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Abstract

Previous studies have established that the extended coordination model of solvation can satisfactorily account for the variation in the transfer
enthalpies of solutes in mixed-solvent systems. The model parameter relating to the solute-induced disruption of the solvent structure shows a
marked dependence on the nature of the mixed solvent. In the present paper we report the transfer enthalpies of acetonitrile from water to aqueous
methanol, ethanol and dimethylsulphoxide (DMSO) systems. Analysis of these in terms of the extended coordination model confirms both the
model’s ability to account for the experimental data, and the variability of the structural disruption parameter. The solvation parameters recovered
from the analyses indicate that the net effect of acetonitrile on the solvent structure is a breaking of solvent—solvent bonds. The extent of bond

breaking of the solvent increases from MeOH to EtOH.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The thermodynamic parameters for transfer of a solute from
pure solvent to mixed solvent show a number of different com-
plex variations with the solvent composition. The form of the
transfer parameter against solvent composition profiles, are sen-
sitive to changes in both the solute and the solvent components
of the mixture. Thus, for example, the enthalpies of transfer
of LiCl pass through a sharp minimum in acetonitrile—water
mixtures and through a broad maximum in methanol-water mix-
tures, while those of tetraphenylarsonium chloride pass through
a sharp maximum in acetonitrile—water mixtures [1-7]. These
studies have revealed the existence of a transition in the solvat-
ing properties of the aqueous systems. They also showed that
the extent to which solutes disrupt the solvent structure, as mea-
sured by the model parameter (an + BN), varied with the organic
component. This second result was interpreted as indicating that
the organic components had effect of rigidifying of the water
structure, with the extent of rigidification increasing in the order

* Corresponding author. Tel.: +98 2813662316; fax: +98 2813780040.
E-mail address: grb402003@yahoo.com (G.R. Behbehani).

0040-6031/$ — see front matter © 2006 Elsevier B.V. All rights reserved.
doi:10.1016/j.tca.2006.06.021

1,4-dioxane, methanol < ethanol < 2-methylpropan-2-ol (TBA),
propan-1-ol [3]. However, this explanation, while plausible, can-
not be strictly correct and, rather, poses a theoretical problem.

The variation in (an+ BN) has implications for the other
solvation model, which led us to introduce a new solvation
theory including variable (an + BN). We have recently reported
the enthalpies transfer of several solutes from water to aqueous
organic solvent mixtures. These data were considered in terms
of the new extended coordination model of Refs. [15-18].

2. Experimental and results

DMSO was dried over anhydrous CaSO,4 and twice frac-
tionally distilled under reduced pressure. Methanol, ethanol
and acetonitrile were purified as described previously [8]. The
enthalpies of transfer of acetonitrile were calculated from their
enthalpies of solution, A H¢, into the different solvent systems.
In the all cases the enthalpies of solution were measured to 10
solute concentrations (0.005-0.2 mol dm~3) and the data extrap-
olated to infinite dilution. The enthalpies of solution were mea-
sured using the automated adiabatic bath calorimeter described
previously [9]. Enthalpies of solution have been reported in
Table 1 (in kJ mol~1). The estimated precisions for enthalpies of
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Table 1
Enthalpies of solution of acetonitrile in aqueous methanol, ethanol and DMSO
mixtures at 25 °C in kImol~*

xB MeOH EtOH DMSO
0 -1.61 —1.61 —-1.61
0.05 1.84 3.93 —-0.11
0.1 4.34 7.39 1.49
0.2 6.27 8.59 3.34
0.3 6.59 8.00 4.29
0.4 6.24 6.79 4.41
0.5 5.82 6.04 4.09
0.6 5.29 5.99 3.39
0.7 4.89 5.94 2.54
0.8 4.69 5.89 1.64
0.9 4.49 5.84 0.79
1 451 5.79 —0.02
Table 2

Enthalpies of transfer of acetonitrile from water to aqueous methanol, ethanol
and DMSO mixtures at 25 °C in kmol—1

