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This investigation was undertaken in order to determine the equiva­
lent conductance of the tri-iodide ion, I8"; for a knowledge of this quantity 
is needed in the study of the equilibrium between iodine, iodide, and 
polyiodides in aqueous solution. Our own experimental work deals 
only with dilute solutions; but so much experimental evidence relating 
to this equilibrium in more concentrated solutions is available that it 
has seemed worth while to consider the results of several of these inves­
tigations from a single point of view. Accordingly, after presenting 
our own results, we have attempted to calculate the proportion of iodide, 
tri-iodide, and higher polyiodide present in a normal KI solution satura­
ted with iodine. 

The only careful determination of the conductance of tri-iodide ion, 
A13, is that of Burgess and Chapman,2 who calculated, from transference 
experiments, that A13IA1 = 0.566. If we accept the value A1 = 76.5 
at 25°, as given below, then A1% is found to be 42.5. We have recalcu­
lated these results3 and have found the same mean value for A1, although 

1 Constant here 10200, for the others 8500. 
2 Burgess and Chapman, J. Chem. Soc, 85, 1305 (1904). 
3 The shareof transport of tr i- iodideion,Ci s-X-' l i3 /(Ci3-Xii ,+ C r X ^ i + CK* X ^ K ) 

equals J (B/A — 1) and may be obtained directly from the values of B/A given by these 
authors in the table on page 1316. The concentration ratio Ci-/Ci1- is given as Cj/C, 
in the tables on page 1309, the degrees of ionization of KI and KI 3 being assumed equal 
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the separate values do not agree perfectly with the original calculations. 
These experiments are, it is true, open to the objection that concentra­
tion changes are referred to a constant volume of solution instead of to a 
definite weight of water. But we have estimated, on the assumption 
that the partial volume of i gram of dissolved iodine (as explained below) 
is 0.2376 cc. and that of 1 gram dissolved potassium iodide is 0.283 cc-> 
that the error introduced in this way is less than 0.2 per cent. 

The method which we have used in determining AIz depends upon 
the measurement of the change of conductance produced by dissolving 
iodine in a solution of potassium iodide. A few incidental measure­
ments of this kind have been made by LeBlanc and Noyes1 and by Bur­
gess and Chapman,2 from which the last named authors calculated that 
the average value of the ratio A1JA1 is 0.553. This close agreement 
with the results of their transference experiments is purely accidental; 
for the individual values (eight in all) derived from the conductance 
measurements vary irregularly between 0.51 and 0.60, corresponding 
to a variation of AIs between 39 and 46. The inaccuracy of these meas­
urements is doubtless due to the fact that the amount of KI3 present 
was much smaller than that of KI. We have avoided this source of 
error as far as possible by saturating the KI solution with iodine, and 
thus obtaining a concentration of KI3 nearly equal to that of the un-
combined KI. 

The fundamental assumption which is made in interpreting any of these 
experimental results is that the only polyiodide present is KI3. This 
depends upon the measurements of the equilibrium I - = I - + I2 made 
by Jakowkin3 at 25° and Dawson4 at 13.5°, in which the concentration 
of I2 as such in the aqueous solution was varied and determined by parti­
tion experiments, and the additional dissolved iodine was assumed to be 
present as KI3. The values of the equilibrium constant5 

(I2)(I-) C2JfCa 

(i.-) r'cn, 
could not be directly determined but the values of the expression 

K1 = 0 ^ " , where K = ^ 1 

We have also assumed that ^ K at 25° =» 74.8, and that C J I C I 2 / O I 3 = 0.00138. The 
values of Ai3 calculated from the separate experiments, and given in the same order 
as on page 1309, are 42.3, 42.9, 42.6, 42.5, 41.9, 42.4, and 43.3. 

1 LeBlanc and Noyes, Z. physik. Chem., 6, 402 (1890). 
* Burgess and Chapman, hoc. cit., 1310. 
8 Jakowkin, Z. physik. Chem., 20, 19 (1896). 
* Dawson, / . Chem. Soc, 79, 238 (1901). 
1 Concentrations are represented by means of parentheses, or by the letter C. 

Cji means the total concentration of iodide, y and j - ' are the degrees of ionization 
of KI and KI3 respectively. 
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were found to be remarkably constant when the concentrations of I2, 
KI and KI3 were greatly varied. We have collected in the following 
table some additional values of K1 at 25 ° which we have calculated from 
the experimental data of Maitland.1 A few of Jakowkin's results are 
also presented for comparison. The first column shows the concentra­
tion in mols per liter of the total potassium salt present, C J K = C21 + 
C11. The values of K1 and the corresponding values of C1 are arranged 
in horizontal rows: 

TABLE I .—VALUES OP K1 = Ci,Cji/Cju AT 25 °. 

n n f i , - *> cl2 X 10< ° " 5 4 i-59 5 7 1 Jakowkin 
5 ^ 1 X io3 1.38 1.40 1.41 

j Cis X io* 0.453 1.855 4 1 9 0 Maitland 
° ' I 0 ° \Kt X 10s 1.39 1.38 L 3 6 

) CT, X io4 0.474 i-179 4.02 Maitland 
0 . 2 0 0 < „ ' . . a 

I K, X io 3 I .41 i .39 1.35 

S Cu X io4 i .33 . . . Maitland 
0 . 4 0 0 ( „ ' 3 IK1 X io 3 1.32 

^Ci 8X io4 0.541 1.114 3.60 Maitland 
0.500 ^ x I Q 3 i ^ 7 ^ 3 3 i 2_ 

J Cj1 X IO 4 0.484 i .013 2 ,904 Maitland 
(K1 X 10s 1.30 1.26 1.08 

It is evident that Maitland's results are in good agreement with those 
of Jakowkin, and that in the dilute solutions the amount of polyiodides 
higher than KI3 must be extremely small. In the concentrated KI 
solutions, however, the values of K1 are smaller and show a steady 
decrease with increasing concentration of I2.

