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The Potentiometric Iodide-Silver Titration at Extreme Dilutions 

BY I. M. KOLTHOFF AND J. J. LINGANE 

In a study of the solubility of slightly soluble 
(1O-3 to 10~B N) silver salts in solutions of various 
electrolytes and in water it was necessary to de
velop an accurate method for the determination 
of very small amounts of dissolved silver. We 
have found that the potentiometric titration of 
silver with iodide is very suitable for this purpose, 
and as little as one part of silver in twenty million 
parts of solution (5 X 10~7 N) may be titrated 
with an accuracy of a few per cent, when 500 ml. of 
the solution is taken for analysis. At this high 
dilution the potentiometric method is more ac
curate than any other method of analysis, espe
cially in the presence of large amounts of indiffer
ent electrolytes. 

Experimental 

Apparatus and Materials.—The potentiometric appara
tus and the general technique of the iodide-silver titration 
have been described already.1 Silver iodide electrodes 
were used, since our experience has shown tha t these are 
somewhat more satisfactory than plain silver electrodes. 
A saturated calomel electrode, with a saturated potassium 
nitrate bridge, was used as reference electrode. Titrations 
were performed in the absence of light in the one liter 
titration beaker previously described.1 The potassium 
iodide titrating solution was delivered from a 10-ml. mi-
croburet, with which volumes could be read easily to 
±0.005 ml. 

The nitric acid, water and salts were purified carefully 
by the usual methods. Mallinckrodt reagent quality po
tassium iodide (ground and dried at 200°) was used in 
most of the experiments since in titrating the very dilute 
silver solutions it gave the same results as the carefully 
synthesized salt.1 

Approximately 0.01 JV stock solutions of silver nitrate 
and potassium iodide were prepared by weighing out the 
dried salts. The more dilute solutions were prepared by 
diluting the stock solutions in carefully calibrated volu
metric apparatus. The potassium iodide titrating solu
tions varied in concentration from 10 _ s to 5 X 1O -6 JV, de
pending on the concentration and volume of silver solution 
to be titrated. These solutions were stable for several 
weeks when made up in pure water that was entirely free 
from traces of copper and stored in the dark. The con
centrations of the various solutions were known to = t 0.1%. 

Data of the Titrations.—For the purpose of illustrating a 
typical titration we may consider the case of the most dilute 
silver solution that was titrated, which was only 5.15 X 
10 - 7 JV in silver. The data obtained in this titration are 
given in Table I and Fig. 1. These data show that the 

(1) I. M. Kolthoff and T. J. Lingane, T H I S JOURNAL, 68, 1524 
(1936). 

TABLE I 

DATA OF TYPICAL TITRATION AT EXTREME DILUTION 

500 ml. of 5.15 X 10~7 TV silver nitrate, containing 2 ml. 
of coned, nitric acid, ti trated with 4.99 X 1O -6 N potas
sium iodide a t room temperature in presence of air. 

4.99 X 10 -s Ar 

El, ml. 

6.2 
6.6 
7.0 
8.0 
9.0 

5.0 + 

E, v. 

+0.1824 
.1766 
.1695 
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.1490 
.1412 
.1307 
.1138 
.0882 
.0648 
.0505 
.0410 
.0330 
.0203 
.0115 

256 -169 

AE/&V, 
mv. per 0.4 ml. 

(256 - 169) + (256 - 234) 
ml.; calcd. = 5.16ml. Error, +3.2%. 
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Fig. ! .—Titration of 500 ml. of 5.15 X 10~7 JVsilver 

nitrate with 4.99 X 10 ~6 JV potassium iodide (data 
from.Table I ) . 
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TABLE II 

SUMMARY OF TITRATIONS 

500-ml. sample of solution containing 2 ml. of coned, nitric acid in all experiments 
Series Concn. of No. of Other salts, Av. error, 

no. AgNOi, N titrations g. % Av. £ B . P., V. Remarks" 
1 1.029 X 10-" 6 ±0.14 0.099 R. T. in air 
2 1.029X10-« 1 - . 6 4 .097 R. T. in CO2 

3 1.030 X 10"» 3 +2.3 .095 R. T. in air 
4 1.030 X 10"6 5 +1 .2 .095 R. T. in CO, 
5 1.030X10"« 2 20 g. Ba(NOs)2 +1 .0 .096 R. T. in CO, 
6 1.030X10-* 2 1Og. Ba(NO8), ±1.3 .098 R. T. in CO, 
7 1.030 X 10"6 1 2Og. K2SO, +8 .1 .090 R. T. in CO, 
8 5.15 X l O - ' 1 +3.2 .093 R. T. in air 
9 2 . 0 5 8 X 1 0 - ' 1 -0 .32 .098 60° in air 

