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APPARENT MOLAR VOLUMES OF
ALKALI PROPIONATES IN PROPIONIC ACID
AT 308.15, 313.15 and 318.15 K
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The apparent molar volumes of propionates of lithium, sodium and potassium in
propionic acid have been determined at 308.15, 313.15 and 318.15 K. The ¢, values
reveal that the ion-solvent interactions are quite stronger in this solvent. The ionic
partial molar volumes have been derived and examined using Frank and Wen model
for ion-solvent interactions. Hepler’s equation has been used to split the geometric
and electrostrictive contributions of ionic partial molar volumes and the results are
discussed in terms of structural aspects.
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INTRODUCTION

ALTHOUGH there have been many studies on the measurements of the apparent molar
volumes (¢) of salts in water and in solvents of high and medium dielectric cons-
tant, only few such studies were reported in low dielectric solvent systems.!# The
present paper describes the results obtained in the studies on alkali metal propionates
in propionic acid, a liquid of low dielectric constant (13.6 at 308.15 K) and is highly
associated.56

EXPERIMENTAL

Propionic acid (Fluka, puriss grade) was dried over anhydrous sodium sulphate and
subjected to fractional distillation. The fraction distilling between 412.15-414.15 K
was collected and redistilled over potassium permanganate. The middle fraction distill-
ing at 413.8+0.1 K and 1 atm was collectéed and used.

Sodium propionate (Riedel, AnalaR grade, England) was used without further
purification. Lithium and potassium propionates were prepared and purified as
described by Franzosini et al.? The salts were dried and stored in a yacuum
dessicator.

* Author for correspondence
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Stock solutions of the saits were prepared from the dried samples by direct
weighing and diluted apprgpriately just before use. Densities of the solutions were
measured using 18 mi bicapillary py¢nometer having a capillary diameter of 0.80mm.
The precision achieved in density measurements was + 0.0002 which introduce an
undertainity in the range 0.1 (minimum) to 1.0 (maximum) cm3/mole in ¢, values.

RESULTS AND DISCUSSION

The apparent molar volumes were calculated from the measured densities at 308.15,
313.15 and 318.15 K using equation®
M 1000 (d - d,)

= — - o ¢
oy a ca. eV

M, is the molecular weight of the salt, d is the density of the solution, d,, is the den-
sity of propionic acid and C is the molar concentration. The values of apparent molar
volume at infinite dilution (¢9) and the experimental slope (Sy) were obtianed by
least square method from Masson’s equation (2), since the plots of ¢, vs. VC are
linear.

¢, = ¢% + S, VC. . (2)

These values are presented in Table I.

TABLE 1

Apparent molar volume at infinite dilution (¢%) and the experimental slope (S :,) of salts in
propionic acid at different temperatures

Sait Temp K Conc range No. of o S'V
{mo} dm™}) data (cm3 mol™)  (cm?® mol-3/2)
C,HsCOOLi 308.15 0.01-0.10 10 48.7 38.93
313.15 0.01-0.10 10 45.0 33.33
318.15 0.01-0.10 ' 10 44 .4 23.03
C;HsCOONa 308.15 0.01-0.20 10 49.0 35.17
313.15 0.01-0.20 10 48.0 30.00
318.15 0.01-0.20 10 46.7 29.05
C,;H;COOK 308.15 0.01-0.10 10 46.4 71.39
313.15 0.01-0.10 10 41.0 67.39
318.15 0.01-0.10 10 34.8 60.12

Standard deviation in ¢J values = + 0.05cm’/mole
Standard deviation in S}, values = + 0.02cm*/mole~/2
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F1G 1 Plots of ¢, versus \ C for lithium propionate in pr,opionic acid at 308.15(0); 313.15k5(X);and 318. 15K (&)

Fi16 2 Plots of ¢ versus VC for sodium propionate in propionic acid at 3081.5 (O); 313.15 (X); and 318.15K (&)
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FiG 3 Plots of ¢ versus VC for potassium propionate in propionic acid at 308.15 (@); 313.15 (X); and 318.15K ( &)
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¢, Values (Apparent Molar Volumes at Infinite Dilution)

The ¢% values followed the following order at any temperature in the present
studies: —

Na-salt > Li-salt > K-salt

Similar behaviour was reported for alkali metal ions in many non-aqueous
solvents.10-12

The results in Table I show that ¢$ decrease with ingreasing temperature for any
salt under study. This suggests strong ion-solvent interactions. This means that some
of the solvent molecules remain firmly associated with the solute ions even at higher
temperatures and hence, are not available for expansion so that solution expands
less rapidly than the pure solvent. Similar observations were reported by Ram Gopal
et al.'3 in case of sodium salts in DASO.