2 

The expression K1 is related to the equilibrium constant K by the 
equation K = (y/y')Klt where y and y' are the degrees of ionization 
of KI and KI3, respectively. Dawson concluded from the constancy 
of K1 that y = y', but this is not necessarily true. I t has been found, 
from conductance measurements, that in a mixture of two salts with a 
common ion the degree of ionization of each salt depends only on the 
total ion concentration and for highly ionized salts changes only very 
slowly with the ion concentration. Since, moreover, the degrees of 
ionization of KI and KI3 do not differ greatly, it follows that the degree 
of ionization of potassium iodide, y, will not be changed appreciably 
when a portion of it is converted into tri-iodide by dissolving iodine 
in its solution, and that also, in the different solutions which may be pre­
pared from a given potassium iodide solution, the degree of ionization 
of KI3 will have a definite, constant value, y'.3 

1 Maitland, Z. Elektrochem., 12, 264 (1906). 
2 This will be considered later; the corresponding values of iC, for solutions saturated 

with I2 are given in Table V, r' being then assumed equal to j . 
' This conclusion, that for such a series of solutions y/y' is a constant, was reached 
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Upon the basis of the conclusion that the ionization 7- of KI is un­
changed by the addition of iodine, the results of our conductance meas­
urements may be represented by the following equations, where L and 
V represent respectively the specific conductances of the potassium 
iodide solution and of the same saturated with I2: 

1000 L = JrC11 (A^. + A1) 
1000 V - rC21 (AK + A1) + fC'„, (AK + A1). 

Furthermore, since the change of volume on dissolving the iodine is 
negligible in dilute solutions we have: 

C — C A-C 

For the simple case that y = y' the difference between the two conduc­
tances then becomes: 

1000 (L — V) = 7-C213 (A1 — A1); 
for the general case, however, the difference assumes the form 

1000 (L - V) = (r - f) C111 (AK + A1) + fcllt (A1 - A1). 

Since y — 7-' approaches zero with decreasing concentration, the two 
expressoins will become identical at the limit. In other words, if we 

_ ' . iooo(L — V) 
calculate the difference between the conductances, A1 — A13= — 
assuming as a first approximation that 7- = y'', then the limiting value 
approached in dilute solutions will be a true measure of A1 — A13. We 
have therefore made a series of determinations in which the initial potas­
sium iodide concentration was varied from 0.1 to 0.001 normal in order 
to obtain the limiting value of the ratio 1000 (L — V) /(I3

-). 

Preparation of the Substances and Solutions. 

The potassium iodide solutions, 0.1 and 0.01 normal at 25°, were 
made by dissolving the requisite amount1 of the pure salt (Kahlbaum's 
guaranteed reagent), powdered and dried to constant weight, and dilu­
ting (at 25 °) to 2 liters. The remaining solutions were prepared from 
these by dilution by means of a calibrated 200 cc. pipette and a series 
of calibrated measuring flasks. The strength of the two stock solutions 
was checked to within 0.1 per cent, by liberating the iodine and titrating 

by Osaka (Z. physik. Chem., 38, 743 (1901)), but he made the assumption that the 
law of mass action could be applied to the ionization of these two salts. Osaka found 
in his preliminary measurements of the freezing points of 0 .5 -1 .0 normal solutions 
of potassium iodide before and after adding iodine that after the addition of iodine 
the freezing point is distinctly higher than before, and concluded that KI 3 is some­
what less ionized than KI . But since the behavior of these concentrated solutions is 
in general so different from that of more dilute solutions it is not justifiable to conclude 
that in dilute solutions the degree of ionization of KI 8 is less than that of KI . 

1 The International Atomic Weights of 19.08 were used. No correction, however, 
was applied for buoyancy. 
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it by a method to be described in a subsequent paper, thus proving the 
absence of chloride or other impurity. 

The water used was prepared by redistilling ordinary distilled water 
from an alkaline solution of potassium permanganate; it had a specific 
conductance of from 0.4 to 0.8 X io~8 reciprocal ohms at 25°. The 
conductance of the water was in each case subtracted from the conduc­
tance of the weaker solutions. 

The sodium thiosulphate solution used in titrating "free iodine" in the 
three more concentrated solutions was 0.07348 normal. I t was stand­
ardized by comparison with an iodine solution which had been titrated 
against a weighed quantity of As2O3 according to the directions of 
Washburn.1 For the titration of the more dilute iodine solutions this 
standard thiosulphate solution was diluted just before use to five times its 
volume. 

The iodine used was obtained by purifying commercial resublimed 
iodine. This was ground with about one-quarter of its weight of potas­
sium iodide and carefully sublimed; the iodine thus obtained was again 
sublimed without the addition of any potassium iodide. 

The Experimental Method. 

The conductance measurements were made in glass cells of the pipette 
form, such as have been described in another article from this laboratory.2 

Two were used, one of low resistance for the very dilute solutions, and 
the other of high resistance for the more concentrated solutions. The 
cell constants were determined by measuring in the cells at 25 ° freshly 
prepared solutions of potassium chloride 0.01 normal at 180, the specific 
conductance of which was assumed to be 1413 X io-B at 25 0^ The 
measurements were made in the usual way by means of an accurately 
calibrated bridge of the Kohlrausch roller pattern. 

The saturated solutions were prepared as follows: Ten to thirty grams 
of freshly powdered iodine were placed in a 250 or 500 cc. glass-stoppered 
bottle of "Resistenz" glass, which had been well steamed out. After 
washing this iodine with a small quantity of a potassium iodide solution 
the bottle was filled with a potassium iodide solution of the same con­
centration, the stopper and neck of the bottle were carefully covered 
with a rubber tube, the bottles were rotated in a thermostat at 25° for 
different lengths of time, and finally were hung in the thermostat for a 
few minutes to allow the iodine to settle. 

Portions of the saturated solution were forced by air pressure through 
a glass tube into the conductivity vessel, which was also immersed in 

1 Washburn, T H I S JOURNAL, 30, 31 (1908). 
3 Abbott and Bray, T H I S JOURNAL, 31, 732 (1909). 
3 This value is based upon recent measurements made in this laboratory by A. C. 

Melcher and by F. L. Hunt . 
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the thermostat; and the conductance was quickly measured. Fresh 
portions of solutions were then forced into the cell in order that the meas­
urement might be checked. 

Other portions of the same solution were withdrawn by pipettes of 
known volume, run into solutions of potassium iodide, and the free 
iodine titrated with thiosulphate. In filling a pipette the solution 
was forced by means of air pressure through a filter of glass wool and 
asbestos connected with the pipette by a ground glass joint. This use 
of air pressure in transferring the saturated solutions prevented the 
error from evaporation of iodine which would have arisen if suction had 
been used. To avoid this error the measurements were also made as 
quickly as possible and only one-half, or at most two-thirds, of the solu­
tion in the bottle was used. 

