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The Dissociation Constant of Propionic Acid from 0 to 60°
By HERBERT S. HARNED AND RusseELL W. EHLERS

In two recent communications,! we have shown how it is possible to
determine the dissociation constant of a weak acid with a high degree of
accuracy from measurements of cells without liquid junction. In addition,
accurate values of the dissociation constant of acetic acid from 0 to 60°
at five degree intervals were obtained. The present study is concerned
with a similar determination of the dissociation constant and related
properties of propionic acid.

Measurements of the Cells H, | HP(m,), NaP(m,), NaCl(ms) | AgCl| Ag.
—The propionic acid was fractionated three times, and only the middle
portion which constituted one-third the amount of the distillate was re-
tained each time. Carbonate-free sodium hydroxide solution was titrated
against hydrochloric acid which had been standardized by gravimetric
analysis. The standardized hydroxide solution was titrated against a
propionic acid solution of convenient strength.

A stock solution of 0.1 M HP, 0.1 M NaP and 0.1 M NaCl was first
made by adding equivalent amounts of the acid and hydroxide solutions,
adding the required amount of sodium chloride and diluting to the re-
quired strength. From this solution, the cell solutions were made by
dilution. All other details of procedure were the same as those previously
described by us. .

The first half of Table I contains the experimental electromotive forces
corrected to 1 atm. hydrogen pressure. The equation for the electromotive
force of the cell is
mapmcr _ _ RT . vnYavar _ RT

e = 7 In TETp —F— In K (1)

E—E0+%Tln

Ey is the normal potential of the cell, K the dissociation constant of pro-
pionic acid, and the “ms” and “vys” are the molal concentrations and
activity coefficients of the species denoted by subscripts. As previously
described, we let the right side of the equation equal —(RT/F) In K’,
compute K’, and then plot this quantity against u. At zero u, K’ equals
K. Examples of the extrapolation at 0, 25, 45 and 60° are shown in Fig. 1.
The values of E; were taken from our recent determinations, and are given
in the second column of Table II. The third column contains the experi-
mental values of K.

The plots in Fig. 1 are typical of this extrapolation. All the plots are
straight lines. The sensitivity of these plots is very great when we consider
that 0.1 millivolt corresponds to an error of 7 in the third decimal place
and that only a very few of the most widely scattered individual results

(1) Harned and Ehlers, THis JoUurnaL, 54, 1350 (1932); B85, 652 (1933).
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deviate as much as this from the plots. We believe that K has been esti-
mated from these graphs to within =0.003. This is somewhat greater
than the estimated error due to making up the solutions. Like acetic
acid K increases with 7T to 20°, passes through a maximum at about this
temperature and then decreases. The graphs in Fig. 1 have slopes which
in passing from the lower to the higher temperatures decrease regularly,
change sign, reach a maximum at about 25°. At temperatures above this
the slope gradually decreases but does not again change sign. The whole
system of graphs is consistent in this respect as shown by the values of the
slopes given in the last column of Table II. At 25° our value of 1.336 X
10°% is somewhat higher than 1.32 X 10~% which has heen recorded in
the “‘International Critical Tables.””?
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Fig. 1.

In order to calculate the heat of ionization, AH, we employed the equa-
tion.
AH =g + bT + cT? (2)
Upon substitution of this value of AH in the van’'t Hoff equation, and
integrating, we obtain

log K = — 4l 1g T+ T+ 4 (3)

a
2303RT "R 2.303R
By substituting the experimental values of K and T in this equation,
thirteen equations were obtained from which the constants @, b, ¢ and 4

were evaluated by the method of least squares. The equation for K was
found to be

log K = — 127;*;95 — 131574 log T — 0.012843 T -+ 6.48708 (4)
that for AH was
AH = 5837.6 — 2.6163 T — 0.058806 T* (5)

(2) ““International Critical Tables,” McGraw-Hill Book Co., Inc., New York, Vol. 6, p. 264.
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and the equation for the difference in specific heat of the ions and undissoci-
ated molecules, AC,, was

AC, = —2.6163 — 0.11761 T (6)

The values of these quantities computed by the corresponding equations
are given in the fourth, sixth and seventh columns of Table II. The
agreement between the experimental values of X and those computed by
equation (4) is good as shown by the deviations given in the fifth column
of the table. The greatest deviation is 5 in the third decimal place which
corresponds to 0.07 of a millivolt. Eight of the thirteen results lie within
=1 in the third decimal place. This agreement gives us considerable
confidence in the calculated values of the heat content and specific heat
of the reaction under consideration. The calculated maximum in K
occurs at 20.6°.  The values of AH differ little from similar values obtained
by us for the heat of dissociation of acetic acid.

TABLE 11
Di18socIATION CONSTANT AND HEAT OF IONIZATION OF PROPIONIC ACID
KX 1075 K X 1075 K-K
t, °C. Eo (obs.) (Equation 4) AH ACp b
0 0.23632 1.274 1.275 737 —34.7 —0.12
5 .23391 1.305 1.303 562 —35.3 — .06
10 .23130 1.326 1.323 384 —35.9 .00
15 . 22851 1.336 1.335 203 —36.5 4+ .06
20 .22554 1.338 1.339 19 —-37.1 + .10
25 .22239 1.336 1.336 — 168 —-37.7 + .16
30 .21908 1.326 1.327 — 358 —38.3 + .18
35 .21561 1.310 1.311 — 551 —38.9 + .16
40 .21200 1.284 1.289 — 746 —39.4 + .14
45 .20825 1.257 1.261 — 945 —40.0 + .12
50 .20436 1.229 1.230 . —1147 —40.6 + .10
55 .20033 1.195 1.194 —1351 —41.2 + .08
60 .19620 1.160 1.155 —1559 —41.8 + .06
Summary

1. From measurements of the cells, Hy|HP(m,), NaP(m,), NaCl(ms)i
AgCl]Ag, the dissociation constant of propionic acid has been determined
from 0 to 60° at 5° intervals.

2. The dissociation constants at any temperature between 0 and 60°
may be computed by equation (4) with a high order of accuracy.

3. By means of equations (5) and () the heat of ionization, AH, and the
difference in specific heats of the ions and undissociated molecule, AC,
may be accurately computed.
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