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CONDUCTANCE STUDIES OF
ALKALI METAL ACETATES IN
ACETIC ACID-ACETONITRILE MIXTURES

T. SRINIVASA MURTHY and K. LAKSHMINARAYANA*

Physico-Chemical Laboratories, Sri Venkateswara University,
Tirupati 517 502, India.

{ Received 11 January 1989)

Conductance behaviour of lithium, sodium and potassium acetates in 209, and 80 9 acetic acid-acetonitrile
mixtures at 35" have been measured. The association constants were evaluated by Fuoss-Hsia equation of
209, acetic acid-acetonitrile mixtures by making use of TDC-12 Computer. Shedlovsky, Fuoss-Kraus
extrapolation techniques were also employed to evaluate the association constants for these salts in both
the solvent mixtures. The association constants obtained by these three methods were compared. The
results were discussed in terms of various theories of ion pair formation i.e., Bjerrum, Fuoss, Denison-
Ramsay, and Ebeling, Kraft, Yokoyama and Yamatera. Hydrodynamic radius was also calculated to
understand the solvation of ions, in 20%, and 809 acetic acid-acetonitrile mixtures.

KEY WORDS: Association constant, ion size, ion pairs.

INTRODUCTION

Conductance studies of electrolytes as well as ion pair formation in non-aqueous
mixed solvents have appeared in several papers'~>. In order to explain the conduc-
tance behaviour of electrolytes when the dielectric constant of the medium is changed,
a number of workers have undertaken the conductance measurements in mixed
solvents. The conductance behaviour of Lithium bromide in acetone + bromo
succinic acid was studied by Jones and Cunningham?. The solvent mixtures used are
acetonitrile and methanol®, acetone and propanol?, acetonitrile + ethylene glycol®
etc.

The present investigation is intended to study the conductance behaviour of
electrolytes, when a solvent of high dielectric constant is mixed with a solvent of low
dielectric constant (Acetic acid).

This paper deals with the conductance study of lithium, sodium and potassium
acetates in acetic acid-acetonitrile mixtures. The conductance data is analysed for
association parameters on the basis of Fuoss-Hsia equation, Fuoss-Kraus and
Shedlovsky extrapolation techniques for the solvent mixture 20 %, acetic acid +809;
acetonitrile. In case of other solvent i.e, 809, acetic acid +20%, acetonitrile only
Fuoss-Kraus and Shedlovsky extrapolation techniques are used. Different theories of
ion-pair formation such as Bjerrum, Fuoss, Denison-Ramsey (DR), and Ebeling,
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Figure 1 Fuoss-Kraus extrapolation (80%, acetic acid + 209 acetoitrile).

Kraft, Yokoyama and Yamatera (EKYY) have been utilized to explain the behaviour
of salts in these two solvent mixtures.

The Fuoss-Hsia equation® is one of the most complete conductance equations
available today and contains C*/? term also. The Fuoss-Hsia equation with Fernan-
dez-Prini coefficients” is used here which can be written as

A = Ay — s(ac)V'? + E(ac) In(ac) + J(ac) — Jy(ac)¥? — K A f3(ac)

Where § is the limiting law slope, and other symbols have their usual significance. The
distance parameter ‘a’ in Fuoss-Hsia equation is replaced by Bjerrum critical distance
(¢) and the values of Ay and K, corresponding to

82

2DkT

a=q=

are taken as the association parameters.
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Figure 2 Shedlovsky extrapolation (80 %, acetic acid + 209, acetonitrile).

The other two methods to analyze the conductance data are Fuoss-Kraus and
Schedlovsky extrapolation techniques.
Fuoss-Kraus extrapolation technique makes use of the equation

= KA TN 0

where
F(Zy=1—2Z[1—-Z(1 — ...y~ Y3 -2 2
Z = S(AC)'?/AY? 3)

where K, = association constant.
F(Z) is related to the degree of dissociation by the equation

_ A 4
YT AF(2) @

The procedure adopted to get K, and A, is similar to that described by Narahari and
Lakshminarayana'®.
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The conductance data is also analysed using the Shedlovsky extrapolation tech-
nique which makes use of the equation

£ 56 = 2+ KaCrh s} ®
where
ZZ 3
s(z)=1+Z+7+?+--- (6)
and « is related to s(z) by the equation
As(z
o A(0) (7)

The procedure adopted to evaluate Ay and K, is similar to the one adopted for Eq.
(1).

