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I

Introduection

Electrometric titration methods of chemical analysis,
particularly for the determination of small quantities of
several of the elements combined in some oxidizabhle or
reduceadble form, are coming into general use in laboratories
devoted to teaching, research, and the process control of
many industries. Imn addition to the work already done on
these methods, there are still many possibilities and some
opportunities for applying them to the qualitative and also
to the quantitative determination of other elements, and to
the control of other industrial processes. These methods are
valuable to chemists decause of their ease of operation,
accuracy, and time saving qualities. Not only are electrometric
titration methods serviceadble for analytisal procedures, but
because they deal with quantity and movement of electromns, or
charges of negative electricity, they are applicadble to
problems involving chemical hypotheses, and theories relating

to the state or properties of matter in solution.

As is the case with practically any division of a general
science, the literature dealing with the theory and the probdlems
of electrometric titration is scattered through a large number
of scientific and industrial journsls; and hence, is dburied
from the sight of the average student and investigator in

chemical science largely because of the time and labor found
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necessary to assemble, arrange, and mentally digest the
contents of the many papers extant on the subject. Collecting
and cataloging the knowledge on any sudbject, interesting in
itself,and also applicadble to the study of various scientifie
problems is considered advisable, because by this means such
knowledge is placed within easy reach of students and other
interested persons; and in addition, complete bibliographies

of the subject may be maintained.

This thesis has for its object, then, four main divisions
of effort: (1) An exposition of the general theoraétical and
practical principles upon which electrometric titration
methods are based, more particularly with respect to oxidation
and reduction effects; (2) A description of the several
analytical methods now in use; (3) A search for possible new
correlations that might be exposed dy a study of the titration
curves found in the literature; and, (4) A complete, up-to-date

bidliography of the subject.
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II
General Theory

The theoretical basis for electrometric methods dealing
with oxidation and reduction phenomena lies chiefly in the
work of the Swedish physicist Arrhenius in establishing the
electrolytic dissociation theory of substsnces in solution (177);
and lies also in the second law of Faraday which states that
the valence of an ion is a function of the number of electriecal
charges it carries (177).Acids, bases, and salts when in water
solution are dissociated into ions ‘electrically charged
particles) and the number of these electrical charges are
proportional to the valence of the elements involved. This

phenomenon may be graphically illustrsated as follows:

NaCl — Na®+ C1™ lionovalent dissociation.
MgS0, — Mg''4 SOz Divalent dissociation.
A1015 —= AY"} €137 Trivalemt aissociation.
Sn(ﬁ.‘ -—» Si*Y- Cl;~ ~ Tetravalent dissociation.

Some of the chemical elements may exist in combination
in more than one state of valence, and dissociate electrolytically
in accord with this valence state, thus, —

Perrous Sulfate - PeSO, —> Fe' + SO~

Ferric Sulfate - Fep(SO,)z —= 2Fé ' 380,

We can change the valence of iron and some of the other
chemical elements by adding or subtracting eleetrical charges -

electrons. The valence of iron from two in the ferrous state






can bde raised to three in the ferric state by subtracting one
electron(adding a positive charge), or from the ferric to the
ferrous state by adding one electron(subtracting a vositive
charge).

Pt — (O = Pettt

Pt (D = Fet?t

Yhen an electron, or electrons, are taken from sn element
in solution the element is said to be oxidized; and when the
opposite change takes place, the element is said to be reduced.
These changes are accompanied by electrical effects which can
be observed and measured. The common method of measuring these
electrical effects is by comparing thqm with a normal or a
standard electrode which gives a definite electromotive force.
The calomel standard cell is the one most commonly used.

If an electrode of & noble metal such as a piece of platinum
foil or wire is placed separately into solutions of ferric and
ferrous ions, a definite potential difference will be set up
between the electrode and the ions in each solution, and the
value of this potential difference will depend upon the
concentration of the iron ions of these solutions. There will
be a tendency for the ferrous ions to give up electrons to the

platinum wire, charging it negatively, and for the ferric ions

to take up electrons from the platinum wire charging it positively.

But, 1f the platinum wire dips into one solution containing a

mixture of ferric and ferrous ions, and is connected externally






with a normal calomel electrode which in turn makes contact
with the ferrous-ferric solution by means of a salt arm making
8 liquid-liquid junction, & potential difference is established
which is determined by the ratio of the ferrous to the ferric
ions in the solution. In the measuring process this potential
difference is compared to that of the normal calomel cell. The
relationship is expressed by Peter's equation (g).

RT (reduction product)

nF (oxidation product)

E = observed potential difference

C = & constant applying to this particular case
(reduction product)
and is equal to E when -------cccccmcacoa =1
(oxidation product)

R = the gas constant =volts X coulombs
T = absolute temperature

n = valence of the metal

F = Paraday = 96,540 coulombs

When applied to the case under consideration, the formula

becomes, -
RT (Fett)
E=C « e 1INl =ceeo
oF ( Pettt)

Subtracting numerical values and changing to common
logarithims, we have,-

B = 0.46 + 0.058 log ---o:-

E, or the potential difference, then becomes a measure of






the relative concentration of the ferric and ferrous ions.

As the ratio of these ionic concentrations gradually changes,
due to the addition of oxidizing or reducing reagents, E will
2lso show & gradual and corresponding change in value until
one of the ionic concentrations becomes vanishingly small as
compared with the other, when E will show an abrupt change of
comparatively great magnitude which may be taken as the end-
point of the reaction. The theory may pe applied to all
oxidation and reduction reactions, but the constant, C, is
different in value for the different chemical elements that
may de oxidized or reduced. Some of these constants are given

by LeBlanec (177).

The potential at the beginning and end of the reaction
depends upon the nature and concentrations of other ions which
may be present as well as the concentrations of the ferrous or
ferric ions, but the changes in potential due to the addition
of reagents are always slight in magnitude until the end-point

of the reaction is reached when & great chanpge takes place.

It is possible to determine quantitatively two or more
substances present in the one solution providing they can be
oxidized or reduced by the same reageﬁt, and that their oxidation
or reduction potentials are far enough apart in values to give

separate end-points within the voltage range obtainable.

The oxidation or reduction reaction must progress quite

rapidly for the electrometric method to be of value.






III
METHODS

A classification of the different systems used in the
methods of electrometric titratiom has been made by Kolthoff
(Chem. Weekbdlad 50,659(1920). Three systems are given by
Kolthoff, to which a fourth may be added. 1. The common
system, consisting of a stable electrode, unattacked in an
acid solution, used with a constant half-cell such as the
calomel cell or a similar electrode. 2. The Pinkhof system
(Chem. Weekblad 16,1163-7,1919) in which a compensating
electrode replaces the calomel half-cell, the potential of
the compensating electrode being equal to the stable electrode
at the end of the titration. A reversal of polarity marks
the end-point in this case. The common disadvantages of this
system is that each titration requires a different compensating
electrode, and the concentration of substances foreign to the
titration may interfere with the compensating effects. 3. The
Treadwell system (Helv. Chim. Acta 2,680,1919) is composed of
& half-cell replacing the standard electrode which contains an
electrolyte having the same composition at the titrated
golution at the end-point of the reaction. This system has the
same disadvantages as the Pinkhof system being specific for
each titration. 4. The bimetallic system of "/illard and
Fenwick (J.A.C.S. 44,2504,1922) may be mentioned as & fourth
system of electrometric titration. In this system the

standard half-cell is replaced with an inactive metal or a
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metal-alloy electrode which shows no great change in potential
at the end-point of the reaction. Some of the metals used are
tungsten, and alldys of the platinum group of metals. Another
form of this system consists of two inactive metallic electrodes,
one of platinum, upon which in imposed an e.m.f. equal to the

hydrogen overvoltage of the platinum electrode.

Some data regarding the specific use of these systems are
discussed in connection with the methods used for the several
elements that may be determined quantitatively by means of

electrometric titration.

Pa ESSENTIAL APPARATUS

(a)

N g

. =

Figure 1. Diagram of the apparatus.

P - Potentiometer. A Leeds and Northrup Students’
potentiometer is suitable for a great variety of
determinations.

Ba - Battery. Two dry cells, or a four volt sccumulator
may be used.

R - Resistance for adjusting the electric current in






in the (8) circuit. A plug resistance of 11, 110
ohms capacity works well with two dry cells.

S « A current reversing, double pole, doudble throw
switch. The reversing feature of this switch aids
in making voltage readings if the voltage should bdbecomse
negative during a titration. By reversing the (a)
circuit current, the potentiometer may be read
directly.

G - Galvanometer. A sensitive, dead beat, galvanometer
is very good for the purpose, although a too sensitive
galvanometer is not to be desired for ﬁoma work.

S.C. = A standard cell, used for calibrating the potentio-
meter as a diredt reading voltmeter.

r - A high resistance used to protect the standard cell.
This high resistance may also be used‘;n the titrating
cell circuit to prevent drawing a current from it.

C - Titrating cell. These titrating cells may be of a
variety of forms depending upon the nature of the work
to be done.

Kj and Kp - are key-switches used to momentarily close
their respective circuits when calibrating or reading

the potentiometer.

The apparatus illustrated and described belongs to the
commonly used-compensating system devised by Poggendorf for
the measurement of voltages. It consists, essentially, of

two electrical circuits, one of which (a) may be set at a
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known value through the potentiometer, and the value of the
other unknown circuit (b) measured by comparison with the

circuit (a).

Titrating Cells.- Various forms of titrating cells are
in general use. If in any particular case it is unnecessary
to protect the solutions being titrated from oxidation dy the
oxygen of the air, or from possible contamination by carbon
dioxide gas, or any other laboratory gas or fume; an open
beaker, or other open dish of suitable size and shape ia all
that will be required. On the other hand, & closed container,
or cell, is necessary for the titrating of solutions that
oxidize readily in the air, or that require elimination of
the adsorbed oxygen by eleutration with an inert gas passed
through the solution preliminary to the titration, or that
need to be protected from gas injury by maintaining constantly
an atmosphere of an inert gas over them during the titration
procedure. Two common forms of closed containers for electro-
titration work are; 1. the titrating head described by
Hostetter and Roberts (45), and 2. the closed container .used
by Ewing and Eldridge (76). Burette tips, electrodes, stirrers,
or the delivery points of other pieces of apparatus, or gas
inlets and outlets are sealed into the cells in some suitable

manner.

In the earlier electrometric titration work, a capillary

electrometer was used in place of the galvonometer: and for
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end-point determination only, a common sliding resistance,
of the proper value, took the place of the potentiometer. In
this case, the end-point readings were taken by constantly
ad justing the resistance to hold the electrometer at zero as
the titration progressed, and the end-point was shown by a
marked deflection of the electrometer. This arrangement is
now used sometimes in laboratories where rapid work is
required, dut the galvanometer has practically replaced the
capillary electrometer as a null-point instrument in the
electrometric titration work. Titration curves may be
plotted from the readings taken in the above manner whem the
resistance is first calibrated and provided with s scale for

interpreting the results.

Calibration of the potentiometer.- In calidrating the
potentiometer to read as a voltmeter. the potentiometer is
first set at its voltage reading corresponding to the exact
voltage of the standard cell. The resistance R is then
adjusted until dy slight tapping of the key Ky the galvanometer
shows no deflection. Practically no current should be taken
from the standard cell, hence, for accurate work, a rough
standard cell should first be used while the preliminary
resistance adjustments are being made, and the final adjust-
ment then made with the accurate standard cell. For accurate
work this calibrating of the potentiometer should precede each
titration, especially if titration curves are to be plotted
from the voltage readings.
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Special kinds of electrometric titrating apparatus made
in compact, portadble forms and adapted to different types

of analytical work are now on the market.

The vacuum tube generally used in rsdio sets has also
been used in place of the potentiometer for making electro-
metric titrations. For references see Goode(93), Calhane &

Cushing(134b), Treadwell(168), and Gardner(176).

Method of making electrometric titrations.- The actual
method of operation used will depend somewhat upon the nature
of the work; certain precautions being necessary in most cases.
It is the plan of the writer to give only a general outline
of the methods used at the present time.

The common techniz adapted by investigators for making
electrometric titrations is to place a known quantity of a
certain oxidisable or reducible solution into the titrating
vessel, usually in an acid solution, although some titrations
require an alkaline solutiom, and then titrating this solution
with a reducing or oxidizing reagent, as the case may réquire,
and the voltage readings taken in a manner that allows for the
plotting of a curve with the voltage readings plotted against
cubic centimeters of the reagent used, This procedure is known
as direct titration. An indirect method of titration is used
in cases where & sharp end-point can not de odtained by means
of the direct method. The indirect method consists of adding

an excess of reagent to the solution to be titrated and then
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titrating this excess with a reagent that does give a sharp
end-point with the first solution used in excess. In making
a first study of a reaction, known solutions are used in
order to prove the accuracy or advantage of the method before
the method is applied to unknown solutions. As stated before,
if the end-point alone is desired in & titration it is only
necessary to determine the point in the titration where the
greatest deflection of the galvanometer takes place. It is
advisable to know just about the quantity of titrating reagent
that will bde required for a détermination, and as the end-
point is approached, to add the reagent, drop by drop, until
the end-point is exactly reached.

It must be remembered that in making titrations by the
slectrometric method the voltage changes are caused by the
changing concentrations of the ions in the solutions, and
that any ionic concentration change will cause a corresponding
change in voltage. This heing the case, the operator must
know, in order to 4o accurate work, that the only concentra-
tion changes taking place are due to the additions of the
reagent used, and not due to changes at the electrodes, or
to oxidation or reduction effects not due to the reagent added,
or to side reacticns that may take place under the conditions
of the titration. This means that the electrodes should not de
attacked dy the original solutions, or by the products formed
during the reaction; and that the oxygen of the air must de

excluded when easily oxidizable solutions are being used; and
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also, that possible side reactions do not interfere with
the main determination. It is slso necesarry to know that
the reaction is completed when the end-point deflection

occurs.

The common mefhod of protecting a titration against air
oxidation is to bubdble an inert gas through the solution
preliminary to the titration operation in order to remove
absorbed oxygen, and then during the titration to maintain
an atmosphere of the gas over the solution in the titrating
cell. Carbon dioxide, hydrogen and nitrogen are the inert
gases ordinarly used. However, bubbles of the gas should
not de allowed to adhere to the metallic electrode, as this
tends to form a gas electrode and causes a change in e.m.f.
of the cell; hence, the adsorbed oxygen, or other gas, should
be removed before the metallic electrode is inserted into the

solution.

The metallic electrode generaly used is platinum. Some
workers prefer platinum foil of a certain size for the
metallic electrode, while others have found platinum wire
best, at least for certain determinations. The shape and
size of the platinum electrode is probadly specific for some
titrations, but this point seems to have been little investi-
gated. These platinum electrodes must be kept clean and bright
by washing in acids, cleaning solutions, ignition, scouring,

or by electrolyzing deposited substances from them; the most
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suitable method in any case depends unon the nature of the

deposit on the electrode.

Mechanical stirring of the solution during the titration

vrocess is practically always used.

Temperature control is " unimportant for reduction or
oxidstion reactions that take place rapidly at room tempera-
ture. Where heating is required to hasten the reaction, the
usual method is to heat the solution to the required tempera-
ture and then titrate rapidly for the end-point. Some workers
have found, however, that by cooling the solutions to a low
temperature, better results could be obtained. The proper
temperature for a reaction, at least within s certain range,
is important for reactions that require heating in order to

increase the speed at which they take place.

The advantage of using the electrometric end-point in a
titration method is its high degree of accuracy, and to mske
the fullest use of the delicacy of these methods, all standard
solutions used for making electrometric titrations should bde
standardized by the most accurate methods possible for each
particular solution. When a high degree of accuracy can be
attained in the standardization of the titrating reagents, the
electrometric titration method is exceedingly accurate, and
very small quantities of a substance may be determined by

means of it if sharp end-points may be ohtained.
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So great is the accuracy attainable as compared with
the common volumetric analysis, by means of these methods
that many workers in this field recommend that the standard
reagents be made up by weight instead of by volume, and that
the titrating adiitions of reagents be made by weight also
instead 6f being measured from a buret. The degree of accuracy
required or desired will probably be a determining factor in
this connection with many operstors of the electrometric

titration methods.