The Conductance and Solubility Data. 
All the experimental data are presented in the following table: 

KI solution. 

Milli-
mols 

per liter. 
Equiv, 

5O 
20 

S !3O 
130 
134 
139 

V 142 

I 142 

5 144 
I 144 
f 147 
{146 
[146 

149 

147 
148 

147 

8 

75 

4 

2 

4 

5 

7 
6 

95 
9 
0 
8 

Spec, 
cond. 
X 10«. 

13080 

13080 

6737-5 
2788 

1422 

1424 

7 2 2 . 5 
7 2 4 . o 1 

2 9 4 . o 1 

2 9 3 - 4 
2 9 3 . 2 

H7-95 

147-9 
1 4 8 . 0 

1 4 7 . 8 

TABLE I I . 
KI solution saturated with iodine, 

Hours 
rotation 

25 
120 

2 5 

2 5 

20 

54 

20 

54 

4 
2 0 

54 

4 
20 

48 

54 

Spec, 
cond. 
X 10«. 

11500 

11485 

593O 
2468 

1259 
1261 

641 .0 

6 4 2 . o 1 

2 6 0 . 2 

2 6 0 . 8 

2 6 1 . 2 

131-6 

131-9 

131-8 

I 3 3 - 2 ' 

Milli-
mols I9 

dissolved. 

5 I - I 
5 1 - 6 

25-77 

I I . 13 
6 . 1 8 5 

6 . 0 8 0 1 

3-725 

3 -731 

2 . 2 9 2 1 

2 .266 

i 772 
1.788 

1-793 
1.787 

! 

I 

I 

I 

J 
1 

J 

Best 

Spec, 
cond. 
X 10«. 

11490 

5930 
2468 

1260 

6 4 1 

2 6 0 . 8 

I 3 I - 7 

values. 

Total 
iodine 

dissolved. 

51-35 

25-77 

1 1 . 1 3 

6 . 1 8 5 

3 -728 

2 . 2 6 6 

1.788 

It will be seen that the duplicate measurements of conductance gave 
concordant results throughout, but the values of "iodine dissolved" in 
the saturated solutions are somewhat less satisfactory. The maximum 
variation from the mean is i per cent, in the most dilute solution, 0.5 
per cent, in the most concentrated, and 0.1 per cent, in an intermediate 
solution (0.005 m° l - KI). 

The Equivalent Conductance of Potassium Iodide. 
A comparison of the conductance data presented above with those 

obtained by earlier investigators is afforded by Table III . This con-
1 These data were rejected in deriving the best values because they were not con­

sistent with the data a t other concentrations. 
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tains values interpolated from the results at 25 ° of Ostwald,1 of Jones 
and Douglas2 and Schmidt and Jones,3 all reduced from Siemann's units 
to reciprocal ohms by multiplying by 1.066. Values at 25 ° derived 
by combining the data of Kohlrausch and Steinwehr at 18° with Deguisne's 
temperature coefficients' and making a slight correction for the expan­
sion of the solution are also included. The table also contains in the 
last two columns the percentage ionization of potassium iodide at 25 ° 
and at 18 ° derived from our data and those of Kohlrausah, respectively. 
These columns serve to show the consistency of the data at the two tem­
peratures and the very small effect of temperature on the ionization. 

TABLE III.—EQUIVALENT CONDUCTANCE AND PERCENTAGE IONIZATION OF POTASSIUM 
IODIDE. 

A for KI at 250. 

Concen­
tration. 

O. I 

O.05 
0 . 0 2 

O.OI 

0.005 
0.002 

O.OOI 

0 . 0 

Bray & 
MacKay. Ostwald. 

130 

134 

139 
142 

144 

146 

147 

151 

8 

7 

4 

3 

5 

7 

9 

3 

139 

143 
146 

148 

150 

Jones & 
Douglas. 

128 .8 

I33-Q 
139-3 
142.7 
146.0 
149. I 
I50-3 

Schmidt Kohlrausch 
& Jones. & Deguisne. 

looj- for KI. 

133 
136 

140 

142 

144 

146 

148 

9 

7 

3 

4 
8 

8 

3 

134 

147 

(25°). 

86.5 
89.1 
92.1 

94-1 
95-5 
97-0 
97-8 

1 0 0 . 0 

(18°). 

86.95 
»9-45 
92.30 
94.20 
95 • So 
97-05 
97-85 

i 0 0 . 0 0 

In the last row of the table is given the equivalent conductance at 
zero concentration. To derive this we have employed a method which 
has already been described in several publications from this laboratory,"' 
which consists in plotting values of i\A against the corresponding values 
of (CyI)"-1 for different values of n. For the sake of comparison the re­
sults of Kohlrausch and Steinwehr on potassium iodide at 18 ° were 
plotted on the same diagram. It was found that in both cases a straight 
line was obtained between the concentrations 0.001 and 0.02 normal 
for the value n = 1.45; that the line expressing the results at 18 ° met 
the i/A axis at a point corresponding to A — 131.1, identical with the 
value of A0 chosen by Kohlrausch and Steinwehr; and that in the case 
of the results at 25 ° the corresponding value of A0 is 151.3 ± 0 .1 . These 
results show that between the concentrations 0.001 and 0.02 the dilu­
tion law takes the form (yC)1A'°/C(i—7) = const. At higher concen­
trations a lower value of n than 1.45 must be chosen.6 This graphical 

1 Landolt-Bornstein-Meyerhoffer, Tabellen, p. 748. 
2 Am. Chem. J'., 26, 445 (1901). 
a Ibid., 42, 73 (1909). 
4 Landolt-Bornstein-Meyerhoffer Tabellen, p. 744 and 755. 
6 See for example T H I S JOURNAL, 31, 745 and 1010 (1909). 

' The conductance measurements a t 18 ° for solutions more dilute than 0.001 
normal indicate that n has a higher value than 1.45 in these very dilute solutions, and 
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method has also shown that our individual measurements are consistent 
with one another, and that the lower value (144.5) found for the equiva­
lent conductance of the 0.005 normal solution is more nearly correct 
than the higher value (144.8). 

