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The Ionization Constant of Water and the Dissociation of
Water in Potassium Chloride Solutions from Electromotive
Forces of Cells without Liquid Junction!

By HERBERT S. HARNED AND WALTER J. HAMER

In a series of earlier contributions? the ionic activity coefficient of water
was determined at 25° in a number of salt solutions by the combined
measurements of three cells of the types
Ag | AgX | HX(mo), MX(m) | Hy | HX(mo) | AgX | Ag
H, | MOH(m.), MX(m) | M;Hg | MOH(mo) | Hz

and
Ag | AgX | MX(m) | Na,Hg | MX(mo) | AgX | Ag?

More recently, Harned and Schupp,* and Harned and Mason® have
shown that the same quantities can be determined with greater certainty
by the more easily measurable cells

H; | HX(mo), MX(m) | AgX | Ag
and

H, | MOH(mo), MX(m) | AgX | Ag
Since this was found to be the case, and since the latter cells are readily
adapted for investigating the effect of temperature, we have greatly
extended this work both in scope and accuracy by their use. In the
present study, aqueous solutions of potassium chloride are considered.
Values of the dissociation constant of water from 0 to 60° have been
evaluated as well as the heat of ionization of water. The ionic activity
coefficient of water, \/YgYon/amo, and the dissociation, mymoy, have
been determined from 0 to 60° throughout the concentration range from
0 to 3.5 M. Other important data involving activity coefficients and
relative partial molal heat contents of hydrochloric acid in potassium
chloride solutions have also been evaluated.

Apparatus and Materials

Cells.—A vacuum technique with air freed solutions was employed. The cells
were of the usual H-type, were fixed in the thermostat and had their drainage tubes
through the bottom of the thermostat. At temperatures above 45°, the solubility of
silver chloride was sufficient to cause plating out of the silver on the hydrogen electrode.
This produced a gradual lowering of the electromotive force due both to the slight

(1) The present communication contains material presented to the Graduate School in partial
fulfilment of the requirements for the degree of Doctor of Philosophy, June, 1932.

(2) Harned, THis JOURNAL, 47, 930 (1925); Harned and Swindells, ¢bid., 48, 126 (1926); Harned
and James, J. Phys. Chem., 30, 1060 (1926); Harned, Z. physik, Chem., 27, 411 (1926); Harned and
Akerlsf, Physik. Z., 111, 1 (1926).

{8) A general survey of the use of this method is given by Harned in Chap. XTI, pp. 806 to 808,
of Taylor, *Treatise on Physical Chemistry,”’ 2d edition. D. Van Nostrand Co.. New York, 1931.

(4) Harned and Schupp, THis JourNAL, 53, 3892 (1930).

{5) Harned and Mason, ibid., 54, 3112 (1932).
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increase in hydrogen-ion concentration and the covering of silver on the hydrogen
electrode which prevented the absorption of the hydrogen gas. This difficulty was
easily eliminated by inserting 20 c¢m. of a capillary tube (3-mm. bore) between the
two electrode compartments of the cell.

Hydrogen.—The first measurements were made with hydrogen generated by
electrolysis of a concentrated sodium hydroxide solution. Later, tank hydrogen
purified by passing over copper heated to 700° was employed. Identical results were
obtained with the gas from these two sources. .

Hydrogen Electrodes.—Platinum foil electrodes were used. These were plated
in a chloroplatinic acid solution for three to four minutes at a current density of 400
milliamperes. At the temperatures above 45°, they were coated two minutes longer.
This prevented a slight fluctuation in electromotive force which occurred at the higher
temperatures when too thinly plated electrodes were employed.

Silver-Silver Chloride Electrodes.—The electrodes were of type (2) described by
Harned.® Freshly prepared hydrogen and silver-silver chloride electrodes were em-
ployed in each cell.

Hydrochloric Acid.—Twice distilled hydrochloric acid was analyzed gravimetrically,
and diluted to desired strength. The concentration of the solutions was known with
an accuracy of =0.01%,.

