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ABSTRACT

The conditions under which electrolytically generated
chlorine can be used for secondary coulometric titrations with
an amperometric end point have been investigated, A procedure
is described by which tripositive arsenic has been titrated in
quantities of from 30 to 800 micrograms with an average error
without regard to sign of less than 0.5 micrograms.

The method proposed by Wooster (30) for calculating cor-
rections for the coulometric titration of iodide in hydrochlo-
riec aclid has been studied. Data are presented to show that
improved methods of caleculation give more accurate results.

Por the coulometric titration of iodide by means of elec-

trolytically generated bromine perchloric scid may be substi-
tuted for hydrochloric acid. The perchloric acid requires no
purification and the titrations ave just as sccurate as those
made with hydrochloric acid.

A metallic bismuth micro-reductor has proven satisfactory
for quantitative reduction of fervic iron. Samples containing

284 micrograms of iron have been reduced and titrated with

electrolytically genersted chlorine to an accuracy of better
than 1%. Iodine monochloride has slso been used for the oxi-
dation of ferrous iron, Recommendations are made for further
investigation.

A combination of coulometric and amperometric techniques



has been used to determine a dissociation constant for iodine

monobromide and a constant for the oxidationereduction equili-
brium involving cupric copper and bromide ions. For the iodine-
iodine monobromide helf-cell, data from thié investigation
yield a potential value of =0,92 v&lt as compaved with & value
0f -0.88 volt obtained from the litevature. On the other hand,
8 potentisl value for the cuprice-cuprous bromide half-cell cal-
culated from this experimental date differed by 0.06 volt from
data found in the literature.

A study of the indicator cuvrents caused by various oxida-
tion states of vanadium established the fact that tripositive
and gquadrapositive vanadium give rise to an indieator current.
Also, it was observed that a reducing agent capable of veplacing

hydrogen ion would probably be partially oxidized by the indi-
- cator circuit; a special method would be required for the coulo=-

metric titration of such a substances

The equilibrium constant for the formation of the mono=-

bromo complex of copper (IL) was determined by means of a spec=
trophotometriec method., In solutions of unit ionic strength the
constant was found to be 2.1 X 0,25,

For the determinetion of carbon in organic solids and re=-
latively nonvolatile liguids, a scheme hasg been devised to use
the Van Slyke-~Foleh combustion solution. An apparatus is de=-

geribed for situations where & Van Slyke manometric apparatus

cannot be provided. The results ave accurate to * 0,05 mg of

carbon,



I,

I1.

ITI.

TABLE OF CONTENTS

COULOMETRIC AND AMPEROMEIRIC METHODS OF
AWALYBISB

Intraduction.éeaooaaao-oeooaoc

1. The Use of Electrolytically Generated
Chlorine in Coulometric Titrations . .

2 Coulometric Titrations

Aes The Coulometric Titration of Icdide
in Hydrochloric Acid o o o o o » o

B. The Coulometric Titration of Iodide
in Pervchloric Acid o o ¢ o o 6 o o

C. The Coulometric Titration of Iron .
3¢ Hauilibrium Studies

A. Eguilibris in lodine lonobromide
SOlutionSoﬂoaoenoooeo

Be Oxidation-Reduction Bguilibria in
Cupric Bromide Solutions o ¢« o o «

4, Study of the Successive Oxidation States
of Veanadium . o ¢ o s 6 o o o s ¢ o o

Reforencos o « ¢« o o % 5  » s o s 5 o o & »

SPECTROPHOTOMEIRIC INVESTIGATION OF THE
COPPER (II) MONOBROMO COMPLEX ¢ o o o o o

Reforences « o o s s o o s o« &« 6 o ¢ 5 s 4 o

DETERMINATION OF CARBON BY WET COMBUSTION .

Refereﬂcﬁgcatt.ooua-ooowcno

Page

16

23
26

37

b1

61

67

69

78

80
105



I. COULOMEIRIC AND AMPEROMETRIC METHODS
OF ANALYSIS

Introduction

A coulometric titration may be defined as an electrolytic
process in which a reaction is effected quantitatively with
known electrical efficiency and the number of equivalents is
determined by measuring the amount of electriecity consumed.

As discussed by Szebelledy and Somogyi (28) there are two types
of coulometric processes: the primary or direct process in
which the desired vesmction takes place at a suitable electrode,
and the secondary or indirvect process in which an intermediate
half-cell veaction is caused to take place at the elecirode
and the electrolytic produect then causes the desired reaction.

Lingsne (14) has described exsmples of the primary process
in which certain metal ions were veduced at & mercury cathode.
Inasmuch as the cathode voltage was controlled, selective re=-
ductions could be accomplished. However, the current decreased
exponentially during the titration, and the titration time was
therefore prolonged.

Examples of the secondary process have been described by
Szebelledy and Somogyi (29). In these procedures the inter-
mediste half-cell reaction was the electrolytic oxidation of
bromide to bromine; the bromine then oxidized such substances

as thiocyanate, hydrazine and hydroxylamine. Since these re-



ducing agents are not susceptible to stoichiometric anodie
oxidation, it is apparent that the secondary process can be
used to extend the range of application of coulometric methods.
Furthermore, the presence of a high concentration of the inter-
mediate substance (bromide, for example) provides two edditional
advantages:
1. A constant electrolysis current can be maintained
with assurance that the electrode efficiency is
known, This permits the use of the relatively
sinple constant current-time method for determin-
ing the amount of electricity used in & titration,
In comparison with the cathode~voltage controlled
process the titration is more rapide.
2. Accurate micro titrations are possible hecause
the current and current efficiency remain constant
regardless of the concentration of the substance
to be determined.
Recently, electrolytically generated bromine has been used
for the titration of thiodiglycol (23), tripositive arsenic (20),
tripositive antimony (1), and iodide (34). All of this work
differed from that of Szebelledy and Somogyi in three major res-
pects: the constant current-~time method was substituted for
the chemical coulometer, an amperometric end point was used in
place of visual indicators, and the quantity of material to be
determined was reduced to the micro scale. With similar appara-

tus cuprous copper (19) and ijodine (21) have been used as inter=



mediaste substances.

The amperometric end point consists of detecting an
excaess of the intermediate by means of a diffusion current
set up between two polarized platinum electrodes in a stirred
solution. In the case of reversible half-cell reactions the
diffusion current is linearly proportional to the concentration
of the substance which is present in low concentration. In
eddition, this quantitative feature of the ampercmetric method
has proven useful in the study of aqueous dissociation equili=

bris, and the results of such investigations are described

below,



I-1, THE USE OF HLECTROLYTICALLY GENERATE]
CHLORINE IN COULOMETRIC TITRANIONS

Until the present work only three intermediate half-cell
reactions had proven satisfactory for coulometric determinationsSe.
For the titration of veducing agents, bromine has been employed
rather extensively (1, 20, 23, 29, 34) and recently Ramsey,
Farvington, and Swift (21) have shown thet iodine cen be used
for the titration of arsenic. Cuprous copper has been used for
the couvlometric titration of certain oxidizing agents (19).

In order to increase the number of substances which could
be titrated by such processes, a stronger oxidizing intermediate
than bromine was sought. Since the halogen half-cells are so
readily reversible at electrodes, chlorine seemed to be the
logical choice for investigation. Wooster, Farrington, and
Swift (34) used chlorine as an intermediaste in the coulometric
titration of jodide in 2 formal hydrochloric acid and observed
positive errors of from 0.5 to 1%. Since these errors may have
arisen from the iodine monochloride formed in those titrations
a study has been made of the oxidation of tripositive arsenic
by electrolytically generated chlorine and the results arve

presented below.

Experimental

Reagents. All chemicals used were "Reagent Grade.”

One volume formal sodium chloride solutions, prepared from



the salt, were found to contain no extransous oxidizing or
reduecing agents,

Sulfuric acid (2.5 formal) was purified by bubbling
chlorine gas through the solution fovr 2«3 minutes. After boil-
ing the acid for one hour, no excess chlorine remained in solu-
tion and only a very small amount of reducing materisl was |
detected, |

The reducing material present ln hydrochlovic acid was
dotermined by coulometric titration with chlorine, The stoichio-
metric amount of potassium chlorate was then added to 8 P hydro-
chlorie acides After one day essentially all of the chloraﬁe had
reacted and the acid was ready for use. \

Standard solutions of tripositive arsenic were prepared in
the Tollowing way: Bureau of Standards avsenious oxide was dried
for two hours at 110-115° C. A 0.5 gm sample of the oxide was
accurately weighed out and dissoived in 10tm1 of water containing
1 gm of sodium hydroxide. The resulting solution was neutralized
with 8 ml of 2,5 F sulfuric scid and about 180 ml of boiled dis-
tilled water were added, then theitotal weight of the stock solu=-
tion was determined, Veighed samples of the stock solutions were
diluted to appropriaste volumes to provide standard solutions for
analysis. Stock solutions were discarded after 5 days: dilute
standard solutions were used only on the day of preparation.

Laboretory distilled water was boiled 15-20 minutes to

remove a small amount of oxidizing agent, presumably chlorine.
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Apparatus. The apparatus described by lieier, Myers;"énd swift
(19) was used with the following changes: The gensrator cathode
ingtead of the generastor anode was enclosed in a shield. In
ovder to improve current regulation, the 1ab¢ratory DeCa supply
was replaced by a simple voltage-regulated rectifier. The in=-
dicator electrodes were mede the same size, 2 x 2.5 cme. The
game basic apparvatus was used for all coulometwvic investigations;

only the modifications will be noted in subsequent sections.

Preliminayy Adjustment. The current of the generation eciveuil

was determined by measuring the voltage drop across & standard=-
ized resistance through which the generation current was pase-
singe. All voltage measurements were réfarr@d to a cell which
had been checked against a bank of cells obtained from the
Bureau of Standards. Genevation rates of about 10™° and 1077
equivalent per second were ﬁsed.

When not in use the indicator electrodes were shorted to-
gother and stored in a sélution 0eb P in sulfuric scid and 0.2 F
in sodium chloride., DBefore each series of titrations both indi-
cator electrodes were connected to the generator anode and che
lorine was generated at the high rate for sbout 30 seconds. To
maintain the sensitivity of the electrodes they were given the
same treatment for 10 seconds after each blank snd every tie

tration.

Titration Procedure. All solutions hed a total volume of 45 ml

and were 0.5 formal in sulfuric gcid and 0.2 formal in sodium
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chloride; the initial indicator potentisl was set at 0.30 volte.
The considerations influencing the selection of the various
conditions of the procedure ave discussed later. A correction
for reducing material in the reagents was made by gemerating in
a blank solution of the composition given above for short inter-
vals of time and recording the values of the indicator curvent.
A plot of indicator current vs. generstion time was constructed
and the linear curve was extrapolated to zero time; the inter~
cept on the time axis was designated as the "blank time,"

When the apparatus had not been in use for several hours
the first one or two "blank time" values were usually ervatic
and were not included in the average "blank time" value, At
least three consistent values were used in obtaining the average
"blank time."

To make a titration the proper amount of sulfuric acid and
gsodium chloride solution were mixed in a titrvation cell with
sufficient water to make the volume either 35 or 20 ml, A 10
or 2b-ml portion of standard arsenite solution was pipetted into
the cell and the total volume was then 45 ml. As soon as %the
titration cell was attached to the stirring apparatus, generation
was started. By means of the built-in potentiometer the genera=-
ting current could be checked duvring the course of the titration
and the current was held constant by making small adjustments.
Hear the end-point the indicator current underwent a momentary
reversal, and at this point genevation was stopped immediately.

After a few seconds the indicator current vose slowly and reached



& steady value of less than 10 microamperes. Generation was
continued for short intervals and values of the indieator cur-
rent and time were vecorded. The linear curve of indicator
current vs time was extrapolated to the time axis, and the
point of intersection was taken as the "titration time" inas=-
much as the chlorine excess is assumed to be zero at the ex-
trapolated zero indicator current. By subtracting the average
"blank time™ from the "titration time"™ a corrected titration
time was obtained., The weight of arsenic was calculated from
the values of the corvected titrstion time and the rate of

generation.

Discugsion

Potential Difference Applied Across the Indicator Hlectrodes.

Chlozrine was generated in & blank solution until the indicator
current was 25 microamperes with an applied potential difference
between the indicator electrodes of 500 mv. The indicator po~-
tential was then vavried between values from 50 to 1000 mv and
values of the indicator current were recorded. Before each
change of indicator potential the current was adjusted to 25
microamperes at 500 mv by the generation of chlorine., The data
thus obtained are presented in Table I. When these data were
plotted, the curve of indicator current vs indicator potentisl
was similar in form to the one obtained by Ramsey for iodine (21)
except that the flattest portion of the curve wag fyrom 400 to 600

mve Although it would have been desirable to use an indicator



TABLE I
Values of Indicstor Current and Indicator

Potential for a Solution Containing

Chloride ® and Chlovine °
Potential Current Potential Current
(Millivolts)  (liecwvoamperes)  (Millivolts) (Microamperes)

60 4,0 563 2641
106 7e5 617 2756
175 1228 696 29,0
217 : 1442 755 3045
286 18,0 798 321
319 19.2 848 3862
362 20,7 935 37°
417 8540 1042 43°
500 25,0

a Sodium Chloride 0.2 F.

b Chlorine was generated until indicator current was
25,0 microamperes at an indicator potential of 500
millivolts. The chlorine councentration was approxi-
mately & x 10~6 P,

¢ The indicator curvent was changing rapidly so that
these values ave uncertain.
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potential which lay on this flat portion of the curve, this was
not practicable becsuse high initial indicator curvents (that is,
before beginning generation) wewre obtained in blank solutions.
In order to veduce this initial value of the indicator currvent
t0 1 microampere or less, it was necessary to use a potential of
300 mve Thie potential proved to be satisfactory for the titra-
tions; linear curves of indicator currvrent vs time were obitained

for blank titrations, and the electrode sensitivity was good.

