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Abstract

Drugs in binary solvent mixtures that are often used for their preparation or formulations are preferentially solvated by the solvent
components. This phenomenon is reviewed here, based on solubility and other thermodynamic data, and as described by means
of the inverse Kirkwood-Buff integrals and the quasi-lattice quasi-chemical methods. The local mole fractions of the solvent com-
ponents in the solvation sphere of the drug molecule and their differences with respect to these mole fractions in the bulk, i.e., the
preferential solvation parameters, relate the preferences quantitatively. When data were available at several temperatures these

preferences are discussed in terms of the enthalpic and entropic contributions.
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Introduction

Drugs are generally only poorly soluble in water, and therefore co-solvents are used in order to enhance their solubility in their pro-
duction processes. Many authors studied the solubilities of drugs in binary solvent mixtures extensively. These studies have been directed

in many cases towards modeling the solubilities and possibly predicting them from the solubilities in the neat solvents.

One successful solubility modeling method is the ‘nearly ideal binary solvent’ (NIBS) approach of Acree and co-workers, applied to
several kinds of solvent mixtures [1,2]. The modified model of Jouyban., et al. [3] has however been more appropriate in mixtures involv-
ing polar and non-polar solvents, such as water with co-solvents. Several other models have also been employed, such as those involv-
ing surface areas [4], UNIFAC group contributions [5,6], and Hildebrand solubility parameters [7-11]. Although the requirements of the
pharmaceutical industry were satisfied by such studies, little insight regarding the actual molecular environment of the drug molecules
in the solvent mixture was obtained in these studies. The preferential solvation of drug solutes by the components of the solvent mixtures
should provide such insight.

The application of two methods, the inverse Kirkwood-Buff integrals (IKBI) method [12,13] and the quasi-lattice quasi-chemical

(QLQC) one [14] to solutions of drugs in binary solvent mixtures is reviewed here. These methods present the preferential solvation of
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the drug molecules by the solvent components, but the exact modeling of the solubility curve is not a purpose of such studies, because
the available methods [7,10,11] are adequate for this purpose. The intention is to learn something about the interactions of the solute

with the solvent components surrounding its molecules from the preferential solvation.

In the following, the solute is designated by subscript S and the solvent components by subscripts A and B. The preferential solva-

tion parameter 8x, , for the solute S expresses the results of the preferential solvation:

6XA,s = XA,SL —X, == 6XB,S (1)

Here x, is the mole fraction of A in the bulk solvent mixture and XA,SL is its local mole fraction in the vicinity of the solute S. If 8x, ; >
0 then S is preferentially solvated by A, else it is by B. Negligible preferential solvation is implied when |6x, (| < 0.01, the values are then
within the error of the determination. When 6x, ; = x, complete selective solvation of S by A takes place, the implication of which is that

8x, s cannot be larger than x,.

The equilibrium quotient K*, for the replacement of A molecules around the solute molecule by B ones is another way to express
the preferential solvation. According to the QLQC approach, a coordination number Z is assigned to the solute; this may be composition
dependent, i.e, Z(x,). The solvation numbers by the components are given by Zx,, /" for component A and Z(1- x, ;) for B, their sum being

Z. The equilibrium quotient for the replacement is
KAB = (XA'SL/XA)/[[l - XAVSL)/(]' - XA)] (2)

The summarization of the preferential solvation by a single parameter K*, is generally inexpedient, however.

Details of the Methods

The mutual interactions of the two solvents as described by the molar excess Gibbs energy of their mixing in the absence of S, GF, ,
must be taken into account, because the preferential solvation of the solute S in the solvent mixture A+B depends not only on the in-
teractions of S with A and with B, but also on these mutual interactions of the solvents. In the preferential solvation of polystyrene in
mixed solvent systems [15] has this aspect already been stressed, and competitive interactions of all three components take place in

the solutions.

The molar solubility data of the solute in the neat solvents and their mixture, s(S), are transformed to the standard molar Gibbs

energy of transfer of S from A to A+B:

AG”(S,A— A+B) =-RTIn[s(S in A+B)/s(S in A)] 3)

A provision is that the solute S is only sparingly soluble at all solvent compositions, concentrations are used in place of activities,
solute-solute interactions may be disregarded, and the solute molecules are surrounded by solvent molecules only. Otherwise, activity
coefficients of S at each solvent composition need to be employed. The identity of the solid drug that is at equilibrium with the saturated
solutions being independent of the solvent composition is another provision for the application of Eq. (3), i. e., no crystal solvates are

formed by the solute.