10 1.029X10"6 2 - . 2 5 .097 60" in air 
11 9.41 X 10-« 1 + . 5 1 .097 60° in air 
12 9.41 XlO-* 1 + . 0 6 .099 55° in CO, 

° R. T. = room temperature. 

end-point of the titration (maximum value of AE/ A V) is solubility equilibrium is at tained more rapidly 
still well defined at this extreme dilution, and the error of a t t h e h i g h e r temperature. A t i trat ion a t room 
+3.2% is remarkably small when it is realized that the . „ . < . j 
' . . , ., ... . j , „ n o o temperature requires about one to one and one-

total amount of silver titrated was only 0.028 mg. in a c ^ 
volume of 500 ml. half hours, bu t a t 60 this t ime is reduced to 

A summary of the results obtained in twenty-six titra- about one-half. In t i trat ing a 10 ~6 N silver solu
tions in which the concentration of silver titrated was tion a t 60° the maximum value of AE/ A V is only 
varied between 5 X 10"' and 10"» N, is given in Table II. a b o u t o n e - t h i r d as great as a t room temperature, 
Some of these titrations were carried out in the absence , , . ,... ~~ . ,. , , .. 

. . . . . . . . . . . , , ,. . , .. , bu t is still sufficiently sharp to allow an accurate 
of air, by bubbling a rapid stream of carbon dioxide through , J r , 
the solution, in order to see whether atmospheric oxygen determination of the end-point, 
had any influence on the accuracy of the titration. Titra- An inspection of the data of Table I I shows tha t 
tions were also made in solutions that contained large a 10 ~6 N silver solution can be t i t ra ted a t room 
amounts of very pure barium nitrate and potassium sul- temperature with an accuracy of a t least =±=0.2%. 
fate. A few titrations were also made at 60°. ir>_R »T I ,• L -̂̂  x j • .. 

_. . I J J 1 1 c ,, • -T, t.1 TT * • 4.U a 10 6 iv solution can be t i t rated with an accuracy The column headed av. EE. P. in Table II, contains the _ J 

average values of the e. m. f. at the end-point of the titra- o f a b o u t l~2% and a 5 X 10 ' iV solution with 
tions (equivalence potential); the significance of these an accuracy of about 3 % . Since the percentage 
values will be explained later. error is a linear function of the amount of silver 

Discussion t i t rated, it is evident t ha t the absolute error is 
0 i , , ,. « . • J i A- 1 constant and independent of the amount of silver 
Steady e. m. f. readings are obtained relatively , . . , , . , . . c ^ >• 

. „ . ^ , , . . . ^ „ ... ^. . . .. t i t rated in this range of concentrations, 
rapidly in these dilute t i trations, except in the _ , , , , , , , , . , , , ~ A . j . ,. • • •<_ r ., j - ^ 1 , . j. The data also show tha t air has no marked effect 
immediate vicinity of the end-point where ten to A, , ^1 A., A. iA, , 

. „ - j i i i j j - on the accuracy of the t i tration, although a com-
nfteen minutes are required between each addi- , • „ J .. 1 7\ J •, <-» 

, . . . . , , . ™ , panson of series nos. 3 and 4 and nos. 11 and 12 
tion of the potassium iodide solution. T h e e . m. f. f , . . , , , A , , , .. ,,. , 

, , . . . . ^1 , . , . . , ,, indicate t h a t somewhat bet ter results are ob-
becomes steady more quickly in these dilute A . . . ^, » , ,. . j , 

. , . . . , / . , ,. ^ tamed in the presence of carbon dioxide when 
ti trations than in t i t rat ions of ordinary amounts L .̂  ,. „ , ., , 

, ., , ,, , . , . , . , . . . . t i t rat ing very small amounts of silver or when ti-
of silver because the amount of solid silver iodide ° ^_fin° 
present is so extremely small t ha t adsorption ef- x ° A * , , . ._,_ _. , 
7 ,. . , , ^n, A- • j x . t Large amounts of barium ni t ra te have no in
fects are negligible. The t ime required for the „ ° Al l£_ -n J. • « J. I \C J. 

. A , ,. J • , • J fluence on the results. Potassium sulfate (sulfate 
e. m. f. to become steady simply corresponds . , . , A ., .. . , 

. , A A , , . , , , " . , . , ion) in large amounts on the other hand causes a 
to the t ime required to re-establish solubility , °. , _N ^ 1 , , . . 