It will be seen that the two conductance values of Kohlrausch and 
Deguisne agree almost completely with ours, and that the ionization 
values at 18° and 25° run closely parallel, those at 18° being uniformly 
slightly higher and by an amount that increases gradually as the con­
centration increases. The results of Ostwald and of Jones and Douglas 
agree with ours only at 0.02, being considerably higher at the lower 
concentrations, owing probably to errors introduced by the method of 
dilution employed. Those of Schmidt and Jones at the lower concen­
trations (0.01 to 0.001 normal) are much lower than those of Jones and 
Douglas and fairly concordant with our values; but at the higher concen­
trations (0.1 to 0.02) the results of Schmidt and Jones are widely di­
vergent from all the others. 

The most probable values of the conductances A1 and J K of the sepa­
rate ions were considered to be 76.5 and 74.8, respectively, the sum of 
which is of course equal to A0 = 151.3. These values are based upon 
some unpublished conductance measurements at 25 ° which will be dis­
cussed in a later publication. 

The Equivalent Conductance of Potassium Tri-iodide. 
Before the data for the solutions saturated with iodine could be inter­

preted it was necessary to determine whether any correction should be 
made for the conductance of iodine in pure water. The results of ex­
periments on the hydrolysis of iodine described in the following article 
show that the initial conductance of an iodine solution in water is due 
mainly to the acid formed by the hydrolytic reaction, I2 + H.,0 = HIO + 
H + + I - , and that this hydrolysis is driven back almost completely in 
the presence of a dilute acid. Since an iodide may be expected to have 
the same effect, no correction has been made for the conductance of iodine 
in pure water. 

I t will also be shown in that article that the solubility of iodine as 
I2 is 0.00132 mols per liter—a value that will be used in the following 
calculations. 

To the measured conductances of the more concentrated solutions a 
small correction must, however, be applied on account of the increase of 
volume when the iodine is dissolved; for in determining the change of 
conductance resulting from the transformation of KI into KI3, it is neces­
sary to compare solutions of the same concentration with respect to 
potassium. Mr. R. C. Tolman, of this laboratory, has kindly furnished 
that therefore the values of A0 chosen a t 18° and 25° are somewhat too high. For 
the sake of uniformity however, we have retained the Kohlrausch value. 
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us with the results of his preliminary measurements on the specific gravi­
ties of solutions obtained by dissolving varying amounts of iodine in a 
0.25 normal KI solution. The volume-increase of 1 liter of the potas­
sium iodide solution was found to be 0.2376 cc. per gram of iodine dis­
solved in it. It was calculated that the total concentration of potassium 
salts in the three most concentrated solutions saturated with iodine 
differed from the original round concentrations by 0.31, 0.16 and 0.05 
per cent., respectively, thus giving 0.9969, 0.04992 and 0.01999 mols 
per liter. The specific conductances of pure potassium iodide solutions 
at the same concentrations were therefore calculated to be 0.013040, 
0.006727 and 0.002786, respectively, and these values have been used 
in determining the decrease of specific conductance (Table IV, column 6). 

In Table IV the final results and some quantities calculated from them 
are presented. Concentrations are expressed in the table in millimols 
per liter at 25 °, but all calculations are based upon molal concentra­
tions. The first column gives the total concentration of the potassium 
salts in the solutions, the values in the three most concentrated solutions 
having been obtained by correcting the values given in Table II as just 
described. The third column gives the concentration of the tri-iodide 
(Sl3 = I3

- + KI3), obtained by subtracting the solubility of I2 (1.32) 
from the "total iodine dissolved," as given in the last column of Table 
II . The second column gives the concentration of iodide (SI) deter­
mined by taking the difference between the two concentrations just 
referred to (SK — Sl3). The fourth column gives the concentration 
of tri-iodide ion, (I3

-), calculated under the assumption that the degree 
of ionization of KI3 is the same as that of KI in the initial KI solution. 
The fifth column contains the ratio Sl 3 / (Sl + SI3) = r. The sixth 
and seventh columns show the decrease in specific and equivalent conduc­
tance, L — IJ and AyI, respectively, produced by replacing the iodide 
by exactly the same amount of tri-iodide. The eighth column contains 
the values of the ratio, 1000 (L— L')/(I3

-), which should be constant, 
and equal to A1 — A13, if the ionization of KI3 is the same as that of KI. 
The ninth column shows the values of the ratio, AAjy, which would equal 
the decrease of equivalent conductance if all the KI were replaced by 
KI3, no assumption in regard to degree of ionization of the KI3 being in­
volved. The tenth column contains the values of AKh calculated by 
subtracting AA fy from the values of AKI given in Table III , and the 
last column gives the corresponding values of the percentage ioniza­
tion of KI3, ioo?-KIj, calculated on the assumption that A0 for KI3 is 
equal to 115.8. 

An inspection of the table shows that all the results are concordant 
except the value r = (Sl 3) / (Sl + Sl3) «=4.90 for the second solu­
tion, which is evidently too low. Since this value is based upon only 
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a single titration of "total iodine dissolved," a more probable value, 
4.97, has been obtained by interpolation, and the corresponding values 
of ^KIa, etc., calculated. These values are enclosed in brackets in the 
table. 

TABLE IV. 

3°-9 
3̂  
(32 

32 

33 
33 
34 
34 

35 

5 
0) 

6 
5 
8 
5 
6 

5 

3 
*<3 
99-9 
102.3 

(102.8) 

106.8 

108.8 

no.7 
112.2 

"3-3 

115-8 

>-
8 

86.3 
88.3 

( 88.8) 
92.2 

94.0 

95.6 
96.9 
97.8 

100.0 

A comparison of the values of ;-KIg with those of T-KI (Table III) shows 
that the degree of ionization of potassium tri-iodide is practically iden­
tical with that of KI up to a concentration of o. i normal. Each of the 
ratios iooo (L — L')/(I3

-) is therefore a separate determination of (A1— 
Au) , the difference between the equivalent conductances of the tri-iodide 
ions. The average value of Tl1 — Au is 35.5, from which it follows that 

A13 = 41.0 and A0 for KI3 = 115.8. 

The limiting value (at zero concentration) of the ratio A.A/r is equal 
to A1 — Ah, and the limiting values of AA and of r are therefore not 
independent. In the table AA is shown to increase slightly with increas­
ing dilution, and the limiting value is probably as high as 16.4. I t fol­
lows that, in solutions saturated with iodine, the ratio r = (Sl3)/(SI + 
Sl3) tends toward the value 16.4/35.5 = 0.462 as the concentration 
approaches zero. 

