted to a total vol­
ume of 225 cc, warmed to 60°, and electrolysed with a cur­
rent of ND,,,~0.035 am!",Te and a potential-difference of 
2.5 volts. In 5 hours the copper was completely precipitated. 

Zinc-Bismuth. 

LITERATURE: 

Kammerer, Joum. Am. Chern. Soc., 25, sa {1903). 

The follo,,~ng eX!",riment is described by Kammerer~ 
To tl solution containing 0.15 g bismuth dissolved in 1 cc 
nitric 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 WfiB diluted to 150 cc, and elec­
troJysed at a tem!",rature of 50" with a current of ND,,,-O.02 
am!",re and a potential-difference of 2.0 volts. The bismuth 
was completely precipitated in 8 hours. 
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LITERATURE : 

Yver, Bull. Soc. Chim., 34, 18 (1880). 
Eliasberg, Zeit. f. anal, Ch~m.~ :14, 550 (1885). 
Smith and Knerr, Am. Chern. Joum., 8, 210 (1886). 
Smith, Am. Chern. Joum., ll, 352 (I889L 
Waller, Zeit. f. Elektrochem., ",", 241 (1897-98). 
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A. Yver has recommended the use of a solution of ace­
tates or sulphates treated with an excess of sodium acetate 
and a few drops of acetic acid; the electrolysis to· be con­
ducted with a warn, solution, using two Daniell cells. 

In the laberatory of the Munich Polytechnic School the fol­
lowing modification of Yver '8 method is in use: To a sul­
phuric acid solution of the two metals sodium hydroxide 
solution is added until a permanent precipitate is formed, 
the precipitate is dissolved by adding the smallest poosible 
quantity of dilute sulphuric acid, the solution is diluted to 
·about 70 cc, and the cadmiunl is precipitated with a current 
of ND'OQ~0.07 ampere. When the greater part of this metal 
has been precipitated, the free sulphuric acid is neutrali""d 
with sodium hydroxide, 3 g sodium acetate are added, the so­
lution is warmed to about 45°, and electrolysed .with a current 
of ND,,,,,=0.3 ampere and a potential-difference of about 
2.4 volts. 

According to experiments carried out in the author '8 

labomtory 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 II of each 
of the metals) is treated with 8 g potassium oxalate and 2 g 
ammonium oxalate, diluted to 120 ce, and electrolysed at 
80-85° with a current of ND, .. =O.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 toO = 1.0-1.5 ampere, the temperature of the solution 
being about. 50-60°, and then as described under zinc (p. 165), 
a tartaric acid solution being dropped slowly into the elec­
trolyte. (Classen, Ausgewahlte Methoden, p. 349.) 

Zinc- Lead. 

This separation can be conducted in a solution contain­
ing free nitric acid, the lead 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. 

LITERA TURF..; : 

Smith and wa.n~ce, Journ, .4.naJ. Chern., 6, 87 (1892); 
Zeit. 'f. Elcktrochem., 2, 312 (189.5-96). 

Heidenreich, Bet .. deutsch. ('hem. Ges., 28, 1585 (1895). 
Kollork, Joum. Am. Chern. Soc., :21,911 (1899). 

This separation, according to Smith and Wallace, can 
be conducted from a solution containing potassium cyanide. 
The experimental conditions ascertaincd by Heidenreich in 
the Aachen laboratory were: temperature 60-70°, potential­
difference 1.9--2.0 volts, current.-density ND lOO =0.02 to O.OS 
ampere. Under these conditions the precipitation of the 
silver takes place slowly. 

,The follov.ing particulars are given by Kollock: To a S()­

lution containing 0.1024 g silver as nitrate and 0.1 g zinc 
1IS 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 eUlTent of ND,oo-D.38 ampere and a potential-differ­
enee of 2.7 volts. The silver was eompletely precipitated 
in 3 hours. 

Zinc-Mercury. 

LITERATURE: 
Wallace and Smith, Jouro. Am. Chem. Soc., 18, 169 (1896)i 

Zeit. f. Elektrocilem., lI, 312 (1896). 
Heidenreich, Ber. deutsch. chern. Ges., .:J8, 1.585 (1895), 
KQllock, Jonrn. Am. Chew. Soc., U, 911 (1800). 
Femberger and Smith, Jouro. Am. Chem. Soc., :31) 1001 (1899). 

Smith and W.aIlace have proposed the separation of these 
elements in a solution containing potassium cyanide. Tbe 
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 cyanide, and WlI8 

electrolysed with a current of ND,oo=0.o.3 to 0..08 ampere 
and a potential-difference of 1.65-1.75 volt. The mercury 
'Yag precipitated free from zinc in 5-14 hours. 

According to Kollock the folJo,,1ng conditions proved 
satisfactory: To a solution containing 0.111i8 g of mercury 
a.< mercuric chloride and 0..1 g zinc as zinc Bulphate, 2 g 
potassium cyanide was added, and the solution having a 
vollune of 125 cc was eleetrolysed at 50" with a current of 
ND ,"0 = 0..0.3 ampere and a potential-difference of 2.9 volts. 
The mercury was completely precipitated in 4 hours. 

For the separation of mercury and zinc from .. solution 
containing phosphates and free phosphoric acid, we are in • 
. debted to Femberger 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 mercuric chloride (=0..1159 g Rg) and zinc sul­
phate (=0..10.10. 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,oo~O.Ol and a potential-difference of 1.5 volt. 
The mercury was prccipitared in 4 to 5 hours. 

The separation of these two metals can aIao be conducted 
in solutions containing free acid (p. 204). 

MANGANESE. 

lfangantse-Copper. 

LITERATURE: 

Fernberger and Smith, Journ . Am. Chern. Soc., .21, 1001 (1899). 
Cla.ssen, Ausgewiihlte 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 Fcrnberger and Smith this separation may 
be conducted in a solution containing phosphates and free 
phosphoric acid under the following conditions: 

To a solution containing about 0.1236 g of each of the 
metals, 60 cc of a solution of disodium hydrogen phosphate 
(sp. gr. 1.038) and 10 cc phosphoric acid (sp. gr. 1.347) 
were added, the solution was diluted to 225 ce, and elee­
trolysed at .)60 with a current of ND",~O.05 ampere and a 
potential-difference of 2.5 volts. The copper was precipitated 
in about 6 hours. 

Manganese-Cadmium. 

This separation may be conducted under the same con­
ditions as those given for the separation of manganese and 
zinc (p. 248). 

Manganese-Bismuth. 

UTEltATURE: 

Kammerer, Journ. Am. Chem. Soc., 25, 83 (1003). 

This separation, according to Kammerer, can be carried 
out under the following conditions: 
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To a solution containing 0.15 g of bismuth dissolved in 
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 
to 150 cc, 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 any bismuth. 

LITERATURE: 

Neumann, Chem. Ztg., 20, No. 39 (1896) . 
Hansen, Chern. Ztg., ~5, 393 (1901) 
Classen, Ausgewahlte 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, whi1e under 
the same conditiolls the lead is precipitated as peroxide Oll 
the anode. Frurly accurate results can be obtained when 
the solution does not-eontain more than 0.03 g Mn in 150 cc, 
and the electrolysis is conducted at 40-700 with a current of 
ND",= 1.5-2 amperes and a potential-<lifference 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 has separated, a flocculent precipitate of MnO, will 
appear in the solution, and the precipitated lead peroxide 
will coutain manganese dioxide (Classen) . 

The other methods proposed for the separation of these 
two elements are of questionable accuracy. For further 
information the original articles should be consulted. 
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COPPER. 

Copper-Cadmium. 

LITERATURE: 

Smith, Am. Chern. Journ" 12,329 (1891). 
Smith and Moyer, Zeit. f. 8ll0rg. Chern., 1,299 (1892). 
Freudenberg, Zeit. f. phys. Chern., zz, 122 (1893}. 
Smith and Wallace, JQtun. Anal. Chern., 7, 253 (1893). 
Heidenreich, Ber. deutsch. chern. Ges., 28, 1.')85 (1895), 

.Wallace and Smith, Journ. Am. Chern. Soc., 19, 870 (1897) .. 
Rimbach, Zeit. f. anal. Chern., 3'7, 284 (1898). 

According to the statements of Frendenberg, the metals 
ean be separately precipitated from a solution containing 
10-20 cc dilute sulphuric acid. When such a solution is 
electrolysed "ith a difference of potential between the elec­
trodes of not more than 2 volts only the copper is deposited. 

Heidenreich tested this method 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 cc and it contained 15 
ce dilute sulphuric acid (sp. gr. 1.09). The copper sulphate 
used contained 25.29% Cu. 

Taken 
CuS04.Mi:O, C,dS04.8H~. 

0.7078 0.40 

~nt..d.eD.Sity 
ND}(IO, 

Am ....... 
0 .07-0.05 

PotentiaI­
difference, 

Volt~. 

1.7-1.76 

Time, 
h" 
24 

Found 
~, 

25.27 

The time required for the precipitation of the copper 
""n be considerably shortened by warnaing. 

. Experiments in which it was attempted to replace the 
sulphuric acid with nitric acid yielded no satisfactory results; 

To determine the cad1nium remaining in the · soluti6n 
:from which the copper has Qeen removed, the solution is 
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neutralised with sodium hydroxide, and the cadmium i. 
precipitated from a solution containing ammonium oxalate 
or potassium cyanide, as described under Cadmium. 

The separation of th",,,,, two metals can be carried out 
in a shorter time in a solution containing free nitric acid. 
The salts are dissolved in water, 5 cc of nitric 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. (Clas..""n, Ausgewiihlte 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 cc di.odium hydro­
'gen phosphate solution (sp. gr. 1.035) and 10 cc phosphoric 
acid (sp, gr. 1.35) are added to the solution, which is diluted 
to 125 cc and electrolysed at fJ()o "ith a current of ND",~ 
{).08 ampere and a potential-difference of 2.5 volts. The cop­
per is deposited in about 3 hours. 

copper-Lead. 

L1TERAT[lHE: 

May. Am, Joum. Scien",. [3]6. 255 (1873). 
Nissenson, Zeit. f. angew. Chem., pp. 452, 646 (1893). 
Claasen, Ber. deutsch. chern. Ges., 27. 2060 (1894) . 

To separate ",pper from lead, 20 ce of nitric acid (sp. 
gr. 1.35) are added to the solution, which is then diluted to 
75 ce, warmed, and electrolysed with a current of ND",-
1.5 to 1.7 ampere, a ronghened 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, ,md the eurrent is then in ten-up ted, no traee of cop­
per havir,g as yet appeared on the cathode. The liquid 
should then be transferred to a second weighed dish, and the 
lead peroxide on the first washed with water, dried, and 
weiglJed. 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 ce of nitric acid are added. The second platinum 
dish is connected fiB cathode, and the perforated platinum 
dish-electrode described 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 solut.ion is diluted to 120-150 co, allowed to cool, and 
electrolysed with a current of .!'\Dl(1(l=1.0--1.2 ampere. The 
copper will lx, precipitated on the cathode and the remainder 
of the lead '''' 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 mlue in technical work 
is not only rapid (4-5 hours as compared ,,;th 14 hours or 
more), but allows of the complete precipitation of both 
metals, irrespective of the relative qUl1lltities present (see 
page 292). 

Copper-Silver. 

LITERAT'URE: 

Luckow, Z~it.. f. anal. Chem., I9, 15 (1880). 
Smith and Frankel, Am. Chern, Joum" n, 104 (18~H). 
Freudenberg, Zt:it. f. phys. Chern., 12, 107 (1893). 
Smith and Waliaee, Zeit. {. El{'.ktrochem., 2, 312 (1895). 
Heidenreich, Ber. deuu,eh. chem. Gt>s., 28, 1585 (1895) . 

. Kuster and Steinwehr, Zeit. f. Elektrochem., 4, 451 (1897-98). 
Revay, Zeit. f_ Elektrochem., 4, 313 (1897-98). 
Kollock, Journ. Am. Chern. Soc., 2'1 , 911 (1899). 
Brunck, Ber. deutsch. "nern. Ges., 34, 1604 (1901)~ 
Fulweiler and Smith, Jouro. Am. Chern. Soc., :l3, li82 (1901). 
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According tn Freudenberg, this separation can be car­
ried out in a solution containing 2 to 3 cc nitric acit! (sp. gr. 
1.2), by cOlJducting the electrolysis with a lJOtential .. differ­
ence of from 1.3 to 1.4 ·volt. Under these cOHllitions the· 
silver is precipitated free from copper. The copper remain­
ing in the solution can be afterwards precipitated by in­
creasing the difference of potential to 2 to .3 yolts. The' 
time requirt~d for the analysis is reduced about one-half by 
warming the solution. 

According to Smith and Frankel, these two metals can 
lx: 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 electrolyscd. If the electrolyte 
is ",al1ned to 65-75°, the precipitation of the sil"er is greatly 
hastened. 11. Heidenreich tested this method in the Aachen 
laboratory, and detemuned the following conditions for 
analysis. 

EXPEUI,.nr,}.'"T. 

Used silver nitrate, containing 6.3.42% silver, and about 
0.7 g of copper sulphate in each experiment. 

Taken Current- Potent.ial- Time. Found 
.AgNO~, KeN, densit.y, difference. h,. A •• 

g. g. AmpeTe..,. Volt". • 
0.2379 2 0.07-0.03 10-1.2 8 - f>3.34 
0.2303 2 0.04 10-1.3 8 - 63.43 
0.3099 2· 0.03 1.0-1.4 6 30 63.40 
0.3327 0.09 1.2-1.3 4 (wanned) 63 .27 
0.0037 O.llHl.OS 1.2-1.3 6 - 63.33 

According to Freudenberg the maximum difference of 
potential used mnst 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 ~ere added'to a solution containing 
.(I,I024 g silver and 0,098 g copper, both present as nitrate, 
the solution was diluted to 125 cc, warmed to 65°, and elec­
trolysed with a current of ND '" = 0.03--0.05 ampere and a 
potential-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 e]ec­
trolysed with a bigher potential-difference to precipitate 
the copper. 

Copper-Mercury. 

LITERATURE: 

'smith, Joum. Anal. Chern., .}, 2M (lSS9); 
Am. Chern. Journ., II, 104, 2fJ4 (1889); 
Journ. Anal. Chern., 5, 489 (1891). 

Freudenberg, Zeit. f. phys. Chern., Il, 113 (1893). 
Smith, Journ. Am. Chern. Soc., 16, 42 (1894). 
aevay, Zeit. f. Elektrochem., 4, 313 (1897-98). 
Kollock, Joum. Am. Chem. 800., ZI, 911 (1899). 
Spare and Smith, Journ. Am. Chern. Soc., :13, 597 (1901). 

According to Edgar F. Smith, the separation can be con­
ducted in a solution containing the double cyanides. The 
temperature should be about 65°. Under the ordinary 
conditions of concentration (150 cc) about 2 grams of ~ 
tassium cyanide are added, and the solution is electTOlysed 
with s current of ND, •• = O.06-Q.08 ampere. The electroly­
sis requires about 4 hours for every 0.2 g of the metals pres­
ent. The mercury 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 betwetm the 
electrodes is maintained at 2.5 volts, the mercury separatea 
brilliantly white and entirely free from copp"". 