Another important factdor in electrometric titration is
the kind of acid used to acidify the solution being titrated,
and the degree or gquantity of this acidity necessary for best
results. This factor is specific for each titration, within
certain limits, and when not known, or can not be determined
from the literature on the subject, it must be exverimentally

determined.

Breaking the circuit while taking the voltage readings is
sometimes done in order to prevent deposition of metals on

the electrodes.

The magnitude of the end-point voltage deflection depends
upon the intensity of the reduction or oxidatiom processes

and may be used as a measure of them.
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SPECIAL POIXTS TAKELN FRC. T7Z LITERATURE 0 7B
SUZJECT CNZCERIING T=W ELZCTROLETRIC TITRALTICL OF

SEVERAL CVEMICAL ELZLEITS

In the follewing discussion the ceverzl elements and
sutstances that huve been iavestigated by means of the
electroanetric titraticn methods are listed clphateticcolly.
Tre numbers in narentheses given ia connecticn with thre
sut jects and puragrephs refer to the numbers of the refer-
ences in the bitliography eppended te this thesis. Tre
references nazrked with a "t vere not fouvnd in the ..ichifzn
Stute College litrary (Deceater 31, 1925.) This licst cof
svbtjects with tre reference nunters will serve as & cross

refereance to the bitliogrephy.

Antimony.- (107), (147)

Antimonous sulphate may be titruted with potassium

!
To
@]

™

bremute in varicus ccacentrutions of hydrochloric cciad,

=

)

O»

percent. (107) (C.4a. 17, 160
tit

[N

Antimery in the form of zntimcneove chloride may te
rated with potasesium dichroiate in the.preceace of h dro-
chloric acid, 10" cc. of the soluvtion contuining 15 ce. cof
hydrocrloric acid (d. 1.18), at rocoa teaperctuvre, and with
ccacstant stirring. .ntincnous chloride and stunncus chleride
may be titruted together in one szmple, tut mercuric chleoride

should te preseat in the scluticn in excesc “Tea antimeny is

titrzted in the presence cf tin., (147) (C.i. 19, 451
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Arsenic.- (177), (131)
Arscanic may uleo be titrsted by meuans of potassiva
treaate in e 5-20 percent hydrockloric acid soluticn. 7107)
(C.A. 17, 1604)
a €o0dium arseaite soluticn, 0.022Z0, wuas prepured as
recommended ty the Americun Scciety of Testing iLiateriuls for
steel anelysis, and titrated cgeinct an icdide soluticen which
had teea stendardized zraincst potassiua broazte. The scdium
arsenite was titrated electrcmetrically with a petussium
permanFanate sclution, 0,113N, standardized by means of
sodivm oxalste. £5 cec. of tre permanrenate solulica wes
titrated in 100 cc. of nitric acid fd. 1.13) with the arsen-
ite soluticn.

I

4 tungsten electrode wes used in pluce of the calomel
electrcde, «e in tre precence of potacsium chlcride in tre
colution, the treoreticul end-pciat was not ottained. The
potussivan chloride cuuces & mcre counlete reducticn cf the
mungenese,

This reaction wus glso carried out in o Z£.5X sulfuric
acid solvticn with 0.0364N socdium arcsenite,

Iln the nitric acid sclution the munfFanese is reduvced
from a vulence of 7 to zn averure valence of 2.Z2.—6..:n04 +
11Fp4c05+15 B uhfulif118a0057 Put in the svlfuvric scid
solutlon, the vulence 1= redvced to an averuse of L,5;=41n04+
9uAS03H 14 Hi>2lideln+yiscy s

In the electrometric titraticn of arrgnic zltentica

eheculd bte paid to details esrecially acid cencentration,
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te iperature, prerceace cf hulide or nusfgencus sclt, and to
stuendardize th colulicas need uvnder tre cwme conditicne us
they are tc te used in 1ve methed cof anulyeis, (1Z21)

(C.i. 17, 2£687)

Azo dyes.- (94)

Tre uzo dyes were reduced ty mecns of o 0.Z20N titancus
chleride soluticn in excess end the excess titruoted with o
0.00N ferric alum colvtion. The titrutions were corried
out in an atmeerhere of coerten dioxide. Thiocyuncte was nct

satiefactery as an outside indicuter, tecuause cf the precence

f carten dicxide, wnd tecuucse the esclvtioans the selves were

p]

scnetimes either pink, tlve, cr greca in cecler, The rewccticon
flask cencicsted of o 200 cec. Tyrex extraction flock with a
3-hole stopﬁer te acccmodate o plotinuna electrcde, the salt-
arm of the calemel haulf-cell, cnd a turet.

Trocedure.- 0.5 to 1.0 gram,cf the finel; podered dye,
sufficient in quuniity to require 30 to 40 ce. ¢f the titancus
chlcride sclution for redrction, wus placed into the reucticon
flark; ond 25 cc. of dictilred weter woo then cdded, the flosk
ccvered loosely, wind pluced cn o steam tuth feor cteut 12 min-
utes teo dissclve or snrftean the purticles. .usext, 25 cc. cof
40 pergent evlphuric acid was zdded, the flask steppered, and
a curreat of carten dicxide was p&éeed threvgh for five min-
utes. Then tr= required amcunt cof the titancus chlceride
sclution wus added, at leuct five cc. more thon wes recuvired
for redvceticn. The licuid was then beiled for five minvtes
end then cocled to 270 C. in a water tuth, and titrated. 124)

(C.i., 16, 1103!
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Bromine.~ (11)*, (61), (195), (116), (1£0)*

A Fnovia weisht of pctussium iodide sclution wos titrated
with a potassium broacte solution in the preseace of eancurh
sulfvric acid tec make the sclution about ZN ¢t the end of the
experiment, and vntil chout 15 percent of the icdide remained
undecomposed. Then the voitage becane coastant, the titration
was comapleted with rotassivm permangsuncte. "periments in-
dicated thut in thies titroticn the preseace of enell cacunts

02 chlorzte hzd ne influence. Tre iocdide sclvtion was @l

n

(o]

&}
t

succeacfully titrated with the tremete sclutiea. The 1o
drope of the trcaute solutioﬁ were added very slcwly to
aveid ruvznine by the end-point, wnd tre whole titruticn re-
quired =zt leact 15 minutes fer end-peint, and mveh longer to
acquire the data fer plottinge a cvrve. FEydrochloric acid
may not be prgsent in quantities in excess of 0.2N. (61)
(C.A. 15, 3799)

Dutoit and von eisse used the electrenetric method for
the titratica aad séparuticn cf the huelides, and recomacnded
precipitaticn with & silver sult or scume cther suitutle
precipitant. They cell attenticn tc the suit;ﬁility of the
methed for determining the halides in very dilvte corncen-
traticns ué 10-20 millirrams of chloride per liter, cor
sacller quuntitiecrs of tromide or icdide. Two end-poiats are
obtzined in & mixture of tre three helides, the first one is.
the icdide precipip;ticn, .4 the seccnd one cccurs whea uwll

the haulides are precipituted, Thecn cvthers cluin trot
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iodide maey te determined in this way in the precence of
a rrect excercs of Yremide or chloride. (11)
(C.a. 6, 722

Eromate may clec te titruted with titanouvue chleride
at & concentrution of 0,05N x 1.4663, and nrotecting the
solvticn by meuns of cerbten dicxide gus. 60 cc. of a gol-
vtion of potacsium bromate, 0.00LN, in £90 cc. of boiled
water, and 10 cc. of 10N esvlfivric ceid were used fecr the
titrat;on. Tvdrochloric acid muy te uvsed ian pluce cf thre
sulphuric acid, tvt shovld nct exceed o concentruticn of 0,51
&t the end of the titration. The chunce of tromide in hrdre-
cyenic acid soluticn to bremine cyunide ty titrating with
potaseiva permonranctle is toe clow fer the bimetallic elece-
trode systen te be vsed; tut tre end-peint in this reucticn
m&y be deterained ty mecns of the vevil menonctullic s7sten
"if tre titrution curve is plctteC.IThif cizidatien requires
tre thecreticul equivalent of oxygen, wnd the cxolute fuctor
of the pernunpgancte muy be veed. (105), (116),(C.A. 17, 1397)

(Coae 17, 3376)

Ey meuns of the mercury electrcde, chlorides und trem-
idee may te titrated electlremetrically with mercurous nit-
rate, tut not in the prescence ¢f ezecr cther. (120)

(C.A. 18, 17939)

Copper.~ (10)*, (8R)*, (1lem)™, (157)*
Dutict cnd von Teisce mude o detailed stvdy o the prin-
ciples of concentration cells as applicctle teo velviuetric

analysis by precipitaticn. They produvced pelurizaticn in
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the cell by meuns of a feetle, imnrcsed curreant onl vced
revelving eleclrcacs to nrevent thie curreat from settiag
up conceatraticn differences. The several points stvdied
ere: (1) Speed of stirrine. (£) Effect of fcreirn sutestancecs.
(3) Effect of dilvticn. (4) Influence of the uuxiliary curreat.
{5) Durution of the titraticn. Copper was titrated with o
solution of potussiuvn ferrceyznide, und wlso vith o scluvtien
of sulfide. Scdiuvm or petussivm sulfide was fouvnd teo be tre
moest sutisfectery precinitunt. Coppeer could e determined
with an accuracy of 7.1-0.Z2 milligrum per liter. (10)
(C.is 6, 72C

Copner mayr be accurately determined ty electremetric
titretion ty meane of redvetica with titoacues chloride in
excec~ 1In rydrochlceric acid scolvticn, snd titruting the ex-
cecs ol titanous chloride with potucsium bromete or petascium
chromete in en aticesohere of curten dioxide. The reacticn

ig¢ slovw ut recea temperature, tut instuntunecus ut 80C C.

D

4-8 percent of hydroctloric acid shouvlid be preseat in the
solution. f iron ies preceat, il is deteraized —ith tlre

copner. (88) (C.A. 17, 7n2)

Cooper me, te titrated eimultaneously with eilver. Thre
silver is firet titrated with potucsium cyanide, wand the
silver cyuanide remcved from the scluticn by filtraticn, and

he copper titrated vith tre potussiun cyanide scelution, Thice

ir a2 cenvenient metted fer the cepuraticn cf copper und cilver.

(127) (C.i. 18, 640)
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Cupric salts alone, cor vhen mixed vith ferric sults,
or both in the presence of antinmony, nuay be titruted ty

mecns of titanous chlcride. (1E7), (C.se 19, 450)

Cyanides.- (12)*, (36), (40)*, (76)*, (77)*, (78)*,
(116), (126)*, (143)*

Treadwell titr.ted potassiun cycnide in the preseace of
pota~sivm ferrocycnide with cilver nitrate bty first addings to
the titrated solvtion 0.1 gram of potassiwy icdide in a O.1N
solution., The sclution was elightly alkaline., Addition of
anmenia is net neceescary. Increacing the amount of pctasesiunm
iodide overcume the distuvrting influence of scdiva hypcsulfite.
The influeance of un excess c¢f cmnonia, sodium hyposulfite, or
potassiun ferrccyonide wes fould to be due to the fermaticn of
coaplex icne wnd the lowerines of the conceatrution cf the
gilver ion telow that required for the precipitutica of the
silver cyuaanide. (12) (C.a. 5, 3391)

Lluller states tvut all cations can te electremetrically
deterained ty .ieans of & coluticn having an ion vhich will
preoduvce a coanstant insoluble compound. Potassiua ferrccyunide
may be used tc determine zinec or lezd. All ferrocyunicde
scluticns contain scme ferricyunide., The low solubility cof
zinc ferrccyaznide malkes the value ferro ion-ferri icn larre
o a £mall, constant amovnt of potaccium ferricyanide is
added to the soluticn to muke the ferri ion portion independ-
ent of the cther. The temperature used was 75%, <ceveral

metuls in the same solvtion could not te determiae’ ty the
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method tecause cof the variation in the composition of mcst
ferrocyunides. Cadmiwa did net interfere »ith this titra-
tion. A calcuvlated table in which a cc. cf votaseciun ferrc-
cyanide, b aumter of ohms required for compensation in the
determination of the potentiil agcinst 2 normal caleizel
electrode with a cupillery electrecmeter ured os a null-point
instrunmecnt; and tukianc tre nunter cf ce. of titruting solu-
tion corresponding to the hirhest valuve of da/db, wes found
to te mcre coanveanient and mere accurate thrun the gruphic

method of plotting the titration curve. (40) (C.A. 14, Z2C5H)

Two end-points are ottained when cyuaogen ion is titrated
with silver ion; the first correspcnds to the addition of
cne-half silver ion for each cyuznogen icn precent, and the
second for equal amcuants eand wren eilver cranide is precin-
itated. It is possitle tc titrate cyuncgen ion in a helide
mixture and determine each ccnstituent. 7Tith iecdine and
cyancogen trhree end-points are ottained; the first when one-
helf eilver hac becen added for each cyancgen icn, the next
wvhen silver iodide is precipituted, and the third when toth
cyancgen and iocdide are precipitatec. Two end-points were
found in the preseance of chlorine or tromine. The first
cerrecnends to oae-hulf the silver ss cbove, the second to
the precipitation of silver cyunide wnd silver cklceride or
silver tromide as the cuse may te. With & mixture ol iodine,
bromine and cyanoren, three ead-points were obtuined. The

first one on one-half the cyuncren, second on the precipitation
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of silver icdide, «nd the third on the precipitation of all
the ions. With bromine, chlorine, and cyanogen, only two
end-points are obtained so thet only the cyunofen und total

haleogen content may te determined. (76) (C.A. 16, 2818)

Kulthoff titrated pctassium ferrccyanide —ith pctacsiun
nermangancte in conceatraticns of mere than 0.02 mol in tke
presence of sufficient sulfuric or hydrochloric acid to prevent
the precipitation of potassium or manpgunese ferricyunide, and
ty ccmnaring the color of the scluticn at trhe end-point with -
a potassium ferricyanide solvtion. (77) (C.A. 16, 3281)

ne titration of ferrocyanide with potassium pernmangan-
ate gives tetter results when the ecnd-point is determined
electremetrically thaen when it is ottained by the chaenfe in
color of the solvtion. (78) (C.A. 16, 3601)

Cyanide cuan te titrated by mewans of mercuric chloride.
(126) ‘ (C.Ae 18, 1799)

Ferricycnide cen te directly titrated —ith potassium
icdide, If the ferricyanide solution is rua into & known
guantity of potassium iodide and encurh zinc is added tc
form the doutle compound, zinc-potassium ferrocyunide, the
end-point is ottuined mere prouptly. (14%) (C.A, 18, Z020)

Arout one gram of pectassium ferrocyanide in 250 cc. of
water and £.5 to 5 cc. of sulfuric acid (so. rr. 1.58), may
be titrated with 0.0O0N potassium permansanate., The potassium

vernmangenate should be accurately staadardized with scdiun

oy
e
@]

cxclate., TFerricywnide does not iaterfere with b titraticn.
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The permanganate should te added to the ferrccyanide with
constant stirring. s the ead-point is unproached, the
permanganate sheuld te added drcp-by-drep, and sufficien
time allowed for the congletion of the reucﬁirn. Chleride
in amcunt equivaleat to cne gram of sodiua chleride dces nceot
interfere with the reacticen. dAny szlts, ~hich vader the con-
ditions of the resction, prcduce & precipitute with either
ferrc- or ferricycnide do interferes with the recction. (36)
(C.A. 14, 27)
Yendrixson titrated a soluticn of pure pctussium ferri-
cyz.ide of a concentretion of 0.0ﬁN‘X 0.72, steadcrdized ty
meuns of the icdine methed, with titcnous chloride, andlhe
claine a high dcgfee cf accuraecy for this determination. (116)

(C.A. 17, 3306)