Prom the values of this ratio in the different solutions it is seen that 
the proportion of tri-iodide in a solution saturated with iodine increases 
steadily with increasing concentration,2 the whole change between 0.0 

1 An interpolated value. 
2 A comparison with the values of this ratio (213)/(21 + 21I3) determined by 

Noyes and Seidensticker (THIS JOURNAL, 21, 217 (1899); Z. physik. Chem., 27, 359) 
shows that the agreement is fairly good at 0.1 normal, but that their values a t smaller 
concentrations are always larger than ours and that the difference increases rapidly 
with increasing dilution. Since, as they point out, their values at the lowest con­
centrations are apparently affected by large errors, it seems not improbable that their 
values a t higher concentrations are similarly affected, though of course to a smaller 

Concentrations X 10". 
Decrease 
in cond. 

99.69 
49.92 
49.92 
19.99 
10 .00 

5 . 0 0 

2 . 0 0 

I .OO 

49.66 

25-47 

I O . I 8 

5-135 
2.592 

50.03 

24-45 

9.81 
4-865-
2 .408 

43.28 
21.79 

9.O4 
4.58 
2 .30 

O.502 

O.49O 
(0-497)' 
O.49I 

O.486 

O.482 

I 
•J 

I550 
797 

320 

163 
81.5 

< 
15-5 
15-9 

16.0 
16.3 
16.3 

35-8 
36.6 

(36.0) 
35-4 
35.6 
35-4 

1.054 0.946 0.918 0.473 32.6 16.3 35.5 
0.532 0.468 0.458 0.468 16.2 16.2 35.4 



924 GENERAL, PHYSICAL AND INORGANIC. 

and o. i normal being about 8 per cent. This effect is identical in direc­
tion with the very marked effect which has been observed in more con­
centrated solutions, where the ratio of total iodine dissolved in total 
potassium salt decreases rapidly with increasing salt concentration. 

A Deviation from the Law of Mass Action. 

This result may be expressed in another way: In potassium iodide solu­
tions saturated with iodine, the ratio (I -)/(I3

-), which according to the 
law of mass action should be constant, decreases from i. 16 to o. 99 when 
the potassium salt increases from 0.0 to 0.1 normal. 

We have used the results of Laurie1 to calculate at higher concentra­
tions the apparent values of this ratio which are obtained when the same 
assumptions are made as at lower concentrations, viz., that the solubility 
of I2 as such is 0.00132 millimolal, that all the dissolved iodine in excess 
of this amount is present as tri-iodide, and that KI3 is ionized to the 
same extent as KI. In order, however, to allow for the expansion of the 
solutions when iodine was dissolved in them, approximate corrections 
have been introduced by the method described above. The concentra­
tions in the saturated iodine solution are thus referred to the volume 
of solution containing the same number of mols of potassium salt as were 
present in 1 liter of the original potassium iodide solution. The re­
sults, together with our own results at lower concentrations, are included 
in the following table. The table also contains the corresponding values 
of the equilibrium "constant" K= (I-)(I2)/(I3"), obtained by multi­
plying the ratios C1-IC1- by the solubility of I2, 0.00132. 

TABLE V.—VALUES OF (I-V(I3
-) AND (I-)(I2)Z(I3

-) I N KI SOLUTIONS SATURATED WITH 
IODINE. 

i ' K i . 000 0.850 0.700 0.500 0.344 
~l2 combined, mols per liter. 0.711 0.578 0.440 0.295 0 189 
I2 combined (mols) ° -74 2 0 5 9 8 0.452 0.300 0.191 
In the volume (cc.) 1043 1035 1027 1018 1011 
Ci'/Cif 0.35 0.42 o.55(?) 0.67 0.80 
KX 10s = 1.32 Ci'/Cif. . . . 0.46 0.55 0.72 0.88 1.06 

JTK 0.100 0.020 0.010 0.005 0.002 0.001 0.0 
Ci~/Cxf 0.99 1.04 1.06 1.08 1.11 1.14 1.16 
A' X io 3 = 1.32 C r / C l s - - • • • i -3 i i-37 i-40 1 4 2 1.47 i -5° ' - 5 3 

On plotting the values of (I -)/(I3
-) kgainst log (SK) it was found 

that a straight line was obtained from 0.001 to 0.1 normal SK, and 
that this line produced to normal concentration gave the value (I -) / 

percentage extent. As a possible source of error ill these experiments, the. presence 
of an organic impurity in the water may be mentioned; the reaction of this with iodine 
would produce an iodide, and the proportion of tri-iodide found would therefore be too 
great, especially in the dilute solutions. 

1 Laurie, Z. physik. Chem., 67, 627 (1909). 
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(I3
-) = 0 . 9 2 instead of the much lower value found (0.35). Thus the 

decrease of this ratio in concentrated solutions is much more rapid than 
was to have been expected from the results in dilute solutions. 

Additional information with regard to this deviation from the law of 
mass action was obtained by comparing these values of the equilibrium 
function K = (I") / (I2) / (I3

-) in saturated I2 solutions with those ob­
tained at other I2 concentrations (Table I). On plotting K against the 
concentration of I2 as determined from partition experiments, it was evi­
dent that in a dilute potassium iodide solution (SK = N/16) the values 
of K are practically constant and equal to 1.40; that in 0.1 and 0.2 
normal solutions K decreases slightly with increasing I2 concentration; 
and that this decrease is very pronounced in concentrated potassium 
iodide solutions. From the results for the most concentrated solutions 
(normal SK) the value of K at zero I2 concentration was found by ex­
trapolation to be i . 34 X io -3, which is almost as large as the values 
found in dilute potassium iodide solutions. Thus the deviations from 
the mass action law are very slight when the concentration of I2 is small. 

An obvious explanation of this decrease of K in the concentrated potas­
sium iodide solution, which has frequently been offered, is that a poly-
iodide higher than KI3 is formed, and that its concentration increases 
as I2 is increased. But a difficulty is at once encountered when we con­
sider the equilibrium in the saturated I2 solution, e. g., I5

- = I - + 2I2. 
Here the ratio of (I,~) to (I") should be constant, and yet solid iodine 
separates when a concentrated solution is diluted. We are led to the 
result that if a polyiodide is present its concentration cannot be a measure 
of its "activity"1 in the reaction. But if this second assumption is 
necessary even when a higher polyiodide is assumed to be present, then 
it seems worth while to determine if the assumption of a variation of the 
ratio of activity to concentration for tri-iodide or iodide is alone suffi­
cient to explain the phenomenon—without the assumption of a higher 
polyiodide. 