The copper remaining in the solution after the mereury 
has been separated is precipitated by electrolysing the solu­
tion warmed to 60° with a potential-difference of 4.2 volU! 
between the electrodes. 

The two following experiments are described 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 dilntion to 125 cc was electrolysed at 63" 
with a current of ND,,,-O.03-{).05 ampere and a potential­
difference of 1.2-1.9 volts. In from 21 to 4 hours the mercury 
was completely precipitated. 

2. To a solution containing 0.041;'1 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 ce, and was electrolysed at 
60° "ith a current of ND", ~O.Ol-O.03 ampere and a poten­
tial-difference of 1.1-1.5 volts. The mercury was com­
pletely precipitated in 2t to 3, hours. 

Copper-Arsenicj Copper-Antimony. 

LITERATUl!E: 

Droesbach, Chern. Zeitung, 16.819 (1892). 
Freudenberg, Zeit. f. phys. Chern., 12, 97 (1893). 
OetteJ, Chem. ZeituDg. 18, 879 (1894). 
Schmucker, Zeit. r. anorg. Chem., 5. 199 (1894). 
Hollard, Compt. Tend., U3. 1063 (1896). 
Bead. Berg- u. Huttenm. Ztg., 57, 139 (1898). 
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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e.ontaining 10--20 cc dilute sulphuric acid if the difference of 
potential between the electrodes is not allowed to exceed 
1.9 volts. It is immaterial whether the arsenic is present as 
arsenious or arsenic aci,\, A second method suggested by 
the Same author is the following: Ammonia is added to a 
solution containing the metals in the form of higher oxides, 
until there is an excess of about 30 cc of 10~lc, ammonia 
present. The electrolysis is conducted with a difference of 
potential between the electrodes of 1.9 volts, and is continucd 
until the solution is ComlJleteiy decolorised, requiring gen­
erally (}-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 electrolysis of a solution containing 
ammonium nitrate and free ammonia (Rtidorff '8 method, 
p. 182) ,,1th a currpnt of ND"o~O.07-o.27. The proportion 
of ammonia pr~sent must not be too great or too small. If 
the latter, a brown deposit forms on the anode, which becomes 
detached and produces blnck 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 mnst 
not exceed 0.8 g of copper in 100 cc (Classen, Ausgewiihlte 
Methoden, p. 80). 

Ancording to Head, a copper solution containing arsenic 
and antimony can be freed from the two latter so that on 
electrolysis only pure copper "ill be 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 evaporated to a pasty mass, 20 co 
of pure bromine is then added, a)l<1 tbiB 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 or loss from spat­
tering, and the copper bromide must not De too strongly 
heated, sinee in this case loss would oCCUr. The residue 
"ontains 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 (1903) . 

The following experiment is described by Kammerer: 
0.15 g of bismuth w"" dissolved in 1 cc nitric acid (sp. gr. 
1.42) and to this was added 0.15 g of cadmium oxide dis­
solved in 2 cc of sulphuric acid (sp. gr. 1.84). To the above 
mixture 1 g of potassium sulphate wa, 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 precipitated in 8 hours. 

Bismutb-Untnium. 

LITER.-\TURE : 

Kammerer, Journ. Am. Chern. 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 
to 0.1 g Ur, 1 g of potassium sulphate and 2 cc of snlphuric 
acid (sp. gr. 1.84) were added, and after diluting·to a volume 
of 150 cc the bismuth was precipitated with a current of 
:>IDlOO~O.025 ampere and a potential-<:lifference of 2 volts. 
The temperature of the solution throUghout the operation 
was 45° and the time required was 8 hours. 
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CADIIlUM. 

Cadtnium~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 !Jas 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. 

Cad..tniuD:t-Silver. 

LITERATURE: 

Kollock, Journ. Am. Chern. Soc., 21, 911 (1899). 

The following .experiment is described by Kollock: Two 
grams of potassium cyanide were added to a solution contain­
ing silver nitrate (~0.1024 gAg) and cadmium sulphate 
(=0.168 g Cd), the mixture was diluted to 125 cc, and 
was electrolysed at 650 with a current of ND IO,=O.02 am­
perc and a potential-difference of 2.15 volts. At the end 
of 5 hours the silver was completely precipitated. 

Cadmium-Mercury. 

LITERATURE: 

Freudenberg, Zeit. f. phys. Chem., I2, 97 (1893). 
Smith and Wallace, Joum. Am. Chem. Soc., 17.612 (1895). 
Kolloek, Jouro. Am. Chern. Soc., 21, 911 (1899). 

According to Freudenberg, these metals are best sepa­
rated in a solution containing 0.5--1.0 g potassium cyanide. 
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 " 
current having a higher difference of potential. 

Kollock describes an experiment in which 2.5 g of potas­
sium cyanide were added te 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-Silver. 

LfrERATURE: 

Luckow, Zeit. f. angew. Chern., p. 345 (1890). 
Smith and Moyer, Zeit. f. anorg. Chern., ... , 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. s.norg. Chern., 4, 267 (1893). 
Heidenreich, Ber. deustch. chern. Gee., ;,8, 1585 (1895). 

The method .corresponds to that used for the separation 
of copper and lead. 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 
mercury 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 
cc of the solution, which should be electrolysed "ith a cur­
rent of !liD,," ~ 0.2-{).5 ampere. 

According to Smith (Eleelro-Chemical Analysis, 1902, 
p. 152), the solution should have a volume of liS cc and 
"hould contain 20-30 cc of nitric acid (sp. gr. 1.3), and the 
electrolysis should be conducted at 30° witb a current 01 
ND",~0.13 to 0.18 ampere and" potential-difference 01 
'2 volts, for 4 hours. A platinum dish should be used as anode. 

SILVER. 

Silver-Antimony. 

LITERATURE: 

Freudenberg, Zeit. r. phys. Chern., 12, 97 (1893). 

II the antimony is present as pentoxide, the separation 
-can be carried out in an ammoniacal solution to w'hich sev­
eral grams of ammonium sulphate have been added. In this 
c,,"-'*' the difference of potential at the electrodes should 
be so 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 hetter to add to the solution 1 g. of potassium 
cyanide 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. r. 'phys. Chern., u, 97 (1893). 

According to Freudenberg, this separation can be carried 
out in the same manner as the separation of silver from 
antimony. 
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IIERCURY. 

lIercury-Antimony. 

LITERATURE: 

Freudenberg, Zeit. f. phys. Chem., 21, 97 (1893). 

The antimony must be added in the form of a pentavalen\ 
salt, since otherwise a reduction of the mercuric salt present 
will occur. A mixture of the chlorides 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 ammonia, and about 20 cc of a ten-per-cent. solution 
of ammonia added until the solution is periectly 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. 

lIercury-Araenic. 

LITERATURE: 

Freudenberg, Zeit. f. phys. Chern., 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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ANTIMONY. 

Antimony-Tin. 

LITERATURE: 

Classen, Ber. deutsch. chern. Ges., 17.2245 (1884); 
ibid., .8, 1110 (1885); ibid. , .8, 2060 (1895). 

Waller, Zeit. {. EI~kcro(',hemi~, 4, 241 (1897-98). 
Ost and Klapproth, Zeit. f. angew. Chem., p. 827 (1900); 

* Zeit. f. Elektrochem., 7, 376 (1900). 

The separation of antimony from tin by the ordinary 
gra"imetric methods, as is well known, is difficult and gives 
in most cases uncertain results. The electrolytic separa­
tion, however, can be conducted with ease and accuracy. 
Antimony, ill 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, 
aside from the fact that its purity is otherwise uncertain, is 
not pure monosulphil\e, but a mixture of several sulphides 
with varying amounts of sodium hydroxide. Thh, explains 
the large per cent. of alumina which it often contains. 
H, 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 gWl. 
It is then filtered from the precipitated impurities and con­
centrated by evaporation in a platinum or porcelain dish. 
The further treatment is given in the chapter on reagents 
(p. 294) . As the purity of the "odium 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 mhture of the 
pure sulphides,* or the residue ohtained by evaporating a 
solution of the two metals to dryness, is treated with about 
80 cc of a saturated solution of sodium sulphide (saturated 
at ordinary temperature) and enough concentra1ed solution of 
pure sodium hydroxide to furnish an excess of 1-2 g NaOH. 
If solution does not take place at once, it is iJaatened by warm­
ing over a low flame. The preparation of this solution is 
best conducted in the platinum dish in which the electrolys.l,9 
is to be carried out. 

The electrolysis can be conducted at II temperature of 
50-600 with a 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 arnpete, and the pre­
eipitation 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 ampere and a potential­
difference of 0,5-{),7 volt, in which case the time required 
will be about fourteen hours. To obtain satisfaetory 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 "lvith a dark coating of antimony, which soon 
takes on a brilliant metallic appearance. 

In the earlier part of the process the entire solution 
appears to be filled with small ga. ... bubbles, which rise slowly, 
break at the surface, and project minute portions of the 
solution against the lower side of the wa tch-glas., covering 
the liquid. After about two hours the di..,ngagement of 

• A solution in sodium sulphide of the ~ sulphides and sulphur 
should b. treated Iiko • oolution o( polysulpbid£s (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 ,,~th (l drop of wuter, which is finally 
allowed to rUIl down the positi"e electrode. When the pre­
cipitation of the !1ntimony is complete, the deposited metal 
is washed without interrupting the current, and is then 
treated according to the directions given 011 page 211. 

Rince tin cannot he precipitated by electrolysis from a 
solution containing sodium sulphille, but can readily be pre­
cipitated from one containing ammonium Rulphidc, the 80-

cHum sulphide, after the separation of antimony, must be 
converted into ammonium sulphide according to the direr"' 
tions given on p. 215. 

If tin and antimony are to be determined in a solution 
containing the yellow polysulphides of the alkalies, the solu­
tion must be decolorised with ammoniuml hydrogen per­
oxide (see Antimony, p. 211) .• and then evaporated nearly to 
dryness; about 80 cc of a saturated solution of sodium sul­
phide and the necessary amount of sodium hydroxide are then 
added and the process is carried out as described ahove. 

In the following experiments antimony was precipitated 
from hoth warm and cold solutions containing tin. 

E.X:PERIME~"TS. 

Used about 1 g antimony potassium tartrate, an equal 
weight of ammonium stannic chloride, 80 cc sodium SUlphide 
solution, and about 2 g sodium hydroxide. 

C~t- Potential.- Time, Taken Found 
,dflnait.y. diiJerenC!t'l, Temp. hno. .-\.ntimony, Antimony. 

Amperel'! . Volts. g. g. 

1.4-1.5 O./H) .g 57-67° 0 .3780 0 .3790 
1.5-1.6 0.8-0.9 5!HlO" 0.3780 0.3787 
0.4-0.2 0.7-0.55 24-30" 15 0.3780 0.3775 
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The precipitated antimony WM gray in color and metallie 
in appearance, and it contained no tin. 

Antimony-Arsenic. 

UTERAT'l'RE: 

Classen and Ludwig, Bcr. deut.sch. dwm. Ges . .-19, 323 (1886). 
Classen, Zeit. f. Elektrochem., t, 291 (1894-95). 

In an alkaline solution arse~ous acid is oxidised to arsenir 
acid by the act.ion of the electric current. If, ~owever, a 
solution containing both ·antimony and arsenious acid is 
electrolysed, II mix.ture of antimony and arsenic is (_icposited. 
The action is different if the arsenic is present in the solution 
as arsenic acid; in the presence of a 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 acid before it can be separated from antimony. 
Nitric acid or aqua reqia should be added t.o the solution, the 
acid completelyexpelJed by evaporating to dryness on a water­
bath, the residue t.reated "ith 80 ee of a cold saturated solu­
tion of sodium sulphide, a concentrated solution of sodium 
hydroxide (containing 1-2 g NaOH) added, and thLe solution 
electrolysed. The operation is conducted under the same 
conditions as in the separation of antimony from tin, and the 
e1ect~olyte 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 
arsenat.e vlith magnesium mixture. 

The precipitate may be dried, at llOo, on a weighed filter 
and weighed, or com'erted into magnesium pyroarsenate by 
careful ignition in a porcelain crucible. 

EXPERIMEJ\"T. 

Used about 1 g of antimony potassium tartrate, 1 g 
sodium arsenate, 80 cc sodium sclphide solution, and 2.5 g 
sodium hydroxide. 

C=ent- Potential-
J:~:;;. 

Found 
denllity, difference, Temp. Sb. 

Ampere!!. Volts. g. 

1.5;"1 .5 I. 7.1-1.1 54_57° 3 30 0.3778 
1.60-1.5 2.10-1.45 25--38° 6 ~ 0.3770 
0.5 -0.4 1. 75-0 .8 21_24° overnight 0.3770 

Antimony-Tin-Arsenic. 

LITERATURE: 

Classen, Ber. deutsch. chern. Ges., 17. 2245 (1884); 
ibid.} 18, 1110 (1885); ibid., 28, 2060 (1895). 

Classen and Ludwig, ibid., 19. 323 (1886). 

Taken 
Sb. 
g. 

0.3773 
0.3773 
0.3770 

If arsenic is present as arsenic acid, antimony alone 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 slJlphuric or 
h:v.drochloric acid to decompose the sulpha-salts, the mixture 
of arsenic sulphide, tin sulphide, and sulphur is filtered off, 
oxidised with hydrochloric Mid and potassium chlorate, and 
the ~nic 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 
ammonium sulphide. The tin is determined electrolyticn.lly 
l)S directed, p. 215. 

In the analysis of a substance which contnins 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 ,,1th fuming hydrochloric acid into 
a flask of 500-600 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 [FeSO •. (NH,),SO •. 6H,01. 
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 k~]lt up for at least half an hour 
after the solution seems fully saturated. Then the solution 
is reduced to about 50 cc 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 As,O" 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). 
t A convenient apparatus is illustrated. in the AUthor'S "Handbuch der 

Quantitative Analyse," 4th edition, p.1&. 
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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 ga.'l€S. 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 ,,1th hydrochloric acid, and the sul­
phuric acid produced by the action of the hydrogen 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. Antimony 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 the 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 solntion of the 
antimony and tin sulphides, is wMhed with sodium sulphide 
wlution, the necesaary amount of sodium hydroxide is added 
to the filtrate, and the antimony and tin are separated electro­
lytically all already directed. 
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Tm-PHOSPHORIC ACID. 

In the determination of metals in the presence of phos­
phoric , acid the latte" is often remoycd as tin phosphate. 
The phosphoric acid is then usually detennined in a separate 
portion, as its detennination 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 detennined 
as usual. ' 

SEPARATION OF GOLD FROM OTHER METALS. 

LITER.o\TDRE: 

Smith and Muhr, Ber. deutBch. chem. Ges., 23, 2175 (1890). 
Smith, Am. Chem. Jaurn., 13. 206 (1892). 
Smith and Wallawe, Ber. deutsch. chern. Ges., 25, 779 (1892); 

Joum. Anal. Chern., 6, 87 (1892). 
Smith and Muht, Am. Chern. Joum., 13,417 (1892) . 
Kollock, Joum. Am. Chern. Soc., 2 I, 911 (1899). 