Potassium Chloride.—An analyzed chemical of high grade was twice recrystallized,
and kept dry in an oven at 110°,

Potassium Hydroxide.—The potassium hydroxide solution was made carbonate
free by adding to the saturated solution a barium hydroxide solution until no further
precipitation of carbonate occurred. The solution gave no sulfuric acid test for the
barium ion. This solution was diluted to desired strength and analyzed by titration
against the standard acid. The estimated accuracy of this titration was +=0.029%,.

Experimental Results

Constant measurements of the cell
H, | KOH(mo), KCl(m) | AgCl | Ag (A)

were obtained, although it is somewhat more difficult to measure than the
similar cell containing hydrochloric acid in place of the hydroxide. A
very extensive series of measurements of the cells containing approxi-
mately 0.01 M potassium hydroxide was made at forty concentrations of
salt which was varied from 0.005 to 3.5 M and at temperatures from O to
60° at 5° intervals. Each measurement was the mean of four cells which
in all cases agreed within =0.03 mv.

These results were first corrected to round concentrations of hydroxide

by use of the equation
RT . mcomé
AE = §pn '-n—oc‘H—"‘l’é—Hl (1)

where m represents the experimental molalities and m’ the desired molality,
which in the present instance is 0.01 M potassium hydroxide. This in-
volves the assumption that the activity coefficients are constant over
the very small concentration range under consideration. No appreciable
error is involved by this procedure.

If the first order differences in the electromotive forces at the different

(6) Harned, THIS JOURNAL, 81, 416 (1929).
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temperatures are plotted against 7'7 straight lines are obtained as shown
by Fig. 1. This is very sensitive as witnessed by the ordinate, which is
given in tenths of millivolts. The maximum deviation of the experi-
mental results from the curves is =0.05 mv., but the great majority of the
points lie considerably closer than this. Taking the 25° electromotive
forces to be correct, the values at the other temperatures were smoothed
from these graphs. - The electromotive forces at round concentrations ob-
tained by this procedure are given in Table I.

0 e =002
+9 —'_____o____q____a__.__o———o——v""" °
o g = 0.03
[ (<) -
o t5 L—W____Q_—o—u 0.04
i) 2 » = 0.05
2 W 4 = 008
241 | B = 0.08
g ° o o—0{# = 0.11
o OO0 ¢ e )
5 3 F o [} —o{u = 0.21
7 e (o) 0 U <] o ] ° ’
= e & o ——0—O—O——g——O——O—mm—————| # = 0.31
g om0 1 = 0.41
- -7 P u = 0.51
g S =07 e = 061
w=o91* =08
<-uf ——3 =z - 10
% % w=176 , = ggé
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Temperature °C.
Fig. 1.—Plots of the first order differences of electromotive force of the Cell A,
E,_;—E;,, against the temperature.

The observed measurements of the electromotive forces of the cells
H; | HCl(m.), KCl(m) | AgCl | Ag (B)

were treated in a manner exactly similar to the hydroxide cells and the
smoothed results at round concentrations are given in Table II. The
results of the cell without salt containing 0.01 3 hydrochloric acid agree
within a few hundredths of a millivolt with those obtained by Harned and
Ehlers.®

The Ionization Constant of Water from 0 to 60° at 5° Intervals.—The
dissociation constant of water may be determined by two methods. The
first involves the cells of the type A containing the hydroxide-salt mix-
tures and the normal potential, Eq, of the cell

H, | HCl(m) | AgCl | Ag

The second method involves the measurements of both the cells A and B
containing the hydroxide-chloride mixtures, and the acid-chloride mix-

(7) Harned and Nims, THis Journ~AL, 54, 423 (1932),
(8) Harned and Ehlers ibid., 64, 1350 (1832).
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TaBLE I
KOH (0.01), KCl(m) | AgCl | Ag, CORRECTED BY AE AGAINST TEMPERATURE PLOTS
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tures, respectively. We shall employ both methods. For the first,

the electromotive forces in Table I and the E, values of Harned and

Ehlers® will be employed, and in the second method, the electromotive

forces in Tables I and IT will be used. This affords an excellent check both

upon the values of E,, and upon the general accuracy of all these results.
The electromotive forces of the cells of the type A are given by