This concept of "activity" as introduced by Lewis is of great value in 
dealing with a problem involving a deviation from the law of mass action. 
For our purposes it is sufficient to recall that the following law is a thermo­
dynamic consequence of the definition of activity. If the value of the 
activity (A) of each substance at equilibrium is substituted for its con­
centration in the mass-action expression, then the resulting activity 
function is a constant. Thus for the equilibrium, I3" = I" + I2, at con­
stant temperature, A1- X A1JA1- = constant. For our purposes we 
may, for the sake of convenience, place the activity (A) of each sub­
stance equal to the concentration (C) at infinite dilution.2 As the con-

Lewis, Proc.'Am. Acad., 43, 259 (1907); Z. physik. Chem., 61, 129 (1907). 

This is only justifiable wKen, as-in the present instance, we are dealing with a 
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centration increases the activity will, in general, differ from the concen­
tration, and the ratio of activity to concentration will also be altered 
when other substances are introduced into the solution. The problem 
of deviations from the law of mass action is thus resolved into the problem 
of determining how the ratio of activity to concentration varies for each 
substance under varying conditions. In the following we shall desig­
nate this ratio by the letter 

p - AlC. 
We shall assume throughout that the concentration of any ion has the 
value derived from conductance measurements. 

In the present example we may therefore conclude that at 25 °, in solu­
tions saturated with iodine, 

AI-/Ah~ = C I - / C l 3 - ( f 0 r KK1 = O) = I-16. 

It is evident that the activity of I2 as such is constant in all solutions in 
equilibrium with solid I2, and may be considered equal to its solubility 
in pure water, since the concentration is very small, that is: 
Aj1 = C1 =0.00132. The activity function, 

KA = A1- X A1JA1-, 
has therefore the value 1.16 X 0.00132 = 0.00153. This quantity, 
KA, in virtue of the definition of activity, is, at any given temperature, 
constant under all circumstances. In the investigations of the equilib­
rium in solutions unsaturated with iodine (Table I) it is evident that the 
activity of I2 in the aqueous phase, and not its concentration, was de­
termined by the partition experiments.1 The quantity K1 (Table I), 
which is equal to K since y' is now assumed equal to y, therefore has the 
form 

K = C1- X A1JC1-. 
From the values of K, given in Tables I and V, we may calculate the 
values under different conditions of the expression 

KJK = P1-Zp1- = 0.00153/K. 
Thus in 0. i and 1.0 normal potassium iodide solutions the limiting values 
approached by the ratio P1-Ip1- as C11 approaches zero are 1.53/1.40 •= 
1.09 and 1.53/1.34 = i • 14, respectively; while in 0.0, 0.1 and 1.0 
normal potassium iodide solutions saturated with iodine the values are 
i . 0, i . 17 and 3.34, respectively. 

Thus if we can determine how one of the activity-concentration ratios, 

single solvent at a constant temperature. In other cases it is best to adhere to the 
original definition of Lewis, according to which A — C at infinite dilution only in the 
gaseous phase. 

1 This is exact only when the activity of iodine is proportional to its concentration in 
the organic solvent used in the partition experiments, which, however, is doubtless 
true, or nearly so, for CCl4, CHCl3, and CS8, the solvents used. 
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as A1-JC1- = P1-, varies under different conditions we can at once calcu­
late the corresponding values of the second ratio. As we shall see later, 
pf is nearly constant, whence we conclude that A1-JC11- decreases 
rapidly: 

(1) in saturated I2 solutions with increasing KI, and 
(2) in a normal KI solution with increasing I2. 
Let us illustrate the significance of a variation in this ratio for a given 

substance. When the substance is at the same concentration in two 
different solvents, M and N, and has a smaller activity in M, then it will 
tend to escape from N to M (e. g., through the gaseous phase if it is vola­
tile). In such a case it is frequently stated that M is a "better solvent 
for the substance." Whenever the addition of any substance to a solu­
tion causes a decrease in the ratio of AjC for the original solute, the same 
idea may be applied by saying that the solution has become a better 
solvent for that solute. 

In the present example we may thus state that a concentrated KI — I2 

solution is a better solvent for tri-iodide than is a pure potassium iodide 
solution or pure water. This phenomenon is doubtless connected with 
the mutual solubility of KI and I2,1 an idea which has been expressed 
by Parsons2 in the phrase "solution in a dissolved solid." 
The Composition of Concentrated Potassium Iodide Solutions Saturated 

with Iodine. 
Important evidence relating to the presence of polyiodides higher 

than KI8 in concentrated potassium iodide solutions saturated with 
iodine is furnished by the electromotive force determinations of Laurie.3 

The problem, however, cannot be completely solved without the knowl­
edge, for some substance as I", of the variation of the activity concen­
tration ratio in the saturated iodine solutions with increasing potassium 
iodide concentration. Accordingly, in the following detailed calcula­
tions the simple assumption referred to above has been made that C1- = 
A1-. Other assumptions are considered later and the complete results 
are summarized in Table VI. 

In Laurie's measurements a half-cell containing 0.0005 m ° l -^ dis-
solved in a potassium iodide solution was combined with another con­
taining the same potassium iodide solution saturated with iodine. The 
diffusion potentials were eliminated by inserting between the half-cells 
a 10 times normal solution of ammonium nitrate.4 

1 The great solubility of K I in liquid iodine has been noted by Lewis and Wheeler, 
Z. physik. Chem., 56, 179 (1906). 

2 Parsons, / . Physic. Chem., I I , 669 (1907). 
3 Laurie, Z. physik. Chem., 67, 627 (1909). 
4 Cumming's tests of this method, Trans. Faraday Soc, 2, 213 (1906) depend upon 

the agreement between the measured e. m. f. (using 10 N NH4NO8), and the value 
calculated from the Nernst equation; but he used concentrated solutions, such as N 
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When the electrode reaction is considered to be 

I- + e = V2I2, 
then the electromotive force (aside from the diffusion potential) is: 

E = 0.0591 [log ( ^ ^ / ( A ^ - ' A log (A11V(A11)J 
where the subscripts d and j refer to the dilute and saturated solutions, 
respectively. 