Chromium.- (14), (17), (20), (23), (43)*, (61), (63)%*,
(64)*, (66)*, (79), (144)*

Dichromate icn was svecessfully titrated by means of
ferrous ion uvsin~ & platinum electrede and a celomel half-
cell. The author vesed o plunger consistiné of & glass rod
which parsed through a rutber stopper inserted in the top
of the calomel electrcde cell to force the pctussiun chler-
ide throurh the s21t arm of the cell und fluch it out before
eucch potentiometer readins. A wheutstone tridge potentio;

meter and a capillary electrometer were used to malke the

voltare reudincs., The dickreaucte solution was titrated with
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the ferrous solution. In titrating a dichromate sclution,
the ferrous iron solution wce found to be more accurate than
than a ferricyanide solution. The precsence of éhlorides Tas
found teo interfere with th~ proper end-pocint. (14)(C.A. 7,39C8)
Tiegel titrated a potessiun dichromate solution with
ferrous svlfate veing the COstwald-Luther, electrically con-
trolled asvtomatic buret. Tre results ottained were not of
a high degree of accvracy. (17) (C.A. 9, 898)
Yelley and Conant used the electrometric methed to de-
termine the amount of chromium in steel. They used the
method and anperatus of Fortes and Eartlet. The chromium
wus first oxidized to chromate und then titrated. Turge
emounts of ferric iron in the solﬁtion affect the cceuracy
of the endpoint. Temperature had little effect on the re-
cction or delicucy of the end-point. The &cid ceoncentrction
stovld te quite high, particulurly in the presence of chler-
ides. Cold solvticns conteining high concentrations of hydre-
chloric acid fFave rood resulte. (£0) (C.A. 10, 2179)
i’elly, Adame, cnd 7iley combtined the several pieces of
electrometric titration apparatus into a portable unit for
uese ;n‘indtstriul latcrutories, Using this portable appar-
etvs teo deternine chromium in steels, they cluim an accureey
of neerly N.0N1 perceat. The titruting reugent used wes
ferrous svlfate which was standardiged electrometriczlly by
means of potacsium permangsancte; bvt the permancancte was

o

etandardiged with ecodium oxalate in the uvsual way. The



chromnate may be titrated vith ferrove sulfute, or the fer-
rous sulfate zdded tc the chrcmute in excecs, and the tit-
retion completed with permansancte and ferrous sulfate. (25)

(C.A. 11, 25

[eg]
3

A methed for determining chremiwa in cteel in furauce
tests, while the stecel is held ian 2 molten condition, huc
teen devised. The chromium ic oxidized ty means of the
bismuhcete methed and then titruted electrometrically with
ferrous ammonium sulfete and potascium dichromute. The
method is not applicatle to forged steels or those that huve
been reat-treated, or —hen chromium carbide is cet free in
more than small saounts while ottuining the solution. (49)

(C.oae 13, 1802)

Fendrixson titrcted & petaussiwa iodide solution with
a potuseium dichromate solution in a scluvtion of sulfuric
acid of at least 2N, by allewing sufficient tiae near the
end-point for the rezction tc rewch completion.,. At lecst
helf an heuvr was required. Cne graa of the dichromate sol-
ution set free 0.006356 grams of 1odine from the icdine
solution, aad the preporticn of iodide to perazngunute was
one to 0.999; one gram of permanguancte recuired 0,002566
grams of scodium oxulate.(61) (C.i. 15, 35799)

In the deternineticn of chromium and venadiwn in ferro-
venadivag, phese elenents are oxidized ty mecans of caaeniunm
persulfate, and then titruted with ferrcus sulfute in

hydrochloric acid sclvtion. In a separute pertion of the

28
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solution, vuncdivm ic oxidized tc the guinguvivalent conditicn
Tty means of nitric ucid wvhich does net alfect trhe chroniun,
and is thea redvced ty titratinrs with ferrcous svlfute. (63)
(C.A. 15, Z255)
In the “eterainction of chromium ia ferrochrcmivm, the
suzmple ie fveed in an elkzline oxidizine flux, the excers of
oxidizer is remnecved, and the sclvtion wecidified ond titrated
witk ferrcus sulfute. (64) | (C.i. 16, 37)
Cwing to the hydrolysis of potuszium chreate, it is
net neesitle te nevtralize c¢hremouve or chremic aeid directly
towards phenclphthalein; hence, potussiuva dickromate is nct
te te reccamended we o ctundurd for wceidimetry (Coarare with
he elecircaelric metheds). (66) (C.i. 16, 1056)
Eppley aad Vastureh titrated peotucriuag dichremate with
ferrove svifute cad stndied tre effects ol conceantratica of
calls aad gcides o0a vre rewction uand end-peiant. “he reversce
titration of ferrous rvlfute with peotuccsinm dichroaute wus
aleo studied ty tlen. Thece authere fouvnd thut electrelyz-
ing the platinva electrcde o few minutles ia sulfvric or
hrdrochloric wcid, as wacde, wes un efficieat iuncthed for
cleaning it. The dircct aad reverrce titraticas, aec stited
tefere, urreed with euch ctrer. Dissclved air wae found to
have u nerligitle effect on tris titreticn. (79)(C..L.16,3821)
Terkiars with pure amacaiun venadute @od neotlessivm dich-
ronate these wvlhere titruted mizitvres of soluvtions of these

salte ueins ctaadardized ferrous amncnium sulfate, and pro-
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tectine the soluticnes with za atiicenyere of cartea dioxide
ras, In the mixture onlf one tre.l cccuvres ia the curve
vwmich correspoads to the mown coapositlion of thre mixtrre.
Tre~e elementes awy te detlermined ia tre precence ol large
amovnte of iren. Vanudivm ic deteraianed Ty o enecill nethed
(cee vunudivm) wnd the chromivm estinmuted Ly difference.
(see ulese the eretract for the vee of thie metred in ctecl

analysic. (144) (C.A. 18, 24700

Chlcrine.~ (11)*, (&l), (69)*, (105), (1168), (126)%,
(129)™, (132)™, (12¢)*, (1&0), (Lec)*, (164)*

The electreometric metrod mey te applied to tre deter-
micatica of chlerine ty precipitetica with silver or sone
ctrer svitautle rearent by means of which aan insolvble chleride

te Zermed. The methed is of impertacce fer determiniog
chlorine in low cenceniraticns, cor ia the rcrecence of o lurge
excess of Yrcecnide or icdide. Chloride muy e determined in
cenceantraticns as lom e 17-20 milliersas of chloride per
liter. (11) (C.A. 6, 722

For the determiactica of c¢hlorine, & ¥nown coluticn of
silver, aad soluvticns of icdide und peotussiuvm permangunate
vere veed. la curryines out the determianuticn, wn excess of
silver sclutlicn was «lded to @ knowa weight of chloride scl-
ution, with etirrine. Tre precipitoete mwes tren filtered

4

trrovesh asbtestos 0a w Gooch crucitle intc tre titretiae
veerel., Srlfrric wcid was then added to the sclution, «nd
also an excese cof iodide eclvlicn of knern concentruticn,

und tris exceccs of icdide wes titruted with tre permuarcnate
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solution. The silver chloride must te filtecred off as it
would chznge largely to iodide upoa the additicn of the
iodide solution; tut the silver icdide does not interfere
with the titrution of excess silver soluvtiion ty the perman-
ganate. Tre results were satisfactory. (61) (C.A. 15, 37939)
In the determination of the availatle chlerine in tleach-
ing powder two difficulties may be encountered. (1) Scume
chlorate may te reduced and estimated as hypochlerite. (2)
Scme chlerate may te foraed from hypochlorite during the
anelysie, These difficulties may te overccme ty veing the
electrometric method cof gnalysis. As a comparicon electrcde
ah eicht centimeter long glass tute was tuken, the end of
which waes drawn ovt into a capillary and turned uwpward. The
end of the capillary vas stcepered with filter puver cr —ith
gelatin ccntaininge potaessivm svlfate. The tube wes filled
with potassium rulfate soluticn to‘which & little titreted
hypochlorite scoluticn was added or o drep of very dilvte
pctaesivm icdate solvtion. Two platinvm wires viere used for
the electreodes, cne was placed into the hypochlorite sclvticn
to te titrated, and the cther in the ccecmpariscn electrcde.
Tre electrcdes were connected throveh a millivoltineter with
hich resiestance, or throveh a gulvaenometer with suitatle
tallaeet resistaace. The end-point was cshown ty & sudden drop
of the paulvanometer to zero. =xcelleat results wers ottuined
with tv o0 methods: (1) The Tenot methcd of titrating hypoch-
lerite with an arsenite solution centeinine an exicers of

sodium ticartonzte, and (2) by txze Tontive methcd cof titratiag
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in glkaline solution with potaessium iodide. (69)(C.A.1D, 31752)
Willard and Fenwick titrated codium chkloride with silver
nitrate ty meuns of the timetallic electrcde eysten, cleuning
the electrodes betweea euch titrution. The silver nitrste
solution was nrecvared from pure scilver arnd nitric acid. Two
fine platinvm thermocouple wires vound ian locse epirals, and
polarized with a 0.5 velt potenticl througsh u reristunce of
109,000 okme, conrrised the electrede system., The theoret-
iczl fipgvres of trhe reccticon were cttained repgurdless ol tre
direction of upproach to the end-point. 1105) (C..i. 17, 1897)
Willerd and Fenwick also titreted chlerate ion with tit-
anous sulfute, in a titruting vescel cecled with mercury, aad
the soluticn proteéted ty on ataosphere of cartenic ccid fus.
'‘he solutione affected by light were stored in bottles covered
with bluck enamel paint, and provided with a siphon for remacv-
iar the needed portions of trke scolvtions. Zither sulfuric or
hydrochleric acid may te used to acidify tre titrated =soluticon.
116) (Coas 17, S300)
Chlorides may te titrsted with mercuric nitrate usine the
mercury electrode, tut nct in the presecnce of bronides. (126)
(C.A. 18, 1793)
In the titration of tleachin~ powder coluticns, with
arseriocuvs acid, gccd crreement wue fovnd between the electro-
metric cnd the ordinary titratica method with icde-sturch
paper as indicator., FEvidcance thut chlorate vupores were not
fermed during the titraticn was found, —hich is centrury to

the findinge by Clareus. (1£9) (C.i. 17, £543)



Silver chleride is mcre sclutle in the nresence of a
protective colioid like gelatin, but this phenonienen has
little effect cn tre titratiocn of silver with & scodium chler-
ide sclvtion. “Zome medicincl silver prerarctions cannct be
titrated with sodivm chloride until the orgunic mutter is
destroyec by fucine with scdium peroxide; tut they muy be
titrated with escdium sulfide. (132 (CoA. 17, 3003)

Sodium chloride wes titrated electrometrically in the
prescnce of 0.5 percent solrble starch, ecg albumin, Vitte
pentone, toiled and raw milk, and &shes Irom the scme for
compurison. Dilute zlbumin and 5 percent reptone gave curves
mith no flut portioa. 7ith milk the curve was tetter, but
shomwed aun error of 1:30 as compared with the ash. (126)

(C.i. 18, 1960)

.mller worlked out a method for titrating chloride icn,
in sodiun chloride, with siiver nitrate veings metallic elec-
tredes of pallediva, platinum, fgold, mercury, silver, and
carton. Coarton and the metals foruming ecgily scolutle chlor-
ides do nct rcerve tris prrocse well., The mercury electrcede
fFave trhe shurnest e;d-point. la case of the reccticn tetwecn
csodiuva crloride und mercurcus nitrate, either plctinum or
mercury will serve us a metallic electrcde. Tris authcr alco
nakes use of the compensating electrcde systen in therce tit-
raticas. (160) (C.Aas 19, 1236)

For the titratioa of chlorous ica vwith sodivm grecenite,
V. D. Treadwell used & platiaum electrode cnd o compurison

electrcde ccntalninge potuesiuvm svlfete und a titrated coluticn

“



of chlorous ica in o carillury tute. The sclte, scdivm sul-
faete, codiunm tricartcnate, emuonivm acetete, sodium chloride,
ammoniuvm chloride, scdium nitrate, or potassium nitrate in
0.2 U sclutions can te veed in ploce cof trhe titrzted col-
uticn in the comparison electreode. 4 reducing reagent cives
eadings atove the normel, cndéd en oxidizing reugent telcw the

normal; vt & 0.2 volt displacement does nct seriously affect

the results. The compensating method of A. Fischer muy &leso
te used to titrate chlorous ion., (162 (C.i. 19, 1829)

Todiuvm hypoeulfite may be uced to titrute ecluticns of
scluble chleritec after 2ddins en excess of potascium iodide
te tre sulfuric acid -gsoluvticn. Pyrccklorous ccid me; bte tit-
reted —it» rodiuvn creonete golvtion with and witheut the zdd-
ition of sodium ticerteonste. 1n @ nixture, the chlorcous ion
may te titroted firct with arseacte and the hypmochlorous icn

afterwardes as indicated atove. (1564) (C.Aa. 19, 1823)

Cobalt.~ (127)%, (140)*

This nethed of determining cotalt ty electrometric tit-
ration derends upon addition of an excess of pectussium cranide
and the titreticn of tue excess cyanide with eilver nitrate.
Tith un excers cof cyanide cotult is suppesed teo form & quadri-
valent anion. The ratic of cctult to cyranide wus found to te
1:5 both in tre presence and atsence of air. The titraticas
were nmaede with a eilver electrcde. In the atsence of ammonia

the resuits were low, and the sudden chanse in rotential was

at -0.290V.; but in tre presence cof azmamenia the resnlts were
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accurate and the potentiul chunge was greatest «t -0.E20V.
(127) (C.A. 17, 942!
Coebult cun e titruted svececcfully with potacesivn cyan-
ide when eilver electrcdes cre veed and the solvtlicn pretected
from the eir. Tre pctacsivm cyunide ecluticon sheuld te
standardized araiast a kno-n cotalt scluticn, and tre vnlnen
cobalt sulution should te udded tc the stundurdized pct ium

cyannide solution. (140) (C.A. 18, 2662)

Cedmium.- (114)*

1t wes found pecsitle to titrate cadmium with sodiun
ferrccyenide to ferm cudmium ferrceyunide. Ia titratine
cadmium it pota~eium ferrocyunide the ratio of cadmiunm to

o

ferrccyanide was fornd grecter than 1:1. ‘Vhen cadmivm and
zinc are heth to te deterniined in the same solution, it is
advisatle to titrite the zinc with petussium ferrcocyunide,
and then uce the empiricsl facler recommended ty Fedrich

(.uller, Die Uectrometrische :.csranclysis) for conmputing

tre cadmium content in the next titreticn., (114 (C.L.17,52068%)

Cerivm.- (175)%

Yo the cerium sclution to te titrated, wddé zbeul three-
querters of the nececscary umount of netuscivm ferricyanide,
and expell the air frem trhe sclution with carten dicxide fuc.
Then odd 50 percent of pctuscium cartcnete sclution, with
stirrine, until the scluvtion containes ateut 30 percent of
carbonate ion. The titration is ccnducted in the usucl woy

with & platinum electrede.
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The inflection of the titraticn curve depends upon the
concentration of tre pctassium cartonate, beings shilted to-
wards the negotive side as the ceoncentration increases, The
titraticon wus condueted in an slkauline medium in crder to
aveld the precipitation of cerium salts. The methed gave
exact results with several epecimene ol ceriuwna metal and

alloys. (175) (C.A. 19, 2922

Tormeldehyde.- (148)%*

~

Silver aitrate celvticn reucte with cldede to fern

v

silver aad foruic zcid quentitatively, if at leant tlhree
times ae mvch codium carbencte is prreseat thon required te
neutrulize the three mclecules of ucid frem cne molecule of
aldehyde. an approximote deterainction muy be made by cdad-
inr 25 cc. of satursted scda sclvtion to one cc. cof wuldehyde,
and titrating with 2.1N esilver coluticn, uesine a nluatinun
electreode, until the e.m.f. apuincstl the calomsl eleoctrode is
0.2 plus volts. Then mix five cc. mcre cf the stundard silver
nitrate soluticn thun waee required fer the prelimin.ry deter-
minetion with cne cec. of wldehyde wund 25 cc. of the scturated
soda sclution. After five minutes zdd dilvte sulfuric ocid
until the solution is acid to methyl orcage, cnd titrate the
excess gilver with 0O.1N potassiua chlioride vsing a silver
electrcde. Satisfoctery resulte can te chtuined. (148)