.... . ,/* , , ,.A. , . large positive error (no. 7). The deleterious m-
equihbrium after each addition of potassium a , ^1 .,, , . ., , . . f ., 
. , . , ™ . . , . . . . , , ., » . ,̂ . fluence of the sulfate ion on the behavior of silver 
iodide. This is substantiated by the fact tha t , ^ , . , ^ i -̂ . u 

,. ^. , ^ 1 j .,A • ^ j j • electrodes appears to be rather general; it has 
the direction of the drift is toward decreasing , , 1 T . . . . ... .. ., 

r j 1 . . A , , . ., been observed previously in work with the silver 
values of the e. m. f., i. e., toward decreasing silver . 2 

10^f1
0 J' ^ ^. • , J. ^. n^o M The interference of large amounts of sulfate 

When the titration is carried out a t 60 the ,„, „ „, „ . „„„ „„„,, . . . 
(2) I. M. KolthofT, Z. anorg. allgem. Chem,, 119, 202 (1921); 132, 

e. m. f. becomes steady more quickly, because 117 (1923). 
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ion at these high dilutions is to be attributed to 
the reaction 

Ag+ + SO4- ̂ =± AgSO4-
which results in a decrease of the silver ion activ
ity, an increase in the solubility of silver iodide, 
and an asymmetric location of the equivalence 
point; i. e., the equivalence point no longer corre
sponds exactly to the maximum value of AE/ A V. 

We have also found that the titration can be 
carried out with the same degree of accuracy in 
dilute potassium bicarbonate medium (pK about 
8.3) as in dilute nitric acid. 

The titration may be simplified and made more 
convenient by simply titrating to the equivalence 
potential instead of recording the data of the en
tire titration curve.3 The average value of the 
equivalence potential found was +0.097 =•= 0.005 
v. against the saturated calomel electrode, as 
shown by the data of Table II. This value is in 
excellent agreement with that found in the titra
tion of ordinary amounts of silver.1 We have 
found that the value of the equivalence potential 
is practically the same (within ± 5 mv.) in dilute 
potassium bicarbonate medium as in dilute nitric 
acid, and it is evident from Table II that it is also 
practically independent of temperature, and the 
presence of large amounts of barium nitrate. 
Titrations to the equivalence potential gave iden
tically the same results as by the ordinary method, 
and are more convenient because the constant 
attention of the operator is not required. 

(3) I. M. Kolthoff, Rec. trav. chim., 47, 397 (1928); I. M. KoIt-
hoff and J. J. Lingane, T H I S JOURNAL, 57, 2126 (1935). 

Introduction 
There is very little crystallographic information 

available concerning crystalline bromine. The 
material melts at —7.3° and single crystals are 
readily obtained from the vapor. It would be 
expected that the crystalline structure of bromine 
should be very similar to that of orthorhombic 
iodine.1 This has turned out to be the case, and 
the structure analysis has been considerably sim
plified by making comparison with the known 
structure of iodine. 

(1) Harris. Mack and Blake, T H I S JOURNAL, BO, 1583 (1928), 

It is evident from these results that this titra
tion should be a valuable analytical method of in
vestigating the solubility and activity relations of 
slightly soluble silver salts. We are using the 
method in a study of the activity of silver chloride 
and silver iodate in various salt solutions. Ob
viously the method could also be applied to the 
determination of very small amounts of iodide by 
adding an excess of silver nitrate solution to the 
unknown iodide solution and back-titrating the 
excess silver. 

Acknowledgment.—We wish to express our 
appreciation to the Graduate School of the Uni
versity of Minnesota for financial assistance in 
this work. 

Summary 

1. The accuracy of the potentiometric iodide-
silver titration at extreme dilutions has been in
vestigated. Using a 500-ml. sample, a 1O-5 N 
silver solution can be titrated with an accuracy 
of ±0.2%, a 1O-6 N solution with an accuracy of 
1-2% and a 5 X 10 ~7 N solution with an accu
racy of about 3 % at room temperature. Large 
amounts of barium nitrate have no influence on 
the results, but a large positive error was found 
in the presence of high concentrations of sulfate 
ions. 

2. The titration is recommended as an analyti
cal tool in investigations of the solubility and 
activity relations of slightly soluble silver salts. 

MINNEAPOLIS, M I N N . RECEIVED SEPTEMBER 28, 1936 

Experimental 
Bromine crystals were formed from the vapor 

on the surface of a round-bottomed flask filled with 
dry ice and placed over the mouth of a beaker 
containing liquid bromine. The crystals showed 
a pronounced elongation along the direction of 
the c-axis, and were thus readily oriented for ro
tation and oscillation patterns about c. They 
were mounted by being placed upon a smooth 
surface of dry ice, and cemented to a fine glass rod 
with a soft vaseline which froze upon cooling. 
The crystal was maintained at about —150° 
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