Edgar F. Smith has made an exhaustive study of the 
action of the electric current on solutions containing the 
cvanides of the metals, and has applied this method to the 
';paration of gold from palladium, copper, nicke:, zinc, 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 grama of potassium cyanide were' 
,added to It solution containing gold chloride (-0,1256 g Au) 
and palladium cbloride (~0,1 g Pd), 'The solution was 
dilnted ' to 125-250 cc, warmed to 65", and electrolysed. 
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with a cUITent of ND, .. =O.03-0.00 ampere and a potential­
difference of 2.5 yolts. The gold was precipitated free from 
palladium in 6 hours. 

Gold-Copper.-2 grams of potas...uum cyanide were added 
to a solution containing gold chloride (=0.1665 g Au) and 
copper sUlphate (=0.1 g Cu). The solution was diluted 
to 250 cc and electrolysed at 65° with a current of ND", = 

o.or,...o.Oj ampere and a difference of potential between the 
electrodes of 1.i-1.9 yolls. The gold was completely pre­
cipitated in about three hours. 

Gold-Nickel.-4 grams of potassium cyanide were added 
to a solution containing 0.1610 g gold as chloride and nickel 
nitrate (=0.1 g NiJ. The solution was diluted to 125 CC, 

maintained at u temperature of 65°, and eleetrolF",d with 
a current of ND", = 0.05 ampere and a potential-difference 
of 1.6 volts. After 7 hours the gold was entirely precipitated. 

Gold--Cobalt.-The conditions of the experiment were 
similar t.o those for the separation of gold and nickel. 

Gold-Zinc.-The solution contained 0.1608 g of gold as 
chloride and zinc sulphate (=0.1 g Zn). To trus " g 
potassium cyanide were added, it was diluted to 125-250 
cc, and electrolysed at 60° with a current of ND",=O.06 
ampere and a potential-difference of 2.7 yolts. The com­
plete precipitation of the gold required 7 hours. 

Gold-Platinum.-The solut,ion contalned gold and plat­
inum chlorides (Au=0.1576 g) (Pt=O.l g). To trus so­
lution 1.5 g of potassium cyanide was added, the volume 
Was increased to 250 cc by diluting "ith water, and the 
~lectrolysis was conducted at 70° "ith a current of ND .. , = 
0.01 ampere and a potential-difference of 2.7 volts. In tJm,e 
hours the gold was completely precipitated. 
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PLA Tlll'UJl-IRIDIDIil. 

As stated on page 218, platinum can be separated from a 
hydrochloric acid solution by a current of ND,oo = 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). 

POTASSImr-SODIDlL 

The ordinary method of determining potassium and s0-

dium in the same solution is to weigh the mixed chlorides, 
and the potassium as potassium platinic chloride; the sodium 
is thus determined by difference. The errors of the wcrrk, 
therefore, all fallon 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 alcohol, 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 drynes., and weighing the residue. 

SODIUIIl-AIIlJlOlmJlll. 

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. 



278 QUANTITATIVE ANALYSIS BY ELECTROLYSIS. 

SECTION V. 

SEPARATION OF THE HALOGENS. 

LITERATURE: 

Specketer. Zeit. 1. Elektrocheru., ~, 539 (1898). 

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 silver iodide, on a silver anode is lower than that 
required to separate bromine as silver bromide, which in turn 
is lower than that required to separate chlorine as silver 
chloride. 

In Specketer's experiments the salts (KI, KBr, KOI) 
were dissolved in a normal sulphuric acid solution, and this 
mixture was electrolysed. For the electrolytic cell a narrow 
eylindrical glass vessel closed with a cork stopper was used. 
A glass tube dipping into the electrolyte, through which a 
eonstant stream of hydrogen was passed during the elec­
trolysis, extended through the stopper to the bottom of the 
eell. The stopper also carned 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 Gulcher 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 p0-

tential less than 3 volts (that of the thermopile) could he 
tnaintained between the electrodet 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 AgI). 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 con~enience 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 
wode 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 RY 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 
{l.1926 g. 





PART THIRD. 
SECTION 1. 

SOME APPLIED EXAMPLES OF ELECTROCHEMICAL 
A.c'lALYSIS.* 

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 nitric acid, dissolved in a small quantity of hot 
water, and any stannic oxide appearing in the solution re­
moved hy filtration. The tin can be determined by the 
ordinary gravimetric method (igniting and weighing the 
stannic oxide) or hy electrolysis according to the method de­
scribed on p. 213. The filtrate from the oxide of tin is evap­
orated an the water-bath in the presence af a slight excess of 

* Moot of the applied eK8Jllpies of electrochemical a.nalY$is hf3re given 
appeared in the third. German and eecond English editions of this work, 
but are not contained in the fourth Gelman edition. Owing to the prac­
tical value in these examples the translat.or has thought it deairahle to 
include them in the present edition, and has, at the same time, made such 
a1tera.tions as the recent advances along the various lines would eeeIll to 
justify. • 

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 sulphuric acid, treated with hot water, and any 
lead sulphate which appears is filtered off and washed with 
water contaming a very small quantity of sulphuric acid. 

The quantity of the lead sulphate can be detennined by 
the ordinary gravimetric method, or can be dissolved and the 
lead determined by electrolysis under the conditions de­
scribed on p. 196. 

About 5 cc of concentrated mtric acid are now added to 
the filtrate from the lead sulphate, which is diluted to about 
150 cc, and the copper is precipitated by the method given 
on p. 180. When the separation of the copper is complete, 
the solution contaiuing the zinc is poured off, and is again 
evaporated on the water-bath to remove mtrie acid. The 
residue is dissolved in a small quantity of water and a slight 
,excess of amrnoma added, when any iron present will be 
precipitated as ferric hydroxide and can be removed by fil­
tration. Amrnomum oxalate is now added to the solution 
contaiuing the zinc, and this element is precipitated as metal 
by the method described on p. 165. The same electrode 
upon which the copper has been precipitated can' be used for 
receh~ng the zinc. By this the necessity of preparing a 
special copper-plated electrode is avoided. 

!lICKEL ' COIll. 

Alloy of Copper and Nickel 

About 0.5 g of this alloy is dis.~olved in dilute nitric acid, 
8 cc 'of dilute sulphuric acid (50%) added, and the solution 
-evaporated on the water-bath until all mtric acid is exc 
pelled. The residue is then dissolved by wanning with 
about 100 eo of water-which requires some time since the 
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sulphate of nickel dissolves very slowly-5 cc of dilute nitric 
acid is added, the liquid is diluted to 150 cc, and electrolysed 
with a current of ND,oo - 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, t.he residue is ills­
solved by warming with about 80 cc of water, the solution 
is neutralised with ammonia, and about 40 co of ammonia 
(sp. gr. 0.96) are added. After diluting to about 150 ec 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, Zinc, lfickel (Tin, Lead). 

The copper, tin, and lead present in this a.noy can be de­
termined by the method given for the determination of these 
elements in brass (p. 281). About 0.3 g of the a.lIoy 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 nitric 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 
.zinc is precipitated with a current of ND,oo =0.3-0.6 anlpere 
and a potential difference of 2 volts. The zinc can be pre­
cipitated On the electrode bearing the copper precipitate. 
Tn this operation oxide of nickel may separate on the anode, 
or rnay appear in the solution in sufficient quantities to 
slightly diseolor the precipitated zinc. This may be pre-
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vented by adding a small quantity of potassium iodide 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 nickel by 
the method described on page 158. 

Since the separation of nickel and zinc by electrolysis is 
not in all Cases entirely satisfactory, it is perhaps be.tter te> 
conduct this sepamtion in n formic-acid solution by treat­
ment with hydrogen sulphide. 

This method of separation was first proposed. by Hampe, t 
and the following modifi"'~tjon by Prof. H. L. Wells of th" 
Sheffield Scientific School can be especially recommended in 
the case under consideration. 

A sampJe of the alloy weighing 1 g is taken for the an­
alysis, and aiter 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 fonnic acid (sp. gr. 1.12) is now added to the solution, then 
enough ammonia to change the color to blue, and finally 
25 cc of formic acid (sp. gr. 1.12). The solution is now diluted 
to a 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 zinc sulphide, which should be pure 
white, is filtered from the hot solution and washed with hot 
water. The filtrate is evaporated to dryness, 25 cc each of 
concentrated hydrochloric and nitric acid added, and heated 
on the water-bath until efferveseence ceases. The solution 
is then evaporated and heated until all traces of nitric and 

* AnalytiBchen ElektrolYfJe. Halle, 1897. 
t Zeit. f. anal. Chern., "4, 588 (1885). 
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hydrochloric acid have h.~n expelled. The residue is dis­
solved in a small quantity of water, the solution made alka­
line "~th ammonia, and any fcrric hydroxide which appears 
removed by filtration. The ferric hydroxide should be 
washed, dissolved in II small quantity of wann dilute sul­
phuric acid, reprecipitated with ammonia, and this filtrate 
with the washings added to the filtrate from the first pre­
cipitation. 

For the detennination 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 01 zinc sulphide obtained from the treat­
ment with hydrogen sulphide can be dissolved in II small 
quantity of sulphuric acid, and the zinc precipitated by elec­
trolysis by one of the methods given under Zinc (p. 163). 

COPPER-ALUlIIlIJUII ALLOYS. 

For the special determination of copper, in copper-ahlInin­
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 II measured 
quantity (corresponding to 0.1>-1 g substance) is poured into 
the electrolytic cell. An excellent precipitate is obtained if 
the acid solution is neutralised with ammonia and 10 co of 
dilute nitric acid (ap: gr. 1.2) are added to 200 co of the 
liquid. The clear solution is . eleotrolysed with a current. 
density of ND, .. = 0.4 amp. When the solution is warmed 
the separation is completed in about three hours . 

• Zeit. f. _w. Chem., p. 473 (18111). 
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BROIlZE. 

Alloy of Copper IlIld Tin. 

The alloy 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 " 
volume of about 150 cc, 25-30 g ammonium sulphate is 
added, and the solution is boiled for about one-half hour to 
convert the sodium sulphide into ammonium sulphide (see 
p. 216). The solution thus obtained is treated as described 
on p. 215. 

Accurate results may also be obtained" by treating 
0.2...Q.4 g of the alloy, best in the form of fine turnings, 
with 6 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 cc boiling water, and the stannic oxide filtered 
off. To the solution containing the copper, 5-10 cc of nitrio 
acid is added, and the copper is precipitated as directed on 
p. 180. The stannic oxide is dissolved in ammonium sul­
phide and detennined electrolytically (p. 215). 

PHOSPHO&.BROIIZE. 

Alloy 01 Copper, Tin, Zinc, and Phosphorus. 

When the alloy is digested with concentrated nitric acid, 
. as stated under Bronze, a precipitate remains, which consists 

• Neumann, 1. e. 
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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 analysis of 
brass (p. 281). 

JlAl'IGANESE PHOSPHOR-BRONZE • 

. Alloy of Copper, Tin, Zinc, Jlanganeae, and PhOBPhofUI. 

The process is similar to that given for Phosphor-bronze ; 
the manganese remains with the zinc, and is finally separate,l 
as directed p. 248. 

SOLDER. 

Alloy of Tin and Lead. 

Abollt 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 cc hot water, the precipitate of stari­
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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WOOD'S IlET AL. 

Alloy of Tin, Lea.d, Bismuth, and Cadmium. 

The alloy is treated similarly to solder, th~ tin being sepne 
rated and detemlineu in the same manner. Since it is impos­
sible to separate lea,l ami bismuth by electrolysis, it is neces­
sary to evaporate the solution to a sirup on the water-bath, 
aud water and repeat the operation until the odor of nitric 
acid can no longer be detecteu. The solution is then treated 
with dilute ammonium nitrate solution, and the basic 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). 

lIAIl.D LEAD. TYPE-lIE TAL. 

Alloy of lA:ad 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 cc nitric acid (sp. gr. 1.4) and 15 cc water. 4 co concen­
trated sulphuric acid are then added, the solution is diluted 
somewhat \\~th water, allowed to cool, and further diluted 
to exactly 250 cc (in a graduated flask). After standing for 
some time the lead sulphate will be completely precipitated 
on the bottom of the flask, and the solution will have become 
quite clear. 50 cc of the clear solution is now removed' with 
a pipette, made strongly alkaline with sodium hydroxide, 
5Q eo of a saturated solution of sodium sulphide added, 
the solution heated to boiling and filtered immediately . 

• Neumann, Analytischen Elektrolyse. 'Halle
1 

1897. 
t Chern. 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 sulpbide 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.:; g of the 
alloy can be taken and the copper sulphate determined gravi­
metrically; it is, however, more satisfactory to treat 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-FRICTION METAL. 

Alloy of Lead., Antimony t 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 ANTIllOl'lt AMI Tm. 

The method of analysis has been already given on p. 268. 
The alloy is oxidised with nitric acid, IlJld the residue, aftR-r 
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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. 26!). 

ALWY OF ANTIMONY AND ARSENIC. 

It has already been stated (p. 271) that the two metals 
can be separated under conditions 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 sodimn sulphide, sodium hydroxide 
added, and the directions given on p. 271 followed throughout. 

CINNABAR. 

Constituents: Mercury, Manganese, Copper, Alumina, Iron, 
Calcium, Sulphur. 

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 nitric­
acid solution (p. 204), the two metals redissolved in nitric 
acid, converted into the double cyanides, and detennined 
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 detennine 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 
... i>h·hydrochloric acid, the weak acid solution of the residue 
treated ... ~th anunonimn oxalate in great excess, calcium 
oxalate filtered off, and iron and aluminium detennined as 
directed, p. 232. 
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For the detennination 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,oo = 

0.12 ampere at a temperature of 7ff'. The mercury is Gom­
pletely precipitated (see also p. 2(4). 

MOLYBDENITE. 

For the determination of molyhdenum and sulphur in 
this mineral Kollock and Smith have published the follow­
ing directions: t 

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 is dissolved in water, and the solu­
tion is acidified with sulphuric acid so that an excess of about 
0.1-0.2 cc (cone.) sulphuric acid is present. The molybdenum 
is then detennined 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 
80-850 ,,~th a current of ND",=0.05-Q.07 ampere and a 
potential of 2.5-4.4 volts. In from 3 to 8 hours the molyb­
denum mil be completely precipitated as hydrated oxide. 

The sulphur, existing as sulphuric add in the solution 
poured off from the molybdenum, is detennined gravimetri­
cally by precipitation as, barium sulphate • 

• Joum. Am. Chern. Soc., 18, 169 (1895). 
t Ibid" '3, 669 (1001). 
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DETERI4lIlA TlOII OF COPPER Il{ SULPHIDE ORES. 

