
INTRODUCTION

Acetonitrile has increased with opens up broad possibi-

lities for studying biological objects1 and for analytical

practice2. The selection of acetonitrile was caused by its high

dissolving ability and weak solvation of cation in it. A quanti-

tative description of s-acetylthiocholine halides and perchlorate

with participation of cation cannot be performed without taking

into account ionic association between the cation and anion

of salt under study. This is in part explained by the absence of

reliable data on inter-ionic association constants for salts in

non-aqueous solvents a wide temperature range.

The purpose of this work was to study interionic association

in solutions of s-acetylthiocholine halides and perchlorate in

acetonitrile at various temperatures. We also determined the

acetonitrile of solvation effect to the energy characteristics of

inter-ionic interactions. The conductometric method, allowed

us to determine not only inter-ionic association constants but

also the limiting conductivities of single ions3,4, which gave

additional information about the dynamics of ion-molecular

interaction5. To study the influence of the nature of the anions

on ionic association and solvation, we selected salts containing

common cation and different anions but substantially different

in electronic structures6.
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Fuoss and Onsager7, used the sphere in continuum model

and gave the following 3-parameter equation for the 1:1

associated electrolyte.

2
A
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where, Λ is the equivalent conductance ohm-1 equiv-1 cm2,

C is the concentration (equiv/L) and γ is the degree of disso-

ciation which can be calculated using the following equation:
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S and E being the theoretically predicted constants, which

depend on the dielectric constant D, the viscosity η and the

absolute temperature T of the medium. J is a term which

includes the ion and ion-solvent interactions and is given by

the equation

21J σ+Λσ=
�

where σ1 and σ2 are functions of the closest distance of

approach aº in addition to η and D.

EXPERIMENTAL

The s-acetylthiocholine bromide, iodide and perchlorate

were purified as reported in the literature8, acetonitrile (BDH)

was purified as reported earlier9. The specific conductance for

purified acetonitrile at different temperatures (25, 30, 35 and
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40 ºC) was found to be (5 – 7) × 10-8 Ω-1 cm-1. All solutions

were reported by reducing weight to vacuo. Salts were weighed

on microbalance which reads to ± 0.1 mg. Dilution was carried

out successively into the cell by siphoning the solvent by means

of weighing pipette. Conductivity Bridge was model Crison

Cl P31 and the cell with bright platinum electrodes was used.

The cell constant was 0.1 cm-1 for dilute solutions. The solvent

constants used in all calculations were taken as reported10-13,

i.e., densities (d25º) = 0.7762 g cm-3, (d30º) = 0.7712 g cm-3,

(d35º) = 0.7652 g cm-3, (d40º) = 0.7492 g cm-3, respectively, the

viscosities (η25º) = 0.3412 × 10-2 P, (η30º) = 0.3270 × 10-2 P and

(η35º) = 0.31309 × 10-2 P, (η40º) = 0.2995 × 10-2 P, respectively

and the dielectric constants (D25º) = 36.61, (D30º) = 35.97, (D35º)

= 35.36, (D40º) = 34.74, respectively.

RESULTS AND DISCUSSION

It is evident from the Tables 1-3 that the values of Λ0

increase regularly with increase in temperature for salts of s-

acetylthiocholine bromide, iodide and perchlorate, indicating

less solvation or higher mobility of the ions in all solvent

systems studied. This is due to the fact that the increased

thermal energy results in greater bond breaking and also

variation in vibrational, rotational. Also translational energy

of molecules leads to higher frequency and higher mobility of

ions14. Also, it is clear that the association constant (KA) values

increase with increase in temperature due to decreasing in

dielectric constant of the medium1.

Since the conductance measurements of an ion depend

on its mobility, it is quite reasonable15 to treat the conductance

data similar to the one that employed for the processes taking

place with change of temperature, i.e.