To predict the ion size parameter different theories have been proposed such as
Bjerrum®, Fuoss®, Denison-Ramsay'® and EKYY'!'!'? Every theory of ion pair
formation is based on a particular model and predicts an expression for the
association constants in terms of the solvent properties such as dielectric constant and
solute properties such as “ion size parameter (a). The ion size parameter required by
each of the theories to predict the experimentally determined association constants
are calculated. These are compared with the known interionic distances taken from
crystallographic data. From the known values of the crystallographic data *a’ values
are substituted in the association constant expressions for calculating theoretical K ,
values, ie., Kg, Kr, Kpg and Kggyy. These values can also be compared with the
experimental values of K ;.

To understand the solvation of ions hydrodynamic radius of particular electrolyte
can be measured. This involves the equation

1, 1] _ 0820
rhre ] Aon

The factor [1/r} 4+ 1/r; ]~ ! can be calculated for an electrolyte from the experimen-
tally obtained A, values in different solvents and known viscosities of concerned
solvents.

EXPERIMENTAL

Preparation of Reagents

Acetic acid (BDH analar) is refluxed with acetic anhydride (BDH analar) for 12-15
hours and fractionally distilled and the middle fraction distilling between 115-116°C
is collected.
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Acetonitrile 1s refluxed with phosphorous pentoxide till there is no colour change
and distilled. The distillate is refluxed with potassium carbonate for several hours and
fractionally distilled. The middle fraction distilling between 79-80°C is collected for
use. Sodium acetate anhydrous (BDH analar), potassium acetate (Riedel reagent
grade), lithium acetate (Fluka) are used after drying at 110°C in an air oven.

Fresh solutions are prepared and measurements are carried out. Mixtures of acetic
acid and acetonitrile are prepared by weight with freshly distilled solvents.

Conductivity Meter and Measurements

Conductivity bridge supplied by Toshniwal Instruments, India (Model CL 01/02A)
was used. The resistance can be measured to an accuracy of 29 in the range from 0.1
ohm to 10 meg ohm. The conductivity cell is a special dip type which is intended for
solutions of low conductance.

All measurements were made in the thermostat maintained at 35° + 0.01°C. The
cell constant was determined by making use of solutions of potassium chloride of
known specific conductivity.

RESULTS AND DISCUSSION

The equivalent conductance of lithium acetate (LiOAc), sodium acetate (NaOAc) and
potassium acetate (KOAc) in 80 9; acetic acid (AcOH) + 20% acetonitrile (ACN) and
209, AcOH + 809, ACN is presented in Table 1.

Table 1 Equivalent conductance of lithium, sodium and potassium
acetates at 35°C.

C 20%, AcOH + 809, ACN 80°, AcOH + 20%, ACN

LiOAc NaOAce KOAc LiOAc NaOAc KOAc

10 35.89 79.79 97.50 10.100 15.740 22.500
20 22.87 58.91 86.04 8.310 12.180 18.280
30 2339 52.01 79.20 6976 10.540 15.670
40 2046 47.00 74.98 6.401 9.471 14.540
50 18.62 43.83 72.13 5.703 8.650 13.780
60 17.94 40.46 67.41 5.346 7.671 12.690
70 16.20 37.87 64.46 4.966 1272 12.040
80 15.31 36.54 61.08 4.822 6.822 11.370
90 14.80 34.68 60.59 4.619 — 10.970
100 14.39 3347 58.56 4.413 5.400 10.810
200 8.882 24.43 44.70 3.446 3.640 8.441
300 8.543 21.08 38.41 2917 — 7433
400 7.496 18.82 35.82 2.832 — 6.933
500 6.893 17.23 3298 2.456 — 6.422
600 6.304 15.41 30.61 2337 — —
700 5.871 14.38 28.89 2.237 — -
800 5.533 13.75 2734 2.156 — —
900 5.214 12.80 2593 - -

1000 4.991 1241 24.04 2,003 — —
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Table2 A, and K, values obtained from Fuoss-Hsia, Fuoss-Kraus and Shedlovsky
techniques at 35°.