According to Heidenreich * 2-5 g of are are treated with 
a'l"a regia, and the solution is evaporated to dryness. The 
residue is taken up with 5 cc dilute hydrochloric acid and 10 
cc water, Uansferred to a flask, diluted to 100 cc, and wanned 
",til an excess of sheet aluminium. Wllen the solution is 
colorless, shov.1ng th"t all iron is reduced, the residue (_\] 
and Cu) is filt"red off and washed until free from chlorides. 
The filter-paper is incinerated, the copper and aluminium 
dissolved in nitric acid, and thc copper separated by elec­
trolysis (p. 180). The method is stated to be both accurate 
and rapid. 

COPPER AIID LEAD Il{ COPPER MATTE. 

H. Nissenson, who employed the method 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 cc nitric 
acid (sp. gr. 1.4) and the resulting ;olution is diluted to 180 
cc. TI,e electrolysis is so conducted that the lead is precipi­
tated as dioxide on the platinum dish, a perforated plati­
num 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 lead are both completely precipitated in 6-7 
hours. 

For technical analyses, where the detennination is con· 
ducted in nitric-acid solutions, the presence of small quan­
tities of silver and bismuth can be neglected. Where the 
solution contains arsenic, selenium, or IlUIDganese, even in 
very small quantities, the results obtained by the. foregoing 
method are not accurate . 

• ·~~~it~.f~.~~.~C~he-m-.,-~-,-15~(-lOO-1~).---------
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SECTION IL 

REAGENTS. 

POTASSIUll 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 porcelain 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 all'lwed to settle, and the clear solution 
siphoned off. 

AJlJ(ONIUll OXALATE. 

The same impurities are present as in potassium oxalate. 
The salt is purified by precipitating tbe hot saturated solution 
with ammonium sulphide. . It 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_pump. 

OXALIC ACID. 

The impurities are similar to thoSe of the alkali oxa1ates; 
it is purified by repeated reerystal1isation. 
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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 
sulphidc, 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. 

A1IIlOll1Ul( SULPHATE. 

The method of purifying this salt is similar to that de­
scribed for the purification of ammonium oxalate. 

SODIUM SULPHIDE. 

The crystalliscd sodium sulphide of commerce is not only 
exceedingly inlpure, 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 commereial sodium sulphide is used, its 
solution must first be completely saturated, without access 
of air, with hydrogen sulphide gas. It is better, however, 
to prepare the substance directly, in which case the process 
is as follows: Sodium hydroxide purified by alcohol is dls­
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 a wash-bottle of water, 
and several tubes filled with cotton-wool or wadding. When 
oompletely 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 Rulphide 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, ovllr a strong 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 is 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 alcohol 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-hath. The distillate must 
leave no residue on evaporation- , 
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* Physical Chemistry for Electrical En&:lnetn.. . 1 50 
Morse's Cakulations WIe(I in ClI.ne-sUillr Factories. . . . .. 16rnO. morOCCl), I 50 
Mulliken's Gene ... J Method tor the Identification of Pu.re Orpnic C(lmpou{:d~ 

Vol I..... . . Larl" 8vo, S 00 
O'Brine's Laboratory Guide in Chemical Anal~iJ.. . .8vo, 
O'!hi "ScoU's NoU!,s on the Treatment ()f Gold Ores. . . . . .. •• .• '" . ·.8yo , !I 00 
Ostwald's Conversation& on Chemi.try. PIu't One. ( R .. utlle}'.).. . . .. 12m". 1 !SO 

.. .. " Part Two. (l'urnbull.) .. . . . umo, 
'" Penfield's lJotes on Detet"minative Mineralogy and Recotd of Mlnentl Tuts. 

S1"o,pap"r, 50 
P.ictet'.'1 The ADialoidp and the-iT Cbt.'!Dica) Constihlfion. (Biddle..) • •• • . 8vo • .5 00 
Pinner's Introduction to Organic Ch~m.istry . (Austen.) . • : . . . .•. lainO , 1 50 
Pool~'s Calorific POW!lr of Fuels. • . . . .. 8V<l, S 0(. 

PrMcott and Winslow's Elements of Water Bacteriolo". with Special Refer-
t'Dce to Sanitary Water Anlllym.. . .. 1 25 

• ReiR£"'S Guidt: to Piece-dyeing. . . . . . . 8vo, ..)5 0() 

Rlchardsand Woodman" Air,Water, and Food from a Sa.nitaryStandpoillt . . S'o, :a r.o 
Ricketts and RuueU's Sltele-t<)n Note!! upon Inorganic Ch.,mistry. (Part L 

Non-metallic E1ementa.).. . . :.8vo, moroec.o, 15 
Rkketts aod Miller's Notes on AssaYinc. . . .SoJo, 3 00 
Rldeal's Sewalf: and the Bacterial Purification 'of Sew~.. . . , . ... 8vo, 3 50 

Dislnfectioo and the Preservation of Food. . . . . . . Bvo, ... 00 
Riggs's Elementary Manual for the Chemicall..aborattFry. • . .8vo, t:lS 
Roblne and LenVen's C"rude Industry. (Le Clerc.).... .. . .8vo, 4 00 
RO$tosld's Serum Diagnosis. (Bolduan.), . ... .. . . . ' . I2InO, 
RUdllinw'l's lntampatibiiitiel in .Prescriptions. . . ..... 8vo, a 0( 

* WhYS .in Pbanna(:y. • . . . . . nmo, ! 00 
sabin', Industrial and. Artistic Technotpb of Paiut5 and Vlll'Ililh . •.. , . avo, 3 00 
SaIkoWfiki's Ph.,mologica.1&nd Patholo&"ical CbUlistry. (OrtJdorff.) ... .. :8vo, :I so. 
Sehimpf·s~e-it-bookofVolu:tnr:tric:A:nall"Bis., • . , . . ... ... . . 12mo, :l 50-
· Essentials of-V6hunetrU: AnaiyM::.. •• ~; . . . umo, I ~5 
• Qualitative Chemical' Anal~ . . . . ' . . :... . . . . . . . . . ' .. Byo, 1 2'5' 
Smith', Letture lIfotes. on ·Chem.iitry for Dental StudentB ..• ' . . • . 8"0, 2 50-
Spencer's Handbook for Cbemist .. of Beet-lupr ,Bonsu. . .. 16mo, m«oceo; 3 00. 

·Handbook for cane Sup:r lIfanufaeturerL. : : . .• .. 16mo, morocco, 3 000 
Stbekbl'illp'&.Rocb ·&tId SoiIa. • . . . • ••. 81"0~ 2,50' 
* Ti:Umailt• EJemerrtary u.ofti ill Beat. .. .. 81"0. J 151> 
• "DeKl"iptiTe General Chemistry.·. . .. STo, 3 00 
TrM.dwd1'1I Qualitative AUly&i¥. (BaIL.) ••••• ;." • ..• ' .......... ... ... 8V<l, .J 00' 

Tur!:~!!~~~1~~ti~<: :·. : : :·: .: ~ . : ; . : ::: : ::: ·:: .: :::: :: 
Van ~~ter·. Phnical Cbem.illtty for Beaimun. (DoItWoocl:) • • " • •• I.2mO, ·1 50 
*Wa1l«i·, ·Leetur. on EqUoeiftl.:" ..•.. . 8To. 4 .• 
. Ware~BH~~~RdtU .... : . ." , .• ... .. ,;. , . .. SrraaD8v<r • .cIoth, -400" 
W~"lIa1lUI of dIe'~ ~ of Rotb.;. . .. 8vo. ,2 '00 
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'WUMrm&nIl', 11l1ll'lUne Sera: B.molJ~wl,-Cytoto1iDS, and PrKi.pi~ (BoJ... 
duan.). ........ . ...... . .12~. 

W"'Tet"'. XUltary Expkmves; • . . . .. Svo, 
Wchtl!!nfl'lllDii'~ Analysis and Softening of Boller Feed-Water . , .••... . 8'10, 
Wells's Laboratory Guide in Qnalj.tatiVI'l Chemical Analysis ...•. "." ..... 8v~h ~o 

Short Courae in Inorpllic: Qualitative Cbemiw An&lysis fOI Enci.neerin&" 
Stulkntl. • . . . . UtllO, 1. 5~ 

Tu:t-book of Chemical Arithmetic: . " .. HDlO. 1. 2.!-
Whipple', Jl..icroscopy of Drinking-water... . ..... 8'10', 3. 50 
WUllon'. Cyanide Procneetl •. . . .. 12lnO. I SO 

Chlorination. Process. . • •. . . . . UIIlO. 1 5" 
Winton', lIIic:rosc:opy of Vegetable Food,.. . " ..... "... . . . .... . .... .8vo, ; SO 
Wul1ina:'. Elementary Course in Inurganic:, Phartnaceutic:al, and Medical 

Chemiltry .•••.. " ..•. U1llO, 

CIVIL ENGINEERING. 

:BlUDGES AIm ROOFS. HYDRAULICS. MATERIALS OF ENGINEERING. 
kAlLWAY EJlGII{EERIllG. 

Baker'. Ene:lneus' Surveyilll[ Instrument&. . . . .•. , . ~,utno, 3 00 

Bbby's Graphical Computina: ·fable.... .. Papt;T 1t;>! ",:.;l4{ inches. lS 
•• Bun', Ancient and Modern Elliineering and the IBth.mi.an Can".. {Postaie. 

:n centa Ildditio_l. ,. . . . ....... Bvo, 3 50 
'Comstock's Field Astronomy for Engineers... . . • . . .... 8v!), 2 50 
Davis's Elevation and Stadia Tables,. .8vo, I 00 
.Elliott's Engineeri11&" for Land Drainage. .. . . . .. 12mo, I 50 

Prs(;tic:al Farm Drai!la~.. . '" .1.2tnO, 
.Fiebea:er'~ Treatise on Civil En,tineerina;-. . . .. Svo, 5 00 
FJemer'" Phototo90Qapru(; Method, and In,truments. . . .8vo, 5 00 

FolweU's Sewemp .. ~De.igning and Maintenance.) ... "....... . . . 8vo, 3 00 
Freitag's Architectural Eog-ineuing. 2d Edition, Rewritten •. " ...... . ,avo, 3: .SO 
Frenc:b and Ins's SteJ"eotomy.. . .... Svo, 2 SO 
Goodbue's Muniotip«J Im.P1"ovem~.nu. ... " . . . ,umo, l 75 
Goodrich's Economic: Disposal of Towos' Refuae. . .. . . • . . . avo, 3 so 
"Gore-'s EUnlllntl of ~esy. • • • . . . 8'1'0, 2 50 
Hayford'il Text-book of Geodetic Astronomy .•.. ' .. Svo, 3 00 
Herin,'s Ready Ref~ence Table! (Co.ovexsion FactoTJ) ...... 16mo, moTOtto., Z 50 
1I0we's Reta1nlnr W.l1s for Earth. .. . " . . . . .. l.2tt:.(l. I l5 
.. Ives'.IAdjustmen.b O.f tlw Eqineer"l'nDfit ~d Level. . .• . . . .. J6mo, Bdl. :JS 
lftl and Hilts's Problems in Su.neying' . ' ~. ". . . . . . . . . .. . " . 16mo., morotco, I 5Q 

Jo,hnIon'. (J. B.) Theory ,and Jhactice of SurveJI.n&". .. ... . ..•.. sman bo .... 00 
)obnaoll'S (L. }.) SUtics by AlpbTa.k ami Graphk Iletbods. .. ... .. . • • . . S,-o, 2' 00 
Lapla.ce"p.hnosophkaf~YOllProhabilities. (~ttandE:~ry.).u~. 2 CICI. 
lIabau'B TlMtiM OD Civil Enthleerma: .. . (18730) (Wo~.) .•• ,. . ... . 8vo, 5 ~ 
,., Drecrlptift GeoIbetry. ~ .' "' ,' ... ........ . ....... '.' . " . " .. ' . • . . .8To, I ' 50 
lIerriman's BIenlents·of PreciM SarTe,-ina ,lUI4 ,~ •••.•..... , .... ,' '~', ... 2 50 
lIIetriman ·.01'1 Jk()(Jb'~ BudboQ.k, for SUrf'eyors. .••. ' ,T ..... I6Jno. ~1'~, a ,.~ 
llae:ent'. Piau Surftyint·. . . . . .... , , ....... , .. , .. . 8wI .. 3 SO 
Ol4en'~ DeQan. ..... . . .... ..... ,.; ...• , .. . . . ·9,~ •. , ~ 00 

panouis bilPOU! of llaDici)Mll Refuse. • • •. . . .• • . ' .(l:v:o,:1 ()Q 

hUon's '£Mali. on Ch'ilBacmeerifJa: •. ;. .. ..' .. - .8vo)la.lfIeau.r.- . 7 sO 
lleed°s T($OC1'&,hic.l'Dd'trina: and SketChinc .... ' ... , •....• : .. • ... ·4t9. 5 GO 

:==:.:=-~=t!:=~,',,:~ ,~~:~:" :: '::::;:: " , ; := , 
Smitll .. ~ d:1'opoar.phh:al ,Draw~. . (Jlc1li.UIIn..)~ • ~ , ' ~. ' ;' .• , '.~ . :.~ •. ~ c5!': 
_ ........ _ ...... tb ....... ~_"'.._,~~~ . 
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Taylor au. ~Il'S Treatise on Concr.t.. P1aiD aud Jt..taforceo. < •• llYo, S 0.> 

• Tr&utwin~·. Cinl Elllineer's Pocket-book.. . . . . . . . . . .. IftmO, morotco, 5 00-

V~ ... Garbap Crematori .. in America...... . . .. . . ..... avo; a 00 
Wait', EncineerinI and Architectural ,'I'uri~t.... . ....... Cw, () co 

Sheep, 630 
law of Oper.ationa Pre1iml.nazy to CoMtrUtllon in Encineerlna".rut Archi-

tecture. . . . . . avo, 5 00 
Sheep,s So 

La.., of Conttaeta.. . • . . ... $Jvo, 3 00 

Warr~n'l Stereototny_:"ProblelU in Stone-euttlnl ......... . .. . ..... . .. 8vo, :a 50 

W.bb's Problemli in the U.e &tid. Adjuatment ci: Jtngineerl~tt!~~=:e~~ 1:1'5 

Wilson's Topoa:raphic Surreyinl... •.•••. ..... •.• .••.•. . ..... 8"0, 3 50 

BRIDGES AND ROOFS. 

Boller's Practical Treatise on the Construction of !ton B41:h"a, En. . 8yo, 2 00 
• Thames Ri"er Bridge.... . . ... 4tO,j)l\per, .5 00 
Bun'. Course on the Stresses in Brid&:ts and. Roof Tnu:Ms, Arched. Rih, and 

Suspenaion Briqes. . .. . ... . .. . . . . . . . . . . .. . . .. , . . . . . . . ... 8.0, 3 50 
Bun and Palko, InftueJ1(:e Lwes for Bridie and'RoO'f Computations. . . . Bvo. 3 a. 