(C.). 19, 452)

Gastiric Jvices.- (24)*

A special electlrcde ie usced coacistine of a tute ending
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in a pglues bell. 4 side tvbe is fured te the glaese tell,
which ccntoing mercuvry, wad hec o platinum wire fvred into
tre leower end which dires mnader tre liguvid to te titruted.
Bydreocen is pausced inte the ferwer tute wuzad 4 conrectica ic
made tetween the liquid te te titruted «nd tre ctrher half-
cell threuvgh an inverted test tvte containiag a gel of sat-
urated potussiva chleoride and Z percent acur, connected with
a satvrrated potuscium chloride sclution, aad then vith g
calomel helf-cell., Tre electrcametric meurureneat cf hydregen
ion ceoncentratiocn is recommended for determinine free zacid
in pastric juice. Comtined hydrochleric acid is deterniaed

tr titratiar to p9 6.5. (24) (C.Aa. 11, 2213

Indifo.- (99)*

"If a sample of indifo is diesolved in coaceatrated sul-
frric acid and the resvlting iadirosulfenic acid diluted so
thet it ie 0.05 - 0.01N withr reespect to indigo and 0.2 - 0.5N
with resnect to svlifvric acid, puassure throurh a cadaiuna re-
ductor will resvit ia the feormaticon of indifFo white which car
te titrated electremetrically with ferric chleride scluticn”

(93) (C.a. 17, Z9)

Iodine.- (11)*, (44)*, (53)*, (59), (62)*, (67), (105),
(116), (126)*

Tre electrcmetric methcd may te applied to precipitaticn
analysis wnd hence to the determinction of the h.lides ty pre-
cipitation with eilver ccupounds. Determianation muy be made

on sclvtiens s dilvte us 10 - 29 milligrame of chloride per
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liter, or snmaller quantities of tromide or iodide. lcdide
may be titrated in the presence of large quantities of tro-
mide or chloride. Thre method may e upplied to the deterain-
ation of iodide in urine. (11) (Coae 6, 7220
Tmwenty-five cec. of 0.1N pectaescivm icdide and 5 ce. of
S percent potassivm iocdate may te titrated with 1N hydro-
ctloric acid added to 0.5 cc. at a time. The theorctical
quantities were obtained. The precence of treaide uvp to
forr times the iodide does notl interfere, althousrh lenger
time ie required to make the readinecs. Chleorides interflere
with tiis determianution. 4 soluvtica of 0.011W petusciua iodide
may te titrated but ahout Z0 seconds time chovld to allewed
for each recdiac. (44) (C.A. 13, £167)
The oxidizing power of the haliles stands ian the order
icdine, tromnine, chlorine, and ia the preceice of u stiroag
oxidizing arent they cre literated froa theirAsalts ian tre
order given, and trere is a sharp chuaunge in poteaticl tetween
iodine and tromine. Totassium dicZronate, potassium tromate,
and potascium iodate m.y te used. Fence, icdide ncy te det-
ernined in the presence of concideratle amorats of bromide,
and in the presence of large quantities o chloride by the
oxidopotentiometric method in the presence of hydrochloric
acid., (53) (C.A. 14, 3204)
In place of the crdinary voteationeter, Meandrixon uvsed
a rhecetat coil of 169.45 ohms resistance heving ¢ gradvated

contact beam. £29 wodditicnel ohms resictance were cdded te
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the end cf the coil nect treversed ty the contact slide. This
made the esccole cne meter leng in eflect, cnd eack millimeter
eqraled a votenticl cof two millivelts. Thie improviced pot-
entiometer wue veed in conaecticn with a gulvancuaeter huving
a gensitivity of 106 merochns. A three neclied Tovlff tettle
cerved as a titratiang flask, the necks heldin~ the calomel
cell, plctinum electrode, and cortoa dioxide tute, respect-
ively, with an extra hole bored ia the flusk, or cork, to
admit the tip of a buret. Teighinr buvrets were uvced in scue
caces., Carefully preoured icéine was titrated with pctussiuvn
vperaangenete sclution, standaurdized with scdium cxalute, in
atout 1N colution of sulfuric awcid. Chloride and tremide in
the titrating soluticn prevents uccurate determinations; tut
it was fovad trut chloride equivalent to the icdide, and tro-
mide equivalent to 25 percent cf the icdide, could be present
in the titruting soluticn and not interfere with the accuracy
cf the resuite. This resction was also carried ouvt by addinfg
an excess of pctasciuva dicrromate and titratias the excess with
potaseiun peraancanute. (59) (C.A. 15, ©629)
Xolthoff mude scme ctservations oa the titrasticn of icd-
ides by meaas of potaecsiva permangunate, und fovand that if
this rearent is added drop ty drep near the point cf equiveal-
ence, and E determined for eccr acdditicn, this point is made
kacwvmn ty the relative varicticn of tre pcteatiel. The maxinum
potenticl ceorresponds to the poiant of equivaleace., The metilhoed
is exuact when tre determiavtions ure made ia a sulfuric acid

mediun ol at leust 2,1CN. ITcdide mzy te determined in the
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presence cf twice as much tremide and five times as nmuch chler-
ide slthough the fall cf notentizl at trhe eguiveleat point is
lowered ty their preseace. (62) (C.4. 15, Z799)
Fendrixeon titrcted pnctaesivn tinicdate with potassiun
icdide in excecs &nd determnined the excess of icdide —ith
potassivm permanganate. This investifcctor clce stvdied the
effects of hydrochleric ccid cnd svlfuric acid on the reactien.

Tre icdide solution wee standardized ty means of thiccuvlfate

2

olution whiclkh nhad first teen steanderdized ty resvtlimed icd-

ine. Tre permangancte sclvticn was standardized hy mezns of
sodiun oxalate. The strenrth cof the iodide s=scluticns wus
N.05Y und alsc 0.0LN.

Iodide, in svlfuric acid, may te determined in the rres-
ence of chloride up to a conceatration of J0.1N in the titruoted
solution ty mezns of permansanute; btut hydrochleoric weid cun
not be subetituted for sulfuric acid, excert in low coacent-
rations and within narreow linmits of concentraticn.

ledide, 1ia esvifrvric ucid, muy te titrated directly with
icdate. (C7) (C.i. 15, 166€8)

Tillard and Feawick shewed that icdide could be deter-
mined ty oxidizing it to icdine cyunide with potascium per-
nanrenate in hydroeyanic acid sclvticn., The titration wus
made in 100 ce. volume of solution which contuined 15-20 cc.
of hydrochloric zcid and five cc. cf a 10 percent pctassium
cyznide solvtion. This methed wus upplicatle in varicus cen-
centraticns of chloride ion, ¢nd in mederste ccaceatruticns

cf troemide icn. The authcecrs clain, hewever, &S a mere acevr-
’ ’
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ate metheod, the cxiduticn of iodaide te icdate by excess of
alkealine hypobrogite, and titratinc the excess of hypctrom-
ite with arsenite. Iromnide cr chloride deces not interfere
with this last reactica, wnd either the bimetullic electircde
esystemn or the iacnometallic electrode eysten nmuy te uced. tLhe
hypotrenite solvticn was made by pouring 40-50 grams cof tro-
mine, slowly, into a solvtion of atout 39 grame of potusciunm
Fydroxide in 257 cc. of water gt ztout zero temperature, thren
dilvtine to five liters. Thie sclution wue ctondardized with
a N.1ld scluvtica of sodium arcenite wrencred ty weirht fron
pure arsenous cxide dissolved in sodium carbonate. The actvul
operation of the method was as follews: .. weighed pertioan of
a stundard pctassium iodide soluticn wus made 2lkuline with
one rram of petassium hydroxide, an excess of the standurdized
hypotromite soluticn wus added, the whcle dilrted to 100 cc.,
allowed to stand for five minntes ond the excess of hypobro-
mite titrated with the staandurd arseanite solutican. (105)
(C.i. 17, 1397)

Yeadrixeson aleo titroted icdate mith tituncvs sulflute
soluticon. 4Yhe 0.NON icdate soluvtion was stundardized with
iodide uwad thiosulfate, wuni the titanous culfute sclution
with permungunatle and dichromacte. The velune of tre titruted
coluticn was wcbout 200 ce. and trhe uweidity between 1.0N end
2.0N eulfvric acid. WHydrechloric acid wus found te be un-
catiefucteory. Tre correct end-pecint wus found bty wvltiply-
ine the volume cof tituncus coluticn at the firet foll in

voltare Yy tre fucter 1.2 vhich ie ia wecord with the trheory.



42

the strenecty cf tre tit.ncue sulfute sclutica war N,70N X
1.727. (116) (C.oih. 17, Z000)
Tcdides, ut very creut dilvtiecrne, cun Te titrated Lceccur-
ately with mercvric chloride and the mercuvry electrede. Taree
amovates of Yremide irnterfere witd trie titrutica. (120)

(.40 18, 1799)

Iren (Perrove und ferricl.- (&), f14), (17), (o8), 1359)*,
(45), (49)*, (7Y, 83)*, (119)*, (154)°, (120)%, (144)%,
r1go), f1o7Y*, (oo

As chewa by the lurpe nunhter of references, coariderchle
work huae teen dcue ca the deteoraianutica ¢of ireoa ty electre-
metric methoeds. lrcn szlle ure wulsc exteasively used ws tit-
ruting reurents.

Tetere mue one of trhe first investicoators to work +with
cxidiziar wad reducinge cells frem the stundpeint of cueatit-
ative detormination of icenes; wnd hie »erk wus coeoncerzed chief-
ly with the icae ¢f ferrcus wiad ferric coapcvnds. Pe devel-
oned the fermula ccmaoaly veed us the thoecreticel tueis feor
cxidizins wad reldveing reccticas, wnd estutYliched the reluat-
icachip tetweea ferrocve aad ferric icns in seluvticn. (%ee
the part of thie tresie dealine mith tte thecry of electre-
metric titruticns!)., Tre electrecdes veed Yy Teters were the
Teston electricul element und metallic electredes of plat-
inavm, rcld plated platiavm, wn’ platinized nlutiauvm. Teters

¢ studied tre effectes of chlerides und flrerifee cn the

[N

alcs

J

oxidatica pctential of ferrcus aad ferric ica, .udé cuae teo

the ccaclusion trat tre chunres ia pecteantiul coteerved ty hin
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were dve te the feraution ¢f cemnlex icas bty the interuction
of the sutrstances preceant ia the titrated colvticne. (6)
Fertes and Zurtlett titruted dicrromate ica mith ferrcus
ion. (Dee under c roaiuva, 14)
Tierel titrated petuscsium dichrecaute soluvticn with fer-
rove culfate veins en avtenatic, electrically contrelled

Ttvret. (17) (C.a. 9, BUR)

Tre electrcemetric :methed wus veed ty Fergvcon for det-
erninine emull quuntities cof iroa in flaces ccnd. Tre cond
mwas firet deconposed ia platiavam ty mecne of svlfuric weid
and hydroflveric wcid, and tre recidve ifaited with ircn-
free potuscivm pyrosvlifute, and the cuale diesclved in diluvte
culfuric acid. "re ircen was then redrced mith stunncus
chlcride und the excess of stuancus c¢hloride titrated with
dichromate in a plutinva-culcemel electrcde cell. The pur-
ity of the reurceztls, und of tr= platinvm were cf rreut im-
pertoace in thie determiawtica. (£8)

Ferrove suvlfate wuas titrated «ith nertascivm dicrrenmute
in Yeth hydrochloric and svlfuric acid ecluticans; with pet-
escium rromute in hydrochleric ccid seclvticen; z«nd with rot-
areiua permanroncte in toth hydrcechleric aad svlfvric wceid
solvtione, Zotaccium dichrenate cnd pectussium trenate guve
catisfuctor; results. Totaesium permungunate was mere esctie-
factery in hydrochleric acid Polttion than ia solutions of
cplfuric acid. A platiaun electrecde znd the calemel helf-

cell were veed in this werk. (39) (C.A. 14, 38n4)
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Tre work of Hastetter and Roterts on the electrcnmetric
deterninuticn of ferrcve and ferric ion hus teen widely qucted.
They studied the effects of different metallic electrodes used
with the calomel half-cell; alsc trhe effect of vuryines the
concentrations of the titrating rearcats, and of the acid sol-
utirnes; and they combtined tre vurious necesvary pieces of tit-
rating apparatvs inte oze uvnit wrich they culled the titrating
hesd.

The titratias hread.- Thie apporctvs concists of a closed

glass tute of cuitatle size, throurh the tottom of which is

A)

ceced tT

[

e csalt arm of tre calcnel cell, the delivery tute

'3

cf a turet, and the platinum electrcde which passed threvgh
a lecket tute with & side arm teo wdmit carten dioxide gas to
the flacsk. This titratine head mus made to fit cver aa Zrlen-
meyer flack, the cult ara of the culomel cell wnd the platinun

hl

electrcde teing lons enouvsh to reach the betteon of the flasl

r

Ty means of this form of titratiag head, the sclutions uander
investifution covld te heated to the deesired teaperature, and
alsc prectected ageinst oxidaticn by the oxygen of the uir by
an atmosphere cof an inert gas placed cver the scluticon in tre
flack.

The end-pointe were checked ia two ways, (1) by balanc-
ing ¥newn quantities of tro reurcats, cad (2) by crecking
aFainst tre pink coler of & permanganste solution as vred in
the common methed of velumetric analycsie,

Alectrodes.~ The ¥kind of electrcdes uvsed, and the inverse
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order of their suitarility to tre purpese wee cs fellows:
Palladium, 67 pnercent gcld-40 percent polladivm, gcld, plat-
inized plctinvm, trircht platinnﬁ. The pcllaediuvnm electrede
did not shew a noticeatle change in veltare at the end-reint.
A smail, tright platinwa electrcde of smell svrfuce creo weae
fornd to te the test kind of electrcde. The electrcdes nmust
te carefully clecned, and the inerl gus used tc protect thre
solutions aruinst oxidation, muet not come in contact vith
them. & cclomel half-cell waé veed with these electredes.

Tempereture.- Tempercture is epecific for certain re-
actions, ¢nd svdden chunges ia temperature shenld alweys te
eveided,

Acidity of tre titrated soluticn.- “herp end-pcint velt-
ere deflections wers ottained over a vide rangse of scidity
with svlfuric escid.(17 to 67 percent). Nitric scid cannot te
reed teczause of ite oxidizinFs power. ¥ydroflveric scid, in
the presence of hydrochleric zscid and svlfrric acid, was not
detrimentul to the titraticas. 1n veing 0.0C1N dichromate,

the acidity and volume of the sclvtion tecuue impcrtoent fac-

~

ters. 1t was found that sem=ll velvae of seluticn with £5
percent ccancentrated svlfvric cecid, cnd 0.791N or 0.NNOSLN
dichromate alseo in 28 percent sulfuvric weid gzve charp end-
poeintes.

The titratica cof ferrcus iroa in the presence of various
amounts of ferric iren geve definite end-pointes, Ttrt the rance

cf the difference of pctentiul at the end-points was shortened.

The methed can te veed te determine ferrcus iren in ferric
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compeunds. Ten grums of tre ferric sult wue discelved in
vagter in un atmcephere of curten dioxide, wund aa egual vcelume
cf coaceatrated rydrochleric wcid wdded to thre solution; after
which the titrutine heud was put iante place zand the scluvticen

Mo, 3

titrated with N.01N peotussivm dicnromatle, This method ic alee
- .

eoplicarle tc determinins smzll ounantities of ferrcue iron in

ctrer sturtstances,

o]

erric iron w.e also successfully titrated =ith stuancus
c-loride arnd the method adapted to the determincticn of smull
cnovnts of ferric ircen in ferrcus calts.