RT
Ey = Eo — ]—V—Fln YHY cimEmcl (2)

The equilibrium constant for the ionization of water is
YEY
K = BI08  mon (3)
aH:0

Elimination of my from (2) and (3), and rearrangement of resulting terms
gives
By —Eot 2% = 08 Sk - nvava (4)
If the left side of equation (4) be plotted against u, its value at zero u is
equal to (—RT/NF In K), since at zero g, ag,o is unity, and by reason of
the definition of activity coefficients, the two other members on the right
of the equation vanish.® The values of E; necessary for this calculation
were those determined by Harned and Ehlers, namely, 0.23634, 0.23392,
0.23126, 0.22847, 0.22551, 0.22239, 0.21912, 0.21563, 0.21195, 0.20821,
0.20437, 0.20035 and 0.19620, at 0, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55 and 60°, respectively.® A large plot was made of the function
Es — Eo + % In 2=

against (m =+ m;), and since so many experimental points were available at
the lower concentrations, the extrapolation could be made with a very
high degree of accuracy. The character of the plots is apparent from Fig.
2, although for the purpose of clearness many of the points have been
omitted. The fact that the curves are nearly straight and possess a
reasonably small slope increases the value of this extrapolation. The
values of the ionization constant, K, computed from the extrapolated values
of the above function are given in the second column of Table III. The
values check those given by Lewis and Randall'® to within 19, except at
temperatures above 25°, at which temperatures the check is within 3%.
At 25° our value of 1.008 is in close agreement with 1.005 which was com-
puted by Lewis, Brighton and Sebastian.!!

The Heat of Ionization of Water from 0 to 60°.— K varies with the
temperature according to the equation of van’t Hoff

dlog K _ AH; 5
dT RT?

(9) Roberts, Tars JourNarL, 52, 3877 (1930); Harned and Schupp, Jr., ibid., 52, 3892 (1930),
have employed this equation for similar purposes.
(10) Lewis and Randall, “ Thermodynamics,” McGraw-Hill Book Co., Inc., New York, 1923, p. 486.
(11) Lewis, Brighton and Sebastian, THIs JoURNAL, 89, 2245 (1917).
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in which AH; is the heat of ionization. We assume that AH; varies with
T according to

AHy = 4 + BT + CT? (6)
Upon substitution of (6) in (5) and integration we obtain
log K = ~ oy + 3108 T+ g T+ D ™

Since K has been evaluated at thirteen temperatures, we obtained thirteen
equations, the constants of which were evaluated by the method of least
squares. The equation with the numerical values is

787.
log K = — 2_5;7__3 — 7.1321 log T — 0.010365 T + 22.801 (8)

The values of K computed by this equation are given in the third column
of Table III.

0.871p 60°
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0.826

0.811

Fig. 2.—Plots employed for the determination of the
dissociation constant of water by means of equation (4).

The heat of ionization is given in calories by

AH; = 21,926 — 14.18212 T — 0.04746 T 9)
and, AC,, or Cpmo) — (Cpmyy + Coomn), bY
AC, = —14.18212 - 0.09492 T (10)

Values of AH; and AC, computed by these equations are given in the
fourth and fifth columns of Table III. The AH; value at 20° checks the
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value, 13,693, obtained by Richards and Rowe.!? At 18° we obtain
13,776 which agrees with 13,780 computed by Lewis and Randall® from
Wormann'’s?® data, but is considerably higher than that recently computed
by Rossini.!*

The Method of Evaluation of K from Cells of Types A and B which is
Independent of Eo.—If we represent the electromotive forces of the cells
A by

Ey = Ey — Sk in mimbovievt (11)
and the cells B by
Eg = Ey — %—;ln mam&YRYh (12)

and subtract, we obtain

e F— - RET A% - BT
if we assume that the activity coefficient of hydrochloric acid is the same in
the acid—chloride mixtures as in the hydroxide-chloride mixtures at the
same ionic strength. The acid and hydroxide are at a sufficiently low
concentration to render this assumption justifiable. If we substitute for
my its value derivable from equation (3), we obtain