The Effect of pH on Indicator Current. Inasmuch as chlorine

tends to hydrolyze even in slightly acid solutions, it was
desirable to determine the maximum pH at which a stable indi-
cator curvent could be obtained when the chloride was 0.2 F.

In a solution buffered to a pH of 3 with phosphoric acid and
dihydrogen~phosphate no indicator current could be observed when
the low rate of generation was used, For a solution in which
the pH was 2 an indicator curvent was obtained but it decreased
at the vate of 1 microampere in 4 seconds as soon as generation
was stopped; this is not adeguate stability for quantitative
measurements. A stable indicator current was obtained in 0,05 F
Haso ; however, to include a factor of safety, solutions 0.5 F

in HZSO4 were used in the titrationse.

Indicator Curvent Phenomsena., The indicator current response was

slower for chlorine than for bromine or iodine. When either a
blank chloride solution or such a solution containing arsenic

was placed in the cell and a potential was applied between the
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indicator electrodes, the indicator curvent surged to & high
value then decressed slowlye. In either case several minutes
elapsed before the current reached a steady value of about 0.2
mieroampere., In practice, generation was started in & blank
solution as soon as the indicator current dvropped to 1 miero-
ampere instead of waiting until 0.2 microampere was veached; no
difference in blank time was observed, When arsenic was titra-
ted, generation was begun immediately after closing the indica=-
tor cireuit begcausce the indicstor current always dropped rapidly
and underwent a vreverssl near the end point and the value of the
indicetor current during the titration had no significence,

After the first period of generation in a blank solution
and after the current reversal at the end of a titvation, the
indiecstor current rose so glowly that & period of 1 to 3 minu-
tes was necessary for steady state to be attained. For all
other readings of indicator current & steady state was reached
in 10 to 15 seconds.

The current reversal near the titration end point is sinmie-
lar %o the one observed by lMyers end Swift (20); however, with
the present épparatus no hydrogen enters the solution from the
generator cathode. When the potential is fivet applied to the
indicator electrodes, the current surges to a high value (more
then 50 microamperes) then decresses., During the passage of
this current a small quentity of hydrogen or possibly arseniec
is probably being produced on the indicator cathode. Near the

titration end point the concentration of chlovine increases



rapidly and there ig a transition of indicator electrode poten=~
tials and reactions. If there is a significant lag in removing
adsorbed hydiogen {or possibly arvsenic) from the indicator cath-
ode, a8 coll would be establighed in opposition to the applied

potential and a current would flow in the reverse direction.

The BEffect of Chloride snd Acid on the Coulometric Titration.

In view of the positive errors obtained by Wooster in the titra-
tion of iodide with chlorine in 2 F hydrochloric acid (34), it
seemed advisable {v use the lowest practicable chlovide and
hydrogen ion concentrations. As discussed above 0.5 F HpS0,

was taken as a safe minimum acid concentration. With a chloride
ion concentration of 0,056 ¥ there was evidence that the genera-
tor anode efficiency was slightly less than 100%, while 0.1 F
chloride ion seemed perfectly satisfactory. Confirmatory titra-
tions were made using the chloride end acid concentrations given
in the procedure above, and the results ave listed in Table IIl.
To investigate the effects of varying acid and chloride concen=-
trations, titrations were made asccording to the conditions list-
ed in Table III, It should be noted that each stoeck solution
was titrated by the vregular procedure, so that the data in Table
III may be dirvectly compared with the data for the corresponding
stock solution in Table II. The arsenic found when titrating in
0,05 F godium chloride solution was about 0.2% greater than the
velus obtained in 0.2 F sodium chloride solution; this indicates

that the current efficiency may not have been 100% in the 0,05



formal chloride solution, Considering that chlorine would be
expected to oxidize the plaﬁinum anode in the presencsa of such
high chlovride councentvations, it is surprising that significsnt
positive errors were obtained only in the titrebions in 6 P

hydrochloric acid,

Conclusions

Chlorine can bYe used as the intermediste for a secondsry
coulometric process in which use is made of pleatinum electrodes
and an amperometric snd point. The acid concentration should
not be lowsr than 0.1 volume formal, and the chloride concen=-
tration should be between 0.1 and 2 formal. In the coulometrie
titration of arsenic by this method an accuracy of I 0.2% was
obtained for 300 to 800 microgram quantities of asrsenic; 30 %o
100 microgrem quantities were titrated with an average ervor of
less than 1%.

The material presented in this section has been accepted

for publication by Analytical Chemistry (3).
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TABLE 1II
Coulometric Titrations of Tripositive Arsenic

By Means of Electrolytically Generated Chlorine

Argenic (micrograms)

Number® Taken Found Brror % Brror
X 29,.8 3068 Oed 134
29.9 Oel 0,33
2909 0.l 0083
29.9 Oel 0633
I 824 83.1 0.7 0.85
82.7 0.3 036
82,6 Oe2 Oe24
8246 062 O.24
I 3219 321.9 0.0 0.0
3219 000 0.0
52803 Oed 0.13
32169 0.0 0.0
I 802,56 802.2 ~0e3 =004
801.8 "0.7 “'0009
803.5 Oeb 0.06
802.6 Oel 0,01
11 819,1 8186 =065 =0.06
817.8 '103 ‘0016
817.9 ‘102 ‘0015
817.8 =13 ~0.16
817.8 ‘1.5 ‘0016
I11 79566 79641 Oeb 0.06
79408 -0.8 -0.10
794.5 ‘101 ‘0014
796,61 0¢5 0,06
79568 =063 ~0.04

a Roman numerals indicete stock solution used,
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TABLE IIIX

BEffect of Acid and Chloride Ion Concentrations

Numbera

%4

I1

II

IIX

I1T

Solution

0B F Hgso4
0,06 P NaCl
Q0.H P stoé
Z.0 ¥ HWalCl

0.6 F sto4
Satursted Wall

2 F HCL

6 F HCL

on Titrations of Tripositive Arsenice

Arsenic
(micrograns)

Taken

- 819.1

4 819 01
819,1

: 795.6

. 795.6

Found

- 819.4
- 819.4
- 819.8

- 8Ll7.4
- 81764
+ 817 .4

817.9
81769

- 817.8
- 7949

79409

- 79604

- 79804

800.5

799.2

% Brrox

0,04
0.04
-0-01
0,09

"'01321
=0021
-0621

=0 015
=015
"'0.16

"'0009
"0009
0.10
0.01

0,35
062
045

a Roman numerals indicate stock solutions used,
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I-2, COULCHETRIC TITRATIONS
Ae The Coulometric Titration of Iodide in
Hydrochloric Acid

The coulometric titration of iodide in hydrochloric acid by
means of electrolytically generated bromine and an amperometric
end point was fivst investigated by Wooster (30). In Figuﬁe 1
it can be seen that the indicator current at the 5eginning'of an
iodide titration may be significant, This initial indicaﬁor
current introduces a correction in addition to those described
in Part I-l, Although Wooster obtained good results, his method
of calculating corrections involved several approximations, It
appeared that a more rigorous method of célculating eorrecﬁions
might improve the accuracy of the titrations, Furthermcre;
Wooster stated (22) that positive errors were obtained if the
indicator current was allowed to flow during the ﬁitrationa‘ In
order to clarify these points the experiments described below

wore undertaken,

Bxperimental

Reagentse. Six formal hydrochloric acid solutions were prepared
from reagent grade concentrated acid. The acid available com=-
mercislly was found to contain as much as 3.6 x 10'8 equivalent
of reducing agent per milliliter. The amount of reducing agent

present was determined by electrolytic oxidation and was vemoved
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by boiling the 6 F acid with the calculated amount of 3%
hydrogen peroxide., Excess peroxide was destroyed by boiling
the acid for about 15 minutes,

One formal sodium bromide solutlions were prepared from
reagent grade salt. These solutions, when tested, were found
to contain no extraneous oxidizing or reducing agents.

Stock 0,1 F solutions of potassium iodide were made up by
weight from reagent grade salt which had been dried for 1 hour
at 110° ¢, The potagsium iodide used was found to contain no
iodates The solutions were made 0,01 F in sodium carbonate to
minimize air oxidation. Dilutions of the stock soclutions, 0,008

P in sodium carbonate, were used divectly for titrations.

Apparatus. The apparatus was the same as in Part I-1 except
that the indicator amnode was 1.5 by 15 cem and the indicator

cathode was 2 by 2.5 cm.

Preliminary Adjustment. When not in use the electrodes were

stored in a solution 2 F in hydrochloric acid and 0.1 F in
sodium bromide. Before use the indicator electrodes which were
shorted together during storage, were made the generator anode,
and then bromine was generated on their surfaces for a period
of about 10 seconds on the high rate (10 milliamperes). The
electrodes were given the same treatment after each blank and

every titration,

Titrstion Procedure. The indicator potential was set at 138

millivolts as suggested by Wooster (BlL). The solutions for
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titration were 2 F in hydrochloxic acid and 0.1 F in sodium
bromide with a totsl volume of 50 ml. DBefore easch seriss of
titrations several blank solutions were titrated in order to
determine the blank time.

For a titration, the acid, bromide and water were mixed
in a titration cell. Upon the addit ion of a sample of dilute
iodide solution, the initial indicator curvent was recorded,
the genervation current was adjusted snd genersiion was started,
Readings of the indicator current were made at short intervals
of generation to establish the initial slope of the indicsator
current curve. By means of the built-in potentiometer the
generating current was checked throughout the course of the
titrations, and adjustment was made whenever necessary to hold
the curvent at a constant value. In general the indicator cir-
cult was left open until the equivalence-point was nesrly
reached; variations from this procedure are noted in Table IV,
As the current began to rise after the minimum point, readings
of indicator current were recorded after several short intervals

of generation.

Discussion

Corrections for Initial Currvent, Solubtion Blank, and End Point.

Two methods were used for obtaining these corrections.
lethod A (Wooster), approximste in nature, consisted of
generating in & solution, prepared as was that to be used

for the titration but containing no iodide, until a suit-



able indicator curvent reading wss obtained, usu-
ally from 25 to 40 nmicroamperese. This current value
divided by the generation time in seconds gave a fac-
tor, by which subsequent indicator current readings
could be converted into equivalent generation times.
These measurements were repeated until the veproduci-
bility indicated that the desired constancy of elece
trode sensitivity was being obtained., In the sub=-
sequent iodide titrations, the initial current was
racorded, then generstion was continued until the
indieator current had gone through the minimum, and
had increased to values of the same magnitude as
those obtained for the blank solutions., The initial
current and the final current resding were then cou-
verted to equivalent times by spplication of the
above factore The time equivalent to the initial
current was added, and the time equivalent to the
final current was subtracted from the total genera=-
tion timee.

In Method B (Parvington), the correction for the
initial current was made by recording values of the
indicator ocurrent during the initisl rise, then ex-
trapolating to zero current the linear curve ob=-
tained by plotting these values against time. Time
equivalent to the distance from zero time to the

intercept of this curve was added to the genevation



time. When generation was started with blank solue-

tions there was & short time interval before the

current began to wvise, indicating the presence of a

small quantity of some substance capable of reducing

bromine, A correction was made for this materisl by

continuing generstion until the plot of indicatbor

current versus time was linear, then extrapolating

this curve to zevro current., The time equivslent to

the distence from this intercept 1o zero time was

subtracted from the generation time, The ondé point

of the titration was obtained by continulng generse

tion, after the indicator current minimum, until

the plot of indicator current versus genevation time

was linear, then extrapolating this curve to zero

current.

Titration values obtained by these two methods are tabu-
lated in Table IV, 1t can be seen thalt the theoretical titra-
tion value is more closely approached by using laethod Be When
titrating iodide in hydrochloric scid in the absence of bromide,
Wooster (33) reported large positive ervors (up to 8%); such
errors appear to be largely due to the method of calculation (A)
and actually are more nesrly on the order of 0.5%,

The occurvence of positive errors when the indigcator cur-
vent was allowed to flow during the titration was not confirmed.

The experiments described in this section have been in-

cluded in a reocent publication (34).



Comparison of lethods

The IEnd Points of Iodlde Titretions

Series

I (indicator current off)

II (indicator current off)

III (indicator current on
for half of titration)
(indicator current on

continuously)

IV (indicator current on
through minimum point
only)

V (indieator curvent off)

TABLE IV

A

ELTR &%

eand B For Calculating

Iodlide, Micrograms

Taken

134 .4

134 .4

13463

13463

134.3

Ave

AV,

Av,

AV e

Av,

Found
tiethod A lethod B
1347 134,1
134 .7 134,1
13660 134 .4
13501 134,82
135,46 13409
13545 1543
125,82 15%.9
13544 134,.4
13346 1338
1%4,7 154.1
13546 134,53
17%4.6 134,.1
12383 1358
13364 13442
13446 154,7
13348 134,28
134,1 1339
15442 154,0

134.1

13369



I-2B. The Coulometric Titration of Iodide

in Perchloric Acid

The coulometric titration of lodide in perchloric acid is
essentlially the same as the titration described in the preceding
section (I=-2A), and it was studied only as a supplement to the

investigation of the iodine monobromide equilibriume.

Experimental

Reagenta. The 60% perehloric acid required no gpecial purifi-
catione

Potassium iodide GOﬁtaining.no jodate, was dried for 1l-2
hours at 100° Ce Stock solutions were mede up by weight.to
contain approximately 10'4 formula weight of iodide per gram of
solution, and weve made 0,0L ¥ in sodium carbonete %o minimize
eir oxidation., The iodide concentrations varied less than 0.1%
from values obtained by titration to the lodine monochlovide
end=point with & standerd iodate solution., Fortions of the
stock solutions were delivered from weight buwvelts and diluted

with 0,005 P sodium carbonate, Only freshly prepared ﬁiluta

golutions were used for titrationse.

Apparatus. The apparatus used in Part I-2A was also used for
this investigation.