Siace stanacvs chleride cun te titrated with dichireanute
soluticn, & methed for determinings the tetul irca in & sol-
uticn is as fellews: Thre iroa scoluticn wes first ccmpletely

redvced with stannous chleoride cclvtica in clight excecs, us

"

cshewn bty trhe veltuge; wnd then titrated with dichremate, The

b

firet end-pecint cheows the end cf the oxideticn of the ctunncue
crlcride, and tre second one, tre end of tre cxidaticn of the

r

redvced ircn. <Yre velvrme of the soluticon urced tetreea thece
two pcinte wue tuken ac o measure of the iron present. The
metred ree teen used coa gless sand, codium and petassium sclts,
tariva cartenate, zinc oxide, brrax_;nd teric ceid, and the
cxides of lead; and cun te ured fcr determinine iron in ooy
sutctance not redvced ty staznovs chloride.

Trie method for ircen mey clsc te urced to determine tlunks,
to nulke corrections nececsury te te urplied te these reucticas
when carried ocut with peraungancte cor celor indicutcrs under

different cenditicas, wnd fer variour purpeces, (42)(C,.L.1%,2519)
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Annonium ferrcus sulfate wae uveed to titrate chremiuvm in

n

steel cnelycsis, Thie reurent was wdded in exceess to the pre-

- g

pared scemele, uad the excess titrated ty means cof petussiun

dichremate in a ccoled, sulfvric acid sclvtion.(49)(C.A. 12,1802

fustaveon znd knudson titrated ireca in the presence cof
vrenivm ead vancdivm. Ten cc. of a sclvtion contuiaiazag 41.1
millierame of ircn s ferrcuve sulfete, 18.7 milligrams cof
vancdivm ae nedyl sulfute, azd 121.0 millisrunms of uruniuvm
as uranyl scetate was dilvted to 290 cc. and five grums of
zinc added. “uvlfrric acid was trhen adlded and the whele toiled
fer 20 minvtes, filtered throusrh cotten, und titrated while
hot with permaunrunute sclvtion in an atmosphere cof curten
dioxide ras. Fovur cc. of culfuric acid was cdded al the start,
and after tre titration hus procecedeé to the pcint of the
second volture deflection; feur cc. more were cdded. Thic
method of zddins the acid proved hirshly successful, uc it pre-
vided fcr o churrer inflection at the ead-rciante. 1t wus
porsitle ty this unethod te culeculute the cuuntities of iren,
veaudivm and vraniuvm preseat ia o mixtvre cf czlte cf threce
metals, (G7) (C,i, 17, LoO7)

“he reducing pewer of ferrcus solvtirne ie erecter thun
trat of vonadyl eccluticnes. 4 mixture of trese sc’uviticas gy
be uaalyzed ty means of potussium permuncincte. The ferrous
ircn ie cxidized firet and the recond potentiul deflection
ie due to the oxidation of the Vunadiua. Tre temperature
shorld te raised to 70° fer the vanudium ead-noint. (89)

(C..., 17, 1401)

!
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cdded to a ferrouvs iron

n

If potussivn permunyanate i
sclution in the preseance of dilvte svlfuric ucid, the ircn
is coxidized to the ferric state ond the munranece reduced,
If potarsiwa fluride ie then udded to tre scolvtion and the

-

titration ceantinuved, o cecond ead-point is obtained wren the
manganece ie ian the tervelent conditicen., In cuse the crig-
inal solvticn ccentuined no aonrunece, tre velume cof the per-
nancranste veed in tre cecend step of the titratica will te
1.2 times us lurre ugo trut ueed iz tre first cten., Lheund
125 cc. of sclution was veed, atout 0.5XN in svlfvric wcid,
and ceven grans of pcturciuvm flucride with five cc. of 2U
sulfvrric acid were added feor the second part of the deter-
minction. Fluoride cunnot te orereat ot the sturt of the
titration. (119) 4 (C A, 18, 26o)

Ferric chloride egquivalent to a 3 Il sclution was tit-
rated with N scdium rydroxide ty mewuns of the oxrrea elec-
trcde und caturated culomel cell., The curve was ccutinuouve,
cehrming thaet irea oxychloride dces nct exist, (124)

(C.A. 18, 1039)

Thies methed is an inmprovecaent o&er cne nreviously fiven
(119). A mixtvre of ferrous cnd muacanous colviion ie first
titrated, in & platinum dish with notasciwa dichrenmate uatil
tre poteatiul araiazst 2 normal electrode is 0.57 velts, which
cerrecnonds to the cemarlete oxidation of the iron. Tren heat
trhe solution to 80%, wdd seven praas of petacsivm flueride,

and centinue the titroticn —ith perauncaonate vntil the noen-

gunese ie coxidized., A peeritility ieo iandicuted of titrating
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ireon, vanadium, uraeniuvm, end manfFanece in ¢ cincle oneration.
(125) (C,a, 18, 16:8)
Severul references te the csubiect are cited in this
article., Vanadium cun te oxidized Ty means of pernmzarancte
to three ecstates of oxidation. Vunadic acid can Ye determined
in the preceace of ircza tut net in the osreceace of chremic
acid. Ferrous amaonium sulfate ic & pccd rearent for deter-

e

niaing vanzdivna. (144) (C.a, 18, 3

71)

1

2

The oxidaticn potenticls of ferrouvs and ferric salt
were ctrdied ty Curter cnd Cleeves uvsing both ceacentruted
hydrochloric and phosphoric wecid., Platias=a fecil electredes

-
L

&nd electrcdes nude Zrem giucss ccuted with p atinvm gove con-
cordunt resrlte, The lorurithaic relaticnehin of Teters wios
sttetentiated. The coxidation potznticl decrecces itz in-
crezsing concentration of rydrochloric awcid. T™ic decreuce
ie linecr with the nor.aclity of the acid tetween 1N and 19N,
Tre variaticon in trhe diffusion potenticl dces nct wccount fer
this crange ian veoltuge. Tecsvltic were necrly the cume with
the phesproric zwecid. (1EC (C.a, 19, 945)
Ferric caltles nuy te titrated at roem temnerature with
titanous ¢rleride, tuvt tco much recrsent ic ueed unless sul-
ficient tine is fiven for the recectican when near trne end-
peint. TFerric ione c.a te titrated in the preseance of curnric
icne &nd gleo quinguivalent untimeny icns, with titancue chler-
ide. Tnen copper iec precent, meconic ccid is ured as un ex-

ternzl indicater. (157) (C.A. 13, 459)
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Terrous iroa may bve titrated with potassium dichromute
in a strearly weid kydrochloric solutioa. Liegaetites ncot
decompceed by sulfuric-hydrofluvoric ccid treatment are decom-
peced by hydrochloric acid. aAddins excess of stunicuves crhlor-
ide to 2o ferric irca sclution wund titreting bvuack with dichro-
mate or iodine is tetter than the direct titraticn. Titanium
in the golution doecs net interfere with the reduvction of fer-

Ial

ric iron bty means of staanous chleride. (165) (C.A. 1v, 183%)

Lead.- (188)*

i

Tre platiavm-calomel cell system was used in this re-
search. TLead zad zinc, in the preceace of cne another, may
te determined electrometricelly bty two titrutions; one for
tetael lead wnd zine, ¢ad one for zinc zlone. er the sum of
beth metals, to every 100 cc. of solution one cc. cf peotace-
iun ferricranide mas added and the titration made with pet-

aseium ferrocyanide ot 750, 7T

<

e reactions are:
3 Za*t 4+ 2EFe(CXN) 777 = EgZog(Pe(CH)g)s

a1 + 4 B - - - A sy oL
2 7o + Fe(C;ﬂG - :bz(:u(cu)u)

(=]

ne zinc is precinituated first. There are twe treazks
in the titrutica cvrve, the first at 0.54 plus volts, uad
the second at 0.19 plus volts. Three tec five minutes tiae
should te sllowed neur the first break fer the votential to
tecome ceonstuant. 1f the leud is firct precinituted with di-
lute sulfvric wcid, thea the zine may be determined ulone,
and the leud quantitatively estimuted by difference in the

titrating solvtion uvesed for euch titraticn., (188)(C.4.17, 943)



lianpanese.~ (30), (68)*%, (117)*, (119'*, (125)*

Kelley, Spencer, !llingworth, and Gray studied the elec-
trometric methecd feor maongunece in connection with the deter-
minaticen of this element in steels, and claim thet the prec-
ence of chrcaivm and vanadiun is net detrimental te the tit-
raticn.. Ilercurove nitrute was veed as thn redvcine rearcent
end this sclution wus standardized ty means of nermaacunute.
the oxidation of the manrznese may be doae by either of two
methods; (1) Seclvtion of the steel in nitric acid and oxidiz-
ine with amacnium persulfate and silver nitruate; or (2), the
cxidation muy te carried on by mezns cf sodiun tismuthote.
270 cc. volumes were veed for titruting, ceataining 50 cc, cof
svlfuric acid (ep. gr. 1.58). Tre teareratuvre shorld nct be
above 4290, Uitrcus ucid interferes with the titration, but
nitric acid déos nct. (39) (Coa. 12, 458)

A reacticn which nuy te tuken us the busis for an elec-
trometric oxidation netred for muenranesce is o fcllows:

in0, 4+ 4lin *Y 4 8EY = 5Un *** 4 44,0
In the presence of F - this reacticn procceds with the ouant-

L)

itutive formution of a complex ion !inFg ~. The neuvtrul or
slirktly ccid nongFanece sclution, conteining not mere than

0.2 grams of munganese, is diluteé to 3290 cc. and 5-10 cc.

of evlfuric acid (1:7), sad £ groas of ummonium fluoride added.
The titration is carried out vith 0.1X potarsiun permunganute
in the cold. The presence of ferric iron, chlorize, cr nit-
rates do not iaterfere with the guvantitative aatvre of this

rezction. (68) (C.i. 15, 2800)
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The Volhard titration methcd for muncanese was curried
out electrometrically, ian which the manfuncece is cxidized
by meuns of pernunraausie. Atout seven mianuvtos tinme wus re-
quired to estatlish the end-peoiant. Test recuils were cbtauined
in & volume of 100 cec. 0,40 with suvlfuric zeid, and ceantuin-
inm eiprt rrams of onotassium flueride. (117) (C.A. 17, Z3°26)

acccrdiags to lluller wnd Tahle the methced diccrited in
the preceding refereance may te coplied to the determiaction
of iron and mansanese toretrer., These iavesticatcrs urscd
125 cc. of solution O0.5N in sulfuric acid and titrated =rith
peraunraaste to the iren end-point, thean they added scven
erueae of potassium flucride, and five cc. ¢of 2N sulfvric wcid
for the cecond purt of the titration. If flucorilde is present
at the start, thcere will bte scme atmeospheric oxidution of the
iron. (119) (C.h. 18, CO6Z)

Thie reference is svopleaentary to the preceeding one.
The change in the methed is as follewe: Tlzce the reduced
irca and nmanfanece in & rnlatinum dish, oaand titrote with pet-
ascivm dichromate vntil 0.57 velts cre obtuined. This pet-
extial corrceponds to the comnrlete cxidaticn of the iren.
Thca heat to 800, zdd eceven grums of vnetuesina flucride, aad
fiaien the titratica with rvotarciva nersuarcacte. (1000

(C.i. 18, 1628)

ilolytdeaum.- (108)
Willzrdi and Zenwick urced their pelorized, timetcllic

electrcde systea compoced cf rlutinum clectrcdes to deteruine
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the end-peint in the reduction of melybdic acid te a sult

of the pentavaleat molybdenum. The rezction was found to

-

be rather slow for idezcl recults. 41 5 - 10 percent sclution,
by veolume, of hrdrochloric acid was found te be the test for
trie deternination. Dulfuric scid was fouvad to te uvasutis-

h)

factory. Tre reduction wus carried out by mecns of titanous

froa elec-

sulfate standardized with ferric svifate prepared
trelytic iren; and the strength of tre titcnovs solution wes
0.08N. A solvtion of sodiwa molybdate of approximately 0.017N
was titrated with the titancus svifate sclvtion. The avthcers

tate trhat the titancus solution should te stundurdized arainst
& molytdute solution. The method is net hirshly cccurate,

5

amaonivm phoschomolytdute waes dicssclved in avacnia, fil-

n

tered, acidilied wnd titrated with staandard titencve suifcte.
Phicsnheoric ucid may te used previded the soluticn ic titrated
hot. Thre methcd is hiphly reccmunended. Tungsten does nct

interfere with this method. (108) (C.Ae 17, 1766)

ercury.- (1Z5)*, (1e1)*

Mdercvric ionr in a nitric uecid sclution recect with am-
monium cyazide teo fcrm the incoluble mercury cycanide, and o
slirt excess of cyunide gives a red cclor with lferric iroa.
This rececticn cun te veed “or the titratioa of wmercury in the
atsence of hulides or mercurcus sult. The nercvry cun be
dissclved in nitric zcid, trected with an excesrs of petacciun
perananrancte, and the excess of rermenrunate remcved with

e ircn, aft wnich the solvtion muy te titruted -
ferroue ircn, «fter which the sc on : titruted electro
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metrically with standerd ammoanivm cyunide. ‘“he mercury elec-

4

trcde-calomel electrcde sysien was used in these exnerimentcs.

(125} Coie 18, 1902)
Thise reference contains a4 review of the literctiuvre on

t e vee of mercuric calts in electronetric titraeticn el cds.

ihe difficuvlty experienced in the vse cf mercury salts with

ne reduvctica of metillic mercury

the mercury electrcde is t
on the electreode. Iliercurous chlorute is considerec the best
titratiar mercury rearent. The cult ie prepared by heuticng

a weighed cmount of oxide of mercury —ith the eguivalent

anount of conceantrated perchleric acid, free frem chlerine

if poesitle, and excess of mercury in o flesk uvander o con-
densor wntil in & test peortien, after the addition of excers
chlorine, no mercury cca te detected in the filtrute. Chlor-
ine aad tremine may te determinecd accurwtely with this reagent.
In titratinge iodides, cyanides und thiocyanates, sclutions of
thece conpounds should te run inte the mercury chlorate scol-
uticn. Chlorine may &lsc te determined with mercuric chlorszte
as well as with mercuvrcus crlorete. The deterninaticn of mer-
curic aand mercurous ions rimultaneoucly vith chleride was nct

suceces=ful., (161) (C.a. 13, 13287)

Nitrates.- (137)*

If o nitrate, in the precence of hydrechloric wcecid, is
treated witk a ferrove rult scluvtion, ferric iroa will te
fermed which can te titroted with & staadsard titoncus clhloride

solvtion in an atmosrhere of coarben dioxide ras. The method
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is ranid and asccurute. The sien of the potenticl chunres

&t the end-noiat. (137) (C.a. 18, 1969)

*ve

Titrites.-
Fendrixson deterniaed nitrcuve weid ty @ddiar to it a
5 - 10 percent excesz of a stundard pctos=iuvm peraunrancte

-

aclution, und then an excess of a standerd potaesiuvnm icdide
solvtion, and titratins the excecs of icdide —itl the per-
naaranute solution., The titreticns were made in 2 1.5N sul-

furic ccid celvtion. The methed wras feund to te hichly acc-

curzte. (61) ‘ (C.i. 15, 3793)

Tickel.- (83)*, (140)*

iuller wad Leavterbuach determinel nickel +ith pctessium
cywnide c¢nd silver nitrute. The 0.1N silver nitrate sclution

stundardized electremetricsally with pctassium cyanide.
Tre staadard cywnide sclution wus uwdded to 10 - 20 ce. cof the
nickel scluvtioan in excercs, and this excess titruted with the
gilver nitrate sclution. (85) (C.A. 17, £49)

nickel and cobult nmzy te titrated tefether with a scl-

ution of potassium cyunide and vitih the vee of silver elec-

3

trodes. Thre vnknown nickel and cchalt scluvtioa sheuvid te
added te the cyanide solutien after standerdizins trhe cyunide
sclutien bty means of a known nickel-cobult scluticn. (140)

(C.a. 18, 206307)

Reducins Sugars.- (113)

This reference descrites the use cf the petentiometer
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metreod fer determining reducing sugurs cuvantitatively by
meanse of reduction with Fehling's solution. The Fehling's
solution was standerdized againet pure dextroce. Dhe "B
nart of the Fehling's scluvtion wae nwde up with cnly one-
hzlf of the quantity of scédivm hydroxide e¢e reccrmieaded in
order to gFet & more distinct end-peoint. 1n the ectual tit-
rating procedure, ecvel portions of the "A"™ and "E" sclutions
(10 cc. of each) were mixed and 50 cc. of distilled water
addéd. "Tre mixture was tren brovght to the toiliang point,
and tre sugar solulion edded uvntil the end-point of the re-
action wes reuched. The recvlte were concidered e teing

satisfactery. (117) A (Coira 17, £545)

Silver.- (10)*, (67), (120)%, (132)*

Dutcit and VonTeisse used s silver electrcde ia their
studies on the practicel applicuticn of the properties of
concentration cells teo znulysis ty precipitation. They elso
called atteantioan to the valve of silver salts as precinitants
in veolrmetric enclysis. (10). (C.4. 6, 722)

S5ilver nitrate solution is cemuealy uséd ars a reugrent
to determine the helides cuantitatively ty the potenticmetric
methcd. The process can te reversed sad cilver icn muy te
determined bty means of peotassium icdide ecoluticn; or in some
cases, potarsium cyanide is preferred aos & rearecnt for silver,
Hendrixson determined silver bty means of an excess of potascium
iodide end titrating thic excess with pernanconate. A sclution

of silver euvlfute containine 0. NDNS15T 3 Frene ¢f silver per cran
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of solution wes used. The permunganuate sclution was standard-
ized with sodium oxalute and the peotassiua icdide soluticn

with the permanganate solution. Nitric ccid may e used on
concentraticns up to 2N. 4 sclution cof silver nitrzte pre-
pared froa pure cilver and nitric ceid coatuined 0.004714

erams of cilver per fram of soluticn, was also veed, and tit-
rated bj tre metrod witheut filtering off the precipitate.