_ RT | mbmbimbn R»_I YrY0H R»_I
EA EB = +NF1n_—17l—é—1——— + NFln a0 NFan (14)

In dilute solution
1 YEYoR _ 2.954 X 108

GH0 =2X D¥/s T%/2

which is simply the limiting law of the theory of Debye and Hiickel with an
additional linear term. Substitution in equation (14) gives, upon re-
arrangement of terms
Y — Ezln mimémbn | RT 5.908 X 10° Vo = — RT
NF mby NF D%: T NF
Since E4 and Eg are the measured electromotive forces, and mi, m¢y, m(,)H
and m¢, are known concentrations, the left side of this equation is known,
and if it be plotted against p its value at zero pis —(RT/NF) In K. Wy-
man’s!® values of the dielectric constant were used. The character of the
extrapolation is shown in Fig. 3. For the sake of brevity further numerical
data have been omitted. We can sum the matter up with the statement
that the values of K obtained by this method are the same as those obtained
by the method involving E, within the estimated limit of accuracy which is
=(0.04 mv. This constitutes an excellent confirmation of both the accuracy
of these results and the values of Ey determined by Harned and Ehlers.

(12) Richards and Rowe, THIS JOURNAL, 44, 684 (1922).
(13) Wormann, Ann. Physik, (4] 18, 775 (1905).

(14) Rossini, Bur. Standards J. Research, 6, No. 309 (1931).
(15) Wyman. Phvs. Rev., 85, 623 (1930).

V2 + Bu (15)

Ey — E InK + gu (16)
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Activity COEFFICIENTS OF 0.01 MoLAL HYDROCHLORIC AcID IN PoTasstuM CHLORIDE

u Q° 5°

35°

40°  45° B50° 55° 60°

0.01 0.903 0.905 0.905 0.905 0.904 0.904 0.904 0.902 0.900 0.899 0.900 0.300 0.900
.870 .869 .867 .866 .865 .864
840 .848 .845 .844 .844 .843
.833 .832 .829 .828 .826 .825

.02 .873 - .874
.03 .853 .854
.04 .838  .840
.06 .817 .818
1 .784 785
.21 .751  .7562
.51 710 .71
1.01 729 726
1.51 766 756
2.01 .799  .798
3.01 .890 ,889
3.51 .936 .032

TasLE IV

SOLUTIONS
10°  15°  20° 25° 30Q°
875 .874 .873 .873 .873
.852 .853 .852 .851 .851
.830 .830 .837 .836 .836
.816 .817 .815 .815 .814
785 784 .782 781 .780
751 750 (748 747 .746
710 .709 .707 .70% .704
727 U725 (722 719 .716
753 .750 .746 .742 .738
795 .791 .785 780 .773
.881 .875 .867 .859 .851
925 .917 .907 .808 .888

.811

.810 .807 .806 .805 .804

7T 715 771 769 767 765
.742 740 737 734 .733 .730
700 .697 .693 .690 .686 .684
.711 707 .700 897 .893 .688
L7311 .726  .720 .713 .707 .700
.766 759 751 743 .735 .727
.840 .820 .818 808 .797 .786
.876 .865 .851 .839 .827 .814

The Activity Coefficient of Hydrochloric Acid in Potassium Chloride
Solutions.—The activity coefficient of the acid in the chloride solutions

V24,

X 108
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was computed by equation
(2) from the electromotive
forces in Table II. The re-
sults are given in Table IV.
This very comprehensive
series of values is more reli-
able than those previously
given by Harned, and
Harned and Akerlsf, since
a vacuum technique was
employed. At 25°, the pre-
viously determined values
of 0.779, 0.717, 0.777, 0.859
at 0.11, 1.01, 2.01 and
3.01 agree quite well with
those recently obtained.
Sometimes the activity
coefficient of the acid at
zero concentration in a salt
solution of concentration M
is desired. These values
can be obtained by sub-