Procedure. A4 total volume of 45 ml was used and the solutions

were 0.2 F in sodium bromide and 2 F in perchloric acid. In



all other vespects the titratione were performed exactly as in
Part I-2A,

Calculation of the amount of iodide found was made exactly
as in lMethod B of the preceding section. The result s of con=-

firmatory titrations are presented in Table V.

Discussion

The most important advantage of using perchloric acid in-
gtead of hydrochloric acid lies in the purity of the former,
Reagent grade perchloric acid contains so little redueing ma-
terial that it may be used without special treatment, while
untreated hydrochloric acid causes excessive blank time (See
Part I-2A), In addition, the platinum electrodes are less
sub ject to oxidation in perchloric acid solution because there
is no complexing effect,

If titrations require more than 200-250 seconds,low re=-
sults will be obtained, probably because of loss of iodine.

There is some evidence that low results will be obtained
if the solution is above 25% C during titration. For best
vresults it is recommended that the temperature of the solution

be 18-23° G,
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TABLE V
The Titration of Iodide in Perchloric Acid
by leans of Electrolytiecally

Generated Bromine

Iodide (micrograms)
Taken Found

45.3
4504 4509
4564

11363
113.2 113.2
1134

134,0
13444 13465
13445

48248
484,.8
48267 482.1
4841
484,1
484 .1

1201.2
1204.6
1203.6 120349
120369
1201.9
120369



I«2C¢ The Coulometric Titration of Iron

Meny investigatowvs have recommended procedures for the
determination of iron; however, very accurate methods Tor
determing microgram quantities of iron are somewhat limited,
For example, Cooke, Hazel and licNabb (2) find errors up to 2%
when titrating less than 0.5 mg of ferric ivon with chromous
chloride; this is typical of many volumetric procedures. On
the other hand Mehlig and Shepherd (16) describe a spectro-
photometric procedure which can be used to dotermine small
quantities of iron with an accuracy of 0e2%.

In studying the composition snd properties of blood, in=-
vestigators at the California Institute have sought & conven-
ient method for determining ivon in small smounts. To them the
available volumetric and colorimetric teohniéues did not appear
to be satigfactory. In an effort to develop & rapild end accur-
ate method for the titration of micro quantities of iron the
application of a secondary coulometric process to such a titra-
tion was investigated. Inasmuch as no intermediate has yet been
developed which will quantitatively reduce ferrie iron, methods
of oxidizing ferrous iron were considered., The titration of
ferrous iron by means of electrolytically generated chlovine has
been studied, and further development of {this procedure is re~
commended. A new approach to the problem involved the use of
iodine monochloride as the oxidizing eagent. A small amount of

iodide was oxidized to iodine monochloride by the generation of



chlorine, then fervous iron was added to the titration cell.
The iodine monochloride end point was vestored by the genera-
tion of chlorine and the time required for that operation was
taken as the titration time. Further investigation of this

gystem should be profitable.

Experimental

Apparatus. The apparatus was the same as thet used in Part
I"%o

Preliminary BExperiments.

1. To a 40 x 80 mm titration cell containing 15 ml of 6 F
HCL in 40 ml of solution was added 5 ml of 0,005 F Fesoé.
Chlorine was then generated in the cell at the vate of 10~7
equivalent per second, and, if the ferrous iron reacted stoichio=
metrically, no chlorine excess should be indicated before 240
seconds of generation. After about 10 seconds of generation the
indicator current was greater than 50 microamperes. When genera-
tion was stopped, the indicstor current decreased fairly rapidly
indicating that an excess of chlorine had been generated before
the equivalence point and that the ferrous iron was rescting at
a measurable rate with the chlorine. An accurate titration
would be impossible under such conditions.

2, To a titration cell containing 15 ml of 6 F HCL in 40
nl of solution was added 1.5 x 10™° moles of KI. Chlovine was
generated until the iodide had been converted to iodine mono=-

chloride and the indicator curvent was at the minimum point of



2 microamperves (See Fige 1) Vpon the addition of 5 ml of -
0,005 F }?eso4 the indicator current ineressed to & high valuee.
When chlorine was genevated the indicator currvent decreased dub
passed through a minimum current of 20 microamperes before 200
soconds of generation, Again there are indicetions of a slow
rate of reaction with ferrous iron and a successful titration
is impossible under these conditions,

3e To a titration cell containing 15 ml of 6 F HC1 and
10 ml of 85% H_PO

3 4
chlorine was generated until s minimum indicator current of 3

was added 7.5 x 10~% moles of KI, and

microampoeres was attained. Upon the addition of 5 ml of 0,006 ¥
FeS0, the indicetor current increased to a high value (off
scale). When chlovine was generated, the indicator current de-
creased steadily and rveached a stable value of 3 microamperes
after 241 seconds of titration. Three successive titrations by
this procedure used 241l.2, 241.9, and 241.3 scconds of genera=
tion respectively. These conditions have definite possibilities.

4, Experiment 3 was repeated with only 5 ml of 85% HaPO,
As the equivalence point was approached, instability of the in-
dicator current with time gave evidence that the oxlidstion of
the remaining fervous iron was not instantaneous. Ividently the
concentration of phosphoric aeid (or HzP0,) is critical.

5 To a titration cell containing 15 nl of 6 P HC1 and 10
ml of éﬁ% HP0, was added sbout 2 ml of a dilute solution of

4

Fesoé. Chlorine was generated, and the oxidation of ferrous

iron appeared to proceed smoothlye The indicator current in=-



creased as for a normasl end point, and the good stability of

the indicstor curvent gave evidence that, under these condie
tions, there was no measurable rate of reaction between chlorine
and ferrous iron,

6, In order to provide for the addition of 10 to 15 ml of
solution from a reductor a 125 ml titration vessel was used. To
the titration cell coﬁ&aining 25 ml of 2 F HCL and 20 ml of 85%
HSPO4 was added 2.5 x 1076 equivalent of XI, and the total
volume was 60 mi. After oxidizing the iodide to iodine mono-
chloride, several milliliters of dilute Feso4 solution were
added, No difficulty was experienced in titrating to the
iodine monochlovride end point; evidently the reagent propor=
tions are correct for these volumese.

7. BExperiment 6 was vepeated with only 15 ml of 85% HgPOy e
Inasmuch as a measurable reaction rate was observed near the
end point, the 20 ml of 33904 can be considered the minimum re=-
quirement for approximately 75 ml of solution.
and

4
Bromine

8. To a titration cell containing 20 ml of 85% H,20
9 ml of 1 F NaBr was added a small crystel of F6304.
was generated and almost immediately the indicator current
began to increase., Wheonever generation was stopped, the in=
dicator current decreased vrapidly: evidently the fevrous iron
and bromine were reacting at a measurable rate even though the

H5904 was present.

Investigation of Micro Reductors. In order to avoid large
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volumes of wash solution, reductors of smsll size were prepared.
Unless othorwise specified the column of veducing meterisl was
about 7 to 8 cm high and 6 mm in dismeter, The titration pro-
cedure described in preliminary experiment & was used bscause
an inert atmosphere was unnecessary and the accuracy of that
procedure appeared o be sufficlently good to test reductors.
Instead of using the minimum indicator curvent as & rveference
point, a value of the indicetor current on the iodine side of
the minimum point was taken because of the greater meter res-
ponse for each second of generation in thet region. A dilute
solution of iron, 1 F in HCl, was prepared by dissolving a
weighed sample of pure iron wire,

1. Silver Reductor. Finely divided metallic silver was pre=-

pared by reduecing silver fon with copper in a solution slightly
acidified with ENOS. A 5 ml powrtion of the dilute iron solution
was passed through the reductor and into the iodine monochloride
solution in about 3 minutes. Ten milliliters of 0.5 F HClL were
used to wash thé reductor. Successive titrations requived pro=-
gressively shorter titration times, indicating that the small
silver reductor was probably heing'rapiély~exhausted by the for-
mation of s surface coating of silver chloride. Efforts were
made to maintain a fresh silver surface by inserting an enode in
the solution above the silver colum and applying & potential
between the silver column gnd the positive electrode., When a
platinum anode was used, considerable hydrogen was evolved from

the silver column. When a silver wire anode was used, the anode



gurface appeared to be polarized after one or two samples had
passed through the veductor, In such smell size the silver
reductor was unsatisfactory.

2+ Zine Reductor. A surface coating of amalgam was applied to

30 mesh zine by pouring the zine into a very dilute solution of
chla. One reductor was mede from a section of a 50 ml buret
{zine column about 7 om high) and another of the size indicated
above., With both reductors the titrations varied by several
pevcent., Inasmuch as hydrogen bubbles appeared in the column,
it is probable that portions of the column were blocked.

3. Cadmium Reductor. A 20% cadmium emalgsm was prepared as

directed by Helger (7): +the smlgem is solid when cool and can
be granulated. When the cadmium reductor was used, the titra-
tions were more consistent than with the silver or zine reduc-
tors; however, the titration valuss still varied about 3%.
Hydrogen was Tormed in small amount and may account for the
varistion., Perhaps a lower hydrogen ion concentration in the
iron solubtion would give belter results with the cadmium reductor.

4, Bismuth Reductor. Although Someya (24) used a bismuth amal-

gam to reduce fervie iron, no wveferences have been found in
which metallic bismuth has beeon used as a reducing agent.
Finely divided metallic bismuth (black) was prepared by
immersing a strip of zine in an acid solution of Biela. About
8 em of this bismuth in a section of a 50 ml buret constituted
the first trial veductor. In a series of four titrations using

this reductor the maximum variation in titration time was only



g 1ittle over 1%. Similsr results were obtsined with a veductor
6 mm in dismeter, The bismuth reduetor appears to be the beot
of the reductors studicd.

Reduction of Ivron by Bismuth and Titystion with Flectrolytically

Generated Chlorine, In ovrder to move thoroughly test the bismuth

rveductlon of iron and to try e nmore stralghtforwerd type of ti-

tration, the chlovine titration of iron was investigated.
Apparatus. The apparatus was the seme as that used in Part I=2A,

Reagents. The meterial in 8 I HCL which was veducing to chlorine
waes oxidized by the addition of Kclﬁg ag described in Part I-24,
Phosphoric scid (85%) was freed of material reducing to
chlorine by adding en excess of chlorine, sllowing the secid %o
stand for seversl days, and then boiling the acid vigovously to

remove excess chlorine,.

A stock solution 0,1050 F in ferric ivon was preparved by

dissolving FeCl '6320 in 1 ¥ HCle A test for ferrous ivon with

forvicyanide wag negative. Standsvdization of the ferric solu-
tion was cerried oubt by the iodometric procedure suggested by
Swift {25)e Sodium thiosulfate for the titration wes standarde
ized sgeinst .?:IO3 uging the starch end point. Dilutions of the
sbock fervie solution, 1 F in HCl, were used for coulometric

titrationse.

Procedure. The usual process of shorting the indicator elec~
trodes and genevating intermediate on their surfaces for se~

veral seconds was carried out after each blank and titration.



For these titrations an intermediate rate of generatlion, 4,13l x
10~8 aquivslent per second, was used. The indicator poltential
wag 300 millivolts.

To & 40 x 80 mm sitvation cell was added 20 ml of 85%

3
gell in position on the stirring apparatus, tank nitrogen was

H P04, 3.0 ml of 8. F HCL, and 7 ml of wator. After placing the

bubbled through the solution for 4 to b minutes, Ths glass
nitrggen inlet tube waeg then withdrawn to the upper part of the
cell, and a constant fiow of nitrogen into the cell was maine
tained fer the duration of the titration. A 5-nl sample of
dilute fevrvic chlovide solution was plpetted into the reductor
which had been filled with freshly precipitated bismuth {bismuth
column 8 cm high, 6 mm in dismetev). By means of & stopcock the
flow through the veductor was vegula ted so that 2 to 3 minutes
wore rvequived fovr the sample to flow into the titwvation cell.
Ten milliliters of 0.5 T HCL wore used 1o wash the vedusctor; the
totael volume in the titration cell was then 45 ml.

The indicator civeuit was cloged, and chlovine was genera=
ted until the indicator current reversed o & negative value.
At that point genevation was stopped and The indicstor current
increasaed to a positive wvalue in about 30 seconds. Raa&ings of
indicator curvent values were then recorded after b-second in=-
tervals of generation,

Reagent blanks wWere prepared and swept oult with nitrogen.
A 5 ml portion of the HCL used in the sample wasg passed through
the reductor, followed by 10 ml of 0.5 F HCls Chlorine was
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then genersted for bS-second intervals and the corresponding
values of the indicator curwrent were recorded. The linesr
curves of indicator current vs. time were extrapolated to the
time axis. Tor the titration curve the intersection was taken
as the "titration time."™ The intersection in the case of a
blank was designated the "blank time." By subtracting the
average "blank time™ from the "titration time" a corrected ti=-

tration time was obtained.

Discussion

The results obtained by the above procedure were asccurate
to sbout 1% and indicate that further investigation should be
profitable, With samples containing 233,7 microgrems of iron
titration values of 233.0, 230.7 and 234.8 micrograms were
found.

The bismuth micro reductor appears to be quite satisfactory
for this application. If allowed to stand in scid solution ex-
posed to the air, the bismuth will dissolve fairly rapidly.
After the reductor has been allowed to stand for sbout two days,
the bismuth column seems to be more tightly packed: wveplacement
with freshly precipitated bismuth is recommended. The puvrity
of the metallic bismuth has not been checked., In particular,
iron should not be present; therefore, a sample of the precipi-
tated and acid washed bismuth should be dissolved and a test
made for iron and perhaps cOppere.

The amount of HgPO4 used in the above procedure signifi-
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cantly increases the solution viscoslity and decreases the
indicator electrode sensitivity.

After the addition of ferrous solution from the reductor,
there was an indicator current of sbout 30 microamperes. This
currvent decreased during the titration and current reversal
occurred near the end point as mentioned in the procedure.
Perhaps some hydrogen was being produced in the reductor; re-
duction of the acid concentration in both iron solution and

wash solution should be tried.