The resulte were satisfactory. The cuvtrer also calls atteation
tc tre vslve of pure metﬁllic cilver for use as a standard

-

odide and permanpanute. (67)

e

to malke uv kno'n solutiocns of
(C... 15, 1668)
Silver caa te titrated accvrately with potassivm cyun-

de. Silver and copner ccn te determined simultaneously with

.

pctassiva cyunide provided thal the silver crunide first ferm-
ed is filtereld off ~hen itc end-point has tera determined;
then by cddiss codivm tisulfute the cepnver cun be deternined

at 70° with tre swune rearent. (120) (C.is 18, 640)

™

The prescnce of gelatin as u prctective cclloid hus
little effect upon thé electircaetric titration of eilver with
scdivm chloride solution, slthoush the scolvbility ol the eil-
ver iec 1ncreaséd. Some medicinal silver prepcraticns cannct
te titrated ﬁntil tre crpunic matter hes been destroyed ty

fveinr with eodium peroxide, or by titreting directly with

sodivm eulfide. (1Z2 (C.h. 17, 3003)

Sulfvr.- (84), (95)*, (106), (156)*, (1500

Yendrixsoa and Verteck attempted to titrate sulfuvrcus
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acid with permangenate and founud thet only wtout 90 percent
of the svlifrrous &cid wurs oxidized to sulfuric scid. A
meighed guantity of esteadurd permaagunate solutioan was tit-
roted with a sodivm svrifite esclvticn in ean acid coacentraticn
‘of atout 1N sulfuric acid at the ead of the titratioa. The
sclution waes pretected fron oxidatioa b7 nmewas of carten di-
oxide fus. reraunranate sclvtiion wus uvred with lirce excces,

b

~licht excecs, wund lo tle end-pointl; wnd the excrsc eof per-

2

nuacunate titrated with potasciuvi iodide. The large excess
of permanganate was the most efficient, oxidizin~ 93 perceat
of the sulfite to sulfate. (84) (C.oa. 17, 39
Free ecdiws sulfite in a culfur blazck dye btath may te
deteranined to an accuracy of 0.5 percent by titratiagz with
icdine and sodium thioculfate. Iy a pipet methced tre icdine
is allcwed to reuct with the dye sclvtioca for cne miaute, acad
thea the thicsulfate is wdded in excecs and back-titrated
with mere icdine. (95) » (C.A. 16, 3208)
Tillard and Feawick titrated socdium svlfide soluticn

Eal

with an ammeonicel silver solvtion. The crunsre ¢l eon.f. at

the eand-point vas freat. The sodium svlfide solvtion was
made Yy dissclvia~ 9 to 10 prum=s of hydrorea sulfide in a
scluticn of 96 grums of sodium hydreoxide and dilutines to six
liters. A4 0.05Y esilver nitruate colvuticn cecntzinins an excess
of atout 30 cc. of 28 verceat ammonivia Yydroxide rer liter,
arnd ctandardized gravimetricclly ty precipitation cf chloride,
was ured as tre titrating solvtion. The wdditicn of mere

csodiun or zmacaium hydroxide wac witheouvt elfect in thre end-pcint.
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presence of sulfite, thriosulfate, and sulfate wes practic-
ally without effect, but slichtly decreaced thre quantity
cf cilver requirec¢ for the titrztion. The presence cf chlor-
ide reduces the quantity of silver requirec¢ scmewnat more
than does tre rcrecerce of svlfite or sulfate. The methed is
arplicatle to the determination of sulfur in steel by first
converting it to hydrogen sulfide and thea titrating with
amaonical silver solution. (106) : (C.A., 17, 1398)
Sulfides cun te determined in dilute solution with
mercuric chloride, ty means of tre mercvry electrcde, cnd in
the preéence cf ecdium nhydroxide. The elfectiveness cof this
method is diminieshed slichtly in the precence of salts cof
divalent ions. 3Silver nitrate is a teltler reareat for det-
ernining svlfides in ccncentrated solutions, tut in dilute
solutions the resuvlts are toc low. The complex ion mercuvry
thiosulfate is Termed at the petential treak in the titraticn
of thiosulfate scluticons. “Sulfide and thicsulfote cuen te
titrated in the suame solutican with mercuvric chleride, and at
the neutral point. (126" fC.A, 18, 1799)
A rolution of a solutle sulfate oy e treated ty reans
of a scolvtion of a lead salt in excces and the excess deter-
mined bty electreometric titration with 0.1N potassiun ferro-

cvanide. (135a) (C.4i. 18, 1626)

Selenium.- (179)
Tillard and TFeawick determined selenium cquantetively in
cseleniove acid by titratling with titanous svlfute in a cold

hydrochleric acid solvtion satrrated with escdivm chleride,
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and uring the timetallic electrecde systen. .lodercte amouvatls

cf sulfuric acid had ao hermful effects, and the reducticn is
independent cf tre preseace of iren. The reducticn of copper
and seleaium by titancus sulfate is selective and teoth muay te

determined in the came sclution. (109" (C.A. 17, 1766)

Tin.- (147)

FPleysrer titrated cstannouvs chleride alcne, und in mix-
turees with potassivm dichromute in hydrochloric zcid scluticng
end he alsce titrated antimcncue and stanncve chlorides toget-

her with dicrronate solution, after first addins ca excecs of

mercuric chleride. & platinum foil-culeomel electrede cell

By

wae urced. The titrutiar solvticns were protected ty nmeuns cof
an ctaosphere of cartoa dioxide gas. The redvcins scluticne
were prepocred ty dissclving pure tin and entimoacus oxide in
dilvte hydrochleric acid. .ohr’'s salt was used to standurdize
trte dichromate rscluvtion. Trhe values for trhe eccluticne are

as fellewe: setannous chloride, 0.2720N; dichroaate, 0.1N;
antimonons chleoride, N.0Y8333, The titraticns were made ot

roca temperature end with censtuant stirrine. (147)(C,4.19,451)"

Titenium.- (72)%, (83), (99)*, (146)*
’ ’ ’
Ey means of cadmiun pewder useld in a Jenes' reduvctor,

titanium was satisfacterily reduced in titanium sulfate sol-

e

uticns. Thie reduced titaniva wae titrated with pctacsium
peracnFuenate with fFood results in svlfuric acid cclvtioas

contuiniac 0.9 to 18.8 grams of sulfuric weid to 10 cc. of
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a l te 12 titanium culfute eclviica. ~“here wus leas neut-

3

ralization c¢f the cciid trhoen when zine was ueeld iz the Jones!

r

reducter. Iron «2d tituaiva was redvced tercether in the cud-
miuan reduvueter wad titrated electrometriculily with pernuncuncte
solution. 172) (C.A. 1L, &N4l)
Hendrixscn and Verteclk used the electireometric methed te
investirzte metheds of accuvrutely standardizias titaznove sol-
ttions. Thre titreticne were curried ca mith titanovs sulfate
in sulfuric ccid soluticn protected ty an ctmosphere of hydro-
pen. 5N cc. of arout N.1N ferric alvm mude vn te 159 ce. with

dilvte sulfuvric ccid wus —uached first with carten diecxide gus;

oy

né the

[

-
;
[

4]

tre electrcdes (platinum calomel! wers thea insert
titancvue eulfate colvtion added to @ litceral excess ¢l the
ferrvic alvm =solution, cnd this excers of ferric alwa litruted
witn 0.00105N pmernznronate coluticn. The periansuazte sol-
vtica waes aleoe replaced with & 0,00N dichroacte soluticz,
sitenous evlfate rcolrticne may te uccuvrutely stondurdized ty
titrutine then into stlundard perauncunste or dichroaute scl-
vticas. Totr metheds vere fouad to be uccurute. (BEF
CJA. 17, £&8)

Titeniwa muy te titruted in tre precence ¢l iron bty
firet redveing with cuadmiwa pewder in o Jeones' redrctor tutre,
end tren titretios witk vermensoncte or ferric chleride sol-
ution. 1t is o gecod plan te 2d4d scme ccodiva flucride te the
solvticne teing titrated. Trea the tituniuvm ccoateatl is low

o counured to tre iroa, reduce the iron witl sullurour <cid,

add amncnia, and filter off the vrecipitite of titunic acid
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-

which will te coatuniacted —ith rcne ferrvic »ydarcxide, reduce

tre titanivm with caedmiwn wad titrute with ferric chlerige.,

(9) (C.a. 17, &9
Zottheff mude quite a ceomrlete study cof the redveins

action of titunous sclutions, wead fervand trat the equation

Cy = 7.95 + 0.058 log. (ti1¥)(E*)/(7111]) notes ot 18°. 1n

thie pocper wre given methcds for precarings pure titanium

fe]

chleride crycstels; fer detectians iron os awa iapurity in tit-
anium ecluticne; fer stundardizine the scluticns; and for

the estimution of dichrenute, vanudate, molytdute and icdate.
Directicne ere c¢lese given for estinatineg come cxidizins arents
vren precent terethner. Detaile of thece metrcdes are net given

in tre cretract. (146) (C.a. 190, 449)

Trucivm.- (75), (€7), (94)*, (1ce)*
riine aad Tldridge cvcececsfuvlly titrated trivileat uraen-
iuvm to tre tetravilent fcecrm wné trea to trhe hexuvulenl ceon-
ditica; etk with notur~civnm pernaaraacte in sulfuric weid

sclvtion, zad —ith poturciui dichroacte in hydrochleric ucid

sclution. The nethed was alco uced to titrute vruaiva in the

precsence cf iron ~rere three cal-peints were cbtlained. Tre
vranivn solution was ctondurdized ty evaperation wad igpanitias

to vranivm oxide (Uz0z), one cc. coatuining N.N131 eram. The
permeafuaute colutica wus stunderdized with sodium oxulate
and was 0.1C11N; and the dicrrenmate sclution with iroa cre
end it wae 0.09N64N. A clceced pluotinum-colemel electrede
cell waes mneced which admittied the electrecdes, buret, stirrer,

and a Jeones' redrcter ture ursed for redvceine the uruanium
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solutions ty meune of zinc directly tefere titrating tren.

A new ferm of platinum electrcde wus veed Ty the suthers
vhich was made by secling a laree platinum wire into the end
of a glasc copillary tute aad grindinge trhe expesed ead fluch
with the end of the glass tute. This electrcde wus kept
triptt ty rvtrings it cerces certenvndun nuper tefere ecch
determination.

The coluvtion properticns ured feor nuking the titruticas
were 10 cc. of trhe vranium solution and 40 cc. of & suvlfuric
acid solution contuining twe cc. of concentruted sulfuric acid
per 90 cc. of solution. Lifter wurmine te 80-900, the cir was
removed by curten dicxide gas, aad the scluticn poured slowly
througr trhe reducter trbe which wus then riaced with 50 cc.
of trhe eulfuric acid sclvtion, und the rodveed vraniwn sol-
uticen wee titrated with pernunfuncte. Tre iron-cxidaticn
end-pcint is lact in the series when ircn ie presest, The
titraticn maey be made with dickrouzcte in hydrochleric ccid
solution. Tre esulfuric acid concentration shovld te less
then two cc. per 10D cec. (72) (C.A. 16, 2459)

Gustaveeon and Knudson used the electrometric methecd to
determine ureniuvm in the precence cof vanadiusm und iren. The
comicn form of arparatue wos uced, and the so ulicns were
protected t;y means of carben dioxide gus. “hes comnared —ith
platianum feil, a pletinum wire electrede was fernd mere suit-
atle fer this titratioca. CThre elements vere reduced with zinc
and titrated in o sulfuric ccid colvtion with potucssium per-

manguncte, For titrutinge vrenivm in the preseace of iron,
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the optinvm ceonceatretica of svlfuric acid was fouvnd to te
five cc. of concentrated acid in £50 cec. of soluvtion. “hen
vranium, vanuadium, and iron were determined together, it wus
found test to 2dd the acid in two portions of four cc. each
te the £50 ce. of solution. (87) (C. A. 17, 507)
Urunivm may te redvced in a coedmivm reducter and titroted
with potaessiuvm pernanpencte on the basis of the equaticn:
5U* 4 2lln0y~ + 2Hs0 = 5UCS™ « 2Ln* « 4H", The results
are tetter trhan when the uvranium is redvced with zinec, and
also when the reduced rcoluticn is caurht in &n open teulker,
(99) (C.A. 17, 39)
Uranivn und iron can be titrated electrenetricaily in
the rame sclution, the first dbreck in tre titrution curve
shows the oxideticn of vranivm frem a vuleace of four to cne
ol six, and the second treal shewe tre oxidzticn of the iron.
These titraticas awre w11 curried cut with notassiuva permaen-
gaaate., Threa vreaivm cad vancdiuvm cre together reduvced with
zinc, three end-points are cbtained with permanrunute, and
test =t 80°., The first end-poiat represents in this series
tre oxidation of the vaaudium from two to threce valeace;
the seccnd, oxidaticn cof vanadivm from three to feour valence
end of vrenlvm from feour to six; the third end-point revre-
sente tre oxidation cof vanadivm frem four te five valeince,
Iron, vanadivm end vranivm may te determined 211 tegcether
ty reductioan vith zine and titratiae while het in an acid

N

solution witk permuncancte. (182) (C.h. 18, 643)
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Vanadium.- (20), (21), (4C), (63), (87), (89)*, (99)*,
(102), (122YV*, (144)*

telly and Cenunt were nretatly the first ianvestiguters
to deternine vunadium ty aseans of electrometric titraticen
methods. Lhey veed the methed particulurly to deterniae
vanezdiun in the presence cof crronivm in steel. The steel
was dissolved irn sulfuric acid and hezted to 817° C. After
addings five grums cof scdivm phosphuate tec tre sclutican, 0.1N
pctursivia nernuncanute was added to the "sray" cclor. The
solnuticn was then cocled in ice to 10 to 20° C., and more
sulfuric acid wdded. Thris scluticn wees then titruted with
ferrouve sulfate for vunudium. 4 portion of the solution
representinge one crun of steel wus then taken for the chron-
iun determination. (See uader chromiuva). (20, (21)

fC.i. 10,-2179)
(C.A. 10, 729)

relley, T7iley, Tohn and 7right developed a method fer
tre determinuticn ¢f vaaudivm in steel ia tre preseance (f
chromiuvn ';scd on the celective oxidalioa cof vanadyl sulte
ty nitric wecid. Lfter thies oxiduticn, tre vunadium waes tit-
roted witn ferrouve sulfate. The guthors tried s=averal oxid-
izinge afrents ut nitric «cid preved to e t' e imcet efficient.