Fig. 3.—Plots of the left side of equation (16) used tracting 0.001 from the re-
for the determination of the dissociation constant of

water by the method which is independent of E,.

sults in Table IV.
The Relative Partial

Molal Heat Content of Hydrochloric Acid in Potassium Chloride Solu-
tions.—The electromotive forces of the cells of the type B when no salt is

present may be expressed by

(18) Harned, Tuis JOURNAL, 48, 326 (1926); Harned and Akerlof, Physik. Z., 27, 411 (1926).
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Ep = E5 + a(t — 25) + b(t — 25) (17
and by
Ep = Ey + a'(t — 25) + /(¢ — 25)2 (18)
when salt is present. Upon subtracting and differentiating with respect to
T, we obtain
d(E — Ep) _ dE’
dT dT
where dE’/dT is the temperature coefficient of the cells representing the
transfer of the acid from the salt solution to the pure acid solution at 0.01
M. Thus, if we substitute this value of the temperature coefficient in the
Gibbs-Helmholtz equation, as well as the corresponding partial free energy,
we obtain the partial molal heat content of the acid in the salt solution
relative to its value in 0.01 M hydrochloric acid.

In order to evaluate the heat data, we have resorted to the graphical
method suggested by Harned and Nims.!” The constants a, b, ¢’ and b’
were obtained from the plots of the first order differences against tempera-
ture which we have already described in connection with the smoothing of
the original electromotive forces and which are shown in Fig. 1, b is one-
tenth the slope of these curves, and a is equal to one-fifth of the 20-25°
intercept plus 55. Values of these quantities are given in the second and
third columns of Table V. The other columns of this table contain the
values of the partial molal heat content of the acid in the salt solution
relative to its value in 0.01 M hydrochloric acid.

= (a —a') + 2(b — b')t — 25) (19)

TABLE V

THE RELATIVE PARTIAL MoraL HeAaT CoNTENT oF 0.01 M/ HYDROCHLORIC
AcIp IN PoTasstuMm CHLORIDE SOLUTIONS

H — Hon
# aX 106 5 X 108 0° 5° 10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60°

0.01 179.0 -3.0 0 0 0 0 0 0 0 0 0 0 0 0 0
.02 120.0 -3.0 24 24 24 25 25 25 24 25 24 23 22 21 21
.03 101.0 —2.95 27 31 33 37 40 43 47 51 54 57 81 64 68
.04 81.5 —-2.9 26 33 39 46 52 59 66 73 79 87 93 100 107
.08 51.56 -2.9 29 35 40 49 54 61 68 75 82 89 96 103 110
Ry 11.0 -2.8 28 39 55 66 78 92 106 119 133 147 161 175 188
21 — 31,7 —2.75 43 60 77 94 111 129 147 185 183 202 221 240 250
.61 — 90.5 -—-2.5 19 51 83 115 149 182 217 252 288 324 360 398 436

1.01 —-137.0 -2.4 94 127 170 210 249 290 332 374 417 460 504 549 594

1.51 —163.0 -—2.2 125 175 227 279 333 388 443 498 556 614 673 732 793

2.01 —181.0 —2.0 162 226 290 356 424 492 560 631 702 775 849 924 988

3.01 —208.0 —1.9 297 369 438 511 584 659 735 813 890 971 1052 1134 1217

3.51 -217.0 —1.8 348 424 501 580 660 742 824 909 995 1082 1170 1260 1351

The Ionic Activity Coefficient Product and Dissociation of Water in
Potassium Chloride Solutions.—The values of the ionic activity coeffi-
cient product of water, Yg¥on/0u,0, may be computed by means of equa-
tion (4). The left side of this equation has been computed previously
and used for obtaining the values of K given in Table III. From these
values, and by introducing the values of YgYc; at zero acid concentra-

(17) Harned and Nims, THis JOURNAL, 54, 423 (1932).
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tion in the presence of the salt at the concentration in question which are
obtainable from the data in Table IV, the values of YgYon/¢m.0 given in

Table VI have been computed.
TasLE VI

VALUES OF THE Ionic AcriviTy COEFFICIENT PRODUCT OF WATER IN POTASSIUM
CHLORIDE SOLUTIONS
u 0°  5°  10° 15° 20° 25° 30° 35° 40° 45° 50° 55° 60°

0.01 0.819 0,818 0.818 0.818 0.816 0.816 0.818 0.