% wonmy (Jonic Partial Molar Volume) Values

The partial molar volume of the anion ‘propionate’ being the same anion as that
of the solvent has been taken equal to the molar volume of the pure solvent as assumed
by Flowers et al'* for HSO, in H,SO,, Wasif!’ for HSeO, in H,SeO, and Brahmaji
Rao'¢ for HCOO in HCOOH In the present study also V'jon of metal ions is
calculated by making similar assumption and the results are prmnted in Table II.
It is seen from the results in Table II, that V° ) values are negative for the cations
under investigation at all the temperatures of study and this suggests that the ions

ame more solvated in this solvent.

The short range solvating properties of an ion are identified!? through the sign
of the quantity [V ) - V2 lis the ion crystal volume. It is seen from the resuits
in Table 11 that the value of this quantity in the present studies is negative. This sug-
gests that cations under investigation are structure makers. Similar observations were
reported for ionic partial molar volumes of metals in formic acid, !¢ ethylene glycol!!
and methanol.!?

According to Frank and Wen!® model for ion-solvent interactions, Vg, is
ascribed to the contributions made by the different parameters represented in equa-
tion (3)

o — (4] i7o 74 [}
V(lon) = Vi + Ve + V Gisoray + V(caged)’ .-(3)

where V8 . Voiy ¥ ttisorsy a0d ¥ 0 pq) are the intrinsic, electrostriction, dis-
ordered and caged partial molar volume respectively.
Hepler!? proposed a semiempirical equation (4)

Ve = Ar-Bz2/r, ‘ ...(4

(ion} —
in order to analyse V(m) values. In eq. (4), A and B are constants and z and 7 the

charge and the crystallographic radius of both the ions respectively. This equation
is used to separate the geometric part from the electrostriction part of the ionic volume.
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TABLE II

( owy® Ve PN m)] V(M, and V?M) values of metal ions in propionic acid at different
temperatures

lon V don) [V Gom = ¥ o) V ttiscorc) V sect
(cm?® mol ) (cm? mol-Y) (cm* mol™") (cm? mol™!)

Temperature 308.15 K

Li+ -27.02 -27.52 3.42 -22.95

Na* -26.74 -28.84 13.42 -14.58

K* -29.31 -35.21 35.76 ~10.53
Temperature 313.15 K

Li+ -31.20 -31.70 6.20 -24.59

Na* -28.19 -30.29 -15.36 15.63

K* -35.16 -41.06 29.49 -11.28
Temperature 318.15 K

Li~ -32.19 ~-32.69 7.01 -26.23

Na~ -29.92 -32.02 17.36 -16.67

K~ -41.79 -47.69 33.33 -12.03

The first term in equation (4) gives the geometric part'® and is a combination of

i, and V(dmrd) and the second term is ¥ °

{int (elect)*

Equation (4) is rearranged as

ve = A.r*- Bz? ...(5)

uon)

for monovalent ions. A and B are graphically evaluated from the above equation
and these are 16.00cm? mol-! A-? and 7.64cm’® mol-! A at 308.15 K respectively.

To calculate V;‘ml) and V?djsord) independently the semiempirical equations (6)
and (7) proposed by Hepler are used:

% Com = 2-527% + (A - 2.52) - BZ/r; ...(6)
and

—_ B 2

Vo = 2.527° + AP - —ri e

A'and Blin eq. (7) have been calculated by plottmg [V(,on) - 2.52 r4] against 3
and the values are 15.16cm~! A-3 and 7.2cm®mol-! A at 308.15 K respectively. These

values of A1and B! are employed to calculate ¥ ° isoray and Ve (elecyy from the equations
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7? = A' B cm? mol”!

disord)
and

170

- g 3 mol-!
lecy = B'/rcm’ mol

and are included in Table II.

The results in Table II show that V&Iw) is negative. This suggests that the ca-
tions under study are structure makers and solvated in propionic acid.

S :, Values

The results in Table I show that S, values are positive and decrease with rise
of temperature. These facts suggest strong electrostatic interactions which decrease
with temperature and are operative in the present systems.
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