Tme metred was carried out ty dissolviae a Z-grum sanp.e
of steel ia 179 cc. of sulfvric uwcid (%p. "r. 1.29. Tweo cc.
of aitric acid was then «dded, dron ty drcep, and the soluticn
boilea to free frcm coxides of nitrceca. Tre solution wus

tren dilvted to 179 tc 129 ce. with het water, 40 cc. of
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conceantrated nitric acid added, and toiled fcr oae hevr
keeping tre sclution volrme cbove 100 cc. Aifter cecliar
to 20° ¢, or lower, tre solutica wae titruted with ferrous
csulfute and potassiuvn dictronete, 0.2679 frunaes per liter,

Trese came authors further ilmproved the method to iaclude

{2

the determination of vancdium ia ferrcvancdiua. (4Z), (67)
(C.oie 13, 1983)
(C.A. 15, Z955)
A methed for tre determinaticn of vuaadium in the prec-

ence of iron aad uranium ves worked out ty Custavesea and
Inndson. they determinéd veaedivm in @ vancdyl sulfste sol-
vticn. £0 ce. of scluticn coeatlaining 18,7 millieruas of
vanadium, tcrether mith ferrous culfate and uranyl acetate
was diluted to 2850 ce. vith water uad five grams of zine
cddec, and t-o porticns of four cc. each cf sulfvric acid
were added during the titratioca, one at the sturt cf the
titration, und the other at the end of'tIe first end-pcint.
“he solution was titrated directly with permuncancte. The
cxidaticn is relcctive, wnd the three elements nuy te deter-
mined.in the sume sclution. (87) (C.i. 17, 507)
TJillard and reawick used tre polzarized timetallic elec-
trode systen for the deiermination of vanadium in the precence
of ircen und chromiwn, and cluin for the mefhod a mere sencit-
ive meuns-cf detecrmining the ead-point whea ferrous sulfate
is the titrating arsent. The chremium wes reduced, select-
ively, 1v"ith‘‘r.:,rclrogj'en peroxide ia the prescence of acetic acid

in £20-20 percent solutioa. 20 to 59 cc. of concentruted
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hydrochloric acid wars then added and the titration mude with
ferrous culfate. The zauthcrs huve adanted the methed for
determining vanadivm in specicl elley steele. (10Z)(C.A.17, 577)
ferrcus solulicne are more vigercus in their reducing
vower thua are vaanadyl sclutioas. “hen thece sclvticas are
titrated tofFether rith permanpunate twe sudica cltanres in
e.m.f, are ctenrved. Tre first change repreceatine the coxi-
dation of‘the iron, «nd the seccnil cne teo thre cxidaticn cof
the vanadium. The last part of the titratica should te mude
at 70°. (89) (C.A. 17, 1401)
Vanaudic acid is reduced ty cadmium in & Jones' reductoer.
The reduced solution cun te titrated with permanganste if
orotected ty carton diexide gus. The equaticn 5V « 5Mn04_
+ 390 = EPVOz + 3ln™ + B, (99) (C.A. 17, 39)
Vanadiva dan be redvced to the btivelent conditicn in &
zinc reductcr, and cun be oxidized back to the guinguivalent
cendition ty means of permcarscnate. The titration is trest
conducted at 80° temperature. Vancedium and iron cun te tit-
rated together; firet hot until two stures are coirleted --
oxidatlion of thre vanzdivma; then cold fecr oxidation of tre
iren, &ad rct apain until venadiuwn eoxidatica i< cemplete.
(122) (C.a. 18, 0643)
Thie reference ccontains a review of the literutvre con
electrcmetric titraticn of vanudiuwm. Vecudiun and chromium
may te determined tegether bty titreting with ferrous amaonium
sulfute, protectine with carbon dioxide . Caly one end-voint

is obtuined which correcponds 1c the known compesition of the
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mixture. After this determinutica has teen mude, the van-
adium is determined Yy titrating with permancanate until

the iren is cxidized, heatins to 70-800, and finishing the
titration with pernunrunute. The reucent ured tetween the
first and ceccnd treak corresronds te the vanadium. Uongan-
ece does not interfere in tris titretion. 4 comaplete methed
for the determinution cf venadiwa and chromium in steel is

riven, (144) | C.h. 16, CH71)

ninc.- (27), (72)*, (77)*, (112)*, 114)*, (188)Y, (1Z4c)”,
(178)*

Eichoweky veed tre rlatlinum- culeoanel electrede syctem for

* -
~

the dctermnincation of zine, by titratineg with ferrccycnide.

Jine cre wes put iate sclvtion ith a mialmwa guuntity of

=

strongs hydrechloric acid, e&nd o ecacll quantity cf potusciun
chlercetie cdcded., 'ime sclvuticen vwas then mede sllkulise with
amnmonia, an aligquoit perticn filtered cff wad acidified with
10 perceat excess of hydrochlceric scid. Zulfur dicxide gus
wae trhen uwdded to satvruticn, und tre excers of thie gus dis-
pelled ty reiling. Test leud muy te -mnloyed tc free the

iy

solvtion of copper. The sclution wus then heated to 700, and

titrated with ferrccywnide cclvticen. 1f cudmiua is preseant in

n

eneratled ty soune suit--

L%

cecacicderatle quantities, it chovld te ¢
able methed. 10 to 29 nercent of hydrecchleric accid shouvld te
prcesent in the selutioa feor test results., (27)(C.A. 11, 2Z1%8

(C.i. 11, 1800)
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Zinc can be titrated electrcmetlricelly ty meuns of pot-
aseium ferrccyunide, the zinc teiing precinitated as the dourle
ferrocyznide of notascium and zine. A 1/40 nclar sclution of
potescium ferrocyanide, and a titrating tenperature of 70°
derrees ic recommended. In a faintly acid solvtion two milli-
graans of zinc can te determined with an cceuvrucey of one per-
cent. HBulfates in larse ancunts interfere with the titraticn.
Thie titration con te reversed with accvrute resvits, (77)
(Coiie 16, 3281)
JLuller and fLdum determine zine by addiar to a ziae scol-
ution an excess of cyenide with eilver nitrate using & silver
electrcde. Cadmiua, lead, and copper can nct te determined
ty ttis methoed. (112) (C.he 17, 2023)
Zinc can bte determined electrometrically with potaseiun
ferrccyonide even in the prercence of cadmium. (114)
(C.i. 17, 2689)
Zinc and lead may te determined electrometricuclly with
potascivin ferrccyunide. wo every 100 cec. of colution cne cc.
of Ll potassiuvn ferricyuanide is added and the titrution nude
with 0.1 il potassium ferrocyznide ot 75%. Neur the first
brezak in potential, & wuit of three te five minutes is nec-
essary in order fer the potential tc teccone ceonstuant., A first
treck occurs at - 0.54 velts aad a cecend one at - 0.19 velts,

The resulls are exuct for the sun of toth nmetuls, trt net fer

(e

D)

zine alcne, and aitenpts mede ot zicher temcercivres fuileld
to produce gcod results. The lewd, however, cun te precinit-

awled witrh a slight excess of dilute sulfuric wcid and the zinc
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determined with ease. ‘'therefcre, two titrutions are necessary
in order to successfully determine zinc and lezd in solution
together. (128) (C.Aa. 17, 943)
In titreting zinc sulfate solutions with potassium ferro-
cyenide solutions, Kolthoff and Verzyl showed that 15° and
65° abeut one percent too little of the reageat is used when
the sudden potential chanre is observed. The additicn of
three cc. of 0.25N sulfuric acid to 100 ce. of a solution
containing 1.08 grams of zinc sulfate changed the error to
0.72 percent, and the further additicn of 3 grams of pofass-
ium sulfate reduced it to 0.48 percent. (134)(C.A. 18, 1627)
Good results are obteined with a few grams of ammonium
sulfate in titrating zinc with ferrocyecnide. (see preceding
abstrzct). The presence cf large amovants of sodium, elum-
inum, magnesium, and calciumn salts lowers the resulits, lag-
nesium, cedmium, and copper interfere with the method and
should be removed from the solution. Ferric compounds are
made harmless by adding ammonium fluoride and sulfuric scid.

(128) (C.A. 18, 2482)
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VI

Curve Data and Conclusions

Note:~- “he marginal numbers correspond to the curves on the

graphs.

1,2. 25 cc. of ferrous sulfate, 30 cc. of 4N sulfuric acid,

25 cc. of water ti trated with O0.1N potascium dichromate.

3. 25 cc. of ferrous sulfate, 20 cc. of 4N sulfuric acid, and

3N cc. of water titruted with 0.1N potassium broaute.

4, 25 cc. of ferrous sulfate, 20 cc. of 4N sulfuric acid, and

20 cc. of water titrated with 0.1N potassium permanganate,

Titration of potassium iodide -- 0.25384 grams in 100 cc.
of 10 percent sulfuric acid solvtion. --

5. With potassium permanganste -- 3,161 grams per liter.

6. With potassium dichromate -- 4,903 " " v
7. Mith potassium brcnaute -- 2.783 " "
8. With potassiun iodate -- 3.567 " " "

Titration of potussivm ferrocyanide -- 0.8448 grams in
100 cc. of 10 percent sulfuric acid soluticn. --
9. With potassium permangunate -- 3.161 grams per liter,
10, With potussium bromate -- £.783 " " "

11. 7ith pectassium dichrenuate -- 4.903 " " "

Titraticn with potassiva permcnrancte -- 3,161 grums per
litero-‘
12, Cf potassium ferrocyanide -- N.8448 grams ia 109 cec. of

10 percent sulfuric acid sclvtion.



13.

14.

15.

16.

17a,
18a,

19.
20.

2la,

2Z2a,

23a,

24,

25.

26.
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Cf ferrous sulfate -- 0.556 grams in 100 cc. of 19 percent
sulfvric acid =olution.
Cf potascsiun iodide -- 0.25284 grams in 100 cc. of 10 per-

cent sulfrvric acid sclution.

Titration with potussium bromute -- 2.783 grams per liter.
Cf potassium ferrocyanide -- 0.8448 grams in 100 cc. of 10
percent sulfvric acid solution.
0f potessiwn iodide -- 0.25784 grams in 100 cc. of 10 percent

sulfvric acid solution.

Titraticn with potassium permanganate. --
17b. Cf vanadium and iron.
18b. Cf venadium and uranium.
Cf iron.
0f iron, vanadium, and uranivm in 7cc. sulfuric acid.
21b,21lc. Of iron, venadium, and uranivm in two additions

of ecsulfuric acid of 4 cc. each dvrins the titration.

Titration with potassium dichromzte. --
22b. 0Of iodate in sulfuvric acid.
23b. 0Of bromate in sulfuric acid.

Cf chlorate in hydrochkleric acid.

Titraticn vith potassium permangsnuate. --
0f iodide &nd bromide in the precence of chloride.

Of i1odide in the precence of chloride.
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27. 0.021 grams of chromium titrated with ferrous sulfate.

28a,28b. Ferrous and titancus ion titrated with potassium

permangansate.

29a,29b. Terrous and titancus ion titrated with potassiunm

dichroeomate.

30a,30b. Reverse of curves 28a and 28b. Ferric ion and perman-

ganate titrated with titsnous ion.

3la,31t. Reverse of curves 29a and 29b. Ferric ion and dich-

ronate titrated with titancus ion.

32. 75 cc. of 0.033 ferrous sulfate in a high concentration
of hydrcchloric acid titrated with 0.1N potassiun dichromate.
Flectrodes -- platinum; O0.1N potassium chlcride czlomel

electrode.

3%, 25 cc. of 0.1N ferrous sulfate, 20 percent sulfuric acid,
titrated with O0.1N potassium permangsasnate.

Electrodes -- platinum; tungsten.

34, Yerrous sulfate in 323 vercent hydrochloric acid solution
titrated with O.1N potassium dichromate.

FElectrodes -- platinum; standard silver chleoride half-cell.

35. Ferroves sulfate in 33 percent hydrochloric acid sclution
titrated with 0.1N potassium dichrcmnzte.

Electrodes -~ platinum; silver chloride platinum.
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“errous svlfate in £9 vercent sulfuric acid titrated
with 0.1N potassium permanrfanate.

Electrodes -- platinum; silver chloride platinunm.

250 cc. of soluticn containing 75 cec. of a 0.03N pot-
acssium dickroncte solution titrated with 0.1XN ferroué
sulfate in different concentraticns cf hydrochloric eacid.
0.4M hydrochloric acid.
0.8d hydrochloric ucid.

2.0l hydrochlcric zcid.

Titration with potassium permansanate --

(&) Uruaivm solvtion -- 1 cc. equuls 0.0131 gruums.
(t) Permanruncte sclution -- 0.1011N.

(¢) Ferrove soluvtion -- 0.100N1N.

cf 2 ce. cencentrated

10 cc. of uvranium sclution, 40 cc.

culfuric acid in 97 of solution, 80-90° -- reduced.

Na,4"b. Uranivm titrated vith permsnpunate.

4‘1&.41b. 1)) ” 1" ”

42.,42b,4Z2c.

Uranium plus 1 cc. of ferrous suifate solution

titrated with permanganate.

Urunium titrated with permanganate in varicus ccncentrat-

ions ¢of eulfuric wcid., --

42a,43b. 20 cc. sulfuric acid .in 100 cc. totul volume.
44 . 1 O " " " " " " " "
45, 15} " " " " " " " "
46&, 46db., 2 " " " " " " " "



47.
48.
49.

50.

51.
52.
53.
54.

55.
56.
57.
58.
59.
6.
61l.
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Potassivm biniodate trezted with excess iodide and

the excess iodide titrateé with potassium permsngancte -
0.NZN 1icdate in 150 cc. with sulfuric ecid.

0.05N " " 250 " " " "

ledate titrated with permuanpanate in sulfuric acid.

4.1 mg. ferrous iron in 70 percent hydrechloric ecid
titrated with 0.01 potassium dickromute.
4.24 mg. ferrous iron titrated with 0.01lN potassivm
dichreomute.
In 67 percent sulfuric ucid.

noaz " " "

wo1n i’ " "

S10) " bydrochloric acid.

kffect of adding ferric iron --
Ne ferric iren.
500 vpm. of ferric iron.
1500 ppmn. of ferric iron.
250" ppm. cf ferric iron.

0.588 mg. ferrovs iron cnd 16¢0 mg. ferric iron.
Ferric ircn titrated with 0.005N stannous chloride.
Stannous chloride titrzted with 0.01N potussium
dichromzte.
Ferric iron reduced with stannous chloride in excess

end toth titrated with 0.01 potussium dickromate.--
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62a,62b. In 40 percent hydrochloric acid.
Z2a,6Zb., " B0 " " "

64a,64t. " 60 " " "

65a,65t. " 70 " " "

66a,66t. " 90 " " "
rerrcus iron titreted with 0.0lN pctassivm permangunate -

67. 2.87 ng. ferrous iron in 17 percent sulfuric acid.

68. 2.87 mg. ferrous iron in 10 percent sulfrric secid with
28.7 mg. of ferric sulfate.

69. 2.87 ng. ferrouvus iron in 2.5 percent of 85 percent phos-

70.

71.

73.

74.

phoric acid with 57.3 mg. of ferric sulfate.