Fuoss-Hsia Fuoss-Kraus extra- Shedlovsky
equation polation technique technique
Ao K, Ao K, Ao K,

209, AcOH + 80%, ACN

LiOAC 5638 1157.96 4762 6671 624 1494
NaOAc 12490 123321 1428 182.2 1334 1480
KOAc 12664 131043 119.1 288.6 131.58 361

80°, AcOH + 20% ACN
LiOAc - - - - 32 7.313 x 10
NaOAc - - 4348 591 x 10° 50 8.930 x 10°
KOAc - - 4762 2834 x 10° 5882  5.768 x 10°

The conductance data of the three salts in 209, AcOH + 809, ACN is analysed by
Fuoss-Hsia equation on TDC 12 computer, Osmania University, Hyderabad. The
computer programme is similar to that developed by Kay!® and subsequently
supplimented by Fuoss'*. Since this procedure is tedious and requires long computer
times, the procedure described by Justice'? is adopted. According to this method the
ion-size parameter (a) in Fuoss-Hsia equation is replaced by ‘g’ and the A, and K,
values corresponding to a = g = e?/DkT were presented in Table 2.

Examination of these results shows that A, increases from lithium acetate to
potassium acetate where as K, values in case of lithium and sodium acetates are
greater than potassium acetate. So it may be concluded that in the case of potassium
acetate the probability of ion pair formation is less when compared to LiOAc and
NaOAc.

The conductance data is also analysed on the basis of Fuoss-Kraus and Shedlovsky
extrapolation techniques to get Ay and K ,. These are presented in Table 2 along with
the values got for 20 % AcOH + 809, ACN for all the three salts for comparison. In
both cases of extrapolation techniques the limiting Debye-Huckel law equation for
the activity coefficients was made use of.

The A, values obtained from the extrapolation techniques differ from the values
obtained from Fuoss-Hsia equation to different extents but the deviation in case of
Fuoss-Kraus extrapolation is more than in the case of Shedlovsky technique. The K
values obtained by all the techniques are agreeing with in reasonable limits except in
case of lithium acetate from Fuoss-Kraus technique. This value is low when
compared to the values of K, from the other two techniques.

Inspite of the deviations between Fuoss-Hsia and Shedlovsky techniques, the
Fuoss-Hsia equation is better to evaluate K, values.

In case of solutions of three acetates in 80% AcOH + 20%, ACN mixture, if the
association parameters obtained by Fuoss-Kraus and Schedlovsky methods are
examined, it shows that the A, values obtained by both methods are in reasonable
agreement, in that they are of same order though differing in magnitude. If this is
compared with the values in pure acetic acid'®, it may be concluded that when one
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Figure 3 Fuoss-Kraus extrapolation (20°, acetic acid + 80 %, acetonitrile).
2 p )

changes the solvent from pure acetic acid to 209, AcOH + 809, ACN, there is an
increase in A, values and decrease in K , for all the three salts studied indicating that
ion-association decreases with increase of solvent dielectric constant.

The ion size parameters required by various theories to predict experimentally
obtained K , values of LiOAc, NaOAc and KOACc in the two solvents were presented
in Table 3. These values are compared with calculated ones. For this purpose the
theoretical ‘a’ values for the alkali acetates were calculated. The crystallographic radii

Table 3 "« values (in A) predicted by Bjerrum, Fuoss, DR and EKYY theories.

Solvent Salt Bjerrum Fuoss DR EKYY K,
80°%, AcOH LiOAc 3.07 Very low 420 0.3152 7.313 x 103
+20° ACN values
NaOAc 2.99 Very low 4.11 0.6255 893 x 10°
values
KOAc 312 Very low 432 1.81 8.769 x 103
values
20°, AcOH LiOAc 1.47 2.62 2.60 3.25 1.158 x 10°
+80°, ACN
NaOAc 1.44 2.39 2.58 5.7 1.233 x 103

KOAc 1.76 2.28 3.20 4:69 3.10 x 10%
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Figure 4 Shedlovsky extrapolation (20% acetic acid + 809, acetonitrile).

of Li*,Na*, K" ions were taken as 0.60, 0.95, 1.33 A. Anantaswamy'® has proposed
the crystallographic radius of acetate ion equal to 1.27 A. From this value of the
crystallographic radius of acetate ion, the ion size parameters (a) for LiOAc, NaOAc
and KOAc can be obtained as the sum of crystallographic radius of the constituent
ions. The values worked out to be 1.87, 2.22 and 2.60 A for LiOAc, NaOAc and
KOACc respectively. From the results given in Table 3 it is evident that Bjerrum and
DR theories predict higher values for all the salts in 809, AcOH + 209, ACN system
where as Fuoss theory predicts very low values for all of them. These values are very
low when compared with the minimum expected value of 1.87, 2.22 and 2.60 A. But in
case of 209, AcOH + 809, ACN system the Fuoss and DR theories predict slightly
higher values than minimum expected, whereas the Bjerrum theory predicts values
which are less than the minimum expected. In view of the above discussion it can be
concluded that none of the theories predict correctly the state of the salts in the solvent
systems studied.