XB MeOH EtOH DMSO
0 0 0 0
0.05 3.45 5.54 1.50
0.1 5.95 9.00 3.10
0.2 7.88 10.20 4.95
0.3 8.20 9.61 5.90
0.4 7.85 8.40 6.02
0.5 7.43 7.65 5.70
0.6 6.90 7.60 5.00
0.7 6.50 7.55 4.15
0.8 6.30 7.50 3.25
0.9 6.10 7.45 2.40
1 6.12 7.40 1.59

solution were about 0.07 ki mol~1, or better. The enthalpies of
transfer for acetonitrile in aqueous methanol, ethanol and DMSO
are listed in Table 2.

3. Discussion

The enthalpies of transfer of acetonitrile, A Hf, from water to
aqueous methanol, ethanol and DMSO mixtures can be obtained
as

AH! = AHE (mix) — AHE (W) (1)

AHg (mix) values are the enthalpies of solution of acetonitrile
into aqueous methanol, ethanol and DMSO mixtures. AHg (W)
is the enthalpy of solution of acetonitrile into pure water.

It has been shown previously [1-7] that the enthalpies of
transfer of a solute from a pure solvent into a mixed-solvent
system can be accounted for quantitatively in terms of three
factors: preferential solvation by the components of the mixed
solvent, weakening or strengthening of solvent—solvent bonds by
the solute and the change in the enthalpy of the solute—solvent
interactions. This treatment leads to

0 A—B 0 / /
AH! =" A HPxg — (an + BN)(xpLa + x5 Lg) @)

AZBHtG is the enthalpy of transfer from pure solvent A to pure
solvent B. x, and x5 are the local mole fractions of the com-
ponents A and B in the solvation sphere, where the solvent
molecules are the nearest neighbours of the solute, which can
be expressed as follows:

XA
XA+ pxg’

pxB
XA + pxB

Xp = xg = 3)

A HY is the enthalpy of transfer of the solutes from solvent A
to the mixtures of solvent A and B. xa and xg represent the bulk
mole fractions of the components A and B in the binary mix-
tures. La and Lg are the relative partial molar enthalpies for the
binary mixtures of A and B components. AA HY, is the differ-
ence between the solute-B and solute-A interactions in the pure
solvents, including any intramolecular contributions to A H{.
The parameter (an + BN) reflects the net effect of the solute on
the solvent—solvent bonding with an resulting from the forma-
tion of a cavity wherein n solvent molecules become the nearest
neighbours of the solute and BN reflecting the enthalpy change
from strengthening or weakening of solvent—solvent bonds of N
solvent molecules (N > n) around the cavity (8 <0 indicates a
net strengthening of solvent—solvent bonds). « and B represent
the fraction of the enthalpy of solvent—solvent bonding asso-
ciated with the cavity formation or restructuring, respectively.
The superscript 6 in all cases refers to the quantities in infinite
dilution of the solute. p<1 or p>1 indicate a preference for
solvent A or B, respectively; p =1 indicates random solvation.
The A H{ values could not be reproduced quantitatively by Eq.
(2) across the whole range of solvent compositions [1-7]. The
significant reason for the failure of Eq. (2) is the approximation
of constant values for «, 8, n, N and (an + BN) over the entire
range of solvent compositions.

The failure of Eg. (2) in most cases [1-7] led us to intro-
duce the new extended coordination model of solvation [15-18].
However, it is unreasonable to suppose that the number of the
molecules neighbouring the solute and the molecules around the
cavity is the same in the solvent mixtures with different concen-
trations of cosolvent, due to the different size of the molecule
of cosolvent and the different interactions between the solvent
molecules. Consider the case in which the solute transferred
from pure solvent A to pure solvent B, it cannot be assure that
the number of the molecules of A neighbouring the solute is the
same as that of B. As the parameters «, 8, n, N and (an + 8N) are
not constant over the whole range of solvent compositions and
the net effect of the solute on solvent—solvent bonds in mixture,
(an + BN)MX = §MiX js changed during the solvent compositions,
we suggested to express this parameter as follow:

8™ = Spxp + S = Sa + (9 — S (4)
x and xg mole fractions of the components A and B in the
vicinity of the solute or solvation sphere. (an + BN)4 = 6% and
(an + BN) = 8% are the net effects of the solute in water-rich
domain and cosolvent-rich region, respectively. Therefore Eq.
(2) changes to

A—B .
AHS = "N HPxjy — 8™ (XA La + X Lg) )
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Substituting s™* from Eq. (4) into Eq. (5), leads to

A—B
AH? =" A Hixy — $4(XYALa + xLg)
— (8% — SA)(¥ALA + x5 Le)xg (6)

AH{ values were fitted to Eq. (6) over the solvent com-
positions. In the procedure the only adjustable parameter (p)
was changed until the best agreement between the experimental
enthalpies transfer and calculated data was approached over the
whole range of solvent composition. 5,% and 898 are the net effects
of the solute on solvent—solvent bonds in water-rich region and
cosolvent-rich region, respectively, which are recovered from

A—B
the coefficients of the second and third terms of Eq. (6). A HY
which is obtained from the coefficient of the first term of Eq. (6)
can be expressed as follows:

A—B
A HY = AAHY, + 85 AHE — SQAH R @)

where A A HY, is the relative strengths of solute-solvent bonds in
the pure solvents including intramolecular contribution and if it
is positive the solute has stronger interaction with solvent A and
the negative value of this parameter indicates weaker interaction
of the solute with solvent A. A H°% and A H°§ are the enthalpies
of condensation for pure solvent A and B, respectively (—44.9,
—37.43, —38.7 and —53.7 kJ mol 1 for water, methanol, ethanol
and DMSO, respectively). If 8§ = 84 = (an + BN), Eq. (6)
reduces to Eg. (2), as it is for acetonitrile in aqueous DMSO.
Eq. (6) reproduces the enthalpies of transfer for acetonitrile in
aqueous methanol, ethanol and DMSO over the whole range
of solvent compositions accurately. The solvation parameters
recovered from these analyses were listed in Table 3. It was found
that 89A in the water-rich region was markedly dependent on the
size of alkyl residue groups, the values, being 9.55, 14.76 and
1.86 for methanol, ethanol and DMSO, respectively. In the all
cases 83 and 6% values are positive, indicating that the net effect
of the solute is a breaking solvent-solvent bonds. p-Values are
being 1.15, 1.00 and 1.00 for acetonitrile in aqueous methanol,
ethanol and DMSO, respectively, indicating that the solvation
of acetonitrile in aqueous ethanol and DMSO solvent systems
is random solvation while for that of in aqueous methanol is
preferential solvation bye methanol.

When an organic species is introduced into water there is an
enhancement of the aqueous structure, resulting from the inter-
action of water with the non-polar groups of the cosolvent. The
greater the extent of this enhancement, the greater will be the dis-
ruption of the structure of the mixed solvent by the solute and

Table 3
Solvation parameters for acetonitrile in mixtures of water with methanol, ethanol
and DMSO via Eq. (6)

Solvent system p 8 8 AAHE,
H,0-MeOH 1.15 9.55 2.13 —342.27
H,O-EtOH 1.00 14.76 1.58 —593.72
H,0-DMSO 1.00 1.86 1.82 16.20

AA Hfz < 0(inkJ mol~1) indicates weaker interaction of acetonirile with water.

Enthalpies transfer/kJ mol !

00 01 02 03 04 05 06 07 08 09 10

Fig. 1. Comparison of the experimental (symbols) and calculated (lines)
enthalpies of transfer for acetonitrile in aqueous ethanol (), methanol (A) and
DMSO (O) via Eq. (6). xg is the mole fraction of ethanol, methanol or DMSO.

the greater the value of §% [10-14]. The 8% value in aqueous
ethanol is greater than that of in aqueous methanol, indicating
that ethanol enhances water structure more than methanol. In
the alcohol-rich domain, where the solvent structure is less rigid,
solvation of non-polar groups will involve less disruption of sol-
vent structure and 5% values decrease in this region. AAHY, <0
indicates that acetonitrile has weaker interaction with water.