Design and Con.truction of Metallic Brldtes . . . .bo . .5 00 
Do lktis's Mechanics of Ena:ineerina:. VoL IL... . .f:D'aH 4to, 10 co 
Foster's Treatise OD ~ooden Trestle Bride:es. . . . . .. 4\0, S 00-
Fowlers Ontioary Foundations. . . ... . . 8vo. 3 50. 
Greene'. Roof Trut!8es... 8,.0, I'2S 

Bridie TrUDeL • 8vo, 2,50 
ArcheI ·in Wood, !ton, and Stotle. . . 8"0, 2.50' 

Rowe's Tr-.tiM on Arcbn. . .• . . 8,.0, 4 00 
Desie:n of Simple Roof-truGes in Wood and Steel, . . 8vo, 2 00 
Symmetrlcill 'Masonry Archee. . . . .8vo, 2 50 

]ObD.oll. ~an, .and Tui-neaure's Theory aild :practice in the DuiDIlrc of 
M~ Framed Structuns... . . . s.m.U 4tO, 10 00 

lQrrilnan and Jacoby's Ten-hook on Roo61 eel lkida:es: 
Part L StreiIIH in Sbnp!e 'l'runes ... 
Part lL Graphic Statics. • . 
Part m. Bridce De.irn .. 
PartlY. BlcherStrw:tarea ....... . 

'Morison's)ll'etU'Phis Bridle •... . 

8\'0. 2,50 
.... 8vo, ::1.50 
. .. . 8vo, 2,50 
. : .. 8'10, ::I 50 

Waddell'. De Pontibus-. a Pocket~book for Briqe En&ineent .16n:o, lJ:orlJ:~co, 
* S1)eeifkatiODI for Steel Briqes .••... . .t.:!IrO, 51) 

Wria:ht' • .DnianinI: of DnPi':'sp&ns. ~o parts in ODC! volume ... . .-Byo, 3. go 

HYDRAULICS. 

Bari'le8.~tceFOrmatIon..: .' •. ; ,; , . ," , ' .. .&nI, J '" 

Batill'. ~~~:6!~~~~~~~ of. 1M 1.1quid V~ ~.~ ~ DIJ 

n6:~Y's '~ on.BydnUBcc.: . . . .. 8.0, ': :00-

~b' •• ec:bmic1of~... " ''''; • " ... , .. ~vo, ~ :;: 

" ' .. ~~~t::.~~i:t:·~~~ ,~,0j·~·.'·· .~;:: 
Co1Ift·8 ·~phkaI Sohl~on of H~,~ .•. : ' . ."', ' .t.6mo. ~'; :: 

~ er~~~~~?~'~.~~::: ' : ·::. : :, ..... a.o, .. 400 
.....• ;'.,." ...... : .. ~ .. :' ;~, . , ... . 
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Puertea's Water and Public Health. ... 'SO 
Water-fUtration Works. 2 SO 

Ganguillot and Kutter'$ General Formula for the Uniform Flow of Water ill 
Riven and Otht.r Channels. (Herilli aud Trautwinc,.). . . . .8vo, 4 00 

Ha::um's Filtration of Puhlic: Water-SllppJy. • ... avo • .3 00 
Ha:!:lenurst'a Towers and Tanks for Water-work!;. . .8vo, a 50 
Herillchel's 115 EJ.pCriments on the Carrying ClI.pacity of Large, Riveted, Metal 

Conduitli. . ava, 
Mason's Water-suppiy. (Cc:msidered Principally from a Sanitary Standpoint.) 

8ve, 4 co 
Merriman's Treatille on lIydraulics. . • . .8vo, 5 00 
1< Michie's Elements of Analytical Mechanics. . . .8vo. 4 00 
Schuyler's Reservoirs for Irrigation, Water-power. and Domestic Water-

supply. . Large 8vo, 1) 00 

*'"' Thomas and Watt's Improvement of Rivers (Post.,44C. additionaL) 4to, 6 00 
Turneaure and Russell's Public Water-supplies . . .8vo, 5 00 
Wtj"II1nuu's Detlign and Comoltl:nction of Dams.. . ' 4to, 5 00 

Water~upply of the City of New York from 1658 to 189s.. . .4to, '10 00 
Williams and Hazen's Hydraulic Tables, 8vo, I 50 
Wilson's Irrigation Engineering... . ... SIIl4118vo. 400 
Wolff's Windmill as a Prime Mover.... .Svo, 3 GO 
Wooo's Turbi.a~., .. Svo, 2 50 

Elements of Analytical Mechanics. . . . . . . . . • • . . . • . . . .8vo, 3 00 

MATE1UALS OF ENGINEERING. 

Baker's Treatise on Mallonry Construction ...... . ,' ,.Svo, 5 00 
Roads and Pavements .. , . . . . . svo, 5 00 

Black's United States Public Works .... ObIon&" 4to, 5 00 
... Bovey's Strena:th of Materials and Theory of Structures. . . . ... Svo, 7 50 
Burr's Elas.ticity and Resistance of the Materials of En&ineerin&"... ' . Svo. 7 SO 
Byrne's Hitrbway Construction. . . . Bvo, 5 00 

lllilpection of the Materials and Workmanship E.rnployed in Cr>nstruetion. 

Church's Mechanics of Engineering • ••.. 
Du Bois's Mechanics of Engineering. Vol. 1 .•....•... , .•.•. , 
.Eckel's C~menh, Limes, and Plasters. . . • 
Johnson's Materials of Construction, • •. 
Fowler's Ordinary Foundations .. , . 
Grave,', Forest Mensuration, , ... 
... Greene's StructUTal Jrlecha.tt1cs. .. 
Keep's Gast [ron, .. , ... 
LanK'S Applied Mecu;nics. . 

t6mo, 
. .. . 8vo, 

.SmaU4to, 
. .8vo, 

..Large &yo, 
. ... 8vo, 

8vo. 
. .8vo. 

. ... , .8vo, 
. ... 8vo, 

,00 
600 
75" 
600 
600 

'5" 

• 00 

"50 , SO 

75" 
)farten's Handbook OJ:! Testing- .M..Iterials., (Benn.iZll".} 2 vols. ........ 81'"0. 750 
Ma~r's Technical M~hanics. . . . .... .. ,..... . .... 8ro, 4 00 
KeniU's Stonet for Build.in& and.Decoration.. . . . ... "., . • . . ,"0. 5 00 
Merriman's lIiIecbanicli of l'Illteriu. . ". :8,.0, 5 00 

~UJ:~ of lIateii.als................ . . . . . r.:amo. I 00 
Jfetca.ih.: Bate!. A lfanu&1 for SteeJ..uset"S ••• , ••••••. 12m"" :a .~ 
Patton's Prac:tica1 Treatiae on Foundations.. . . . •... ..• , ....• '" :8yo. 5 00 
Ricbudson' .• Modeni Aspbalt Pavemenb. . . . . . . . . . ." ~ ' ... 8t"o". .3 00 
Rit:l1ey".·Raadbook for Su.perifttentieuta of Construction... . .. .. •. ,.l:6mo, ~~" ... 00 
.. Riel's Clays: 'J,"htir Oc;currence, Properties, Ilnd :u-- . . . . '. ,~. S 00 

=~=:=~~~~:;~aJ~.i~~·~~l:~::·:.: .. '~· ;'::, 
&:dth· • . ~ol· .. chllU!6... . .UIl2O; : r ' 4O 
aao,n PtiDcipaJ. Species of Wood, • • . : .'&to; '.3 :.50 



Spaldilll"s H~Hc Cement. ••..••...• , .,...... . . .. 12atO, '00 

Ten-book on Road, and Pavements.. . . . . . . . • . . • • . . . . .• • •. • •• l2mOj 

Taylor and Thompson', Treatile on C,)ncrete. Plain and Reiufoteed . ... 8vo. 5 00 
Thurston's Materials of Etl(i~rina:. .3 Parts.. . . . .. ....... . . .. . . . 8vo, S 00 

Part I. Non-metallic MaterialS of En&int:erinc and lletaliurlY. . .. 8'10, 2 00 
Part n Iron and Steel. •. . . . . . . . . . . . . . . . . . . 8VQ, J So 
Part lli. A Treatise on Brasses, Bronzes. and Other AUo" and their 

Constituents.. .. .. . .... . ........ . . . . . 8\'0, 2.50 
Thurston', Tut-book of the Materials of Construction .•.............. 8vo, 5 00 
Tillson's Street Pavementll (lnd Paving 1U.teriala. . . . . .... 8'10, 4 00 
WaddeU's De Pontibus (A Pocket-book for Bridge: E~neen.) . I6mo. mor., :.I: 00 

Specifications for Steel Bddgtll ... . ... .. ... .. . . ... . . .. ... . .. .. I ;nno. I 2' 
Wood's (De V. ) Treatise on the Resistance of Materials. and an 'Ap1H=ndiJ on 

the Presen'ation of Timber .. . 8vo, 
Wood'~ (De V.) Elements of Anarytical MechaniCi. . . . . . .... 8vo. J 1)0 

Wood's (M. P.) Rustless Coatinas : Corrosion alld Elci;tro]yti. of Iron and 
Steel .•• .•. , . . ,. : .8'10, 4 lO 

RAILWAY ENGINEERING. 

Andrew's HandiX'lok for Street Railway Engineers . . . . 3%5 inches, moroeco, I s5 
Bera-'s Bll.ildin~ and Structures of American Railroads. . .. 4to, :; 00 
Brook's Handbook of Street Railroad Location. . . J6mo. morocco . J 50 
Butt's Civil Engineer', :Field-book. . . . 16mo, morocco, :a sa 
CnllldaU'S Transition Curve.. . ••. 16mo, lXlOl'OoCCO. I ~ 

Railway and Other EarthwOTk Table.. . . . . . . ,8.0, t /W 
Dawson's "Engi.neeti.ni" and Ele.ctric TTlu;.tion Pocket-book . 16mo. mot<;cco, 5 00 
Dredge's ilistot"y ot the Pennsylvania Railroad.: {1879:' Paper, 5 00 
* Drinker', Tunnellini. E:.:ploaivo Compounds, and. Rock Drills.4to, half mor., 25 00 
Fisher's Table ')f Cubic Yards. . . . . Cardboard, 25 
Godwin's Railroad Engineers' Field-book and E:.:pIocer&' Guide . .. 16mo, mor., 2 50 
Roward's Transition Curve Field-book.. . . . I6mo, morocco, 1.50 
Hudson', Tables for Ca.k:uktiP&: the C'4bic Contents of EuavatiOBl ilnd Em-

bankments. . 8\'0, 
Molitor and Beard'i Jlanual for R.etident Engineen: . . .. 16mo, I 00 
!'fqIe's Field Manual for Railroad Encineet's. . ., . 16mo. morocco. l 00 
Philbrick',. Field. Manual 101" Encineen.. ... .,' ........ _ .16010. mcn:oeco, .3 00 
Sear!es's Field Englneerin&. . . .. J6mo, morocco, 3 00 

RaiJroad SpiraL. . ... 16mo, morocco, I 50 
Taylor'a Prismoidal Formule and Earthwork. .... . avo, 1 SO 
• Ttautwine's lIetbod ot Ca.lculatina the Cube· C(lDtents of Exca.Vlltiollll and 

Embankments by the Aid of Dia&rams. . . .. . 8vo, 
The Field, Practice of uyine Out Circular CtIl'Ve& for Railroads. 

J2mO, morocco. :.I: SO 
Cross-set:.tion Sheet. •••.. .... Paper, 25 

Webb', Railroad Coutiudlon. ~ .•... ,~ " ... ... . . . ., .x6mo,moroeco. 5 00 
Econc.mics ot Railroad Construcbo.ll .. . . 

WeWn&toD'. Economic ~17 ~t thcI LotatiOD of RailwaJL 
. .Lar&e J2mo. ;: SO 
. , .,SmaU8vo. S oc,t 

DRAWIlIG. 

s.n-sKiDematicaof~..... . ................. .. 8.,.0 2:50 
• Ba.tt.Iett'. JiI~iIical J)raw;tng .. , . ' , ',." : . ... . . ~."" .•....... , . . ... 8.,.0. 3 00 
• .... .AbtiJfaedEd. • • ~ ... : .. ............. 8.,.o. 150 
Coo ...... Manual of Drawiq. • . '; .•...... 8vo, paper. 
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Coolid,&. &Jld Freeman's Ekments of G"I1~ Draftip& for Ilec:hanital E~_, 
.... ObJotl&' 4to, a SO 

Durley's KllltDUltiCS of Machines. • •. . . .&TO, .. 00 
Emch'. Introduction to Proj«tive Geometry .. zuI it$ AppJications. .. '" . . &vo, ~ [0 
Bill', Text~book on Shades .. nd Shado""" and Perspective .............. 890, ;, 00 
Jamison" l1:kmentl of Mechanical Dra.~.. . . ..........•..... • ... ho, :I SO 

Advaru;ed Mechanical nrawin". . ........• . &vo, 
Jonec's Machine Dn~: 

l>artI • . Kib.eJnaticaofllachinery...... . . •.. . ..... 8vo. I SO 
l'art n. Form, Strencth, .. nd. Proportions of !>arts ........... . .. 8vo, ,} 00 

)[acCord's EJe:menu of Dncriptive Geometry. • • • . . ••. •. . Svo, ,,00 
Kinenu.ti<:s; or, Practic8.I JlC!chanism..... . .. . ....... 8vo, 5 00 
MechaniaJ Draw-in". . .• . .. . .",to. '" 010 
Veloclty -Diqram5... . .. . .8vo, I SO 

lbl:Leod's DHctiptin Geometry.. . . . .. Small $;ro. I SO 
• Mahan's DeICriptive Geometry and. Stone-cuttiq.. . ...... lvo, I-SO 

Industrial Dra"ina;. (Thompson.).... . .. &,.0, 3 50 
lIo~r·. Descripth"e Geometry.. . . .8vo" a 00 

Reed's Toporra,phical Drawing and Sketchinr. . . . .. 400, S 00 
Reid's Cour-iMIln Met:hanical Drawing. . . .. . . .8vo, 

Text-~ok o~ lIe<:b.nical Dr.w~ and .:Elementary Kachlne DesIp.8vo, ,) 00-

Rohlnson's Priaciples of Kechaniim. • . . : .... 81'0. 3 00 
Schwamb and 1terriU's Eletnents of 1Iechanism.. . . . . .. . ... 8vo, 3 00-

Smlth's (R. 8.) lIaJluaJ of To~aphluJ Dnnvillc_ (lIcMlllIn.) . •• . ... 8"-0, 2 SO 
Smith (A. W.) and Jlar:x'sl'acbine Desizn. . . .8vo, 3 00 
.. Titsworth', Elements 01 Mecllanicall>rawilll' . . . . . . . . . Oblon_z 8vo, I 2!5-
Warren's Elements of Plaae and Solid Free-hand Geometrical Drawin&". I~mo, I 00 

Draftinz Instruments IlDd Operations. • •. . I 2S 
lIIanuaJ of Elementary ProjectioD Drawing.. . . . .. , .. I.2mO. I 50 
Manual of Elementary Problems in the Linear PerapectiYe of Form and 

Shadow.. .. . •........... . ... : .. 12mo, 

Plane Problems in Elementary Geometry. . . ... • ......•.. nmo, I 2S 
Primary ~metzy . . • . . . . nInO, 75 
Elementll of Descriptive Geometry, Shadows, and ·Perapettive .•••. . . 8vo, .) 50 
Genentl Problems of Shades and. Shadows. . .. 8vo, J 00 
ElemenU of Milchine CoIUlttuction and Drawinc. ••. . . . ,8vo, 7 50 
Problems, Theorems, Ilnd El:amp1es in DescriptiVe Geometry .• . ... 8vo, 2. SO 

Weisbach's Kl.nematkll and Power of Transtnission. (Hermann and 
Klein:) . . :~ . :8'ft" 5 00 

Whelpley's Practical instnl.l:tion in the Art of 'Letter Engraving. .. . . I2mo, 
WilBon's CH. It) Topographij: Surveying.. . . ,8vo. 3 SO 
W'J.iIIo-n', (V. T.) Fru--bAnd Per5pe<:til'e.... • .SVO', ' 2 5<l 
Wi)aon's (V. T. ) Fr,*,hand Lettering.... . .. 8'vo, I 00 
Woolf's Elementary Course in Descriptive Geometry... . .Larp &Vo, 3 oc 

ELECT.!UCITY AND PHYSICS. 