The experimental K , values together with theoretical K values for different theories
of ion-pair formation are given in Table 4. An examination of the results shown that in
case of 80% AcOH + 209, ACN the K , is less than the theoretical K value. It implies
that in this solvent the ion solvent interactions are very strong (The same was
observed in case of pure acetic acid'® also). Kay et al.,!” pointed out that in such
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Table 4 Theoretical values of association constants according to different theories along
with the experimental K, values at 35°C.

Salt K, Ky Ky Kopr Kigyy

80°, AcOH + 20°; ACN

LiOAc 7313 x 10° 1.538 x 10° 7.543 x 10'8 4.571 x 10%¢ 6.956 x 10*
NaOAc 8930 x 10° 1.538 x 10° 6.866 x 10'* 2512 x 10"7 7.228 x 10°
KOAc 5768 x 10° 3.691 x 10* 3.215 x 10"} 7.244 x 10'* 1.874 x 10°

20°, 4cOH + 80°, ACN

LiOAc 1153.0 217.5 2.385 x 108 1.445 x 10'° 9.7
NaOAc 1283.0 117.4 2011 x 108 3.589 x 10® 4.864
KOAc 3104 74.67 1.324 x 10° 2.818 x 107 2.397

systems, all the ion pairs will be solvent separated ion pairs (SSP) and the distance of
closest approach will be considerably greater than the sum of crystallographic radius
of the ions. This indicates that ion-solvent interactions are stronger than ion-ion
interactions in this system.

In case of 209, AcOH + 809, ACN system experimental K , values are greater than
theoretical K , values obtained by Bjerrum theory. This type of behaviour encoun-
tered, can occur for several reasons. The most obvious explanation is dielectric
saturation, but this explanation gives wrong size dependence. Another explanation is
the existance of two types of ion-pairs i.e., contact ion pairs (CIP) and solvent
separated ion-pairs (SSIP). This formation can be regarded like this—

- kl —
M+S(m)+A (S)n‘—M+SA S1m+n)—l

|

M*A"S em-1 + S

.3

where S is the solvent.

All over association constant (K) for this process may be defined by
_ Y C(ion-pairs)
T CMY) + C(AT)
_C(M'SA7)+C(M'A")
- CMH+CA)

K

which can be written as K = k,[1 + k,/C,].

Where C, is the molar concentration of the solvent. Since K involves the product of
two association constants, very large values can be obtained if k, is appreciable. K can
be identified with the measured association constant K , assuming that neither type of
ion pair is conducting. So in case of 80 %, AcOH + 209 ACN system, the high values
of the association constant are due to the formation of contact ion-pairs. This
behaviour is also observed in pure acetic acid'® and in case of 20% AcOH + 809,
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Table 5 Hydrodynamic radii [1/r} + 1/r;]"" values for LiOAc,
NaOAc and KOAc at 35°.

Salt in 80%, AcOH + 20°%, ACN in 20%, AcOH + 80% ACN
LiOAc 3.559 3121
NaOAc 2.278 1.409
KOAc 1.936 1.390

ACN the higher experimental K , values are due to the formation of both SSIP and
CIP.

The hydrodynamic radius values calculated were presented in Table 5. If we
compare these values with pure acetic acid!® the values decrease from pure acetic acid
to 209, AcOH + 809% ACN. The higher values of hydrodynamic radii in pure acetic
acid!® indicates that ions are more solvated in AcOH than in mixed solvents. This
may be concluded that addition of acetonitrile causes in the decrease of solvation of
ions.

From the study of conductance behaviour it may be concluded that, the behaviour
of lithium, sodium and potassium acetates in 80%, AcOH + 209, ACN and 209,
AcOH + 80% ACN the salts are present as ion-pairs, and if we compare this
behaviour with pure acetic acid'®. This tendency decreases when one changes the
dielectric constant of the medium by mixing acetic acid with acetonitrile.
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