4. Conclusion

Operationally it has been confirmed that the extended coordi-
nation model, via Eq. (6) will satisfactorily reproduce the trans-
fer enthalpies of acetonitrile from water to aqueous methanol,
ethanol and DMSO mixtures. Analysis of these in terms of the
new extended coordination model confirms both the model’s
ability and the variability of the structural disruption parame-
ters. Eq. (6) reproduces the enthalpies transfer accurately over
the whole range of solvent compositions (Fig. 1).

References

[1] G. Cathy, D. Feakins, W.E. Waghorne, J. Chem. Soc. Faraday Trans. 83
(1987) 2585.

[2] D. Feakins, J. Mullally, W.E. Waghorne, J. Solution Chem. 19 (1990)
401.

[3] D. Feakins, J. Mullally, W.E. Waghorne, J. Chem. Soc. Faraday. Trans.
87 (1991) 87.

[4] G. Cathy, D. Feakins, C. O’Duinn, W.E. Waghorne, J. Chem. Soc. Fara-
day Trans. 87 (1991) 2447.

[5] D. Feakins, P. Hogan, C. O’Duinn, W.E. Waghorne, J. Chem. Soc. Fara-
day Trans. 88 (1992) 423.

[6] D. Feakins, E. de Valera, W.E. Waghorne, J. Chem. Soc. Faraday Trans.
79 (1983) 1061.

[7] D. Feakins, E. de Valera, W.E. Waghorne, J. Chem. Soc. Faraday Trans.
81 (1985) 2703.



40 G.R. Behbehani et al. / Thermochimica Acta 448 (2006) 37-40

[8] J. Crudden, G.M. Delaney, D. Feakins, PJ. O’Reilly, W.E. Waghorne,
K.G. Lawrence, J. Chem. Soc. Faraday Trans. 82 (1986) 2207.

[9] D. Feakins, E. de Valera, W.E. Waghorne, J. Chem. Soc. Faraday Trans.
76 (1980) 560.

[10] G.R. Behbehani, M. Dillon, J. Smyth, W.E. Waghorne, J. Solution Chem.
31 (2002) 827.

[11] G.R. Behbehani, D. Dunnion, P. Falvey, K. Hickey, M. Meade, Y.
McCarthy, M.C.R. Symons, W.E. Waghorne, J. Solution Chem. 29
(2000) 521.

[12] B.G. Cox, W.E. Waghorne, J. Chem. Soc. Faraday Trans. 80 (1984)
1267.

[13] M. Meade, W.E. Waghorne, M.C.R. Symons, J. Chem. Soc. Faraday
Trans. 92 (1996) 4395.

[14] P. Hogan, I. McStravick, J. Mullally, W.E. Waghorne, J. Chem. Soc.
Faraday Trans. 90 (1994) 2691;
G. Eaton, M.C.R. Symons, P. Rastogi, C. O’Duinn, W.E. Waghorne, J.
Chem. Soc. Faraday Trans. 88 (1992) 1137.

[15] G.R. Behbehani, J. Bull. Korean Chem. Soc. 2 (2005) 285.

[16] G.R. Behbehani, Acta Chim. Slov. 3 (2005) 282.

[17] G.R. Behbehani, J. Bull. Korean Chem. Soc. 2 (2006) 208.

[18] G.R. Behbehani, S. Ghamamy, J. Thermochim. Acta 444 (2006) 71.



	Enthalpies of transfer of acetonitrile from water to aqueous methanol, ethanol and dimethylsulphoxide mixtures at 298.15K
	Introduction
	Experimental and results
	Discussion
	Conclusion
	References


