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Synopsis. The dissociation constants pK(BH*) of
five protonated monoamines in propylene carbonate have
been determined potentiometrically using a glass electrode
which was calibrated in a picric acid-picrate buffer solution.
The pK(BH*) values found at 25 °C were 10.1 for aniline,
11.9 for pyridine, 15.9 for ammonia, 17.0 for 1,3-diphenyl-
guanidine, and 17.9 for triethylamine.

The dissociation and homoconjugation constants of
several acids (HA) have been determined in propylene
carbonate,V) the results of which showed that propylene
carbonate is a somewhat stronger base than acetonitrile,
being of the same order of strength as acetone. In
the present paper, the dissociation constants, pK (BH*),
of five protonated monoamines (BH+) in propylene
carbonate are presented. The pK(BH*) values were
obtained potentiometrically using a glass electrode
which had been shown to respond with a Nernstian
slope to peH in propylene carbonate. In each mea-
surement, the electrode was calibrated in a picric
acid-tetracthylammonium picrate buffer solution, the
paH of which was calculated from the pK(HA) of
picric acid of 9.30.1)

Experimental

Materials. Propylene carbonate was a synthetic grade
Merck product and purified as described in a previous report.}
The water content of the purified solvent was less than 0.005%,.
Aniline, pyridine, 1,3-diphenylguanidine, and triethylamine
were analytical reagent grade products (Wako Chemicals
Co.), and purified by the method of Coetzee and Pad-
manabhan.?) Pyridine was distilled from potassium hydrox-
ide and then from barium oxide.¥ Ammonia was drawn
into the propylene carbonate and the concentration of the
resulting solution was determined by titration with perchloric
acid.

The perchlorates of aniline, pyridine, 1,3-diphenylguani-
dine, triethylamine, and ammonia were prepared by neu-
tralizing the bases with 709, perchloric acid, followed by
recrystallization and careful drying in vacuo.? In the neu-
tralization of triethylamine and the recrystallizations of the
perchlorates of pyridine, 1,3-diphenylguanidine, and triethyl-
amine, ethanol was used as the solvent.

Potentiometric Measurements. Potentiometric measure-
ments were conducted at 25.0+0.5 °C as previously reported.V
In the paH measurement of mixtures of a base and its per-
chlorate, 50 ml of the perchlorate solution was placed in
the cell and appropriate volumes of the stock solution of
the base were titrated to change the value of log(Cyy+/Cy)
from +1.0 to —1.0. Before and after each titration, the
glass electrode was checked in the standard buffer solution
(4% 10-® mol dm~=3 picric acid and 4X 10~3 mol dm—2 tetra-
ethylammonium picrate) of paH 9.3,. The potentials ob-
tained in the standard buffer solution before and after each
titration agreed within =+1 mV.

Results and Discussion

Typical results of the potentiometric measurements
are shown in Table 1. In this case, 50 ml of 3.0 X
103 mol dm~—? pyridinium perchlorate in propylene
carbonate was titrated with 3.0 mol dm=-? pyridine
in the same solvent. The pK(BH*) value was cal-
culated according to Eq. 1,

pK(BH*) = paH + log C““Cﬁ (1
B
where log fpg*=—0.69Cyy+/2) 1In Table 1, the
pK(BH*) values for log (Cypu+/Cg) between +1.0 and
—1.0 are constant within =+0.02. The titrations
were conducted three or four times for each of the
five protonated monoamines. In all cases, the values
of pK(BH") in each titration were nearly constant (the
largest standard deviation, 0.06). This indicates that
under the experimental conditions the reaction BH+=
B+ H+ predominates in solution.

In Table 2, the pK(BH*) values obtained are sum-
marized. The standard deviations of the pK(BHT)
values in Table 2 are equal to or less than 0.1. But
since the Nernstian response of the glass electrode
was verified only at the paH range between 5 and
10,1 it seems better to consider that the uncertainties
of the pK(BH*) values are about +0.15 pK units.9

The values of pK(BH*) in propylene carbonate
are smaller than those in acetonitrile by approximately
0.5 pK units (except in the case of 1,3-diphenylguani-
dine where the difference is 0.9 pK units). As reported,V
propylene carbonate is a 10 to 40 times stronger

TaBLE 1. POTENTIOMETRIC DETERMINATION OF pK(BHT)
OF THE PYRIDINIUM ION IN PROPYLENE CARBONATE®

log (Cpr+/Cs) ~ E[mV paH® pK(BHY)
+1.00 —334., 11.03 11.99
+0.70 —351. 11.32 11.98
+0.40 —368., 11.61 11.97
+0.22 —378.4 11.78 11.96
+0.10 —386., 11.91 11.97
0.00 —391., 11.99 11.95
—0.30 —407., 12.26 11.92
—0.60 —426., 12.58 11.94
—~0.78 —437., 12.77 11.95
—0.90 —445. 12.91 11.97
—1.00 —453., 13.04 12.00

Av 11.964-0.02

a) 50 ml of 3.0x10-3 mol dm—2 pyridinium®perchlorate
in propylene carbonate was titrated with up to 0.50
ml of 3.0moldm=3 pyridine in propylene carbonate.
b) paH was obtained by paH=9.33— (E+233.5)/59.2.
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TasLe 2. pK(BH*) OF PROTONATED MONOAMINES IN
PROPYLENE CARBONATE AND ACETONITRILE

. K(BH* K(BH*
Monoamine I;n (PC”) 51 1(§Na.b)) ApK
Aniline 10.09-+0. 10 10.56 0.47
Pyridine 11.92+4-0.07 12.33 0.41
Ammonia 15.90+-0.04 16.46 0.56
1,3-Diphenyl- ¢ 98,4 0 04 17.90 0.92

guanidine
Triethylamine ~ 17.94-+0.06 18.46 0.52

a) PC=propylene carbonate, and AN =acetonitrile.

b) Values from Ref. 2.

base towards protons than acetonitrile. The solvation
of protonated amines would also be stronger in pro-
pylene carbonate than in acetonitrile, though the
difference between the two solvents appears to be
smaller than in the case of the proton. On the basis
of these considerations, the above differences in pK
(BH*) values between the two solvents are reason-
able.?
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