Sugeestions for Further Investigation

Chlorine Titration

le Reduce the acidity of the titrated solution with the

poseibility of reducing the H5P04 requirvement,
plus HCLO, in place of H

2. Use BaHZPO PO ; there may

4 4 3 4

be less reducing material present,
3e Use the maximum permissible pH (about 1.5), end try

fluoride as a substitute for ngoé.

Iodine Monochloride Titration

le As a veference point take sn indiecator current value
on the chlorine side of the minimum point; the meter sensiti-
vity is greatest in that region.

2. In order to shorten the period during which iodine and
iodine monochloride are in contact with the pletinum electrodes,
two possibilities appear for reducing the iron and then running

it rapidly into the titration solution:



a)c

Reduce the sample in & small bulb,; flushed with

Ng o 002,

swirling for a fow minutes. By means of a

by adding finely divided bismuth and

stopeock, drain the sample vapidly through a
plug of glass wool and into the titration cell.
Construct a reduction column with a 20 %o 25-nl

chamber placed below the column stopcocke Flush

the chamber with inert gas, and collect the sample

and washings in the chamber. Through a second
stopeock quickly run the sample and washings into

the titration cell.
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I-3%. HQUILIBRIUNM STUDIES

A,  Eguilibyis in Iodine Monobromide Solutions

During an jodide titration the indicator current passes
through a minimum value in the regién of thé iodine monobromide
equivalénce point (See Fige 1)es ©ince tﬁe indicator current is
limited by the iodine concentration before the minimum point and
by the bromine concentration afterward, it appears that the
value of the minimum ourvent is related to the concentrations of
the halogens in equilibrium with iodine monobromide. A mathe-
matical correlation of the minimum indicator current with the
cupric bromide equilibrium has been made by Meier (17); Xolthoff
and Lingane (8) present calculations for the silver iodate equi-
librium in which only cathode reactions are involved., In order
to simplify study of the iodine monobromide equilibrium inter-
halogen chloride complexes were eliminated by using perchlorie

acid in place of hydroechloriec acid.

Experimental

Reagents. The reagents described in Part I-2B were used for these
experiments. é
oy

|
Apparatus. The instrument described in Part I-1 was used with

two modifications:
a)e For the iodine monobromide equilibrium studies the

microammeter was veplaced by s Leeds and Northrup
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box~-type, reflecting galvanometer. A shunt re-
gistance of approximstely one ohm made the gal-
vanemeter sengitivity one microampere per scale
division. As a result the potentiasl drop across
the galvanometer was always much less than one
millivolt, and the potential applied to the ine
dicator electrodes was held constant without

ad justment.

b)e In order to study the mechanism of the indicator
diffusion cuvrvrents, two titration cells wers
connected by a glass bridge containing 2 formal
perchloric acid, A sintered glass disk in the
bridge retarded flow between the cells. Both
cells were eguipped with platinum electrodes
and constant speed stirrers. It was then
possible to separate two indicator electrodes
and to determine which pairs of ionic or

molecular species would carry indicator currents.

Procedures and Results. The data for Figure 2 were obtained by

recording indlcator current as a funetion of applied potential
for a solution which was 2 F in perchloric acid and 0,1 F in
sodium bromide and which contained 1.62 x 10~ mole of iodide
titrated to the point of minimum current, Since the flattest
portion of the indicator current-voltage curve lies in the range
40=70 millivolts, an indicator potential of 65 millivolts was

chosen for the study of the iodine monobromide equilibrium,
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Data for equilibrium calculdations were taken in solutions
2 F in perchloric acid and either 0.1l F or 0,3 F in sodium bro-
mide., About 98% of the known emount of iodide in each solution
was oxidized to iodine monobromide by the sddition of satura-
ted bromine water., By generating at the constant vaete of 1,039
X 10‘3 equivalent per second for short intervals of time oxi-
dation of the iodine was completed, and the value of the indi~
cator curvent was observed during this process., A4 typlcal set
of data taken in the region of the ilodine monobromide equiva=~
lence point is shown in Figure 3. When 6 x 10”8 mole of fodide
was titrated, & small current (0.3 to 0.6 microampere) was
noted at the minimum point. With this quantity of iodine mono-
bromide present the minimum 1naiaator current should have been
essentislly zero; consequently, this observed indicator current
was considered to be a residual current which should not be
attributed to halogens in equilibriun with iodine monobromide.

The two-cell avrangement desoribed in the fourth paragraph
of apparatus was used with several pairs of solubtions. With a
gsolution in esch cell, a platinum electrode in one cell was con-
nected as an indicator anode and an electrode in the other cell
wae made an indicator cathode., 8Since the clrouit was completed
by the acid~filled bridge, curvent passing through the elec-
trodes was governed by the nature and concentration of the halo-
gen complexes present in the solutions. This indicator curvent
is therefove similar to the diffusion curvents obtained when the

slectrodes sre contained in one cell., In Table VI are presented
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the results of a series of experiments in which all solutions
were 2 F in perchloric acid and 0.1 F in sodium bromide. The
potentisl difference between the electrodes wasg 65 mve

Experiments 1 and 2 show thet iodine, in the presence of
bromide, will react at both ancde and cathode to give an indi=-
cator current. Such a mechanism had been proposed (33) as the
explanation of the indicator current maximum nesr the iodine
equivalence point,

Since many substances do not react readily on electrodss,
it is of intevest to determine whetherv IBrg' undergoes reduction
at the indicator cathode. Under the conditions of experiment 4
the concentration of iodine and the concentration of bromine arve

sok shonk 1 = 16~

¥ in the cathode cell, Considevation of the
indicator currents and the halogen concentrations of experiments
2, 3, and 4 leads to the concelusion that IBrg- does react at

the cathodee

Caleulation of Iodine llonobromide Equilibrium Constant. It has

been observed that before the minimum point is reached the in=
dicator curvent is linearly proportional to the iodine concen=
tration, After passing through the minimum, the current becomes
linearly proportional to the bromine}eoncentration. Therefore,
in the vieinity of the minimum point, it seems reasonable to

represent the indicator curvent by the expression,
- & *
1= Kl(1, )+k2(Br2 14 (1)

in which & starrvred quantity indicstes the total concentwation of
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all species which contain that halogen in the oxidation state
indicated by the formulae.

From the equilibyium expression,

# 8
(1, (Br,")

&
-

(IBx*)=

substitution in equation (1) gives

=k, (1% +k, K*(1Bz)®
(1 *)

Since the concentration of iodine monobromide is large with
respect to the iodine and bromine concentrations, it is es-
sentially constant for these studies and may be represented by
Co; then,

2
12k (%) +k K:Q%T ‘ (2)
17

Differentiating with respect to time of generation,

* *g, 2 * kE%0,% | a(1,*
i, a(I™) K, K"0," a(Iz™) I Pl (I5%)
at 1 at (1,9)2  at (3" at

At the point of minimum current

: *
E:O,buta(x?«)/o g
at dt

Therefore, at the minimum point



=G

and

-
(1,5 ,;/3‘21;*% . | (5)

Substitution in equation (2) and collection of terms gives as

the relstion for the minimum point current, im'

<k
» 2607[£;£;;T—— ¢

The value of the equilibrium constant is then given by the

expression, "
g+ = (im} . {4)

2
4k1k20°

Differentiation of equation (1) with respect to time gives

d(x2 a(Br,*)

m"kl 2m..o

at

Before the minimum point in the region where the bromine con-
centration is very small compared to the iodine concentration,
#
a{Bw,")
at

is negligible and

ES
ai _ g a(IgT)

vt B Y s

at at

Denoting the generation vate as Kg (1,039 x 10"8 equivalent

per second) snd the volume of solution as V (Lliters)
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and

k 2 - (ai/as)v
2K

g
The value of %% may be determined graphically by measuring the

slope of the linear portion to the left of the.minimum point of
the indicator current-time curve (Sée Figure 3). In a similar
manner kg can be caleulated from the generator constant and the
slope of t@e linear portion of the indicator current curve after
the minimum point.

Data for the evaluation of kl, kz, and im were obtained as
described above. The velues of €, were calculated from the
initial amounts of iodide added, assuming complete conversion
to iodine monobromide. Values of K* calculated from equation
(4) are presented in Table VII.

Since iodine, bromine, and icdine monobromide ell form
complexes with bromide ion, the equilibrium,

(IBBr )(Brs*)

(1Bz,7)%

=X,

ghould be considered., Under conditions approsching those of

the present work the dissociation constants of I, Br” end Bry

2
mey be taken a5 0.068 (28) and 0,055 (6) respectively. A more
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recent value of the IEBr' constant has been obtained {9), dbut
the equilibrium was studisd in neutrsl rather than acid solu~
tions. Fewll (4) states a value of 2,7 x 10~° for the dissoc=-
iation constant of IBrg'. With the aid of these dissociation
constants values of X weve calculated from values of X* and the
results are given in Table VII,

Forbes and Faull (5) determined the value of X* to be
2406 x 10™° in 0,974 F HBr and 8,00 x 1078 in 4,725 F HBr, end
the corresponding values of X are 1,82 x 10~° and 2.92 x 1078,
Using these values of X one caleculates potentiasl values of

«0,87 and «0,88 volt for the halfecell,
I, (8)+4Br" g RIBY,” +20 ,

as compared with a value of «0,92 v which was calculated from
the average value of X in Table VII. For these caloulations
the potentia1 0of the bromide-tribromide half-gell was taken as
-1.05 v (10), 2nd 1.34 x 10™2 I was accepted os the solubility
of iodine (26).

Since the agreement between the present work and that of
Porbes and Faull is not particularly good, the experimental
technique was altered somewhat in an effort to check the order
of magnitude of the squilibrium constant. In the titration cell
was placed & second indicator anode which had a sensitivity of
one=-half and twoethirds that of the regular anode when the con=-
contrations of the ion reacting at the cathode were about 0.1 F

- 5] . -
and 107° F respectively. For an iodine monobromide solutim at
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the point of minimum indicator current, the indiecator current
was observed when easch of the anodes was in the circuit. SHince
iodine is the only current limiting substance being oxidized at
the indicator anode, the decrease in indicator current, z&im,
observed on switching from large to small anode is about one-
third, or at most one-~half, of the indieator current carried by
iodine at the large anode.

From equations (2) and (8) it can be shown thet the indi-
cator current carried by iodine at the minimum point is given

by the relation,

-V ®n 8,
(iI *)m = klsz Co 3

2
therefore, (iI %)
s« g °
K* § ooty
klk200
The highest possible ratio of Al will give a minimum value

I*

o n

for X*; therefore, since Ai is st most one-half of 1; %,
a

2

g* = (2 A4) .
nin ek G 2
17270

A series of six determinations of zsim with three different
iodine monobromide concentrations and two different bromide
concentrations gave an averags value of 4.4 x 10'7 for K*min'
Because of the relatively small values of zxim, these calcu-

lations are less precise than the ones involving im. However,



these experviments do serve as & check on the assumption that the
minimum indicator current is determined primarily by the iodine

and bromine which are present at that point.
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Bs Oxidation - Reduction Bquilibria In
Cupric Bromide Solutions

While studying coulometric titrations in solutions con-
taining cupric copper (0,005 F) and bromide (0.4 F) Meier (18)
observed that the indicator current never decreased o zZero
but always had an appreciable minimum value. He derived a
relationship between the minimum indicator curvrent and the

congstant for the equilibrium,

200 + 9By~ = 20113:'2‘1-31-5 "

Assuming that the potential value for the bromide~tribromide
half-cell was well established, Meiexr then calculated a2 molel
potential for the halfe-cell,

cuBra" = Cu +2Br" +0" .

Although Meier's potential value for sbove copper half
¢ell was within 26 millivolts of the wvalue which he calculated
from data given by ILatimer (12,13), the bromide complexes of
cupric. copper had not been taken into account, When the data
presented in Part II of this thesis were available, corrections

for the presence of CuBr’ and CuBr_ were applied %o leier's

2
dats, These corrections increased the divergence between the
potential calculated from amperometric data and that caleulated
from Latimer's data. A complete recheck of calculations then

appeared to be in ovder.



On page 171 of Oxidstion Potentisls (12) a value E°= =0,056
is given for the half-cell, 2 Br~+Cu = CuB¥s~+e ; this is
on of the velues which Meier used in calculating a reference
cuprous bromide = cupric copper halfe-cell potential which he
conmpared with his experimental ly determined value, However, if
one ccmbines the following data which have been checked to the

original sources given by Latimer (11,12)

Cu = Cu'+ e~ 'Eo = =0.528
CuBr,~ = ou' + 2B K= 1.2 x 10°6

then a value Eo = =0¢173 is obtained for the half-cell
2Br” + Cu = CuBry” +e” o
For the half-cell

CuBe,™ = Cu '+ 2B +e

one then obtains the value Eo = =052 which is considerably
different from the =0.,64 with which Heiey compared his experi-
mental value of =0,666. An examination of leler®s experimental
conditions was made. Inasmuch as the‘value of the indicator
potential wasg found to be of ccnsiaerable significance in the
study of the iodine monobromide equilibrium, an investigation
wag undertaken to debtermine the effect of indicator potential

upon minimum indicator curvent.

Experimental

Resgents. A stock solution of 1,01 F CuS0, was prepared from



reagent grade Cu804°5520. A ten fold dilution of the stock
solution was standevrdized iodometrically ag dirvected by Bwift
(27), The sodium thiosulfate solution was standavdized a=
gainst dried potassium lodate.