By means of this equation the quantity which we wish to determine 
(A1

-) ̂  may be calculated, since E was measured by Laurie and the other 
three activities may be derived as follows: 

In the experiment with normal potassium iodide solutions, 
£ = 0.1252 volts.1 

By our assumption, 
(Ai-)d = (Ci-)d = °-79 X 0.9995 = 0.790, 

where 0. 79 is the degree of ionization of the potassium iodide and 0.9995 
its concentration (the remaining K salt, 0.005, being present as tri-
iodide). 

The activity of iodine in any phase in equilibrium with solid I2 has a 
constant value; as explained above 

(AiX = 0.00132. 
Finally (A1 - ) d may be calculated from the equations 

(Ai3-)d = (ci,-)d/1-1* = °-79 X 0.0005/1.14 = 3.46 X io~\ 
and 

(Al2)d = K A(Air) J(A^)4 = 0.00153 X 346 X 10-V0.790 = 6.7oXio" ;. 
It is to be noted that the assumption is here made that the propor­

tion of higher polyiodide such as KI5 is negligible in this dilute I3 solu­
tion, but this is evidently justifiable since we shall find that its concen­
tration is small even in the saturated I3 solution. 

On substituting these values in the above electromotive force equa­
tion, it is found that (A1-) f = 0.267, which, according to our assump­
tion, is equal to (C1-),.2 According to the view adopted early in the 
HCl — 0.1 A" HCl, in which it is very doubtful if the Nernst equation will give accurate 
results. Therefore the accuracy of the NH4NO3 method of eliminating potential differ­
ences is still unknown; but it is probably sufficiently accurate in the present instance 
for our purpose. 

1 In Laurie's article, page 632, the "NH4NO3 correction" of 0.0008 volt is a mis­
print for 0.0080. 

2 Laurie considered the electrode reaction I - -f ( + ) = JI2, and applied the Nernst 
formula, thus tacitly assuming that . 4 r = Cr. It is interesting to note that if he 
had adopted the equally possible electrode reaction I,- -f- (+) = V2I2 he would have 
obtained absolutely different results, since this corresponds to the assumption that 
AI3- = Ci1-. Since Laurie adopted the first view his value for the concentration of I -

(0.264), is almost identical with ours (0.267). But he assumed that the degree of 
ionization depends upon the actual concentration of potassium iodide present, and his 
values for C^i are therefore smaller than ours. 
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paper the degree of ionization of potassium iodide in this mixture de­
pends on the total ion concentration and therefore is the same as in the 
pure potassium iodide solution. I t follows that the total concentration 
of iodide, C21 = 0.267/0.79 = 0.338, a value which is obviously inde­
pendent of the degree of ionization originally assigned to the normal 
potassium iodide solution. 

The total concentration of the potassium salt present in other forms 
than potassium iodide is therefore 1.000 — 0.338 or 0.662, while the 
concentration of combined iodine is 0.742 mol I2. This result evidently 
indicates that a small amount of a polyiodide higher than KI3 is present. 
If we consider it to be only KI6, then we have 

Cj15 = 0.080 and C113 = 0.582. 
We thus reach a conclusion similar to that of Laurie, that a large part 

of the dissolved iodine in the normal potassium iodide solution saturated 
with iodine is present as tri-iodide. A similar treatment of the remain­
ing measurements shows that the amount of higher polyiodide decreases 
as the potassium iodide concentration is decreased, and becomes negli­
gible in the neighborhood of the 0.1 normal solution. 

The activity of the tri-iodide ion in the normal potassium iodide solu­
tion saturated with I2 is given by the equation, 

OV)* = (Ax-ys/i.i6 = 0.230. 
If the KI3 is ionized to the same extent as KI, then the ratio of A /C = 
for tri-iodide ion is: 0.230/0.79 X 0.582 = 0.50, which, of course, is 
considerably larger than the value (1/3.34), which we have previously 
calculated on the assumption that no higher polyiodide was present. 
Our previous calculations, however, will hold for concentrations of SK 
below 0. i normal. 

For the sake of comparison with these results a second series has been 
calculated from the electromotive force measurements in a similar way 
on the much less probable assumption that C13- = A13-. The two sets 
of results are presented in columns III and I in the following table. This 
table also contains, in the second column, the corresponding results 
when, according to the extrapolation from dilute solutions made early 
in the paper the ratio C1

-/CIa" is assumed to be 0.92, and in the last 
column those obtained from the sole assumption that no polyiodide 
higher than KI3 is present. 

An inspection of this table shows that this complicated problem has 
been reduced to the determination of the variation, with increasing 
potassium iodide concentration, of the ratio of activity to concentra­
tion for a single substance, as iodide ion, in a saturated iodine solution. 
I t is evident that, no matter what assumption is made, one or more of 
the substances involved will show marked deviations from the law of the 
ideal solution that activity and concentration are equal. 
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TABLE VI.- -ACTIVITIES AND CONCENTRATIONS OE THE CONSTITUENTS OF THE NORMAL 

KI SOLUTION SATURATED WITH L1. 

U! Assuming (II) Assuming (III) Assuming (IV) Assuming 
CI5---..Aj11-. CV/Cj,- - 0.92. C I - = . 4 I - . C-^1. = ". 

-1l- 0-305 - • 0.267 
-hr 0.262 . . . 0.230 
O i 0.463 0.408 0.338 0.258 
O -I3 0.332 0.443 0.582 0.742 
C-Ji5 0.205 ° - J 49 0.080 0.000 
- i / ^ i s = Cl - /C r , - . . 1.39 o-9 2 0.58 0.35 
4 I - / C I - 0.83 0.89 i . 00 1.20 

<4l3VCij- i • 00 0.71 0.50 0.36 

In the case of an aqueous solution of a single salt several examples 
are known in which the activity of a univalent ion increases somewhat 
less rapidly than its concentration (derived from conductance measure­
ments), and there are at present no exceptions to this rule. This has 
recently been emphasized by Lewis and von Ende1 in connection with 
their work upon the electromotive force of thallous-ion concentration 
cells. Another illustration is evidently furnished by Jahn's investiga­
tions of chloride-ion concentration cells2 from which he concluded that 
the degrees of ionization ordinarily calculated from conductance measure­
ments are too high. Some additional examples will be considered in 
later articles. 

