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Synopsis. The acid dissociation constants, Ka, of picric
acid and 2,2’,4,4’,6,6’-hexanitrodiphenylamine in acetone,
ethyl methyl ketone, and isobutyl methyl ketone were
determined in the presence of water. The pK. values
increased remarkably with a decrease in the water content.
The pK. values in water-free ketones were estimated.

Picric acid (HPic) and 2,2’ ,4,4',6,6’-hexanitrodiphen-
ylamine (HND) have widely been used as soft acids
in the field of analytical chemistry. However, the
reported acid dissociation constant values for these
substances in ketones lack consistency.!™® The aim
of the present paper is to determine the dissociation
constant values, K,, of HPic and HND in acetone,
ethyl methyl ketone (EMK), and isobutyl methyl ke-
tone (IBMK) as a function of the concentration of wa-
ter in these solvents, and to show that small quanti-
ties of water play a decisive role in acid dissociation.
The dissociation constants were determined by
means of the spectrophotometric and vapor-pressure
osmometric methods.

Experimental

Commercial HND and HPic were recrystallized from ace-
tone and water respectively. The acetone was dried
over anhydrous calcium sulfate. The EMK and IBMK
were treated with potassium permanganate, washed with
a concentrated aqueous potassium carbonate solution and
then with water, and dried over anhydrous sodium sulfate
for a week or more. These solvents were distilled just before
use. The water concentration of the solutions was deter-
mined from the absorbances at 1.9 pym. The absorbances of
the HND (3X10-5moldm~3) and HPic (5X10-5mol dm™3)
solutions were measured at 430 and 400nm respectively.
The absorbances of the undissociated acid species were
evaluated by extrapolating the absorbance-water concentra-
tion curves to zero water concentration. The absorbances
of the completely dissociated species were approximated
by those of the corresponding potassium salts.

Vapor-pressure osmometric measurements of the solu-
tions ((3—24)X10~2 mol dm~3) were done on a Hitachi-Perkin-
Elmer Model 115 vapor-pressure osmometer calibrated with
1,2-diphenylethanedione solutions. All the measurements
were carried out at 25°C.

Results and Discussion

The dissociation constant of a weak acid, HA, can
be written as:

HA =H* + A-, (1)
K, = [H*][A7]/[HA] = Ca?/(1—a), )
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Fig. 1. pKa vs. [H20] plots. O: Acetone, @: EMK,
@: IBMK.

where the brackets denote the molar concentration; C,
the total molar concentration of the acid; and «, the
degree of dissociation. The absorbance, E, of HA can be
expressed as:

E = Ey,(1—a) + Eaa, (3)

where Eua and Ea designate the absorbances of HA
and A~ respectively. Taking into account the fact that
[H*]=[A~], we obtain Eq. 4:

K, = C(E—Eq,)*/ ((Ex—E)(Ex—Eny))- (4)

In Fig. 1, the pK. values calculated from E by means
of Eq. 4 are plotted against the water concentration.
The pK. values increased markedly with a decrease in
the water concentration.

The dissociation constant values in the water-free
ketones were determined from pK, vs. [H20]!2 plots
(Fig. 2) to be pK. (HPic)=9.3 (acetone), 8.8 (EMK),
and 8.8 (IBMK) and pK. (HND)=8.4 (acetone), 8.0
(EMK), and 8.0 (IBMK). The pK. value of 9.3 for
HPic in acetone is in good agreement with Foltin’s
value (pK.=9.2).» However, it must be noted that
the pK. values reported by others are much smaller
than the present values; Moor reported pK. values of
3.86 (acetone) and 3.70 (EMK) for HPic;? Glover, a
pK. value of 3.3 for HND in acetone;¥ Majersky,
pK. values of 6.04 for HPic in acetone (0.09% water)
and 6.54 in EMK (0.16% water);? and Majer, a pK,
value of 7.2 for HPic in acetone with a known con-
tent of water.®
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Fig. 2. pKa vs. [H20]'2 plots. Symbols: see Fig. 1.

Taking into account the hydration of the solutes, the
dissociation of HA can be expressed as:

HA;my00 + nH,O = Hywo) + Aftmon (5)

where n=x+y+z. The equilibrium expression is given
by:

K = [H*][AT]/([HA][H,O0]"), (6)

where K refers to the equilibrium constant; the sym-
bols which denote hydration are omitted. Equation 6
can be rearranged as:

K, = [H*][A"]/[HA] = K[H,O]". 7

pK. vs. log[H20] plots gave straight lines, as is shown
in Fig. 3. From the slopes of the lines, the n values
were determined to be 4.0£0.1 for all the acid-solvent
systems. Since HA and A~ are bulky and hydrophobic
in nature, the extent of their hydration is presumably
very small or negligible as compared with that of the
protons; this leads to the conclusion that the protons
exist as (HoO4)* in ketonerich media, as observed in
aqueous media.®

The dissociation constants can also be determined
by means of vapor-pressure osmometry. When a solu-
tion and a solvent are placed together in a closed small
room, the solvent vapor condenses on the solution,
causing a rise in the temperature of the solution. The
temperature difference, AT, is related to C as follows:

AT = K (C+b,C? + b,C3 + -+--), (8)
where K;and b are constants, the values being calibrated
with 1,2-diphenylethanedione as a reference substance.

For a dilute solution of electrolytes, Eq. 8 is approx-
imated as:

AT = Ky((14+a)C + by(1+a)2C?). (9)

The pK., values can thus be calculated from AT based
on Egs. 2 and 9. The dissociation constants of the
potassium salts can also be determined in the same way.

Table 1 summarizes the dissociation constants. In
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Fig. 3. pKa us. log[H20] plots. Symbols: see Fig. 1.

pKa VALUES® OBTAINED BY MEANS OF THE VAPOR-
PRESSURE OSMOMETRIC METHOD

[H20]/moldm—3
Acetone-H20 EMK-H0
1.24 1.291.954.050.03 1.18 2.092.52

TABLE 1.

Compounds 0.03

HND >6 3.7 2.8 >6 3.3
K(HND) 2.1 2.2 (2.16)”
HPic >6 4.4 2.6 >6 3.0 2.6
KPic 2.6 (2.465)°

a) For the K salts, K,=[K+]J[A-]/[KA]. b) Ref. 9 (con-
ductometric). c¢) Ref. 10 (conductometric).

the vapor-pressure osmometric method, the pK, meas-
urements of weak acids (pK.>>6) were unsuccessful
because of the limited accuracy of the AT of the appa-
ratus. The pK, values in Table 1 agreed very closely
with those obtained by means of the spectrophotometric
method (c¢f. Fig. 3). Figures 1—3 and Table 1 show
that HND is a stronger acid than HPic in ketone-
water media, unlike as in aqueous media (pK.(HND)=
2.75,7 pK.(HPic)=0.299). The dissociation constants
of the potassium salts also agreed well with those ob-
tained conductometrically.?:19
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