Antlll:lily and Brackett's .TUt"-bOOk of. Physics. (Mqili.) ;-: . . SIirilU *". 3 .00 
AnthonY's Lecture-notes on the Theory of Electricalllusunment:a . ... umo. 1 00 
Bcutiaa«n:'s HittDry of Electricity. • •. . . . . ' .. SVD, J DO 

c_::~o!!~ti~~ 'Cb~~~i '~i~ .~; ~E~~~8·. (BolhrooL)·:::: ·!:: 
• Collins's JIa.Ilu.IJ ,Qf Wire_ Telearaphy.. . .... . . , ~ .. umo,,_ I 50-

.. ~~. :laG: 
~~~&~la:thiDlPhot<Kbrollop:aph.· .. • -.. ~· . : ~ ';" . · .~; ._ ,300 

'~-..on·& '~nC'. ~~ Electric: Tr:~n ~flt-~~: ,I~'~.r· . ~~" ,~,., 



Dolezaiek'. Theo'l"J of tiM Load Acc:tlIII\IiatoT (Stot ... Batteq). (VOl! 
, Ende.) ...•.. . ............. . . .. . .. . _ . ... . . " 2 so-

Duho::n's Thermod.y.:1&Uliea and Cltsmistr}". (Bursesa.)............. . .8yo, .. 00-
Fiather', DynamometerJ. and the Ileaturemllnt of Power .•... . _ .... umo. ,) 00 
Gilbtrt"s ~ llapece. {Ilottelay.) •.. .. .. _ .• ,...... . . avo, 2 50' 

Hanchett'. Altenlatiuc Currents Explained, . . .... , .. ', .. , , ' , . nmo, 
Hecine's Ready Reference Taw". (Couveni.on Faeton) .. '. ,16mo, morocco, 2 SO 
Hohna.n's Precision of Measurements. . . . , .8vo, 

Telescopic Mirror-scale Method, Adj11lltmenta. and. 'testa .,. Lara. 8-'0, 75-
J(iru:brunner's Te!Jtilll of Continuous-currenl Ilachin61. .. . , . . . . 8vo, 
Landauer', Spectrum AIlalyaia. (TiOlle.).... , .... . 8vo, ,) 00 
I.e ChateUer • Hip-temperatun Keasuntmenta.. (Boudouud-Burp-.) 12MO. ,) 00 
Lob's Elec:trochenlist:ry of Orpnic Com:PI?0ndl. (Lorenz.).... . . . . 8vo, ,) 00 

'" Lyons's Tteatiae on Eiectrom&pletlc Phenomena. Vola. L and U. avo. each. (i 00 
• Xicble's Elements of Wavfl llotion lleJatilli to Sound and Li&;ht.. •••... 81'0, 4. DO 
Kial;ldet'll Elementary Treatise on Electric Ba~ (F'lShback.) •.. , nnlO, 2 SO 
... Parshdl and HObart'1 Electric Kacbine De&tvI. . . , .. ,410 , baH morocco. 12 SO 
... Rosenberg's ~trical Encineerina:. (Haldane ~e--Klnzbrunoer.). " .81'0, I 30 
Ry .. u, Iiorris, and Borie's Electriarl bcblnery. VoL 1. . .... , .... , .. ,Bvo, 2 50 
Thunmn's StAtionary Stea.m-etlltinea. •. ", ......•. , •.....•. , .•.. , .. 8vo. ~ so 
• TiUmJw's Elementao' Lessons in But, •. . .. .. .. , •.•....... ,. . . . . 8vo. I SO 
Tory and Pitcher', Ilanual of Laboratory Physics. •• • ••• .•.•.. .. SmaD 81'0, 
Ulke'. Modern Electrol~c Coppe1' R.eftniq. • .... ............. . " .8YO, .) 00 

LAW. 

• De.vis'l EIeDlllnts of Law. . • .. . ....• , •.••.•.•.•...... 8vo, 2 50 
• Treatise on the Military Law of United Stat • ... , ..•...•• , ..... ,81'0, 7 00-

Sheep. 750 
Manual for 'Courts_martiaL • •. • . , .• I6mO, morocco. J SO 
Wait's Enttineerine: and ArcllitecturaJ Jurisprudence . .••. , . . . .. 8.0, 6 00 

Sbl!oep, 6- 50 
Law of Operations Preliminary to Conatruction in Enpneerin&: .. nd Artbi-

tecture. .. . . . .. . .. .. .. . .... . 8'fO" 5 eo 
Sheep. S 'SO 

Law of Contracts.... .•. . . ....................... . ..... 8.0, .! .. 
Winthrop's Abridjment of JliUtary Law ••••••• _ • • •• • • • ••••••••• ' •. 1:2IDO. 1II 50 

JL\NlJl' ACTURES. 

Bauadou·l. ~~ Po1rdU-:",~llulOW and Thtorr of tJle 'eeDalose 
_ . Jlo1eW. ........... , :.. ~. umo, -2511) 

~1la:D4· • . Iron,~ouader ••.•. .• ; .~ •••. · .. :. · . ..... . ............ . .... , .•... .. J2lDO. _250-

:neltonJ'CJUD4u .... $q:psJle~. ·...... . _ . .. ' .. ·X2-Dlo. 3511) 
EDc~ of ~i.oe" and 'Dictionaey of Foun4ry TenDI UJed ill the 
~o~~ ... ~ · .. .' ,. ... ~ .. ~ .~ .~ .. :: ........ ,.· ..... . _u:mo. 3" 

Clusaell·II·~Kan.~ ·· (BaIl~. ~.) •. ••.• , • .• • -• .• . ;8.,.0 • . .1 _ 

·~·=%c~e~_::~·::·,:~ :.~:·::::: :::;::: ::: :: ::::t:'. :: 
~~a:ad~"'pplic$tioDa,;' ,. <(Pracqtt.).., ......... · ·.· .•. fWo. 5 ~ 
.~·.&lIton]!lachiniet,. . , ...•.• _~ ...... ~ ;. : : .. •. ~ .......... ;_ ' :' ~ -""'" " . ' .~ " . I2D;lO. 
~~J6iIda&for.BoUer .~ ••. .• '.: ~ .. ~ ••. ~ •.. ~ . : .~ ••• , •. ..• .' • .. 18~, ,I CiID 

: =~~,~::~;d~~~.~:;-.:_::. ~ .. ::: ::::_::~.: .::: ~ : :::: .:::::: : :!:; :: 
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Leach's The Inspection and Analyaia of Food with Spedal Reference to Sta1t: 
Control. . . .. Large 8vo, 7!1o 

Iji IfcKay and Larsen's Principles and Practice of Butter-makifl&". . . .8'10, 1 50 
Matthew~ls The Textile Fibres .. , . .. 8vo, 3 50 
Metcalf', Steel A Manual for Steel--users. . . . . umo, :a 00 
MeteaHe'a Coat of Jrtanufacturea-And tbe Administration of Workshops.Svo, 5 00 
:Meyer'!! Modem Locomotive Con!!tniction. . . , .4to, to 00 
Morse's Calculations U!led in CaneooSl.lgar Factoriea. . . .. 16mo, morocco, I 50 
'" Reisig's Guide to Piece-dYeing. • .. . . .... 8vo, 25 00 
Rice's Cooc.rete-block .M4oufacture. • . .8vo, z ao 
Sabin's Industrial and Artistic Teclmology of l'aints and Varnisb .. " .. 8vo, 3 00 
Smith's Press-working of Metals. . • • . . ... . 8vo, 3 00 
Spalding's Hydraulic Cement, . . . " . . , 12mo, :a 00 
Spencer'. Ha.ndbotlk for Chemists of Beet-sugar Houses ..... r6mo, morocco, 3 00 

·Handbook tor Cane Sugar Manufacturers. . . ,6mo, morO(;co, 3 00 
Taylor a.nd Thompson's Treatise 011 Concrete, Plain and Reinforced. . 8vo, 5 00 
Tbu15tOO'S ManWlJ of Steam-boilers, tbeir Desjgns, COllstruction and Opera-

tion. • . . ... 8'10, 5 00 
"Walke's Lectuns on E:.:plosives. . .8'10, 4 00 
Ware's Beet-sugar Manufacture and Refining . . ,. ' ... Small8vo, 4 0.0 

Weaver'fl Military E::.:plosives. . S ... o, 3 00 
Wut's American Foundry Practice.. . . umo, :% SO 

Moulder's Tert-book. • . . . . umo, 2 $0 
Wolff's Windmill as II Prime Mover ...•... , .. . . . . , . .. , .. . ...... _, .8vo, 3 00 
Wood's Rustless Coatillis: Corrosion and Electrolysis of Iron and Steel. .8vo, 4 00 

lI!ATHEMATICS. 

Baker's Elliptie functions .• , .. , . 8vo, I 50 
" Bass's Zll!!ments of Diffl!!tential Calculus. ,. . . ,I:Imo, 4 00 
Briggs's Eli!!ments of Plane Analytic Geometry. . . . .I~mo, I 00 
Compton', Man~l of Logarithmic Computations,. . . . , .. 1 zmo, ) 50 
Davis's Introducti.on to the LoCk of Algebra.. .. . .. , .. 8vo, J 5<l 
"Dicksan's College Algebra., •. ' ......... ,.. .Lar&e amo, I SO 
• Introduction to the Tbeory of Algebraic Equations. . ~ , ..... Large umo, I :Zs 
Emch'l Introduction to Projective Geometry and its Applicatiomo.... ,.8vo,:a so 
Halsted's Eli!!ments of Geometry, •. . . .. . .•• . ...•. ,8vo, I 75 

Elementary Synthetic Geometry ..• , .... ,.,.. . . avo, I SO 
Rational Geometry •• , . . . umo, I 7S 

.. Johnson's O. B.) Tbre&--place Lora.dtbm.ic Tables: VelJt-pocket size. paper, rs 
100 copi.,s for 5 00 

Mounted On heavy cardboard, 8X 10 incbes, :as 
10 copi" 'for "00 

Johnson .. (W W.) Elementary'l'reatift on DJtIerenti.ICalcu!us .. SlnaQavo, 300 
E~mtlntary Treatise on the lnt~ Cakulw> . .Sman 8vo, I SO 

Johnson's (W, W.) Curro Tracinc in Cart_an Co-ordinates. .... . ... l2mo; 
Johnson" (W. W,) Treatise on OrdinuJ and Partiai DU!erential Equation!i. 

SmallBvo. 3. SO 
Jobnson"i{W. W.) Theory- of Errors and thfl Method of Least Squares. Umo, I SO 
.. Jobmon's (W W;) Tbeoretkal.ec.banics ..• . ... , ...... .... . .. ... . tzmo. 3 00 
La:pJace's Phtrosophiea.i Estiay OD Pi'olJabiHtieL' (Trmeott and .l!:mory.). ':rjmo. :t eo'· 
.. Ludlow and:sua. )tletneDts of Tri&,onolll.my and Lopritbmk aniJ" Other 

Tables .. ,. . ... ,. . .&va, ;3.i)O 

'friIouo-,"try and l'a'Qles' pubUahed separately . ', .. "... . . ~· . · .EaCh. :. 00' 
• Ludlo.w', Lop:ri1.lunk and Tricol:lOmetric Tables. ;";,.,. '. : • '. ' •. ~ . : .. ,8wh 1:' 00 

~~~andtbeirR.e~tatiOti.by~~=· l"U', 



.. theWtieal.oflo~bs. Edlte4 by ManBfield Jl[eniman and Robert 
S. Woodward....... .... . .. . .... .. . .... . . . ..•.. OcttlYo. eacb 

NO.1. History of Modem J(IltbefWItiCs., by »and Eua;ene Smith. 
Be. 2. Sy.utJa.tic Pr()j~U"e Geometry. bY 'GeI1rp Bm« Halsted. 
No. 3. DetennillADt,.· by Laenas Gifford Weld . . Ro. 4. Hner­
bolic Fun.tiona, by James Mdbhen. NO.5. H-.nnonle FUnc­
tions. by William Eo Byerly. No.6. Grassmann's Space Analyais, 
by Edward W. Hyde. NO.7. Probability and TheoTJ' of Errors, 
by Robert S. Woodward. No.8. Vector Analysi. !lnd Qua,ternionl, 
by Alexand~r Macfarlane. No. o. DitfeJ'llntiai ·Equat.ion!l:, b}' 
William Ww1st!y Jo~on. No. to. The Solution, of Equations. 
by Mansfield Merriman. No. H. Function:; of a C01llplu Variable, 
by Tham.u S. FiskE'. 

)lauret's Technical Mechanics. • Svo. "' 00 
Merdman'~ Method of ~ast Squares... .8"0, ;t 00 
Rice Md Johnson's Elementary Treatise on the Differential Calculus .. Sm. 8vo, 3 00 

Ditfe'rentiaJ ttad IoteuaJ ClikuJU$. 2 vols . .I:l one.. . ..::om.H8yo, 2 $0 
Wood's Elemellts af Co-ordinate Geometry. . ., .avo. 

Trigonometry: Analytical, Plane, and Spheric.l . !.Imo, 

MECHANICAL ENGINEERING. 

MATERIALS OF ENGmEERlIfG, STEAM~ENG11'fBs AlfD BOILERS. 

Bacon's Forge Practice .• , .. 
Baldwin'lI Steam Heatin& for Bu.i1dirip •. ' 
Barr's Kioematics at Xachinet'y .... . 
,. Bartlett" )le{:hanieal Dra9rina: .. . 

" Abriqed Ed .... 
Benjll111in's Wrinldes and ~cipell .. , . 
Carpenters Experimental Ena:ineering .... 

Heating and Ventilatina: Bulldinp. ••• ,. 

. • ..• . 12MO, '50 
... I2mo. :I so 

_ .. 8vo, 250 
.. 8,0. 300 

. ..•• 8vo, , '0 
..umo, 2 O(J 

• ..... H ...... 8vo.60Q 
. . . 8vo. 4 oro 

(In Prepara~ Cary's Smoke Suppression in Plants uain&: BitumiDQUt Coal. 
tion.) 