2.87 me.

ferrcue iren in 2.5 percent cf 85 percent phos-

ntoric acid with 57.3 mg. of ferric sulfate and 5 percent

sulfuric
2.87 mg.
sulfuric
chloride.
2.87 mg.
eulfuric

chloride,

Yerrouc

acid.
ferrous iron ané 6 percent cf the phospheric-

acid mixtvre with 250 mg. of iron &s ferric

ferrcus iron and 6 percent cf the phosphoric-
acid mixture with 250 mg. of iron as ferric

end 5 percent of hydrcchloric acid.

iron titrated with potassium dichromuate in

various concentrations of hydrecchloric ucid. --

59 cc. concentrated hydrechloric acid, 100 cc. water,

1.4 gm. ferrcus ammenium svlfate.

50 cc. concentreted rydrochloric acid, 100 cc. water,

1.05 gm.

ferrous ammonium sulfate.
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75. 100 cc. concentrazted hydrochloric acid, 50 cc. water,

1.05 gn. ferrous ammoniuvm sulfate.

76. 10 cc. O0.1N potassiun tromide titrated with anproximately
0.1N mercurous nitrete.
77. 10 cc. O.1N potassium chloride titruted with appreximately

0.1N mercurcus nitrate.

A peneral consideraticn of these electrcmetric titration
curves shewvs that it is quite impossible to obtuin from them
distinct theoretical correlations of first importance. Nearly
&ll of the investigational wecrk pertaining to them hes been
done from the standpoint of analyticsal chemistry alone; and
the chief éimﬁ of the investigatcrs seems to have beén, to
discover suitatle rearents for the titrations, to obtain
well-marked end-points, and to determine smell quantities
of unknovns. In freneral, it may be stuted that the end
sought was rapidity and refinement of analyticel methods.

1o this end, various kinds of electrcdes, various concent-
rations of reactunts and ol &cid solutions, and different
mechanical operctions have teen employeé; all of which is
contrary in principle to the systematic research necescary
in this kind of wecrk in order to estatblicsh fundamental chem-

ical cencepts.

Some of the points taken under consideration &are as

follows:
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1. Yhe end-point placement on the gruaph with reference to
thé zero e.m.f. and the magnitude of the deflection of
the curves.

2. 1s there a "neutral poiat"?

3. Correlation with trhe Feriodic Luw.

4, Slope of curve deflections or speed of the reactions with
reference to kind and strength of acid used.

5. Energy reluwtionships.

6. Chemical activities.

7. Sumaary of rules for electrometric titrution.

8. Sccpe and opportunities in the field'of electrometric

titration.

A cursory excmiaction of the curves will suffice tc
show thut no distinct relationship exists between the mag-
nitude of their end-point deflections and their position on
the graphs with respect to the zero e.m.f. point., However,
from the standpoint of theilr positiocn on the graphs alone,
the curves can bte classified, rourhly, into three groups:
1. These ranging frem 400 millivolts up. 2. Those occupying
‘the intermediate position of 0 to 400 millivolts. 3. Those
havine the e.m.f. range of 0 down to the lowest negutive
veltage ottained.

A 1ist of the reuctions of cless 1, -=-

Curves 1 to 4 -- oxidaution of ferrcus ircn.

turves 5 to 8 -- oxidution of potassium iodide.






curves 9 to 11 -- oxidation cof ferrocyunide.

86

vurves 12 to 16 -- oxidation of ferrccyaanide, ferrous iron,

and potassium iodide.

Curve 2lc -~ oxidation of uraaniun.

Curves 22b to 22b -~ reduction cf iodate and broanete.

Curves 25 to 26 -- oxidation of

turve 27 -- reduction of

iodide and tromide.

chromiun.

Curves 28b and 29b -- oxidaticn of ferrous iron.

Curves 32t and 31b -- reduvcticn of ferric iron.

curvees 32 to 26 -- oxidation of

ferrous iron.

turves 4Nb, 41b, and 42¢ -- oxidation of uranium snd ferrcus

curves 47 to 49 --
Ccurves 650 to 59 --

Curves 62t to 66D

iron.

oxidation of 1odide.

oxidation of ferrous iron.

-- oxidation of ferrouc iron.

Curves 67 to 75 -- oxidation of ferrous iron.

A list of the reuctions of class 2, =--

Curves 20 to 21b ~-- oxidution of vanadiua.

Curves 17b, 18b --

Curve 19 -
Curves 28a, 29a --
Curves 3%a, &la --
Curve 23 -~

Curves 37 to &9

curve 60 -

oxidstion ¢f vanadiun.,

oxidation of ferrove iron.

oxidaticn
redrction
oxidaticn
reduction

reducticn

cf
of
of
of
of

titanium,
titanium.
ferrous iron.
dichremate.

ferriec iron.
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Curve 61 -- oxidation of tin.

vurves 62a, 66a -- reduction of ferric ircn.

Curve 76 -~ tromide and mercurous chloride.

Curve 77 -~ chloride and mercurous chloride.

A list of the reactions of class 3. --
curves 1l7a, 1l8a, 2la -- oxidation of vanadium.
Curves 40a, 4la, 42a -- oxidation of uranium.

Curves 44, 45, 46a -- oxidatica of vranium.

the tasie for the ateove clascificeticn is apparent, and
can be referred to the initial and finul elcctrode potentials
of the ceveral sutstunces used in the titrations. The high-
est voltage is obtained with permunpganate, and tre lowest
with urenium in a low state of oxidation. PFrom these data
we can conclude trut permancranate is a strons oxidizer &and
uranium a strons reducer. ietals with two or more states of
oxidaticn, or velences, will give end-points for thesce diffler-
ent states, and the end-point curves will occupy different
positions on the graph, the lomwert oxiduauticn state currespond-
ing to the lowest positicn on the graph. The electrcde pot-
entisl may te negative for a low state of oxiduticn &nd pos-

itive for a higher state of oxidaticn.

The electrode potential of & solution measvres its oxid-
izing or reducing power. Therefore, in general, the grecter
tte differencec in electrcde potentisal between sn oxidizing

solution and a sclvtion to te cxidized, the gresater the act-
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ivity of tre oxidizing reaction and hence the grecter the
speed of reacticn and the shorper the end-point deflecticn

of the measuvring potenticneter. "The sume ccnditions apply

to reducing reactions. In both casee, horever, the strength
of the acid titratiang soluticn is an iuportant factor, aus is
alsc the kind of scid used to wcidify the titfating sclution.
T'he disturbing influences are the electrode potentials of the
produvcts of the reaction, &nd the kind of electrodes used in

the determinations.

The titration of vranium with permanranate may be taken
as 1llustration of the consideration. Curves 43a
and 43t represent this titration in 20 percent sulfuric acid
gsolution. In this case the chanre in potenticl is grect
being from about =530 to +1150 millivolte for both stages of
oxidation of the uvranium comnound; btut the endpoint deflect-
ions are not sharp. In a 2 percent -solution of sulfuric acid,
however, as illustrated ty cuvrves 46a &nd.46b, about the |
sane chunre in voltege is obtserved while the tro end-points
are very distinet.

Another illustration of this sume phenomenon mcy te
found ian the titration of stunnous and ferrous ion with dich-
romate - curves 61 to 66. The inflvence of kind of acid is
illustrated in the titration of ferrcus iron with dichromate -
in toth svlfuric and hydrochloric acid sclution - curves 51
to 54 - in which cuse the hydrcchloric acid soluvticn gives

the bect end-pcint.
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.In case certain reactioas do not give suitable end-points,
these end~points‘may te improved ty reversing the rcuction.
Curves 28 to 31 illvstrate a case of this kind. Terrous and
titanous icn titrated with permangancte or dichromate do not
give suitztle curves; tut when ferric ion end dichromate or
permanganate is titrated with titencus ion, sharp end-points
are obtained in case of tre ferric ion and permunganate, and
for the ferric ion alone in case cf tre dichrcaate. this
exreriment shows, also, tret titencus ion will reduce ferric
ion, or that one metal ion will catisfactorily reduvce or
oxidize znother metal ion provided t*ut thre values of elec-

trode pctentisls are far encu~h apart.

For elow oxidation or reducticn reactions, or in cases
where sharp ead-points may not te obtained, it is cften ex-
pedient to «dd & known excess of the oxidizing or reducing
reagént, and after sufficient tine huas eluapsed for tre re-
acticn tc te completed, this excess of reurent is titrated
ty meuns of another quickly acting reagent trat does give
a charp end-point, and the unknom ion celculwuted from the
difference between the cuantity of rearent first added and
the excess found ty titrcetion. Agcin, the oxidaticn process
may be ecsier anplied to a certain metal tran the reduction
process in titraticen. 1n this cese, the metal is first
reduced ty some knomn efficient prcédess after which it is
titreted with aa oxidizing rewgeat, or this process may te

reversed,
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Iln only one case does the end-pcint e.m.f. approximutely
coincide with 0 e.m.f.; that is in the reducticn of perman-

ganate with tituncur icn in the prerezce of ferrcuvs ion.

The numter cf elements investigated is too snull to
provide a means of correlaticn with the periodic law. More-
over, oxidizins or reducing power may te only relative; for
instunce, ferrous iron muy reduce permunfoncte and oxidize
a stannous salt. A metal in & low state of oxidaticn may
te cuvced to reduce the same metzl in a hirher state of

oxidation.

The feraula expressines chenre in free energy for an
electrometric reacticn chunre is -AF = E.N F. Thile
the crunre in eaergy acceunrunyine o chanre in valence fer
1l gram mele is 1 Furedy, it is now knewm if this valve cun
be experimentally realized. i1he difficulties encovntered
in electrcmetric titrution processes are tlhe uanknown liguid-
liquid poteatiel vilves, and tre unknowﬁ veluves cof chemicll
activities of electrclytes in the cvresence of ctrer electro-
lytes - acids or salts. The duta ut hund give no vulues
trat m&; be uced to culculule enersy chanres frem a theor-
etical stuadpoint. The mupnitude of the curve deflecticns

is, however, an effect of this frce energy .change.

From an examinution of the dzta cn elecectrometiric tit-
raticn methods, with speciul refereace tc oxidation or re-

ducticn reacticne, scme ruvies and precavticons may te evelved
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as follows: 1. Cheoose sactive oxidizines and reducing reageats.
2. Suitatle metallic electrodes are of importance. 3. Select
chemical recctions thut are complete. 4. Slow reacticns may
te veed if an excess cf reuareat is added und tvic excess
back-titrated or titrated vith a trird substance. 5. A pre-
per temperature is impertaznt for scme rewctions. 6. The
interacticn of coapcnents sheould not disturd the titruticn
process. 7. A certain streapgth and kxind of &cid will te
found nececssery for srarp end-points. 8. Avoid suvbstances
that interfere with the rezctioan -- exleranal cxidizing or
reduciagr surstances. 9. TMeiching the soluticas is more
asccurate thua measurin~ trhen, ecpeciclly fcr the determin-
ation of emall quantities of unknowns. 10. All rearents
should te accvrrately stundardized ty the test known metkods,
and by upplyine the electrcmetric titration method, in the
same nanner as the recvlar titraticon ie tec te conducted,

vhen poesitle.

Cnly a limnited nunmter of elemeats and chemical com-
pounds tuve teen studied ty means of the electrometric
titratica methods, snd cn conpertunity exists te study those
elements that have not alreudy teen enrleyed in trese methods.
very little werk has teen doane on phosphates, cartonutes,
sulfides, chrcautes, and oxalales, wand tke formuticn of

colloids ty meuans of oxidaticn or reducticn metheds. Another

poessitle field for the vee cof these metrods lies ia a stuvdy
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of the effects of catalyzers on chenicul reacticns and tre
enerey changes invelved. Almosil no werk has teen done with
these methods in the field of orgunic anslyces, except on

aldehydes and reducing sugars.
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457-64. (C.A. 17, 249)
Some applicctions of the oxygen electrcde, air electrcde,
and oxidation potential meesurements to acidimetry and
alksalimetry. N. H. Furman. J.A.C.S3., 44, 2685-97,
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acidimetric titraticn of megnesium in its salts. I. Il
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Willard and F. Fenwick. J.A.C.%., 45, 84-92.
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107. Potentiometric titraeticn of arsenic and gntimeny. B.
Lintil and H. Vattenberg, Eer. 56, 472-80,
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A titrometric micro-methed for tre determinution of
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(C.4. 17, 943)
Te titretion of hypochlorous acid. A. Sckleichter.
% . anal. Chem., 62, 329-35. (C.A. 17, £547)
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(C.A. 17, 2247)

The titraticn cf solutions of permanganate and scdiun

arsenite. 7. T. Hall end C. E. Cerlson. J.A.C.S., 45,
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Electrometric titraticn - investiraticn of its metheds
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ization of the titraticon liquid. I. 2I. 'olthcff wnd O.
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Tomicek. Ibid. 775-83, 1I1II. ©etimation of oxidizing
anions. O. Tomicek. itbid. 784-97. IV. Estiauticn of
oxidizing cations. 1bid. 798-807. (C.A. 19, 449)
Electrometric titration of antimony and tin by potass-
ium dichronate. il. H., Fleysher. J.A.C.S., 46, 2725-7.
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Electrcmetric determination of formaldehyde. E. luller
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The elcctrometric titration of hydrazine and its salts.
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Tlectrometric titraticns. E. livller. ietall w Erz, 21,
265-9. (C.A. 19, 620)
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allcys in electrcnetric anclysis. R. G. Van Nane cnd
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Potentiometric deteruninution of tiesmnth alone and in
the preseace of lead. BE. Tintl and A. Ravch. Z. anorg.
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rations. E. D. Eastman. J.a.C.S., 47, 332-7.
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Cxidetion potentials of ferrous and ferric salts in
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Carter and ¥. P, Clews, J. Chem. Soc. 125, 1880-8.

(C.A., 19, 208)
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A. Teighten. Ind. Eng. Chem. 16, 1189-90.(C.A. 19, 422)
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Quantitative electro-analyses. J. H.‘Frydelender. Rev.
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Electrometric titration of chlorides. E. iluller. Z.
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Potentiometric determinations with mercuric salts. E.
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Electrometric titraticns with special reference tc the
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The electrcaetric titratioa of hypochlorous acid. A.

Schleicher and L. ‘Youscant. Z.anal. Chen. 65, 399-405.
(C.A., 19, 1829)

The electrometric titration of chlorous acid and its

determination in the presence of hypochlorous acid. 4.

Schleicher and W. TWesly. 2. anal. Chem. 65, 406-11,
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Electrometric titraticn in the estimnation of ferrcus
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Chem. Inst. 8, Nno. 1, 7-10. (C.A. 19, 1832)
An improved calomel electrode. C. J. Schollenterger.
Ind. Eng. them. 17, 649. (C.A., 19, 1969)
Electrometric titration. J. C. Brumich. Ind. Eng. Chem.
17, 631-2, (C.A. 19, 1999)
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rations. W. D. Treadwell. Helv. Chimn. Aicta. 8, 89-96.
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measurements. H., C. Perker and C. A. Darmerth. lnd. Eng.
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rlectrometriec titraticns using quinhydrcone. H. wniklas

and A. Hock. Z.sangew.. Chem. 28, 407-9. (C.A, 19, 2314)
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Differential electro-titration. D. C. Cox. J.A.C.S. 47,
2138-43. (C.4. 19, 2610)
Electrode vessel for liquids hesvier and lighter than
the liquid Junction potential eliminater. L. E. Dawson.
J.A.C.S. 47, 2172-3. (C.A., 19, 2761)
Standardization of solution used in icdometry. II. S.
Popoff and J. L. Thitman. J.A.C.S. 47, 2259-75.
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'he potentiometer determiration of cerium. 0. Tomicek.
Rec. trav. Chim. 44, 410-5. (C.A. 19, 2922)
Coatinuovs measuremnent of the e. m. f. of titration
cells. Arthur W. Gardner, 1hesis for degree of B. S.,
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177. A Text-Book of Electro-Chemistry. Max Le Blanc. Tranms.

by Whitney and Brown. The Macmillan Co., N.Y., 1910.
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