RT/Es
0 Ae ∆−=Λ

or 






 ∆
−=Λ

RT303.2

Es
Aloglog 0 (1)

where A is the frequency factor, R is the ideal gas constant

and ∆Es is the Arrhenius activation energy of transport

processes. The ∆Es values have been computed from the slope

(-∆Es/2.303RT) of the plot of log Λ0 versus 1/T and recorded

in Tables 1-3 (Fig. 1). From the tables, the activation energy

is positive value for three salts in all solvents. Its values were

decreased from Br– to I– and increased from I– to ClO4
– , indicates

that higher mobility of the ions in solution and hence higher

Λ0 values. The free energy change ∆Gº for the association

process is calculated from eqn. 216

AKlnRTºG −=∆ (2)

Also it is evident From Tables 1-3, that the free energy

change (∆Gº) values are negative for three salts (Br–, I– and
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TABLE-1 

THERMODYNAMIC PARAMETERS OF s-ACETYLTHIOCHOLINE BROMIDE IN ACETONITRILE AT DIFFERENT TEMPERATURES 

T (K) Λ0
9-12 (ohm-1 equiv -1 cm2) KA

9-12 ∆Esº (kJ mol -1) ∆Hº (kJ mol -1) ∆Gº (kJ mol -1) ∆Sº (J mol-1 K-1) 

298 214.01 – – – 

303 216.08 – – – 

308 218.72 109.0 -12.015 306.16 

313 221.98 182.1 

1.839 

 

82.283 

 

-13.546 306.16 

 
TABLE-2 

THERMODYNAMIC PARAMETERS OF s-ACETYLTHIOCHOLINE IODIDE IN ACETONITRILE AT DIFFERENT TEMPERATURES 

T (K) Λ0
9-12 (ohm-1 equiv -1 cm2) KA

9-12 ∆Esº (kJ mol -1) ∆Hº (kJ mol -1) ∆Gº (kJ mol -1) ∆Sº (J mol -1 K-1) 

298 216.44 83.304 -10.96 444.80 

303 220.17 216.06 -13.54 445.99 

308 220.84 409.13 -15.40 444.79 

313 222.77 – 

1.39 

 

121.59 

 

– – 

 
TABLE-3 

THERMODYNAMIC PARAMETERS OF s-ACETYLTHIOCHOLINE 
PERCHLORATE IN ACETONITRILE AT DIFFERENT TEMPERATURES 

T (K) Λ0
9-12 (ohm-1 equiv -1 cm2) KA

9-12 ∆Esº (kJ mol -1) ∆Hº (kJ mol -1) ∆Gº (kJ mol -1) ∆Sº (J mol -1 K-1) 

298 216.83 19.16 -7.32 508.08 

303 221.28 118.83 -12.034 515.28 

308 223.29 – – – 

313 224.86 365.90 

1.84 144.09 

-15.36 509.44 
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Fig. 1. Variation of log Λ0 versus 1/T for s-acetylthiocholine (1) bromide,

(2) iodide and (3) perchlorate in acetonitrile at different temperatures

ClO4
–) in all solvent systems studied. This means that the

association process is favoured over the dissociation process

in all solvent systems. The negativity of (∆Gº) increased with

increases the ion association as the temperature grows to 40 ºC

for all salts contain the anions (Br–, I– and ClO4
–). Clearly,

strenghthening to interionic association at higher temperatures

is largely caused by a decrease in the permittivity of the solvent1.

The enthalpy change (heat of association) (∆Hº) is obtained

from the plot of log KA versus 1/T (Fig. 2) according to the

following equation:
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Fig. 2. Variation of log KA versus 1/T for s-acetylthiocholine (1) iodide

and (2) perchlorate in acetonitrile at different temperatures
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where K2 is association constant at high temperature T2 and

K1 is association constant at lower temperature T1. KA values

of bromide at 25, 30 ºC are irregular values, so we cannot use

these values in calculations. The values of (∆Hº) were calcu-

lated, where the slope equal (-∆Hº/2.303R). The positive

values of ∆Hº for three salts (Br–, I– and ClO4
–) show that the

association processes are endothermic in nature and the calcu-

lated entropy change (∆Sº), from Gibbs-Helmholtz equation;

ºSTºHºG ∆−∆=∆ (3)

The positive values of (∆Sº)  for three salts (Br–, I– and

ClO4
–) indicates the randomness of ions in all solvent systems

studied. The values of ∆Hº, ∆Gº and ∆Sº are recorded in Tables

1-3 for s-acetylthiocholine bromide, iodide and perchlorate in

acetonitrile at different temperatures (25, 30, 35 and 40 ºC).