From the analogy with Jahn's experiments it is extremely probable 
that investigations of iodide-ion concentration cells free from iodine, 
using for example thallium-thallous-iodide electrodes, will yield similar 
results, and that therefore the activity of iodide-ion in pure potassium 
iodide solutions increases somewhat less rapidly than its concentration. 
If this applies in the present case in which the solutions are saturated 
with iodine, then the composition of the normal solution considered above 
will probably lie between the values given in the second and third col­
umns of the table, and the solution will contain a greater proportion 
of higher polyiodide than calculated by Laurie. It is also interesting 
to note that the activity of tri-iodide ion increases much less rapidly 
than its concentration, and that this is even more striking when A1- is 
equal to or increases more rapidly than C1-. 

But it is by no means certain that the relationship between A1- and 
C1- in potassium iodide solutions free from iodine will be the same as that 
in solutions saturated with iodine, and the two cases must be considered 
as two separate experimental problems. 

The relation between A1- and C1- in dilute potassium iodide solutions 
saturated with iodine may be determined by combining the results of 
electromotive force measurements of concentration cells, using iodine 

1 THIS JOURNAL, 32, 732 (1910). 
a Jahn, Z. physik. Chem., 33, 545 (1900). 
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electrodes, with the values of C1- determined in the present investiga­
tion. Unfortunately, the existing measurements of Crotogino,1 in which 
each iodine electrode was measured against a calomel electrode, are 
probably not very accurate, and the corrections for the diffusion poten­
tial cannot be readily calculated. The results1 show that A1- increases 
more rapidly than C1-, which is an indication that the composition of 
the normal potassium iodide solution saturated with iodine is interme­
diate between the values given in the last two columns of Table VI, 
and that the amount of higher polyiodide present is very small. This 
conclusion, however, can scarcely be accepted as correct without further 
experimental investigation. 

While this evidence is somewhat conflicting, it would seem that the 
results given in column III of Table VI cannot be very far wrong. Thus, 
roughly speaking, the ratio of activity to concentration for iodide ion is 
independent of the concentration. The same ratio for tri-iodide ion 
diminishes rapidly with increasing concentration, and in all probability 
the higher polyiodide ions will be found to show even greater abnor­
malities in the same direction. 

Summary. 

In this investigation, conductance measurements at 25 ° have been 
made with potassium iodide solutions between 0.1 and 0.001 normal, 
and of the same solutions when saturated with solid iodine. The solu­
bility of iodine in each solution has also been determined. 

These results have led to the conclusions that the degree of ionization 
of KI3 in dilute solutions is practically identical with that of KI up to a 

1 Cf. Sammet, Z. physik. Chem., 53, 674-5 (1905). Crotogino's results, recalculated, 
are presented in the following table, the potential of the N/16 K I electrode being taken 
as zero. The last column contains the values of E calculated by means of the formula 

E = 0.0591 log C1-ZC1-, 
i. e., on the assumption that A j - = Ci-. The values of Cy are calculated from the 
data given in Table IV. 

ELECTROMOTIVE FORCE MEASUREMENTS OF CROTOGINO. 

IK. C j - . £ measured. S c a l e 

JV/1024 O.OOO509 — 0 . 1 2 2 — 0 . 1 0 2 

Ar/256 0 . 0 0 1 9 5 6 — 0 . 0 8 1 — 0 . 0 6 8 

N/64 0.00744 —0.040 —0.034 
N/16 0.0277 0.000 0.000 
iV/4 0.0980 0.0038 0.032 

The large differences between E measured and E calculated are partly due to 
diffusion potentials, since the mobility of K + is greater than that of I3

- . We have 
calculated approximately that 4 millivolts is the value of the diffusion potential be­
tween two solutions where there is a fourfold change in the concentration of 21K; but, 
since the measurements were made against a calomel electrode, this value must be too 
high. I t is therefore evident that E measured is always greater than E calculated, 
and that Ap- increases somewhat more rapidly than Cr-. 
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concentration of o. i normal; and that, the conductances a t 25° of iodide 
ion and tri-iodide ion are 76.5 and 41.0, respectively, tha t of potassium-
ion being assumed equal to 74.8 . 

Burgess and Chapman, by means of transference experiments, have 
made an independent determination of J1 and found a value only slightly 
greater than ours, namely 42 .5 . We have therefore adopted an inter­
mediate value, 41 .5 , as the most probable value of AIs. 

I t has also been found t ha t in potassium iodide solutions saturated 
with iodine the ratio C1-JC1-, which according to the law of mass action 
should be a constant, decreases from 1.16 to 0.99 between 0 .0 and 0 .1 
normal ; thus showing t ha t an effect due to the presence of potassium 
iodide, which has been known to exist in more concentrated solutions, 
is not negligible even in these very dilute solutions. 

Finally we have a t tempted to determine the composition of concen­
t ra ted solutions of potassium iodide saturated with iodine, and have 
illustrated the usefulness of the concept of "ac t iv i ty , " as defined by 
Lewis, in dealing with deviations from the law of mass action. An ex­
amination of the existing solubility and electromotive force da ta has 
shown tha t the problem may be solved if the relation between the ac­
t iv i ty and concentration of iodide ion in solutions saturated with iodine 
is known. By concentration of an ion is understood the value ordinarily 
calculated from conductance measurements. Although the somewhat 
conflicting nature of the evidence prevents an exact solution of the prob­
lem, the conclusion is reached tha t the ratio of activity to concentra­
tion for iodide ion is nearly independent of the concentration, t ha t the 
same ratio for tri-iodide ion decreases rapidly in the concentrated solu­
tions, and t ha t probably higher polyiodide ion show this abnormali ty 
in an even higher degree. In a normal potassium iodide solution satura­
ted with iodine, the concentration of KL, is calculated to be about 0.08 
raolal, if this is the only higher polyiodide present. 

BOSTON, May, 1910. 
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I. The Hydrolysis of Iodine. 
During the investigation described in the preceding paper, we were 

confronted with the problem of how to account for the conductance of 
aqueous iodine solutions. From calculations based on Sammet 's 1 de-

1 Z. physik, Chem,, 53, 687 (1905). 


