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ABSTRACT

The free energies of transfer of silver bromide from water to acetonitrile (MeCN),
N-methylformamide (N-MF), ethanol (EtOH), N-N-dimethylformamide (DMF), propylene
carbonate (PC), dimethylsulphoxide (DMSO) and N-methylpyrrolidone (N-MePy) were
estimated from the experimental solubility measurements. The theoretical calculation of the
free energies of transfer was also carried out using the hard sphere diameter method. Further
calculations of the different parts of both the experimental and theoretical free energies of
transfer of AgBr from water to the organic solvents were worked out and their values were
compared.

INTRODUCTION

The solvation process of a solute in liquid solvents has been described
theoretically by Pierotti [1-3] applying the hard sphere diameter method
(scaled particle theory) [4-6). This theory has been reasonably successful for
calculating the solubilities of non-electrolytes in solvents [7].

This theory was originally developed as a formal statistical thermody-
namic theory of dense fluids and provides relations relevant to the behaviour
of real fluids.

This paper concentrates on the application of the Pierotti theory to
calculate the free energies of solution of AgBr in some organic solvents and
compares these values with those obtained experimentally.

EXPERIMENTAL

AgBr of the type Riedel-de-Hien AG, Seelze-Hannover was used.
Acetonitrile (MeCN), N-N-dimethylformamide (DMF), dimethylsulphoxide
(DMSO) and ethanol (EtOH) were obtained from BDH Propylene carbonate
(PC), N-methylpyrrolidone (N-MePy) and N-methylformamide (N-MF)
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were obtained from Merck (Zur Analyse). The saturated solutions of AgBr
in the solvents under consideration were determined gravimetrically as
described in previous work [8].

RESULTS AND DISCUSSION

The solubility data [5] of AgBr in the organic solvents, MeCN, N-MF,
EtOH, DMF, PC, DMSO, N-MePy and water are listed in Table 1. The
molal solubility was calculated from the molar solubility by dividing the
molar values by the densities of the solvents. :

From the activity coefficient y, (calculated using the Debye-Hiickel
equation as explained in ref. 8) and from molal solubility data, values of
pK,, were estimated by the use of eqn. (1) [9]. These values are also listed in
Table 1

pK,, = —log S*+2log v, (1)

The other physical parameters, such as the diameters (o), densities (d) and
dielectric constants (¢) taken from ref. 10 are also reported in Table 1.

The free energies of transfer (AG.®) of AgBr from water (w) as reference
solvent to the organic solvent (s) could be calculated by using pK, values
and applying eqn. (2)

AGE =2.303[pK,(s) — pK,, (w)] (2)

The experimental free energies of transfer (AG.®) of AgBr, expressed as total
solvation energies in the solvents under consideration, are presented in
Table 1. Their values are divided into neutral (non-electrostatic) free energy
of solvation (AG,® (N)) and electrostatic free energy of solvation (AG=? (el))

AGE = AGZ (N) + AGE (el) (3)

The electrostatic free energy can be calculated by using the Born equation as
follows

AG (e]) = 69;1.1 ( 1

i 0.012) (4)
where r is the solvated radius, which is the sum of both the electrolyte and
solvent radii. The calculated values of AG,® (N) and AG.® (el) for AgBr in the
organic solvents are also given in Table 1. It was shown from Table 1 that
the three types of free energies (AG.®, AG S (el) and AG,® (N)) for AgBr have
the following order

DMF > EtOH > N-MePy > N-MF > MeCN > PC > DMSO

For the theoretical calculation of the different solvation free energies, the
Pierotti theory [1-3] was applied. This model explains the solvation processes
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through the creation of cavities of solute in the solvent followed by interac-
tion. Therefore two different types of free energies are present, cavity and
interaction energies, as explained in eqgn. (5)

AG, = AG, + AG, (5)

where AG, is the cavity free energy and AG; is the interaction free energy.
The free energy necessary to form a cavity of electrolyte size in solution, was
calculated by using Pierotti’s theory based on the Reiss model with the
knowledge of the hard sphere diameters of solute and solvent molecules.
Equation (6) was used for calculation of G,

o= -t 1)+ (25 o | 25) 5 25

+ ]—ngiz (6)

where Y = (mpo;)/6, p=N/V®, N is Avogadro’s number, ¥;® is the
molar volume, P =1 atm, R,, =0,/0;, and o, and o, are the hard sphere
diameters of the solvent and solute molecules, respectively. The calculated Y
(packing density) and G, values for AgBr obtained using eqn. (5) are
represented in Table 2. Values of AG, are calculated by subtracting the
cavity free energy value in the organic solvent from that of water. The
resulting values are also shown in Table 2.

The interaction free energy (G;) is a composite of dispersion energy which
results from the Lenard Jones 6-12 potential (G ), the induced free energy
(Ging)» the volume free energy (G,) and the dipole-dipole free energy (Gy;,).
The dispersion free energy was evaluated using eqn. (7)

g €
GL=—%Rmpoiy /£ X 7 (7)
where 6,,=1/2(0o; +0,), p=N/V;® and ¢ /k and &,/k are the Lenard
Jones energy parameters for organic solvent and solute, respectively. The
energy parameters ¢, /k for the solvents used were taken from ref. 11. The
g,/k value for AgBr was calculated from a semiempirical relation between
the bond energies of some known solvents and salts and the Lenard Jones
energy parameter and was found to be 134 K. The calculated G, values for
AgBr and their transfer values (AG,) from water to organic solvents are
presented in Table 2. The induced free energies (G,,4) were calculated from

Ging= — 1_92N'7TPN-%0‘2/013,2 (8)

where p, is the dipole moment of the solvent [10] and «, is the polarizability
of the solute. The induced free energies and their transfer values are also
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given in Table 2. In addition, the volume free energy was calculated by
applying eqn. (9) after Lucas and Feillolay [12]

RT

G,=RT In % 9)
where V= (x;M, +x,M,)/d, x, and x, are the mole fractions of the
solvent and solute, respectively, M; and M, are the molecular weights of
solvent and solute, respectively and d is the density of the pure organic
solvent. The estimated values of G, and AG, for AgBr are also given in
Table 2. For further theoretical calculation, the dipole—dipole free energies
for the solvation of AgBr with the organic solvents were evaluated by using
eqn. (10) [11]

Ggip = — %Npﬂﬂfﬂzz/kTof,z (10)

where u; and p, are the dipole moments of solvent and solute molecules,
respectively. The calculated values of Gy, and AGy;, are listed in Table 2.

It is concluded from Tables 1 and 2 that there is a good agreement
between the sum of the theoretical free energies of calculation (AG,,,,) and

sum

the experimental free energy values (AG,®). It is also shown that the largest
contribution to the interaction of AgBr with the organic solvents under
consideration comes from the dipole—dipole free energy of solvation.
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