∆Gº values decrease with increase in temperature. The values

of (∆Gº) are negative for three salts in the solvent systems

studied. These values decrease to more negative values at

increasing temperature favours the transfer of the released

solvent molecules into bulk solvent and leads to a smaller (∆Gº)

values17. It was observed that the ∆H values increase in order:

ClO4
– > I– > Br–. The (∆Hº) values were found to be positive in

all salts (bromide, iodide and perchlorate) of s-acetylthio-

choline in acetonitrile. Positive and high (∆Hº) values can be

attributed to the interaction between ions18. As presented in

Tables (∆Sº) values were positive for all salts in acetonitrile at

different temperatures used in the study because of decrease

in the solvation of ion-pair compared to that of the free ions19-21.

This may be attributed to increase in the degree of freedom

upon association, mainly due to the release of solvent mole-

cules.

In other words, the solvation of ions becomes weak as

soon as the ion-pairs formation occurs15. The main factors

which govern the standard entropy of ion association of elec-

trolytes are (i) the size and shape of ions, (ii) charge density

on ions, (iii) electrostriction of the solvent molecules around

the ions and (iv) the penetration of the solvent molecules inside

the space of ions22.

Bag et al.23, measured the conductance of Co(III) complex

monochloride in MeOH-H2O mixtures at different temperatures

(25, 30, 35 and 40 ºC). It was found that, at a particular tempe-

rature ∆Gº becomes more negative with increase in tempe-

rature. This indicates that ion-pair association is favoured with

lowering of dielectric constant of medium. A positive entropy

change is explained on the assumption that iceberg structure

around the cation is broken when association takes place

leading to an increase in the degree of disorderless24.

Dash et al.14, measured the conductance of Co(III)

complex of chloride and bromide in different composition of

H2O-MeOH, H2O-EtOH and H2O-n-PrOH at different tempe-

ratures. It was found that the association constant KA values

of Co(III) complexes of chloride and bromide increase with

increase in temperature. It is evident that the activation energy

Es is positive for both KA in all solvents and free energy change

∆Gº values are negative for both association constants in

solvent with increase the temperature. This indicates that the

association process is favoured over dissociation process in

all solvent systems. The positive values of ∆Hº for both comp-

lexes show that the association processes are endothermic in

nature. The positive value of ∆Sº indicates the randomness of

ions in solvent system studied.

El-Hammamy et al.25, measured the conductance of 1:1

s-acetylthiocholine salts (Cl–, Br–, I– and ClO4
–) in water at

different temperatures (25, 30, 35 ºC) were analyzes using

Fuoss-Onsager equation, it obtained the values of Λ0, KA and

lo
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aº (solvation). It was found that Λ0 and aº increase with

increase the temperature while KA decrease with increasing

the temperatures for all salts of s-acetylthiocholine according

to electrostatic attraction theory. Thus from the plot of log Λ0

versus 1/T for s-acetylthiocholine halides and perchlorate in

water at different temperatures, ∆Es values have been evaluated,

also ∆Hº, ∆Gº and ∆Sº for salts. It was found that negative

values of ∆Hº, ∆Gº and ∆Sº in water at different temperatures;

negative value of ∆Hº indicated that ion association processes

were exothermic in nature in all solvents at all temperatures.

The solvated radii were also increased with temperature

indicating a higher solvation process due to increase in the

electronic clouds around the solvated molecules as a result of

an increase in their vibration and rotational motion. The limiting

equivalent conductance and dissociation degree were also

increased as the temperature increased, indicating higher

solvation process26. The negative values of different thermo-

dynamic parameters ∆Hº, ∆Gº and ∆Sº, for all salts under test

in the used solvent, indicated exothermic association process

was less energy-consuming and more stabilized27.

El-Hammamy et al.17, measured the conductance of 1:1

acetylthiocholine salts (Br–, I– and ClO4
–) in methanol at diffe-

rent temperatures (25, 30, 35, 40 ºC) were analyzes using

Fuoss-Onsager equation, it obtained the values of Λ0, KA and

aº (solvation). It was found that Λ0 and KA increase with

increase the temperature. Thus from the plot of log Λ0 versus

1/T for s-acetylthiocholine chloride, bromide and perchlorate

in methanol at different temperatures, ∆Es values have been

evaluated, also ∆Hº, ∆Gº and ∆Sº for salts. It was found that

values of ∆Gº are negative for three KA constants in solvent

with increase the temperature. This indicates that ion associa-

tion process is favoured over dissociation process in all solvent

systems. The positive values of ∆Gº are endothermic in nature

in three salts. The positive values of ∆Sº are due to the

randomness of ions in solvent system studied.
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