Stock solutions o¢f 1.00 F and 6,0 F NaBr were prepared by
welight froem the reagent grade salt which had been dried at
least 2 hours at 120° G,

Reagent grade concentrated H soé was diluted to give 3 F

2
acid,

Apperatus. ZHxcept for the microammeter the apperatus was the
same as that used in Part I-2A, The microammeter was replaced

by & shunted galvanometer as described in Part I-3A. The

gensitivity of the galvanometer was about 3 divisions per

microampere,

Determination of the Proper Potentisl for Studying the Cupric

Bromide Equilibrium. A golution containing & ml of 1,01 F

cu304, 5ml of 8F H2304, and 75 ml of 6 F NaBr was made up

to & volume of 45 ml with water. With an applied‘indicator
potential of 100 millivolts the iadicator curvent was carvefully
adjusted to its minimum value., The indicator potential was
then varied and corresponding velues of the indicator curvent
were recorded. A plot of indicator current vs indicator po-
tential is presented in Figure 4. Inspection of Figure 4 shows
that an indicator potentisl of about 60 millivolts is most
suitable for this equilibrium studye.
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Pigure 4, Variation of Indieator Current with
Potential Difference Between Indicator Electrodes
for a Solution Adjusted to the Point of Minimum
Indiecator Current at 100 Millivolts.

Solution 0,112 F in 0u304 and 1,00 P in NaBx,
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Procedure for QObtaining Bouilibyrium Data. In view of the above

experiment, the indicator potentisl was set at 60 millivolts.
Data for equilibrium calculations were taken in solutions 0,33 F
in H2304 and with a total volume of 45 ml, By means of pipets
CuSO4 and NaBr stock solutions were added to a titration cell
(See Table VIII for experimental concentrations). Bromine was
generated in the cell, and velues of indicator curvent were
recorded after each second of genervation., Polarity of the
generating electrodes was then reversed, snd generation was
continued until the indicator current had passed through the
minimum point., When excess cuprous copper was being generated,
values of the indicatecr current were recorded after each 2-4
seconds of generation. The value of the minimum indicator
current was debtermined by passing very slowly back and forth

through the minimum point until a reproducible reading was

obtaineds.

Caleulation of Cupric Bromide Equilibrium Constant. leier (17)

hag devived an expresgion for the equilibrium constant,

K = (CuBrg-)z (Bxs'). in terms of the minimum indicator current
and the indicator sensitivities on each side of the minimum
point. Inasmuch asg that devivation is quite similar to the

one in Part I=3A of this thesis, 8 detailed treatment will

not be presented here. The ¢alculations are based on the
aggumption that the indicator current is & linear function of

the cuproug copper and bromine concentrations:
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kl(cuBrz )+k3(Bra) 4—]g.,:,’(}.’»1?5 )

o
(]

oY

(RN
i

- + -
kl(CuBrg ) k4(Br5 )
because at constant bromide concentration the ratio of bromine
to tribromide is a constant, The cuprous copper exists prie

merily as CuBr2 at the bromide concentrations useds

12 g = (our,) (B0,

Weier has shown (17) that
4(ip)?

. 27k12k4 (4)

in which 1m = ninipum indicator current,

k, = (ai/at)v V = 0.45 liter
4
8 Kg = rate of generation
(1,029 % 10~8 equi-
valent per second)
and
o g J01/36)V [ 1+17(Br>)
4 ZKg 17(Bz~) ®
If
K, = (ou")®(Bc™)7
then
=5 - (CuBr,™)®(Bry )

- Ky (Gu**)z(Br')v- .
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Values of Ki were calculated by substituting into equa-~
tion (A)e Tho minimum current was & direct experimental

measurement. Values of kl and k, were obtained by gwaphiecal

4
estimation of the indicetor cuvrent slope and substitution of
that value into the proper equation. In ovder to calculste
values of Kz it was necogsary to coérect for the bromide com=
plexes of cupriec copper. From part II of this thesis the vaiue

of Kcl = 2.1 was taken for the egquilibrium,
ca’+ Br = CuBr® ,
Ag an approximntion for the formation of the dibromide complex,
GuBr + Br™ = CuBr,
it wag assumed that the constents for the bromide complexes
would have the same ratio as the constants for the chloride
complexes. #rom the work of McConnell and Davidson (1B) one
finds a value of 5,65 for the ratio of the monochloride constant
to the dichlovide constant. By applying this ratio the approxi=-
mate value of ch = 0,37 was obtained for the dibromide equili-
brium given above., Higher bromide complexes of copper were as=-
sumed to be mnegligible in their effect on the cupric or bromide
ion concentrations, In Table VIII both the formal and molal
concentrations are listed for cupric and bromide ions. These
molal concentvations were calculated by accounting for the
cupric bromide complexes described above. Values of K2 calcu-

lated from the molal cupric and bromide ion concentrations are

presented in Table VIII,
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For the equilibrium,

_ (cuBey™) 2 (Brg)
(cu* )2 (Be™)"

values of XK for various cupric and bromide ion concentrations
will be found in Table VIII, From the aversge value X = 1.%2 x
1016 the value of B, = =+468 is obtained for the cell reaction
given above, IT the value Hj = =1.05 is taken (10) for the

halfecell,

then one calculeted EQ = «=0.58

for the half-cell,

CuBrz' = cu'+ 2B+ 8" .

As mentioned earlier in this section the data in Tatimer (11,12)
yield a value of EO = =052 for this half-cell,

The source of greatest ervor appears to be an indiecator
current which may be given by the following electrode reasctions:
Indicator anmode 3By~ = Brg~ + 2e”

Indicator cathode 2Cu’+ 4Bx™ + 2e™ = 2 CuBr, .

Inasmuch ag indicator current due to this decomposition augments
the indiecator cuvrent due to cuprous copper and bromine, an ine-
determinate error is introduced because it appears to be impos-
gible to separate the two curvenitis. 0f course the decomposition
current veries with the concsutration of cupric copper snd broe

mide; therefore, it ig difficult to make an estimate of the



effect.
Activity coefficients have not been taken into account in

all these calculations, The agreement between this work anl the
literature would probably not be improved by considering

activities.
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TABLE VIII
Constant for Cupric Bromide Oxidation -

Reduction Equilibrium

Noe kq ky L (cu*’) (Bzx~)
(Div/10~6 F)  (Div/10°7 F) (Dive)*  (F) (¥)
: 4 910 5.10 7eb 0,112 1,00
2 9.95 He45 948 0,0561 1.00
3 5640 5,20 106 0.404 1.00
4 64106 Hedb 366 0.,05661 0e70
5 865 6e7H Boel 00,0224 1,00
6 Sedl 675 43 00,0561 0670
7 Helb 441 Beb 0.0561 1.00
No. (Cu'")  (Br") K x1020 k x10* & x 1086
(1) () &
1 0.0518 0,680 139 4,84 0.28%7
2 00152 098 Ped2 1.61 150
3 0,143 0669 1067 15,3 06699
4 00206 06686 06306 C.232 1328
5 00059 0698 0366 06304 1.20
6 00,0206 066 0,226 00232 0974
7 0.,0152 0.95 5,29 1.61 Ze28
Av 1.32
é(im)s (GuBrZ*)Q(Brs-)
Kl = ""“"‘""""ﬁ"""‘ X = = v-n
B7ky "ky (cu*)"(Be™)
E = (Cu**)ngr-)v
2
* 1 seale division 3 0.33 microamperes
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4, Study of the Successive Oxidation

Stetes of Vanadiunm

During a coulometric titration of tripositive arsenic (20)
no change of indicator current is observ;d until the equiva-
lence point is reached, Some substancés such ag iodine éause
an indicator current during the couvse of the titration (see
Pigure 1), Professor Swift suggested that the oxidation of
vanadium thfaugh several oxidation states might give rise to a
series of indicator euriant peskse. A possible application of
such phenomena would be ths development of differentisl

titrations.

Experinental

Reagents. A solution of NaV0, had been prepared and standard-
ized by Dele lleier. The solution was said to contain gavos
(0152 F) and NagnC0, (0.2 F). This stock vanadate solution
was diluted exactly ten=fold, and sufficient HCL wss included
to neubralize the ﬁazcos and give 8 final acid concentration
of 0.1 Fo

The hydvochloric acid (8 ¥) doscribed in Part I-1 was
uged here.

For the veductor Z0-mesh zinc was gliven o light coat of
mercury by reduction of Hgﬂla. A small Jones reductor was

prepared with a zinc column 8 com high and about ¥ mm in diae-
P

motere



Apparstus. The instrument described in Part I-1 was used for
this investigation. A genevstion vate of 1,054 x 107! equi-

valent per second was used for all experiments.

Use of Small Jones Reductor and Obsewvation of Indicator

Currentse

le A 1-ml portion of the dilute NaVO,_ was eguivalent

3
to about 150 seconds of genevation for each elechron chenge of
the vanadiume

About 30 ml of a solubtion 0,1 F in HCL and 0.2 F in NaCl
were added to a titration cell and the cell was flushed out

with nitrogen. For all succeeding operations an abtmosphere of
nitrogen was maintained in the cell, One milliliter of the

dilute Navoz gsolution was pipetted into the veductor and was
allowed to pass into the cell at the rate of one drop about
gvery 10 seconds. Several millilitors of solution (0.1 F HC1
and 0.2 ¥ laCl) weve passed throusgh the reductor to wash out
the sample, With the indicafor potential set at 200 millivolts
the indicator current was vewry high and could only be followed
by using a microammeber fitted with & variable shuni. When
generation of chlorine wes started, the indicator current de-
creased steadily for about 40 seconds; then, the indiecator
current remained at a low value (sbout 3 microsmperes) for
about 140 seconds while genevetion continued. Alter & total
of 180 seconds of genevation, the indicstor current increased

rapidly and &id not agein veturn to a low value, even afier



330 seconds of generation. Similar results were obtained
upon repetition of this procedure.

Inasmuch as lMeier, liyers, and Swift (20) observed no
indicator curvent for hydrochlovic acid solutions cqntaining
V+4 and V*s, the above experiments might be interpreted as
follows:

Roughly 30% of the vanadium was reduced to the plus

three state and 40 seconds wWere rveguired to oxidige

that V2 to v'%., During the next 140 seconds the

v* was oxidized %o V+5, then a chlorine end point

wag obteined. However, before it can be definitely

stated that va and V+4 support an indicator current,

it must be showa that in the above experiments the

indicator curvent is not caused by hydrogen from the

reductor.

2e To a titration cell was added 35-40 ml of 0.3 F
HCL, then the cell was flushed out with 002. After passing
1 ml of the dilute Navos solution through the reductoer, 002
was bubbled through the solution and the indicator current
{potentisl 300 millivelts) was observed but no chlorine was
generated, The indicator curvrent decrezced slowly aund reached
10 microamperes in sbout 7 minutes.

The seme operations were performed with no vanadium in
the solution going through the veductor. The initiasl current

in the solution wes a great desl less than with vansdium pre-

sent. Upon vassing 002 through the solution, the indicator
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current decreased rapidly to 2 microamperes in about 20
geconds.
3, Ixperiment 2 was vepeated with a vanadium sample and

purified nitrogen was used in place of CO The nitrogen was

o
bubbled through a gas washing bottle f£illed with 3 F NaOH sat-
urated with N3282'4: this process was supposed to remove
oxygen, After the sample had been in the cell for five minutes,
the indicator current had decreased somewhat but remained at a
high (off seale) value,

In view of the results of experiments 2 and 3 it seems
reasonable to conclude that an indiecator current has been obe-
served which is caused by V'® ana v'¢,

4, In previous experiments no evidence had been obtained
regarding the presence of V'Y, Because of the dilute solu-
tions used it was not possible to identify the oxidation state
by color.

About 3 ml of the stock 0,152 F NaV0, were acidified with

3
HC1 and placed in & small flask. The flask was flushed with

Cco then granular zinc was added and the flask was stoppered,

59
After swirling the contents of the flask for 20-30 seconds,

the solution turned purple. To a cell containing 0.2 F HCL and
flushed with nitrogen 3 drops of the purple solution were transe
ferreds The initial indiecator current decreased as chlorine

was generated but there was no region of low indicator current

(below 20 microamperes) prior to the finsl current rise. Also,

there was no additional indicator current maximum or minimum
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which might be expected during the oxidation of V''to V*°.

A partial explanation of the . — experiment is that v'*
wés oxidized at the indicator anode while hydrogen was being
produced at the indicator cathode, However, the presence of
hydrogen does not seem to account for the absence of a low

indicator current during the oxidation of V*é.

Use of Potentiometric Indicating System. IHMor these experi-

ments 00,0152 F NaV05 solution was reduced by granular zinc in

e stoppered flask; the flask was filled with CO One-millilie=

a¢
ter portions of the reduced solution were transferred to the
titration cell when needed.

A Beckmen No. 270=6 calomel electrode was used as a re=
forence electrode. A short length of platinum wire and two

2 and B cmg) were tried as elece

pieces of platinum foil (1 em
trodes in the titrated solution. The potential difference be-
tween the calomel electrode and a platinum electrode in the

cell was measured by a Beckmen millivoltmeter.

In preliminary tests, stable potentisl readings were ob-
tained when iodide was oxidized in a solution of sodium bromide.
However, during o titration of tripositive arsenic with chlorine,
potential values fluctuated 20-30 millivolts when readings were
takene.

Several experiments were made by introducing reduced vans-

dium solution into a titration cell contsining 0.2 F HCl. An

atmosphere of nitrogen was maintained in the cell, Chlorine
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was generated for short intervals of time snd potential readings
were recorded. In no case was it possible to get a set of good
potential values for a titration., The potential values either
drifted or fluctuated. o one of the three platinum electrodes
mentioned above improved the resulits.

A large calomel half=-cell was prepared and connected to the
titration cell by means of an agar-agar salt bridge. The po=-
tential between this calomel half-cell and a platinum wire.
electroae in the cell was measured by means of a "Queen" po=-
tentiometer. Stable potential values could not be obtained with

this arrangement.

Conclusionsg

Inasmuech as vanadium can be determined coulometrically by
electrolytically generated cuprous copper (20), further investi-
gation did not appear to be profitable at this time. |

Two conclusions can be drawn from the experiments using
the amperometric civcuite.

1l In a hydrochloric acid solution tripositive and

guadrapositive vanadium cause an indicator current.