Clerk·lI. Gu and Oil Ena:ine... . . .. SmaIl8vo. 4 00 
. Coolidp', Manual of Dra.in;: .. , ... . 8vo, paper, 
CooJidge and Frft'1:22.tn', Elementi' of G.tDeral DT .. ltiQl' for lbehaniu,l 11»-

IineeTS. . . ..• Obionc 4to, :I 50 
Cromwdl's Treatise on Toothed Gearing. . . . UDKl, I 50 

TreiltiaeonBeltaan4P\tl1eys.. . .... 1:lI1DO. J SO 

Durley's KinematiCli of II&cbiue8. • •. . . ,ivo, 4 ,00 
Fkther's DyaAmIJ,moten and the lIeuuremcnt of Power .. • _.. . . . .. 12mo, .3 00 

Rope Driving. ....... _ :J CloG 

Gilre: Gas and Fuel ~u for EncWen' • • . . . . umo, 1 25 
RaWs Car Lubrication. • ~ . . . .. . . ,um,o. 1 00 

Hering'. Bead.JlUlerenCe-T~ (CoU't'Qon, Facton) ... .. . I6m.o, mOl'OC:eo. :150 
B"'tion·a-'l'he -Ga$~. , ••• ,.. ..... . :8vo. 500 
1uW.ol1'. Kec:Mn:ieal D1'8.W'i:nc • • • , '" • • • • • . • • . • • • • . . . • . . .Svo, :I 50 
Jooe'l'B 1Iachirle.Deaicn: 

Part I. KiD~4f~ ••••.•...••.••.. , .. . ........ . Ivo, t $0 
PaRn. F~~~~-Prtl~:blPMtt ••• · ~ .. &Yo, 300 

Ke1rt~11II.eehuliciLI ~ Pocket .. book. .. " .. , . . . . . 16nw. morocco. 5 00 
~Poweraa4Powel'~!1- ..•••.• : .' . ; ..... . .•.•. SW. ;I: 00 

~·.~Sbop,'l'oollloaa4~, .. .. , •. •. .... •.. ...... ·.8Vo. 400 

:~~~~~~·~e·~~·~dO"D.):._::: :': 
-::l,.~:=c .................. '~.: .::::: :. ::::.:~: ~ .. ; ::.:::::::~ .~ :: 
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:MacFarland'. Staadard lteduction FactoR for .Guea. . . 8vo. I,.,. 
)lahan'. lndustaal Dnwing. (T'hompiOn.)..... . ... J~vo. 3 SO 
Pooie'. CalOrltk Power of Fuell. • • •. . . BYo, 3 0& 

Rliid'. COUl"le ill Mecha.D.ical Drawing. . . .. . . . . . . . . . . . . ... 81"0, 
Ten-book of Kechanical Drawinc and Elementary lI.a.chine Dfilpl.8vo, 300 

Richard's Compr_d Air . . um,o. 1 SO 
RobillSOn'. Principles of Iilechanism. . . . 81"0, 3 00-

Schwamb and Merrill'. Elements of M&chaniPl... . 81"0, 3 0() 

imith's (0.) Pre..,workln,; of Metals.. . : .8v() , "00 
Smith l.\. W.) and )lan's Machine Design.. . . 8vo, J 00-

Thurston', Treatile on Friction and Lost Work in Machinery and )(iii 
Work.... . . .81"0, 3 00 

Animal al a Machine and Prime Motor, and the Laws of EUeJ'cetics. UIIlO, 
Warren', Elements of 1lIacbine Construction and Drawine.. . . .81"0, 75'" 
Wei.bach's Kinematics and the Power of Tranamisaion. (Herrmann-

lOein.). . . . . . . . . . . . .... . ..... 81"0, 5 00 
ilIachinery of Transmission and Governors. (Herrinann-Kklin.) .. 8vo, 5 00 

Wolff's Windmill as a Prime Hover. . .8vo, 3 00 

Wood'. Turbines..... . . ............... 81"0, :I SO 

MATERIALS OP ElI"GINEERIlfG . 

• Bovey's Stte~h of Materials and TJwory 01 StrucWut. .. . .81'0. ,. SO 
Burr's Elasticity and R~istance of the Matedals of EIl&'ineerin&. 6th Edition. 

Reset. . ... ... ... . 8vo, 1 50 
Church's Mechanics of Engineering .. " .. .... . . Bvo, 6 00 
.. Greene's Structural Mechanics . , ...... 8vo, 2 50' 
Johnson's Materials of Construction. . . .. . . .... Svo. 6 00-

Keep's C.,t Iron. . . . . . Bvo, 2 SO' 
lanu's Applied Mccllanjcil .. , . . .... . .. .. .. 8vo, 7 '50 
llarlens's Handbook on Teatine JlaterlaJs. (Henning.). . . . 8-':0, 7,50' 
Maurer's technical Mechanic,. . . . , .. ... 8vo, .. 00 

lIlelTiman's Mechanics 'If Materials. . . .8TO, 5 .00 
StTerwth oll1ateria.:. . . . .. :umo, J 00 

Metcalf" Steel A man'·a. :or SteeJ-uscf'8.. . _.12mo, .2 00 
Sabin's Industrial and Artistic Technolou of Paints and Varnish .... ... . 8yo • . 3 00 
Sm.ith's Materials ()f )(ac!unei. .. . . . ........... . . 12mo, ' 1 00 
ThUfStoo', Kat..,riab: of Rnaineeri:pa:. -.3 vols., 8vo, 8 00 

Put lI. Iron and SteeL.. . avo, J 50 
Part m. A Treatise on Brasses, Bronzes, anll Other A.lIoys and their ' 

Constituent$. .. . _ .81'0, :I 50 
Ten-book of the MaterialB of Construction.... . . . ....... .. . . •. 8vo. S-OO 

Wood's (De V.) Trea~ on the Resistance of KateriaJa and an A-ppendi:l on 
the Preservation ()f Timber ••..• _. . : .. ava, .2 Of) 

E1eDimrts ot An&]ydcallhchanicL ..•• , .•... ' ., .. , . . ..... ,, '.; .8To • .} DO 
Wood'. _(1L P,} RustIess Co-:tJ:up: Common ,and 1Uecf:rolysia of Iron.-nll 

·steel: .. .. ................................ ' .... ... ....... , •••. 8iro. ~ . ao 

STEAK~EJrGlNES .AND . BOILBR!i. 

,&errTa T~~' Di.acam. ........ ... ; ; ............. " ..•. ~ ; 'l- <IS 
Camot's Reflections 011 the )(otive Power of Heat. (Thnrst:on..). ,:. . :-t.:llmO:l ' :I- $I) 

DaW'llOll'. ~.ElJ&ioeeriug" aocl Electric Tracuon,Pocket-MG)t .. · . ~l~: mQr'~ •. ".,_,.,. 
Ford·s&Ue:r~fOl:BoilezJlalr:ers, •• , •• ~ . .. , ...... ..... . ..... "~,_" ,1 .• , 
Go.;" Lotomoti~. Sparb. •... , . . .. .•.... ..... , .. , ... ~" • . ,-.• · .. , ... , •. ·,._.· .. ,.· .... ''''-8909.'·.·2 _ .• 
Bememnay'. ludiCalOf Plactice and Steam:-eucine Economy . ~ •• ; ••• _. .• _. l~ ,-2:.!,) . u · .. . . 



,Buttou's JleclIankal Enamecriaa: of Power Plaftt& •.••.•••• , •••.••••• BTU. 5 00 
Bllat _Ud Beat-encineL . • . . .. , •. • ' ,. , . .... a"o. s 00 

~ent'l ~ boiler EconOllly .•.. , ... .... . , ....•. ' .• ,. , .. .. , . ....... a~. "00 
heass.'1 Practice and T~ol'J of the Injector. " . , ..... . I •••• , •••• '.&to, I 50 
JlaeCOrd'1I Slide-nlves. .. . . . .. . . . •. . . . .... . . . . . ...... ...... . ..... 8TO. a 00 
.t'l1""5)[ode1l:l Locomotive Construction. . . . , , • ...•. ••... . .. 4to, to OG' 

Peabody's JfaJrual of tho Stea~ Indicator ... . .......... . .... . hmo. t 50 
Tablea of the Pro~ of Saturated Steam and Otber VallO" •. .. 8vo, t 00 
Thermodynamics of the Steam"'I1iine &.rid Other Beat-enaioea. • .. ,avo, 5 00 
ValVt'l-I[UTS for Steam-enaines. . . . . . ' . . 81"0, :I -Sft 

Peabody and JIllUer', Stea.m-boilen. . . .•. . . . ho, ,,00 
Pray's Twenty Years with the Indicator. •. . . . .Laree 8'11'0, :I 50 
Pupin's Thermodynamics of Reversible Cycles in Gasea and Saturated Vapors. 

(Osttrber&".). . . .. . . Umo, 1 25 
Reagan's Locomotives: Simple Compound, and Electric •.•.. . .•.. •.. I2mo, .11 50 
Rontgen', Principle& of TbennodynamiGi. (Du Boi_.). • • • . . . • ••. . avo, 5 01' 

Sinclair'" Locomotive Ena:ine Runaina' &.rid Ha~etnent. • . nmo, :I 00 
Smart's Handbook of Engineerina Laboratory Practico. .. . umo, :I SO 
Snow's Steam-boiler Practi«. . . . . . . .. ......... . . ' . . 8"0, 3 00 
Spa.Il&'ler's Valve-&:ears.. .. .. ... . . . .. ..... • .. ... 8'11'0. :I 50 

Notes on Thermodynamics. • . nmo, 
Spangler. Gret:lne. and BarrbaIl's Elements of Stll!~neerl.na: · ... . . . . 8Vl), 300 
Thomas's Steam-turbinfll . . , ..... . . Bvo, 3 50 
'"Thurston's Randy Tables. .. . . , .. ......... .. . . .. 81"0, t 50 

Manual of the Steam-en&lne. . . • . . • .•.••• 3 vo1& .. 8vo, 10 00 
Part L History, Structure. and Theory. , . . . . , .. . . 8vo, 6 00 
Part n: Desia-n. Construction, and Operation.. . . .. . .. avo, 6 00 
Handbook of Ell&'ine and BoUer Tria.l5, and tho Use of the Indicator and 

the Prony Brake. . . ... " . ,Byo. 5 00 
Stationary Sieam-ena:inea. . • • • . • . 8YO. .11 50 
Steam-hoiler EXplosiON- ~ Theory and in Prl4;:tice •. < • • • • •• • • I:lUlO. I 50 

Ilanual of 'Steam-boilen. their Designs, Con.truction, and Operation .... ,8'11'0. S eo 
Webre:nf~I;sAnalJsisandSo~nin&ofBoiJer .Feed-water(PattMlon) 8vo, ,,00 
Welsbach's Heat. Steam. and Steam-enaittes. (Du 8015. ).. . .. . . ,avo, s 00 
Whitham'. Steam-engine Deaia-n. . , .. .. , . . ,.. . . . .8vo, 5 00 
Wood'. 1'hermodyn.vnial. Beat Moton. and Re.friae:ntinc lIachin.,. ... 8vo, .. 00 

lIECHANICS AND lIIAClIINERY • 

. ~aKtn.ematic:sofJIiI.ChillC!fJ. .. ... ......• .. ... . . . •.. . . . . . •• 8.0. 250 
·Bo't'ey'.Str~oi !l.a.terla1&-an4~ ofS\ructwt'& •. • .. 1\-vo, '7 SO 
Cbue's · The .Art of Patte:rn-makina:~ -. . ' . . .. . UInO. :I 50 
<Cbarch"JlechaDkl-ofEncmeeriq, ·. ... . .. . .. . . .. . .... . .. 8vo, 6 ~ 

l'Iotes and Eumples in Meehaltlct. • ; . ; .... . ... ' .. .. .. .. .. ... . .. 8vo, 2:JO 
~.,id\~m.~~. ; ... . ,... . ... ... .1.2mO,"1"50 

lCompton' an4 _De ,Gwoat'. 'the $pfJed. Lathe . . . • . • .. . . .. • . . . • • . .. ., 1..2l1JO, I 50 
~·~on·;T~a.rma.-... . ..•. : . . . .. ·. ; • . UlDO; 150 

l'reatiIIe'OflBeltl.aadpUJlqS. .. . . ; . . . ..•. . .. . ..... .. .... . · .. ,u.mo; I SO 
,Dma°. Text4JOOk of ~ JrechullcI. tot .eo-u.c- Ilnd Schook . . lmlO, I 50 
DinceT'.~htterD· .uiDc · ..... :.: .'. ' . UBlO. 

D1;edp'. ~.Of the 'Tft~tiOo EshiMtI ."Buildin& of ~ World', 
Cohlsabiao E::cpOIttiOn- of -~. ; ' . .. ... . ; • • .. • : . • 4to bd Diaro«o. 5" ·00 

:u., .. ·.~PdJldpJa_~~ \ ' 
'VoL,: _:L - .~ .~ ' ." ~" . . . ,., ~ ..• • : ~ .. -. .~ •. ~ .. •. • . . . .. avo. 3 SO 
VoL",n. ~~; , .. _ ... .. . . :._ . ;. ;_ .• :"' . .. .. ~ . .. ... .. .... . . ' . •... . ,. ;1\00, ,,00 , ~~..::::::~~. i. .. i .' ·:':-:::: :· :: :.·:::: : :·::::~E: x:---:-.. · .. 11'··, ...... · 



Pitq:eral4', &.ton 1d.acbiniat. . . . 16l1lO. I 00 
Flather's D~olllete.rs. and the :Measurem~nt of Po_er. . . . U1bCt, 3 1)0 

Rope DriviD&. . . . ..• UtllO, 

Gc.I'. Locomotive Spark.. . . .... .. ....... avo. "00 
• Greene', Structural l!eehaniCII.. . .8vo. 2 SO 
Ball', Car Lubrication. . . . UDlC), 
Holly's Art of Sa ... Filinlt. . . . . . . . l~. 15 
James's Kin~matics of "Point a.nd the Rational M~hanks of So Partick. 