.02 766,762 .764 762 .759 .760 .760
.03 .732 .729 .726 .727 .726 .726 725
.04 .707 709 .706 .706 .701 .702 .702
.06 872 .872 .669 .671 .667 .668 .667
11 .821 .621 .622 .623 .619 .618 .617
.21 574 576 576 .576 .572 .574 .573
.51 .534 .536 .537 .538 .535 .534 .534
.01 .8600 .596 .601 .599 .595 .592 588
.51 .688 .689 .686 .683 .677 .672 .665
. . . . . 774
.01 1,128 1,126 1.109 1.095 1. 075 1. 056 1.037 1,
.51 1,313 1.301 1,285 1.264 1.234 1.205 1,183 1.

[VCIRVER ST
o
>
w0
—
(=)
w0
-
o
w0
—
w
"]
(=1
i3
“
©
@
3
o
=3

812 0.809 0.809 0.811 0.309 0.810

.754  .753 751 750 .747 745
L7200 .718 715 713 .74 711
.696 .604 .691 687 .686 .684
862 .861 .655 .655 .652 .650
612 .611 .605 .602 .598 .595
.567 .563 .562 .558 .555 .550
.627 .524 .519 .514 506 .503
.680 .574 .563 .558 .549 .540
.852 .643 .633 .620 .607 .595
761 744 728 710 .692 .875

008 .979 .948 925 .894 .864
147 1,109 1,075 1.043 1.005 .967

At all temperatures these results show the characteristic minima which
are typical of the behavior of hydrochloric acid in halide solutions. It is

3
55°
50"

my X 107,
)
»

30*
1 Maso
M s
18°
Mlg;
0.2l 1 1 1 o*

0 0.5 1.0 1.5

I

Fig. 4.—The dissociation of water in potassium
chloride solutions

to be noted that like hydro-
chloric acid, the activity coef-
ficient product is greater at
the lower temperatures. We
have not computed YuYon
since the activity of the water
in potassium chloride solu-
tions over this temperature
range is not available.

Values of the dissociation
of water, my, or \/myMou,
computed by equation (3) are
plotted in Fig. 4.

At this juncture it is a
matter of importance to con-
sider more carefully what
meaning is to be attached to
YuYon/0mo, and mumon.
Equation (14) is the most
convenient for illustration
since it contains all the quan-
tities involved. For the mo-
lalities in the first term on the

right we have substituted the stoichiometrical molalities of the solutes.
Therefore, YuYon/0mo is the stoichiometrical activity coefficient. When



June, 1933 THE I0N1ZATION CONSTANT OF WATER 2205

we come to consider mymoy as computed by equation (3), it is important
to note that this will equal the true concentration product if, and only if, the
stoichiometrical molalities equal the true molal concentrations of the ions.
This condition will be true if the acid, hydroxide and salt are completely
dissociated. Also it follows that the more highly dissociated the solutes
involved are, the more nearly mgpmoy represents the true dissociation.
In any case, the effect of the ratio of the chloride-ion concentrations will
be negligible, so that the factor which determines the deviation of mymon
from the true dissociation is the product of the hydrogen-ion concentration
in hydrochloric acid and the hydroxyl-ion concentration of the hydroxide.
In the present case, the evidence indicates that this effect will be very small
since both hydrochloric acid and potassium hydroxide are very strong
electrolytes and any mass action effect due to potassium chloride will be
small. On the other hand, it is quite possible that the deviation involved
will be greater for cells containing sodium and still greater for those con-
taining lithium hydroxide. As pointed out by Harned,'® the activity
coefficients of these three hydroxides are peculiar in their behavior, and
this peculiarity may be due in part to incomplete dissociation. Since the
problem of the dissociation of such electrolytes is by no means solved, we
can go no further with our computations.

