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Note

THE APPARENT AND PARTIAL MOLAL PROPERTIES OF POTASSIUM
SALTS OF SOME FATTY ACIDS IN FORMAMIDE AT DIFFERENT
TEMPERATURES

UPENDRA NATH DASH and SURENDRA KUMAR NAYAK
Department of Chemistry, G.M. College, Sambalpur, Orissa (India)
(Received 9 March 1979)

As a part of an earlier work, where the determination of the apparent and
partial molal volumes of potassium halides [1] and sodium salts of some
fatty acids [2] in formamide was reported, we have now undertaken similar
determination on potassium salts of formic, acetic, propionic, n-butyric and
n-valeric acids in this solvent over the temperature range 15—45°C, and also
the effect of the increase in chain length upon the change in apparent and
partial molal volumes and expansibilities of the potassium salts.

EXPERIMENTAL

The methed of preparation and purification of the potassium salts of the
fatty acids was described elsewhere [3]. These salts were dried at 100° for
2 h and kept in a vacuum desiccator before use. The method of purification
of formamide and the procedure for density measurements were essentially
similar to that described in our previous article [1].

RESULTS AND DISCUSSION

__The values of the apparent molal volume (¢,), and partial molal volume
(V3) calculated from the usual relations [1,2] for the potassium salts of for-
mic, acetic, propionic, n-butyric and n-valeric acids in formamide are
presented in Table 1 for different temperatures ranging from 15 to 45°C
along with the values of apparent molal volume at infinite dilution (¢?) and
the limiting slope (S,) obtained from the linear plots of ¢, versus c¢2. The
mecrements in ¢2 due to an increase in chain length of a CH, grouping and the
partial molal volumes at the highest concentration (V,,,,,) are also included
in Table 1.

The densities of the potassium salt solutions in forrnamide calculated by
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the usual relation [1] are expressed in the general form
d =dy+ Ac —Be!'’? 1)

which agree fairly well with the observed values of the density. The con-
stants A and B of eqn. (1) are also included in Table 1.

As usual [2] the values of the apparent molal expansibility (¢g) and the
partial molal expansibility (E,) of the potassium salt solutions were calcu-
lated by using the equations

1000
P = aody * (@ —ao) (2)
and
_ 1000 —c¢ .
B =9+ (5000 5 sEcﬁz) See™ )

where the symbols have their usual significance. The values of a, ao and Sg
for various potassium salts were obtained from the relations [1,2]

w=—7(37), (4)

@ =ag+A'c —Bc?? (5)
and

¢e = OF + Sgc'’? (6)

The constants for eqns. (5) and (6) are listed in Table 2 for different temper-
atures and one atmosphere together with the increments in ¢% due to an
increase in the chain length of a CH, grouping.

As for those of the sodium salts of fatty acids [2], the limiting apparent
molal volume (¢%) and the limiting apparent molal expansibility (¢%) of
potassium salts of the same fatty acids tend to increase with increase in
temperature, and these are expressed as a function of temperature by equa-
tions of the form,

0=C+ Dt (7)
and
0L =C't+D't (8)
respectively. The constants of eqns. (7) and (8) are presented in Table 3 for
different potassium salts. The increase in the values of ¢2 and ¢% with the
increase in the chain length of a CH, grouping is in agreement with our ear-
lier observations on sodium salts in formamide lending support to the greater

electrostatic ion—ion interaction in this solvent. This is consistent with the
positive values of S, presented 1in Table 1 for the potassium salts. Further the



TABLE 2

Values of ¢%, Sg., A' and B’ constants [of eqns. (5) and (6)] and 4% for potassium for-
mate, acetate, propionate, butyrate and valerate at different temperatures and one atmo-

391

sphere
Temp Salts® ¢% x 102 —Sg X 102 A'x10* B'x10* Mean A¢2 x 102
cC) (ml mole™!) (ml¥2 mol™3/2) (ml mole™!)
per CH, increase
15 a 5.85 0.93 0.3112 0.1122 0 648
b 6.65 0.96 0.2749 0.1170
c 7.20 0.90 0.2123 0.1147
d 7.86 0.97 0.1592 0.1234
e 8.44 0.95 0.0982 —0.1230
20 a 5.92 0.94 6.3152 0.1139 0.643
b 6.73 0.98 0.2792 0.1194
c 7.27 0.91 0.2147 0.1165
d 7.95 101 C.1628 0.1267
e 8.49 0.95 0.0985 —0.1236
25 a 6.00 0.97 0.3200 0.1161 0.658
b 6.83 1.02 0 2841 01221
c 7.37 0.96 0.2192 0.1191
d 8.01 1.01 0.1644 0.1275
e 8.63 103 0.1048 —0.1297
30 a 6 07 0.99 0.3249 0.1184 0.658
b 6.91 1.05 0.2886 0.1249
c 7.46 099 0.2241 0.1226
d 8.11 1.06 0.1687 0.1314
e 8.70 1.04 01057 —0.1311
35 a 6.13 1.00 0 3265 0.1185 0 658
b 6.95 1.04 0.2905 0.1252
c 7.51 0.99 0 2250 0.1231
d 8.17 1.06 0.1689 0.1316
e 8.76 105 0.1060 —0.1317
40 a 6.21 1.02 0.3302 0.1201 0 658
b 7.05 108 0.2948 0.1276
c 7.61 1.03 0 2296 0.1265
d 8.25 1.99 0.1709 0.1333
e 8.84 1.08 01065 —0.1327
45 a 6.25 1.03 0.3318 0.1204 0.650
b 7.11 109 0.2956 0.1278
c 7.62 1.00 0.2261 0.1234
d 8.29 1.09 0.1687 0.1318
e 8 85 1.04 0.1037 —01318

2 a = Potassium formate; b = potassium acetate, ¢ = potassium propionate; d = potassium

butyrate; e = potassium valerate.
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TABLE 3

Parameters for equations (7) and (8)

Salts c D x 102 C' x 102 D' x 10%
Formate 36.299 6.06 5.652 1.36
Acetate 52.137 6.86 6 431 1.53
Propionate 68.086 7.44 6 989 1.49
r-Butyrate 84.178 8.05 7.652 1.46
n-Valerate 100 262 8.68 8.231 1.47

values of V, and V,,,.. obtained for the potassium salts in the present study
also follow a similar trend to those of sodium salts in formamide. The
increase in the value of V,,,,, with an increase in the chain length is consis-
tent with the structure breaking of the solvent molecules in concentrated
solutions of larger anions as observed in the case of sodium salts in this sol-
vent.

It 1s interesting to compare the ¢2 values of potassium salts with those of
sodium salts of the same fatty acids in formamide. It is found that the ¢¢
values of potassium salts are higher than those of sodium salts suggesting that
the electrostatic ion—solvent interaction and solvation predominate over the
ion—ion interaction in the case of potassium salts in comparison with that
in sodium salts or, in other words, potassium salts breakdown more of the
structure in formamide than do the sodium salts. This 1s again reflected in
the lower values of S, for the potassium salts compared with for the sodium
salts.

The ¢? values shown in Table 1 give a value of approximately 16.15 ml per
CH, increase at infinite dilution and is 1n reasonably good agreement with
16.13 ml obtained earlier from the study of sodium salts.
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