• JohCllQn's (W. W.) Theoretical Mechanics, .. 
]ohtllOn's (L. ].) Statics by Graphic and Algebraic MethOds. 
Jones's Machine Design: 

Sm.·_1 SVD, 2 00 

.. Ul'no, 3~ 
. .8vo, 

Part 1. Kinematics of Machinery. . .. SVD, I 50 
Part U. Form. Strenlt}l. and Proportions of Parts. . ... 8vo, 3 0() 

Kerr's Power and Power Transmission. . . .8vo. 
Lanzs', Applied Mechanics. .. . ... 8vo, '7 So 
LeotlaTd's Machine Shop, Tools, .lind Methoos. , . . . ... Svo, <; 00 
III Lorenz's Modern Refrigerating Machinery. (Pope, Boven. and Dean.) .8vo, 400 
liacCord's Kinematics; or. Practical Mechanism. 8vo, S 00 

Velocity Diarrams. . . . ... Svo, 1 So 
• Martin's Ted Book on Mechttnics, VoL J, Statics. . . . umo, I'S 
Kaurer'lI Technical Methanics. . . Svo, 4 00 
Merriman's Mechanics of lIaterials.. . . Svo, 5 00 
• Elements of Mechanics.. . .. I :limo. 1 00 
'" Michie's Eltmt!nts of Analytical Mechanics.. . .8vo, 4 00 
• PaTShall and Hobart·s EJoctrjc Machine Design. . . . 4tO. haH morocco, 12 50 
Reagan'g Locomotives Simple, Compound, and Electrit. . . .. nmo, ::1 So 
Reid's Course in Mechanital Drawing. . , . . .. 8vo, 

Tl!!J,:t~book of Mechanical Drawilli: and Elementary MAchine Design_8vo, 3 ()() 
Richards's Comp('es~d Air.. . . . . 12mo, 1 50 

Robinson's Principles of Mechane;m. . . .Svo, J. I)() 

Ryan, HOrTis, and Hoxie's Electrical Machinery. VoL I. .Svo, ~ So 
Sanborn's Mechanics: Problems . . _ . . .. . .. ' .. Large Ilmo, I 50 
Schwamb and Merrill's Elemtnts of Mechanisni. . . .8vo. 3 00 
Sind. dr's Locomothe-engine RUllllin,g and Mall!lgeIIJtmt. . . ... 1'2rn:o, 
Smith·,w.) Press-workin" of Metals. . .8V1), 3 00 
Smith's (A. W.)Materials of 'Machines.... . .umo, I 00 

Smith (A. W.) and M.a.tx·s Machine Design. . . . . .. , .8\'0, 3 00 
Spang-Ier, Greene, and AUr&b:all's Elemenh; (If S~"Ill:-~llgjneecing... . .. 8vo, 3 00 
Thuu.to:l's Treatiae Oil Friction and Lost Work in lIIacbinery and MU1 

Work. . • . . .. Svo, 3, 00 
AnimalasallachineandPrimeMotor,andtbeLawcofEnergetics.12lll0, 100. 

Warren', Elements of Machine Construction and Drawinz_. • . . . 8"0, 1 So 
Weisbac:b'sKjnematksandPowerofThlnuo.ission. rBeI"nDalUl-~.).8vo., 500 

:Mazhinery of TraDsmissioD Md GovenlOI1I. (Bernnann--Kl"hl.).8vo,. 5 00 
Wood'. Elements of AnalytiCAl Mechanics •..• ' " .•.. .•..•.... ' ...•.••. &ro, .3 00 

Principles of £1etnentary Mechanics .••..• " • . . .. .. . ... nnw. I as 
Tur'biIlti. . .••..•..••.••• " ,.... . " , •• _. ;8v.o.:I SO 

Tm; World'. Colutnbian E:r.position of lli9.3 ." •••..•••••.••. "_. " ." .• ' .. 41:0, J ~ 

METALLURGY. 

Egleston's lIe~ of Silver, Gold,IU14,:Men.:ucy,' 
Vol. L Silver .•.. ;. ... . .................. :.··; •.. · .· ~·· .S.0:,· .. 7SO 
Vol. U. Gold and lIen:ucy •• _ ..•. , ..... " ........ " ,'" " ,.8~.' .50 

'~.l&etU arut Metals: A.:ltW:renc.e BooJs.~ . ... : .•.. " . .• · . .l6m.o •. moi.~ _. ,3 00 
".Ilea'. ,J..eM~. (P~9cerrt5additJonal.} .••.•..... , . . ,:~:mi'o. :J so 
k.eeJ)·.-ca.t.~ • ••• " .•.. , ..•.•... M .. ...•. , ... ... : .... ~~. ~.2, _ ~ 



J(uubardt'. Practice of ON Dresalnc ill Europe • • ••.... . , ..•• . .... ..•. 8vo, J 50 
. LeCbateli.rllli&h-temperaturelllcalMlHments .. (Boudouard-Bwt: ... )umo. 300 

Ibtcalf". SteoL A Lnual tor Stul--u.sen. • • . . . . UnI(I, 
lIIiUer's,Cyarrlde Proceu . . •... .. . . . .. .. ... . . ... '. . . . . . . . . . . . . . . . .l,2mo, t 00 
llinet·. Production Of Aluminum and its Industcial Uee. (Waldo.) ••.. UIUO, 2 50 
Robine and Lengk!o's Cyanide lnduatry. (I.e C_re.) • •• • . .. . . , ... . .. 8YU, '" 00 
Smith's Materials of 1Iachines. . . . nmo, I 00 
Tiulrston', X.teril.1& ot Ena:iruier!-na;. In Three Plrtl. . .. Ivo, 8-00 

Part n. Iron Ind Steel ••. . . ... . . . _ . . . . . ... .. . . . . .. . .. . . 8vo, .3 SO 
Part lII. A Treatise on BUSIes, BronUlS, and Other A.UO)'ll and thei.r 

Constituents.... . .. 8vo, :Ii 50 
Ulke'!; Modern Electrolytic Copper Refillin' . • •. .. ... ... ... . .. .... .. 8vo, 30() 

MINERALOGY. 

Barringer's Dese.riptlon of :Minerals of Commercial Vllue. Oblonlh morocco, 2 50 
Boyd's Resources of Southwest Viqinia. . . . .. . .•... 8vo, 3 00 

Jdap of Southwest Viria-nia. . . . . ... Pocket-book fonn . 1 00 
Brush's Jlanual of Determinative MineralQ&y. (Penfield.}...... . .8vo. 4 00 
Chester'li Catalogue of Minerals. . . . .•. . . 8vo. pa.PeJ". l 00 

Clotb. J 25 
Dictionary ot lhe Name, of Minerals. . .• . ...... . . . . . .. .. .. . , . . ' 8vo 3 So 

Dana'i/, System of Mineralogy.. . . .Llrge 8vo, hllf leather 1:1 50 
First AppendiI to Dana's New" System of Mineraloa." ... Larit 8vo. 
T~t-book of Mineralogy. . . . . 8vo, 4 00 

Mineralaand How to Study Them ..... . . .. . .. 12mo. l 50 
C.atalo~e of A.merican Loealitiel of Minerals. .. . . . .. Lar~., 8vo. 
Manual of liIineralogy and PetroeTJl.phy . . 

Douglas's Ontechnical AddreEISes on Technical Subjocts. . . . .12mo, 
lbkle's Mineral Tables. . . " . .. 8vo. f:l5 
Egleston's Catalogue of Minerals I.nd Synonyms.. . ... 8vo. :I 50 
Goesel' • .ltlinerals and Meta1s: A Reference Book . . . . J6mo , tnor. 300 
Groth's Introduction to Chemical Crystallography (ltlarihall). umo, 1 2,5 
Husaak'_g The Determination of Rock-iormin&: Minerals. (Smith. ) .Sma1l8vo, l 00 
Ken-ill's l'on-metaUic Minerals' Their OCCUTTI;.nce and Use&.. . . . . 8.0, 4 00 
• Penfield', Notes on Determinative Mineralou and R«ord of Mineral TesU. 

8vo, paper, SO 
ROienbue:eh's lliCl'OICopieal PbYliolfaphy . of ·the , Roek-malrina: MiD-erals. 

(Iddings. ).. .. .. .. . .. .. .. .. ... .. 8vo, ,5 00 
t Til.Inia.n's Text-book of Important Minerals and Rocks. .... . .. ' .•...•. 8vo, 

lIINING. 

Bea::rd's Ventilation of Kines • . •• 0' • • • • ': •• •••• ,. ~;' . :I 50 
Boyd's Resourees of Southwut Viremia ..••. . ••.• . . •. •. • .... . •.•. . . 8vo, 3 00 

Map of Southwest Virclnia .... • ~ .... .... .......... . Pocket-hook form 
,Douglas' • . Untechn.ical Addressea on Teclul1c:al Subjecta . •• .••. ' . .. • .. . 12mo. J 00 
*Drl.nkers T~i E:Ep1DBfve Com~.and~ DrilIe._ ,-4to,bf.mor., 2<; 0(, 

Ei!lllet' •• oderil High Explosl"es. . ... .• ,. . •• . . ~ ;'" "' . , 
~r._M:~eJ'll.lsandJleW.~ Alteferen~JSo~ . • , . : .... _ . . . •. 16mo.~or. ,3,00-
GoOdy.'s Coal-mines of the Western Coqt of the ~Jdted St.atea. •.•• 1'2;mo, :a" 
Ibl&en&'.Manual,of .iniD&- ....... . ... . , .... ... : .• :. . . . . . . . . . . s.o. 5 .00 
"J~·BLu~. (~o.c.edditiorutL} •.•.•. •.•.... . . • .. Umtl, II SO 
XUJlhu'dt'. IT_dice of Ore DftMlnc In Eutop.. " ' .' .' . . • . • . • . • . . .. . . . avo, I 50 
~._C~ProceM.' ~ " . . :l2DUJ. ~ 00 
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O'l>rlaco11's It'otu 4Q the Tre«tml!nt of Gold Ores. ..•..... " . . • . • " •. 
Robinto and !.ene-tel'l" Cyanide Illduatry. (Le Clerc.) .••. 

. lIN. 200 
· .8'1'0, -4 00 

.;.8~o. 400 
. ... 8vo, ., 00 

• Walke's Lecturer. on ExpIOlive •.. 
Weaver's fl.illtary EIJIlosives. .• 
Wi.laol'l's Cyanide ProceS&eS .. •• 12rl1O, '5<> 

Cblorination PT.x:eoS5 ...• ' . .. ... .•••• .••••.• • .. . umo, I SO 
Hydraulic wd ~ter Mlning..... . _. . . .. UntO, 
Treatise on Practical and Theoretical Mine Ventilation.. " .. ' l 25 

SANITARY SCIEl'CE. 

Bashore's Sanitation of .. Country Rouse... ..' .12I1l0, I 00 
• OuUines of Praetical Sanitation. . . .. 12lnO, I :l5 
FolweU's Sewe1'aR:e. (Dealgnilli, Construction, and M.llintenim«.) •. . , . 8'1'0, 3 ou 

Water-supply Engi.neering .. ' ... 8'1'0, 4 ()(I 

Fowler's SeW&Ce Works AnalJ'1lt'l. . . . ... urn~, 
FuertCS'1 Water lind ~blic Health. .. . . . Z 50 

Water~fi1tt-atioo Works. .. . ...... ,..... . .nUlO, ~ 50 
Gerhard's Guide to &ulitary House-inspet.tioll .. ' .. ' . ,.16mo. I (10 

Goodrich's Economic Diapa • .!' of Town's Rdulll: ••. ' , .. l>eS)!y 8"0, "50 
Bal't!n's Filtration at Public W.tet'-s'Upplies..... . ,8vo, "OIl 
Leach', Th", Inspection and .Analysjs of Food with Sped.1 Rr,fetente to State 

CQlltro1. , • .. . . . .8'1'0, 7 50 
1!laSCIIl'sWater--supply. (Considered principally nom a SanitaryStandpoint)8vo, 4 00 

Examination of Water. (Ch~micaJ and Bacteriologica!").. . . 12mo, 1 25 
{)gden', Sewer Design ... , . . , , .. , ... ' .. . . .. , . ... . ...... ... . , .... . lame, a_ 0l:I 
Prescott And WinsloW's Elements of Water Bactedology, wi.th Speda\ Rder-

ence to Sanitary Water AnalY'll.s. . . . ,nmo, l:aS 
.. Price's Handbook on Sanitation. . . . . nmo, I 50 
Richards'li C~t of Food. A Study in DietarIes. . ,' .. Urn!}, 

Costeof Living as Modified by Sa,nituy Science. . •. . . .. nmo. I 0( 

Cost of Shelter . . . . nmCl, r 00 
Richards and Woodman'. Ai1'. Water, and Food. from 11. Sa.nltary Stand-

point • •. 
.. Richardt SJld Wl.1lia.Du's T1M: Dietary Computer •••.•. 
Rideal's Sewage aM &ctuial Purifl.cation of Sewace ... 
Turnea~ and RusseU's 'Public Wafer-supplies .. 
Von Behring'g SupprenioJJ of TubettuloML (Bolduan;) •• " ..• 
Whipp&e'll MicroscopY of Dri.1l;)dq-•• ter .• ... . 
Wintoo'II .Mier08C01)J of Veaetablt: FooU. •.. 
Woodhull's Notes on Ml11tary Hygiene ..... . 
.. PeraoD&l Hnlene •.•... 

JIlllCELLANEOus. 

.. , . . s.o, 
,.SvO. J 50 

. ... 8vo, 3 so 
· ,8'1'0, 5 c:.o 

.12DlO, 

.. ,8vo, 3 $0 
· .8'1'0, '7'50 

. .16mo. r S"i 

De' Fursac·. I&miaJ of Payebiatry. (Rocrino-tf and CoDius.) ., -.Liltge uolo, :a . SO 
Ehr!idl'cCoJle(:te4Stwti.,. oDblunuriity·(~) .. . . : .. ..... , ... . , .8vo. 6, 00 
BuunoDil" 'GeolOclcal' 'G\Ude:---bOok -of the --Rocky :ac.un.tain Exeu:mion of-the 

interrudio~l Concrea o_f Geo~. , •.. , . . . . . . .. ·.··Larce ~...o. i S£' 

=~.~~~;~~;" .'. ' ... . : .. ·. ·;·.·. :~~ ·. _·. ·.·.·.·.·.·;; , .l!:: .. ;: 
1iIo"'. hDacy of the -PnMnt Theory-of Sound .,., .. : .....••.•• - ... ~~­
'lUcb~·8Jli.toryc!-~ Polyblc~ I~tute. i8:a4~~:'~~;.1 3, 00 

~.:.~e ... (:O~::::::::::::::::·_:::,~:~=: ' J.:· ,,. 



Scnl'l 'I'reatfa on tJJ.e DkeIae. of the Doc .•• .. ••••••• , •••• •••• ••• •.• ..,. , SO 
The Www.'s Colwnbian Exposition of 1893 .. . ". " ...•.• , •••• '" . " ... " .• tiD. 
VOD BehliD&"'s Suppreuion of Tubenlotlola. (lIolduD.) ••• , .•.....•. umo. 1 00 
WiDalow', Element. Of App1ie4 Miao.c:OPi. . . . . u;mo, 150 
Worcester and AtkUaon. Small BOIpltal&. Eltablishmerrt and "l~; 

Supestion.fo:rBo.tpitalArch1tecture:PJ&nI;lorSmaUBospltal.l.3mo. I .35 

HEBREW AlID CHALDEE TEXT-BOORS. 

Green'. Elementary Hebnw Grammar •... , ... , ••••.. , ••.•.• , •.•. . . 1211lO, 1.35 
Hebrew Chnstomathy. . ., ....... 8't'O, 

Gneniua's Hebrew and ChaWee Luicon to the Old Teltament Scriptum. 
{TreceUel..) . ...... .... ..... . ........... Small4to. ht1t morocco, 5 00 

LettetU'I Hebrew Bibkt. •• •••••••••..••.•.••••••••••. •••.•..•••.•• 8'fO. a .liS 
19 