2 If a good reducing agent such as dipositive vana-

dium is placed in 8 titration cell and the indicator

cireuit is closed, a significant amount of the reduc=-

ing agent may be oxidized by the indicator anode while

hydrogen is being produced at the indicator ecathode,

For the coulometric titration of such substunces a

special method will be required.
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11, SPECTROPEOTOMETRIC INVIESTIGATION
OF THE COPPER (II) MONOBROMO COMPLEX

In Part I-3B of this thesis the caleuls tions required ine-
formation concerning the bromide complexes of cupric Gopper.
For many years it has been known that cupric copper in concene
trated bromide solutions (above 3.5 formal HBr) produces a
raddish=-brown to purple color; however, no one seems %o have
published an equilibrxium constant for any of the bromide com=
plexes. McConnell and Davidson (1) have determined equilibrium
constants for both the monochloro and dichloro complexes of
cuprie copper: the spectrophotometric method which they used
is relatively uncomplicated for determination of a monohalide
complex and it was adopted for this investigation. All solu-
tions used for these neasurements were adjusted to an lonie

strength of unity.

Experimental

Reagents. A solution of Cu(ClOQ)2 had been prepared by Harvden

HeConnell by dissolving CuCO,_°Cu(OH)_ in HCLO,: the excess
-]

3 &

HC).O4 wag reported to be very small. A solution of Naasgo

was prepaved and standardized against XIO

3

ze The Cu(0104)2

golution was then standardized iodometrically as directed by

Swift (2), and the copper concentration was found to be 1.342 F.
A stoek solution of NaBr (0,100 F) was prepared by dis-

solving a weighed portion of the reagent grade salt in ehloride-
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free wator and diluting to the mark in a volumetric flask. The
NaBr had been dried for 1.5 hours at 120° C. Solutions 0,0050 F
and 0,0250 P in NaeBr were prepared by aceurate dilution of the
stock solution,

A standard solution of HC].O4 (2,673 F) was prepared by
diluting 60% acid. Standardization of the scid was accomplished
by the iodate method outlined by Swift (3).

Apparatus. A Beckman lModel DU Spectrophotometer with hydrogen
lanp was used for measurements of opticel density. The rectan=-

gular vight prism quartz cells were of 1,00 em path lengthe.

Preliminery Experimentse

1. Portions of the above solutions were pipetted into a

50 ml volumetric flask so that the final solution was 0,250 F

in Cu(0104)2, 0,00100 F in NaBr, and 0,249 F in HCLO Before

4.
the addition of NaBr, the volumetric flask wes finshed out with

c0, .
02

portion of the solution was transferred to a spectrophotometer

After the solution in the flask was thoroughly mixed, a

cell and a cell cover was placed in position with a thin £film
of grease to exclude air.

A blank solution 0,249 ¥ in HClO4 was used to balance the
spectrophotometer at each weve lengthe A copper comparison
soiution was mede up to be 0,250 F 1n'cu(0104)2 and 0,249 P in
H0104.

At a given wave length the spectrophotometer was balanced
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at zero optical density when a blank solution was in the light
pathe The copper comparisgon sgolution was then plsced in the
light path and the optical density was detevmined, Immediately,
the copper solution containing bromide was plsced in the light
path and the optical density was measured. Thirteen wave
lengths from 255 to 300 millimicrons were used. The wave
lengbh intervals varied from 1 to 10 millimicrons depending
upon the change in optieal density.

Below 260 millimicvons the optical densities of both cop-
per solutions were high {above O.G)}and the difference in op=
tical densities was not large enough tc permit accuratbte calcu-
lations (see Discussion). The copper complex appeared 1o
sbsorb most strongly about £80 millimicrons; however, the
opticel density of the copper complex solubtion in that region
was too low (aboubt O.1) for asccurate work.

2e A solution 0.250 F in Cu(C10,),, 0.005 F in NaBr, end

29
Qel45 P in HClO4 wae prepared as in experiment 1. Optical den=
sities were measured (as in exp. 1) at every S-millimicron ine-
terval from 260 to 300 millimicrons. The results of this experi-
ment indicated that 0,005 ¥ NaBy was 8 suitable concentration
for subsequent experiments,.

3. The optical density of a solution 0,485 F in HClO4 and

0.005 F in NaBr was measured using 0.485 F HC1l0, as the blank

4.
golution. Over the vauge 270 to 295 millimicrons the optical

density of the bromide solution varied from 0,002 to 0.004.

Procedure. All solutions were prepared by pipetting stendard



' Den

solutions into 50 ml volumetric flessks end dilubting to the
mevrks, Flasks to contain bromide were flushed with 002 Just
before the addition of bromide golution. The Cu(3104}2 COT=
centratiions were 0.250 P, 0,210 F, 0,170 P, 0,135 P, and

0100 Fe¢ The NaBdrx concentration was always 0,005 F, snd suf-
ficient H6104 wag added in each case to bziﬁg:the ioniec
strength to unity. BHach blank solubtion contained the emount of
H0104 uged in the corvesponding copper complex eolution: each
copper comparison solution contained the same amount of

Cu(0104)2 and HCL0, as the corresponding copper complex solution,

4
The operation of transferring the copper complex solution

to a spectrophotometer cell was performed in e large beaker into

-

which & stream of Goz was |

-

asseds That cell was then closed
with a rubber stopper whiceh had boen trimmed to f£it the squave
top of the cell.

The spectrophotometer was balanced with the blank solution
at each waveleugth, then the optical densities of & coppsr comw
plex solution end the corresponding copper comparigon solution
were measured., Readings were taken at be-millinieron intervals
from 260 to 300 millimierons. To check possible drifting of
the readings, optical densities of each set of solutions were
remeasured at several wavelengths about 15 minutes after the

first deberminatione.

Discussion

For solutions of the same ionic strength it is a reasonably
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good assumption that the activity coefficlents of the ions of
interest sre counstant even though the composition of the solue-
tions is wvaried. As shown by preliminary experiment 1, very
dilute solutions cannot be used becsuse there would be insuf-
ficient complex to give easily measurable sbserpiion. In
consideration of these facts & constant ionic strength of unity
wag chosen fov this investigation.

In the equilibrium,
cu' '+ Br- = cuset

let (CuBr™) = x,
then (Cut*) = a =« x and (Br~) =2 b - x »

For the equilibrium constant, K, one obtains the relation

P -
Tassitonay & T

If a >>b and a>dx ,

as a first approximation

T+&ka (1)

By definition,

D, = an and Dl o éix

in which BO and Dl are the optical densities of solutions (a) and

(x) formsl in Cu'’ and CuBr® respectively and with a total iomie

strength of 1.00. The quantities €, end 61 are the molaw



extinetion coefficients of Cu'? ana Cusr? respectively., If 3)01
is the optical density of a solution (a) formal in copper per=
chlorate, (b) formal in sodium bromide and with sufficient per-
chloric acid to bring the ionie strength to unity, further use

of the fact that a>)>z yields the approximalblion

Do, = € x*+€a;

then

and

D, =D ‘Kaél

b T 1+Ka

Inversion of this equation yields the velation,

b = {.1)1.,1 .
LS lze;) 54¢; (2)

If CuBr® is the only complex formed in significant quantity,

then a plot of 3"‘1‘)"‘5“ against % should be a straight line., When
Dl- o -

the experimental data were plotted on such a graph, the poinis
were somewhat scattered but no smooth curve other than & straight
line could be passed through the points. In asquation (2) it

can be seen that the egquilibrium constant, X, is obtained from



the vatio of intevcept to slope.

Instead of evaluating X graphically, the method of least -
gquares was ugsed to correlate the data. Although optical done
sities had been measured at nine wave lengths, the data used

for the calculation of X was that which was taken in the region
of maximum absorption by cuBr ¥, After obtaining values of K,
2 check wag made on the change of cu*’ concentration by complex
Zormation: the numerical approximations made in deriving equa=-
tion (2) are within experimental errors.

Values of K celeculated from data at five wave lengths are
presented in Table IX, By means of standard formuias the pro=
bable error was calculated for each of the five slopes and in-
tercepts. Xrom an avervage value of the slopes, intevcepls, and
probable errors in those values, a probable error was calculated
for the average value of K: +this probable error was found to
be 0,249,

For each of the five solutions used in this investigation
(x), the concentration of CuBr * , was calculs ted using the

avevage value of K. From the approximation mentioned above,

Dl ® DO]_ - DO s
then € . EE - ?03 - Dy
1" x - ®

Values of the molar extinction coefficient of CuBr*', éi, were
calculated for each of the five solutions, and the aversge
value of 61 was found for each of the nine wave lengthse

Figure 5 shows the curve obtained by plotting 1oglo 51, againsgt

wave lengthe



]

Summar

An equilibrium congtant for the formation of the monobromo
conplex of copper (II) in solutions of unit ionic strength has
been determined by a spectrophotometric method. AT 22 +2% ¢

the average value for that equilibrium constant was found %o
be 2.1100250

The molar extinction coefficient of CuBr’, €, been de-

termined over the range 260 to 300 millimicrons, and 61 is

reported graphically as a function of wave length,
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TABLE IX

Zquilibrium Constant for the Copper (II)

Honobromo Complex in Solutions of

Unit Ioniec Strength

Wave Length X,
(Millimicrons) (Liter/mola)
275 2.06
280 2,04
285 1.87
290 2620
295 .26

AV 208
it
a K - ( Cm)r )

T (Cutt)(BzT)
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IfI. Determination of Carbon by

Yot Combustion *

Equipment recomumended for use by a Chemical VWarfare Service
Hobile Unit was subject to the following special requirements:
a)e The apparstus should require a minimum of space when
packed snd when assembled for use,
b}e When packed, the apparaitus must withstand heavy
shocks in transpovrt,
The Van S5lyke manometric appsratus was designed to use the
Van Slyke~Foleh (4) combustion mixture for the determination of
carbon in ovganiec compounds. Howevor, the Van Slyke appavatus
is bulky and fragile and does not meet the above requirvements,
it anpoared possible to design a less oxpensive apparatus which
could be assembled easily in a small space., With these object-
ives in view fthis investigation was undertaken.
Briefly, the procedure is as follows: A sample of 10 to
12 mg is heated with an snhydrous sulfuric, phosphoriec, chromle,
and iodic acid mixtuvre in a siream of cavbon dioxide - free airvr,
and the carbon dioxide evolved is absorbed in sodium hydroxide.
The carbonate thus formed is precipitated ss barium cavbonate

and determined acidimeirically. The Van Slyke~Folch combustion

Baged upon work done for the 0ffice of Scientific Research
and Development under Contract OHMsyr-325 with the Celifornia
Ingtitute of Technology.



solution has been used in other proceduves (2,3), but in these

the carbon dioxide has been detevmined gravimetrically.

Iixperimental

Reagents. Preparation of the combustion solution, Pour 60 ml

580, into e flask containing 40 ml of 85% phosg=

phoric scid and add 10 gm of Cros end 1 gm of KIOs. Heat to

140-150° ¢ and swirl or stir for L=2 minutes, . Cool and store

of 50% fuming H

in smell glass-stoppered bottles., A4As an alternative to using
fuming sulfuric acid, use 20 gm of 9205, 36 m1 of 95% sto4,
and 15 ml of 85% 20, Wwith the steted quentities of Cr0, and
KIO o

3
Sodium Hydroxide (0.5 F). Dissolve 5 gm of NaCH in 20 ml of
water, dd 1 ml of 1 F Ba612 solubion and gentrifuge. Dilute
the centrifugate to 250 ml and store in a siphon bottle pro-

tected by 8 soda lime tube,

Barium Chlovide Reagent, 1 F in Ba312 and 0,001 F in HCl.

Preliminery Experiments. The following seventeen experiments

ave presented to outline the developments leading te the final
procedure and the apparatus shown in Flgures 6 and 7. (page 91).
le The fivst rather crude appevabtus consisted of a drying
tower, filled with pellets of NaOH, end two 1b~ml centrifuge
tubes comnected in series as are tubes A, M, snd ¢ in Figure 6.
(Page 91j. The tube corresponding to combustion tube M was

closed with a rubber stopper, the 002 wag admitted into abe



gorption tube G by means of glass ftubing drawn to a fine tip,
and a solution of Ba(OH)a wae used in tube G,

A sample of 3, 6 dinitrobenzolc acid was weighed into the
combustion tube. DBy means of a water aspirator air was drawn
througn the apparabus for several mninutes, 602 being absorbed
by the Na0H in the drying tower. To the combustion tube were
added 2 ml of combustion soluiion, and 2 ml of gaturated Ba(OH)2
end 3 ml of water were added to the absorption tube. While a
stream of aly wag drawn through the spnaratus, the combustion
golution was heated to boiling for 6-8 minutes. The absorption

tube was then disconnecited, and the B3aC0 precipitaﬁe was

3
washed with two 3-nl portionsg of water then titrated with 00,0462
P HCL to s methyl orvenge end point in hot solution.

The result was about 25% high and indicoted that the pre-
cipitate should be washed morve efficiently. A tendency fowx
solid Baco5 %o elog the tip of the inlet tube in the absorption
chamber was troublesome.

2. lYxperiment 1 was repeated to the washing of the pre~
eipitata., After the precipitate was drained of excess Ba(OH)g
solution, 1 ml of water and 1 drep of 0,1% phenolphthalein in=
dicator were added to the precipitate. Very dilute HCL (about
0,04 P) was sdded dvopwise with stirvring until the solution was
just decolorized. A faint pink color on the preecipitate ine
dicated that the acid was not pressent in excess., The nizture
was eentrifuged, and the precipitate wes washed with 2 ml of

water. The carbonate was titreted to a methyl orange end point



in hot solution with 0.,1932 P HCl.

The result was about 30% low indicating thst absorption was
incomplete; perhaps the combustion progressed too ranidly. Some
of the solid Bacos was carried up on bubbles and deposited on
the upper wall of the ftube and on the stopper. Afber washing
the precipitate and centriffuging, the centrifugates were turbid;
a small loss here bubt not enough to account for the large ervor.