Summary

1. Extensive and accurate measurements of the cells

H, | HC1 (0.01), KCl(m) | AgCl | Ag, and
H, | KOH (0.01), KCl(m) | AgCl | Ag

have been made. The salt concentration has been varied from 0.01 to 3.5
M and the temperature from 0 to 60°.

2. The dissociation constant of water, K, from 0 to 60° has been com-
puted and is given by

logK = — 4—2-2:7———3 — 7.13211og T — 0.010365 T + 22.801

3. The heat of ionization of water in calories throughout this tempera-
ture range can be computed from

AH; = 21,926 — 14.812 T — 0.04746 T*

4, The activity coefficient of hydrochloric acid in potassium chloride
solutions from 0 to 60° has been computed.

5. The partial heat content of the acid in the salt solutions has also been
computed.

6. The ionic activity coefficient product and dissociation of water in
potassium chloride solutions have been calculated. A brief discussion re-

(18) Harned—see Taylor, "' Treatise on Physical Chemistry,” D. Van Nostrand Co., N. Y., Vol. I,
24 ed., p. 823.
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garding the character of these quantities and the present state of our
knowledge of this subject has been made.

New Haven, CONNECTICUT RECEIVED AvucusT 12, 1932
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{CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY, YALE UNIVERSITY ]
The Dissociation of Water in Lithium Chloride Solutions’
By HERBERT S. HARNED AND HaRRY R. CoprsoN

The ionic activity coefficient and dissociation of water in lithium chloride
solutions has been determined by Harned and Swindells? by the method in-
volving three cells, two of which contained lithium amalgam. In the
present communication these quantities and related thermodynamical
quantities have been investigated through the temperature range from 15
to 35° by the more accurate method employed recently by Harned and
Schupp, Harned and Mason, and particularly by Harned and Hamer.3

Measurements of the cells

H, | LiOH (0.01), LiCl(m) | AgCl | Ag, ... A

H, | HCI (0.01), LiCl(m) | AgCl | Ag, ... B
have been made at 15, 20, 25, 30 and 35°, containing lithium chloride at
concentrations varying from 0.01 to 5 M. From these measurements the
following quantities have been computed: (1) the normal electrode
potential of the Ag | AgCl(s) | C1- electrode; (2) the dissociation constant
of water; (3) the activity coefficient of hydrochloric acid in lithium chloride
solutions; (4) the ionic activity coefficient of water in lithium chloride
solutions; (5) the dissociation of water in lithium chloride solutions; and
(6), the partial molal heat content of hydrochloric acid in lithium chloride
solutions.

Apparatus and Materials

The cells as well as electrodes were similar to those recently used in this Laboratory.
Vacuum technique and air-free solutions were found to be necessary, particularly with
the cells containing lithium hydroxide* solutions.

Solutions.—Lithium chloride was purified by recrystallization. A very concen-
trated solution was prepared and its strength determined by gravimetric analysis of
the chlorine content. Its strength was known within =0.027%,.

Redistilled hydrochloric acid was diluted to approximately 0.05 M and this solution
was analyzed gravimetrically., Its strength was known to within =0.01%.

The lithium hydroxide solution was prepared by making a saturated solution, in
which lithium carbonate is insoluble. The lithium carbonate was allowed to settle

(1) The present communication contains material presented to the Graduate School in partial
fulfilment of the requirements for the degree of Doctor of Philosophy, June, 1932,

(2) Harned and Swindells, THIs JOURNAL, 48, 126 (1926).

(3) Harned and Schupp, $bid., 52, 3892 (1930); Harned and Mason, ibid., 54, 3112 (1932); Harned
and Hamer, {bid., 58, 2194 (1933).

(4) Harned and Ehlers, ibid., 54, 1350 (1932); Harned and Hamer, ¢bid., 65, 2194 (1933).