Je DRepeated experiment 2 with the following changes:

as The Ba(()}{)2 was replaced with 0.5 ¥ NaOH,

be The combustion solution was heasted slowly.

Ce One milliliter of 1 F BaCl, veagent was added to
the sbsorption tube to precipitate the carbonate.

Gs After the base adsorbed on the precipitate was
neutralized with dilute HCL as described in
experiment 2, 2 drops of 2% Braunsol wetting
agent were added before centrifuginge

The vesults of three runs were 97, 101, and 94% of the
amount of carbon thought to be present. The above modification
appeared to correct the mejor difficulties; however, there is a
tendency toward low resultse.

4, The drying tower filled with NaQH pellets was replaced
by two bubblers made from test tubes; the first was filled with
B50% WaOH end the second with 0.5 F NaOH. In earlier experiments
combustion tube i had been an orvdinary Llb-ml centrifuge tube
closed by & rubber stopper. A special head wes made on a male

standsrd taper ground-joint (14/20): inlet and outlet tubes
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were provided in the sides of the head for gas flow, and an in-
let tube for introdueing combustion solution was sealed in the
tope The female 14/20 Joint was sealed on a 1b-ml centrifuge
tube end this combustion tube (M) was fitted to the head, using
HSPG4 as a lubricant and air seal. liodifications of the PTO=
cedure were as follows:

8, After most of the excess base on the precipitate
had been neutralized and the mixbture had been
centrifuged as deseribed in experiment 2, the
remaining adsorbed base was neutvalized in
gimilar fashion instesd of washing with water.

b. The carbonate was determined by adding an excess
of standard HC1 end backtitrating with standard
NaOH.

The average of several runs was still low by about 2%.
Blenk runs averaged 0.016 mg of carbon which was about 0.5% for
most of the samples used.

B, Rate of flow of the gas stream through the absorption
tube & was varied in a series of three experiments. The results
were consistently low indicating that the vecovery of C0p in the
absorption tube might not have heen 100% afficient,.

B Anhydrous Ne,C0, was prepared by heating NaHCO, at 270-
200° ¢ to constant weight. Three samples of the NagC0g were
weighed out and treated by the procedure of experiment 4; stc4
was used to decompose the carbonates

The average result was 97% of the ealculated value giving
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additional evidence that the cog was not completely absorbed.
7« The precipitation and titration proceduvres were checked

with weighed samples of the freshly prepared Na 005 {experiment

6)s Each carbonate sample was dissolved in a szall smount of
water, then 0.5 F NaOH was added and the precipitation, washing,
and titration were performed as in experiment 4,

The results of three tests avervaged about 0.5% high showing
that there was no loss involved in the above operations.

8. A second absorption tube was placed in sevries with the
usual absorber., The only alteretion of procedure was to add 5
drops of 1 F BaGla to thé first washiﬁg of the BaGO3 precipitate
and 3 drops to the second washing.

One sample of Na2303 was treated as in experiment 6 and the
result was 98.3% of the ealeulated value: no Bal0, was obtained
in the second absorpbion tube. PFor a second sample of Eazco3
the vesult was only 94.7% of the ealoulated value: a signifie-

eant quantity of BaC0, was obtained in the second tube and the

precipitate was estim:ted to be about 0.1 mg of carbon,
Obviously a more efficient absorption system was needed.

It was desirable to absorb the GO2 in a centrifuge tube so that

precipitation and centrifugation could be effected with a mini-

mum of exposure to the sir. No sintered glass units would fit

into a 15-ml centrifuge tube; however, a small porous dispersing

unit became available commerceially and one of those was ordered.
9. While the dispersing unit was on order, a diffevent

type of apparatus was tried. Two 15-ml centrifuge tubes, fitted
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with ground glass Jjoints, were connected together by means of a
glass tube which carried two male ground-joints., Sealed into
the bridge directly above sach of the tubes was an inlet tube,
each of which was closed by a stopcock. A sample was weighed
into one of the tubes and the Jjoint of that tube was lubricated
with syrupy HEPO o Through one of the inlet tubes the assembly
was evacuated with a water aspirator., About 5 ml of 0.5 F NaOH
were admitted to the empty tube, and 6 ml of combustion solution
wag admitted to the tube containing the sample. The combustion
golution was then heated to decompose the sample, and the age-
sembly was shaken to aid in absorbing the GO8 into the base,
Precipitation and determination of the carbonate was done as in
experiment 8.

Many expeviments were performed and several minor varia-
tions of the apparatus were used, In almost all cases the re=
gults were low, The excess Gros decomposes at elevated temp=-
erétures produeing oxygen which destroys the vacuum in the

apparatus and hinders the transfer of CO} to the base. For

2
this reason these experiments were discontinued and further
detail is omitted from this repori.

10, A dispersing unit, stated to be a 50-micron disperser,
was obtained from Wilkense-Anderson Co., The unit was constructed
from a 2.5-cm length of 6-mm 0.d., 4~mm i.d. Alfrax tubing (Car=-
borundum Co,) which was cemented to a section of 4~-mm glass

tubing; the opposite end of the povous tube was closed with a

white cement, This disperser served as the gas inlet in



absorbing tube G. The only changes of procedure were the
following:
8. Because of the large area involved, the inside of the
disperser was ringed as well as the outside. The
washings were added to the solution in tube G.

be After the addition of the BaClg to precipitate the
carbonate, the 15-ml centrifuge tube (G) was stoppered
with a rubber stopper fitted with a short section of
glass capillary tubing., The tube was then placed in a
bath of boiling water for 2-3 minutes to allow coagu-
lation of the precipitate.

Bight samples of adipic acid (recrystallized) were tested
and the vesults were consistently 1 to 2% high. The absorption
of 002 was evidently satisfactory but the efficiency of the
scrubbers for incoming air was questionable. Heating the Baco5
precipitate before centrifugation was definitely an improvement
and the centrifugates were clear.

11 To serve as a compact and efficient C02 scrubber, a
Kraissl tube packed with Ascarite was placed in the position
shown in Figure 6 (page 91). After the combustion tube M had
been heated sufficiently long (5-6 minutes) to decompose the

sanple and the excess Cr0 the combustion tube was nearly fil-

s

led with concentrated H2304. With less dead space in tube M a
shorter period of air flow would be necessary to sweep over all
the 002.

Four analyses of adipic acid gave results less than 1%



{about 0.05 mg of carbon) highe A blank run produced no visible
BaCO3 precipitate in the absorption tube.

12. Inssemuch as the Ball, precipitate Was washed for The
last time in a solution which had been adjusted to the phenol=-
phthalein transition point, the final back titrastion with stand-
ard NaOH was made to the phenolphthalein end point for seversl
samples which had been titrasted to the methyl orange end point.
The average difference in the two titrstions amounted to about
0,01 mg of ecarbon.

13 A 10-ml portion of water which had been used for washe
ing the dispersers and the walls of the centrifuge tube was
tested with Ba012 and & precipitate was obtained., The precipi-
tate was estimated to correspond to 0.01 mg of carbon; there-
fore, freshly boiled distilled water shouid be used for washing.

14, VWhen several milligrams of NaF were placed in the
combustion tube with & sample, the disperser became clogged
during the process of rumning a determination. Small pieces of
porous porcelain were placed in the rubber tubing connecting the
combustion and absorption tubes; however, after samples contain-
ing fluoride were run, etching was visible on the upper portion
of the disperser inlet tube. With a plug of moist glass wool in
the connecting tube, no signs of HF attack were visible beyond
the glass wool,

Four samples of sodium oxalate with added NaF were analyzed.

One pair of samples was tested when 0,05 F HCL was placed on the

glass wool, and the results were 0,05 to 0,11 mg of carbon high,.
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The other two samples were analyzed with distilled water on the
glass wool and the results were only 0.02 mg of carbon high:
similar results were obtained with samples containing no fluor-
ide and with distilled water on the glass wool,

15 The cement on the dispevsing unit deteriorated rapidly
because of the basic solution in which it was immersed and it
was not possible to make a glass seal between the Alfrax and
glass tubing. After a lengthy correspondence with the Csr-
borundum Company, a sample of povous Zircofrax tubing was ob=-
taineds This tubing was 6=-mm 0.de and 4-mm i.d. &nd could be
sealed to Pyrex glass, A small dispevsing unit was then con=-
gtructed from a B-mm length of Zircofrax tubing which was

gealed to a 3-mm Pyrex inlet tube and the opposite end was

closed with a glass plug. This disperser was very satisfac~
tory in all respectis,.
16. The vacuum siphon shown in Figure 7 {page 91) was

developed to minimize absorption of 002 while the excess NaOH
was removed from the Baco5 precipitate., Tests showed that
small positive ervors were not mabterially reduced by the use
of the vacuum siphon; however, its use should eliminate positive
errors which might arise if the time reguired o maske the deter=
mination were unduly prolonged.

17, The combustion-tube head D was designed to have the

minimum number of ring seals: earlier models required 3 ving

S5ealse



Final Procedure

The procedure given below and the apparatus shown in Figures
6 and 7 {(page 91) are the results of the experiments described

above and gsome observations which were not included there.

Assembly of the Apparatus. Assemble the apparatus as shown in

Figure 6 (page 91). Clean, dry and reserve a glass-stoppered

15-ml centvifuge tube (Tube M) (Note 1). Pack the Kraissl
abeorption tube A on both sides with 20-30 mesh Ascarite or

sode lime (Note 2)e Add sufficient concentrated Hgsoé to the
bubble counter B to immerse the inlet tube about 2 mm, _

Connect micro stopcock C (Note 3) to tube A and hesd D with
short lengths of clean, dry rubber tubing; leave stopcock C in
the open position, Lubricate stopecock B with concentrat ed H5P04
and leave it in the closed position, (Note 4). Connect tube F
to the outlet of head D with a 2 to 3-inch length of rubber tub-
ing. Fill tube F with glass wool moistened with 3=4 drops of
distilled water (Note 5),

_Bore three holes in a No., 1 rubber stopper. Through one
hole, pass a short length of 4-mm glass tubing whieh has a l-mm
tips. Comnect this tube to the delivery tube of the storage

bottle H (which contains sodium hydroxide~barium chloride re-
agent, 0,5 F in NaOH and 0,004 F in BaClz), and attach pinch
clamp J to the connecting tube. By applying e slight pressure
through the soda-lime tube of bottle H, force solution from H
until it fills the delivery tube, then close clamp J. loisten
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the glass tubing which cavvies the disperser K (Note 6) with a
drop of glycerine and insert the tubing in the rubber stopper
(Note 7); conn ect the disperser inlet tube to tube F with a
4 to b=inch length of wrubber tubing. Insert in the third hole
of the stopper a 4-mm glase outlet tube and connect it to micro
stopcock L (Note 3) with elean, dry vubber tubing (Noﬁé 8)e
Pass the other arm of the stopcock (L) through a No. 3 rubber
stopper, then fit the stopper into a 126-ml suction flask and
connect the side arm of the suction fia sk to a wabter aspirator.
Just before attaching the 15-ml centrifuge tube (G) to the 3=
hole stopper assembly, open clamp J and allow 2 to 3 ml of the
NaOH-BaGlg reagent to flush out the connecting tube,

Finally, assemble the vacuum siphon (Figure 7, page 91).
Place tube R (lote 9) and specisl soda-lime tube (Hote 10) in
a two-hole No. 1 rubber stopper. Connect tube R to the 50-ml
flask with about 2 feet of rubber tubing, When the vacuum
siphon is used, disconnect the rubber tubing from the outlet of

tube G and connect that tubing to the outlet of the 50-ml flask,

Notes.

1. The tube, which receives the sample, should be cleaned
with hot Oroz-E2804 solution, vinsed, dried, and protected from
dust by inverting in a clean beaker or by stoppering with &
glass stopper,

2. Place a plug of glass wool in each compartment of the

Kraissl tube to protect the inlet and outlet tubes. Another
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plug of glass wool should be placed between the filling and the
stopper.

3, BStopcocks C and I ghould be lubricated with a thin film
of gresse,

4, '""he stopcock should turn easily. Do not force the stop-
per as it may lock.

6. If it is known that the sample does not contein fluorine,
tube P may be omltted from the appavatus. This tube is inserted
to remove HF which would sttack the inside of the disperser and
g0 clog the poves that the disperser could not be flushed out,.

A clean tube and filling should be used for each run be=
cause the acid produced by the absorption of SO5 lowers the
efficiency of HF absorption,

6. The disperser can be made by closing, with a piece of
glass, one end of a short length of Zircofrax tubing, 12-7P.89,

1/4 x 1/8, anad joining the other end to a length of standard

wall Pyrex tubinge The Joints are glass.

7 Since the disperser is moved in the stopper during each
run, the inlet tube should be kept movable in the stopper. The
disperser should be rinsed out with dilute HCL and water and
should be dried before being used.

8¢ So0lid or liquid which my have been deposited in the
connecting tube by spray from previocus runs should be washed
out and the tube should be dried.

9 Tube R is mede from 4-mm tubing drvawn to a l-mm tip at



one end, Allow 2 1lB=cm length from the tip, then meske a right
sngle bend which will sid in moving the tube in the stopper.

10, Specisl soda-lime tube 8 consists of a Z~inch lengih
of 10-mm tubing atteched to 2 inches of 4-mm tubing Vent ase
shown in Figure 7 (page 91). The 4~mm tubing can be sealed %o
10=-mm tubing or a section of the 10-mm tubing can be collapsed
end drawn to 4-mm diametev.

Place & plug of glass wool at the narrowed end of the 10-mm
section and £ill the tube with Ascarite or soda lime. Cap the
tube with a plug of glass weol and 8 cork which has been grooved

on the side with a file.

Procedure for the Analysis of 80lid Substances

Weighing the Semple. Carafully weigh (ote 11) a 10 to 1l2-mg

sample of the substance for analysis into g clean, dry 1l5-ml
glass-stoppered centrifuge tube ().

Hfoisten the ground surface on head D with concentrated
HSPO4; then attach tube M, turning the tube until a firm seal
is obtained.

Flushing and Pilling the Apparatus. Turn on the water aspirs-

tor and slowly open stopcock L until the rate of air flow
through bubble counter B ig 3-4 bubbles per second., After 4-5
minutes, carefully open clamp J and =2dmit NaQH to tube G to
within 8 to 4 em of the top of the tube. Do not admit the NalQH
so0 rvapidly as to cause liguid to back up into the disperser tube.

Pour 5 to 6 ml of combustion solution into cup N, and adjust the



rete of air flow to 1 %o 2 bubbles psr second. Close stopeock

C {ote 12) and immedistely open stopcock E. When most of the

liquid has entered tube M close stopcock B (Note 13) snd immedia-

tely open stopcock C.

Combustion of the Sample and Absorption of Cerbon Dioxide, By

means of stopeock L adjust the rate of air flow through counter

B (Hote 14) to & to 4 bubbles per second., Watech the action of

bubble counter B (Note 15} snd first warm the upper porbion of

the combustion mixture with & micro burner, then the lower part.
Vhen gas is evolved, control the heating so that bubble counter
B indicstes positive flow or ia at equilibrium (Note 18). If

liquid starts to back up in B (Wote 17), quiekly close stopcock

C and cease heating for a few seconds until the evolution sub=
sides, Open stopcock C and continue to boil the combustion

mixture, Heat the mixture so as to obtain vigorous gas evolue
tion {Hote 18).

After 5 to 6 minutes of heating (Hote 19), vemove the flame
and fill cup N with concentrated H2804. Close stopcock C and
open stopcock E. When the liquid level in tube I is 2 to 3 mm
below the inlet tube of head D, close stopcock E (Note 13) and
open stopeock C, Ascertain that the rate of air flow through
B is etill about 3 bubbles per seconde.

Removal of the Absorbing Tube. When 3 to 4 minutes have elapsed

since filling tube M with acid, slide the disperser inlet tube

up through the stopper until the disperser is 1 om or more above

the solution., Close stopcock L, then disconmect the rubber
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tubing from the dispereor inlet {tube, By means of a long capi-
llary dropper fill the disperser inlet tube with Coz-fre@ dig=
tilled water (Wote 20). Cavefully open stopcock I and drsw the
water through the disperser, (Do not dvaw sir through the dis-
perser.) Close & and vemove the stopper from the centrifuge
tube (Note 21)., Rinse off the bottom of the stopper and the

disperser with a few drops of OO_-free water, then rinse down

2
the walls of tube G with a few dvops of the water,

Precipitation of the Carbonate. With a dropper or pipet add 1-

1.5 ml of barium chloride wveagent (1 F in BaClz, and 0,001 F in
HCLl) (Wote 22) to tube B and immediately stopper the tube with

a Wo, 1, one=-hole rubber stopper which ig fitted with a short
piece of O B5-mn capillary tubing. Place the centrifuge tube in

a bath of boiling water for 2 to 3 minutes. Replace the rubber
stopper with s rubber centrifuge tube cap, then centrifuge

until the solution is clesar.

Washing the Precipitate. lMount the centrifuge tube (G) firmly

in & buret clamp. Molisten tube R in the vacuum siphon appasrstus
so that it moves freely through the rubber stopper. Adjust tube
R so that the tip projects only 3 to 4 cm below the rubber
stopper. Remove the cap from the centrifuge tube end immediately
insert the rubber stopper. Carefully open stopcock L until solu-
tion is drawn slowly out through Re With a twisting motion push
R down as the solution level recedes until the tip of R is Jjust

above the precipitate (Note 23); no precipitate should pass into

Ro Remove the stopper from the centrifuge tube and rinse down
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the walla of the tube with 1 to 2 ml of cogufree water.

Add 1 drop of 0.2% phenolphthalein to the mixture snd stir
up the precipitate. By means of a droppewr, add 0,056 P HCL,

gtirring the mixbure intermittently to break up the precipitate
{Note 24), until the phenolphthalein color becomes light pink;

then add 8 to 10 drops of 1 F BaCl, (Note 25) and 1 drop of 1%
Aerosol OT solution. While stirring, add 0,056 F HC1l dropwise
until the mixtuvre is white, then add just 1 drop of the seid in

excess, Rinsge any precipitate from the stirving rod into the

centrifuge tube. Cenbrifuge until the solution is clear, and
romove and discard the solution with s dropper.

Titration of the Carbonate. Rinse down the walle of the tube

with 1 to 2 ml of boiled water. Add 1 dvop of 0.2% phenole
phthalein and & to 4 dvops of 1 F 33012 and then stir up the
precipitate (Note 26). If necessary add 0.05 P HCL dropwise

with stirving, until the mixture is white, then add 1 drop of
0.1% methyl orange. From & micrvoburet, add standard 0.2 ¥ HCL

and stir intermitbtently until the solution is pink. Place the
tube in a bath of boiling water for about 1 minute, stivring
to aid evolution of 002. If necessary add more standard scid
until the pink color remains, then add about 0,1 ml of the

standard acid in excess. Transfer the solution to a 50-ml

conical flask and vinse the centrifuge tube with 2 to 3 ml of
Goaafree water, While swirling the flask continuously, boil
the solution gently for about 1 minute. Cool the solution to

room temperature and tibtrate with stendard 0.05 F NaOHE. After



the methyl orange becomes yellew,‘continua the titration (2 to 3
drops) antil the pink of %the phenolphthalein produces a iight
orange colér; this 1ast ¢olor is the end=point of the titrétion.
From the amounts of scid and base uséd, calculate ithe perceﬁt.

of carbon in the compound.

Hotes.
11, Solids should be handled in weighing tubes. Hold the
conmbustion tube A in a horizontal position and insert the weigh-

ing tube inside it so that the sample is delivered into the tip

of the combustion tube. Do not seatter particles of the sample
along the combustion tube as the weighing tube is withdrawn,
Since the combustion fluid cccupies only 2 third of tube A,
particles of sample in the upper part of the tube may not be
decomposed,

The weighings should be estimeted to 0.02 mge In ovder to
obtain this accuracy, the sensitivity of the balance should be
8 to 10 divisions per milligram.

Although this procedure has been designed primarily for
sclida,@',@l dichloroethyl sulfide (mustsrd gas) has been satise
factorily analyzede. niquids of gimilar oy lower vclaﬁ;lity may
be analyzed by this procedure, using a pycnometer for weighing
out the sample. In order to decrease the possibility of loss
by evaporation, the ssmple should be deliveved into the very
tip of the combustion tube.

12, Stopcock C must be closed during the admission of



liguid into tube H; otherwise bubbles of the Viscous combustion
mixture will be formed in the head (D) and combustion fluid will
be blown up into the outlet tube.

18 Cut off the flow of liquids before the last few drops
reach the stopcock; no air should be sdmitted to the apparatus,

14, The vate of gas flow through disperser K should be
watched in meking the rate adjustment as the mein objective of
the flow vegulation is to keep the bubbles from X relatively
smalle, It may be necesssyry to adjust the vate of flow occasion-
ally if the flow through X is seen to wvary appreciably.

15, When liquid backs up in bubble counter, B, gas is
passing from tube M to tube A. This should be prevented since

any 00 _ which reaches tube A will be absorbed and cause error;

2
for this reason it is necessary to observe counter B at all
times,

16, Tube M should not be heated in one spot as the oxi-
dation rveaction may proceed suddenly and force 602 back into

tube A, Although it is satisfactory to opevate the system so

that there is no actusl positive Fflow through B, there must be

no reverse flow through B.

17, When the temperature of the combustion mixture is well

over 150° G, the chromic aclid deconposes to give off oxygen,
The oxygen evolution is not smcoth or essily controlled; there-
fore, the hea’t should be applied csrefully.

18. Actual boiling of the mixture is needed Lo completely

sweep oult the 602. Cccasgional heabing at the tip of tube M is
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desirable because the bubbles formed there will sweep through

the entire solution.
19, If the solution in tube M has not turned green by

this time, because of the decomposition of chromic acid to

chromic ion, the mixture has not been heated sufficiently.

20, All distilled water used for rinsing or washing in
this determinstion should be boiled before being used in order
to eliminate the ervor due to dissolved 002. Boil the water
for several minutes and store it in a glass-stoppered Pyrex

bottle from which portions may be removed to dropping bottlese.

2l., To prevent absorption of CO,, avoid breathing into

2
the open centrifuge tube,

22, Since diffusion in the solution may be slow, the
Ba012 reagent should be squirted in instead of being added drop=
wise., Stirving is not necessary if the reagent is injected
forcefully.

23« Avoid jarring the apparatus during the removal of
solution; otherwise particles of precipitate may be freed and
drawn oub.

24. BExpecially in the case of large amounts of precipi=-
tate, as much ag 3 0 4 ml of the 0.05 F HC1l may be required.
Therefore, do not start by adding the acid dropwise but deliver
it in Jets through the surface of the solution by means of a
fine-tipped dropper. Use a dropwise addition when the base is

nearly neutralized. It is necessary to keep the time of washing
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down to 3 to 4 minutes to avoid absorbing an appreciable amount
of 002. On the other hand, large local excesses of scid must
be avoided, expecially on the surface of the solution.

25; Because of the acid in the Ba012 reagent, the mixture

mnay turn white after adding the BaCl In that case do not add

5°
any more 0.05 P HC1 but proceed directly to the centrifuéation.
An excess of barium is provided to prevent solution of the
precipitate during the addition of scid.

26 All precipitate adhering to the walls must be scraped

off and thoroughly stirred up.

Discussion

This procedure was designed primarily for the analysis of

s0lid compounds, especially Chemical Warfare agents and their
derivatives. The apparatug is less complicated and can be

assembled much more vapidly than the dry combustion train: in
addition, single analyses can be mede much more quickly with
the apparatus described here. However, this method has not
been tested on the wide vaviety of compounds which the dry
combustion method is known to handle; therefore, difficulty
may be encountered with some compounds. For example, some
compounds containing a CN group have given off HCN when treated
with the combustion mixture; hence, quantitative carbon values

for such compounds could not be expected if this method is used.

Halogens, nitrogen, and sulfur do not interfere.
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é, @' Dichlovoethyl sulfide has been satisfactorily analyzed by
this procedure by weighing the liquid from a pycnometer into the
combustion tube. Although it seems reasonable that other li-
quids of similar or lower volatilities can be satisfsectorily
analyzed by this method, the maximum volatility of substances
which can be sdequately handled by this procedure has not been .
determined. Compounds more volatile than é ,@l dichloroethyl
sulfide can probably be analyzed by cooling the combustion tube
end sample during the flushing opervation.

Combustions performed with ammonium chloride and with
biuret proceeded smoothly and produced no unusual or sudden gas

evolution,

Blank analyses gave less than 0.0l mg of carbon.

Some typlical analytical vesults are given in Table X. It
is apparent that the method is accurate to+0.056 mg of carbon.
A determination requires about 45 minutes.

A brief summary of this work has been published in
Analytical Chemistry (1).
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TARLE X

Results of Carbon Analysis by
Wet Combustion Method

Milligrams of Carbon

Present

Sodium oxalate 2092
2616
1.87
1.86
1.69
1.88

Potassium hydrophthalate 4,51
6029
5033
5061

8, 8'-Dichloroethyl sulfide 2673

Adipiec aeid 5.84
5038
5020
547

Found

295
2616
1.84
1.88
1.68
1.92

4o54
6026
5633

5661

2676

5.85
543
5020
5651
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Propositions Submitted by Paul S. Farrington

1. (a). ZEthers have been used almost exclusively for the ex-
traction of complex metal acids (for example, HFeCl4) from
aqueous solution (1,2). It is suggested that benzotrifluoride
(CF C H ), trifluoromethyl-cyclohexane (CF,C.H..) or other
fluorinated compounds be substituted for ethers.

(a)s The use of HF in place of HCL should be considered

for the extraction of complex metal acids.

2, Salts of alginic acid have received little attention as
stabilizing colloids for volumetric precipitation procedures;

investigation of their applicsebility is recommended.

3. Substances which reduce hydrogen ion cannot be titrated
coulometrically by the ordinary oxidation procedures (3).
The uwse of ICl or CuCl2 solutions is suggested for such

titrationse.

4, An amperometric method for determining halogen or halide
concentrations in a turbulently flowing stream should be useful

for studying the transfer of material under such conditions.

5 A method for the determination of micro quantities of water
might be developed by using a modified Karl Fischer reagent and

electrolytically generated iodine.

6. The design of water treatment equipment based on the lime=

soda process has been largely empirical and often has been made
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on the assumption that supersaturation effects (4) were the
most important aspeet of the problem. Recently it has been
noted that the following vate equation is important (5):

a{Ca*?) . x(cat™) (HGOS;') (oH™)

No thorough study of the effect on reaction rate of 03005 or
other surfaces has been made, Such an investigation with data
showing the effects of temperature should provide a move sound

basis for the design of lime-soda units.

7« Ion exchange materials have been used as catalyste for

acid catalyzed organic vreactions (6). Exchange msterials which
are resistant to chemical attack should be considered as possible
catalysts for oxidation-reduction veactions; for example, acid
washed alumina (7) might catalyze the oxidation of hypophos-
phorous acid by halogense

8, Industrial specifications of density and viscosity are often
given as functions of the particular appafatus used to debtermine
the physieal property. Calculetions involving those physical
properties would be simplified if specifications were in terms

of sbsolute units,.

9. (a). Methanol is suggested as s solvent for the determina-
tion of unsaturation by means of electrolytically generated
bromine.

{(b). Coulometric and amperometric methods can be used to
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provide useful information concevning rates of addition and

substitution when the halogens resct with organic compounds.

10. {a). The number of physical education classes required
of senior students should be reduced to itwo per week.

(b)e Senior students should receive more encouragement
%0 consult with the faculty of the Chemistry Department éon~
cerning graduate study.
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