According to Marcus [16,17] the QLQC approach employs the following expressions:

XA,SL =1/[1+ (NBB/NAA)UZexp(AEAB’S/ZRT)] 4)

The quasi-chemical aspect of the QLQC approach gives rise to Eq. (4). The lattice parameter Z in egs. (5) to (8) arises from the quasi-

lattice aspect:
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Nio/Noa = [ = Ny /Z(N #N)1/[X, - N, /Z(N#N )] (5)
N,,/Z(N,+N,) = [1 - {1 - x,x (1 - exp(-AE,,/RT))}""?]/[2(1 - exp(-AE,, /RT)] (6)
exp(-AE,,/RT) = [{2exp(-GF, . _o5,/ZRT)} - 117 )
AE,, /RT = AG(S,A - B)/Z (8)

N

pairs of these molecules on the quasi lattice. In egs. (6) AE,, denotes the molar energy of interaction of molecules A and B on neighbor-

The number of molecules of the solvent components in the bulk are N, and N, whereas N and N, the numbers of neighboring

AA’ " "BB’

ing quasi-lattice sites, obtained from the excess Gibbs energy of mixing the components at the equimolar composition, eq. (7). In eq. (8)
the difference in the molar neighbor interaction energies of S with A and B is AE,; ;/RT, according to the molar transfer Gibbs energy
of S from neat solvent A to neat solvent B divided by Z, i.e., per neighboring lattice points. The lattice parameter Z is a fitting parameter
obtained from fitting the complete A G* = f (x,) and G, , = f(x,) curves, but a reasonable value to use with the large drug molecules would
be 10.

The local mole fractions of A around the solute molecule S,XA'SL, as a function of the solvent mixture composition are obtained from
the experimental solubilities and the derived A Goo(S, A — A+B) and also the G*,, of the solvents with the set of expressions (4) to (8).
These, x, ;* values then yield the preferential solvation parameters 8,45 from eq, (1) and the equilibrium quotient for solvent replace-

ment K*, from eq. (2).

Based on the original derivation by Ben-Naim [12,13], the IKBI approach has been re-cast in the following form [16,17]. The pref-

erential solvation parameter 8x,  is obtained from the Kirkwood-Bulff integrals G, and G, :

SXA,S = XAXB(GA,S - GB,S)/[ XAGA,S + XBGB,S + Vcor] (9)

The Kirkwood-Buff integrals G,  and G, ; are obtained from the thermodynamic data in egs. (10) and (11).

G, = RTk, -V, +x,V,D/Q (10)
G, = RTk, -V, +x,V,D/Q (11)
D = d[AG(S, A —> A+B)]/dx, (12)
Q = RT + x,x,(d?GE, ,/dx,?) (13)
V, =2522.5[r, + 0.1363{x, 'V, + (1- X, /)V,}/* - 0.085]° (14)

The isothermal compressibility of the mixtures, i, (in GPa™), involved in egs. (10) and (11), is given to sufficient approximation as
the linear expression x,k (A) + .k, (B). The partial molar volumes are V of the solute, and V, and V, of the solvents and may be replaced
to a good approximation by the molar volumes of the pure substances (in cm?® mol™). The derivative expressions D and Q in egs. (12)
and (13) are to be obtained in k] mol-}, as is RT.

The correlation volume around S, within which preferential solvation takes place, eq. (14), is V__in cm® mol™, the same units in
which G, i and Gy are to be expressed . The calculation of the correlation volume requires iteration, because it depends on the local
mole fractions given by egs. (1) and (9). The radius of the solute, r,, in nm, is calculated from V_ with a packing factor of 58%, according

to notions in [17] and the numerical values in eq. (14) pertain to the solute with one solvation shell.
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The QLQC approach is less rigorous than the IKBI one, depending on a lattice model for the solution and assumptions concern-
ing the interactions of neighboring species. On the other hand, only the standard molar transfer energy between the neat solvents is
needed for the QLQC method, contrary to the IKBI method that requires the derivative of the full A G* = f(x,) curve. Also, for the QLQC

method only the excess Gibbs energy of mixing of the equimolar solvent mixture, Gt is needed, contrary to the IKBI method

AB (x = 0.5)
that requires the second derivative of the full GF,, = f(x,) curve. The IKBI method requires, therefore, very precise thermodynamic and
solubility data for the calculation of the derivatives for the quantities D and Q, whereas the QLQC method is less demanding regarding

the accuracy of the data.

Applications

This section reviews the preferential solvation of drug molecules in binary solvent mixtures obtained by the application of the
QLQC and IKBI methods. The studies employed are from a single school of investigation, extending over nearly a decade, and no at-
tempt to be exhaustive has been made. Table 1 summarizes the studies of the preferential solvation of drugs in binary solvent mixtures

dealt with in this paper, whereas the details are presented following Table 1.

Drug Solvents Reference
Benzocaine Water + ethanol, + 1,4-dioxane 17
Caffeine Ethanol + ethyl acetate 17
Diazepam Water + ethanol, + 1,4-dioxane 17
Etoricoxib Water + ethanol, + 1,4-dioxane, + 1,4-butanediol, 39

+ dimethyl-formamide, + dimethylacetamide,

+ dimethyl sulfoxide
Ibrutinib Water + ethanol 40
Ibrutinib Water + 2-ethoxy-(2-ethoxy)ethanol 41
Ibuprofen Water + 1,2-propanediol 25
Ibuprofen Water + methanol 38
Indomethacine | Water + 1,4-dioxane 31
Indomethacine | Ethanol + ethyl acetate 32
Ketoprofen Water + methanol 38
Meloxicam Water + methanol 28
Meloxicam Water + ethanol 29
Meloxicam Water + 1,4-dioxane 30
Meloxicam Water + 1,2-propanediol 26
Meloxicam Ethanol + ethyl acetate 27
Methocarbamol | Water + methanol, + ethanol, + 1,4-dioxane, 33

+1,2-propanediol
Naldixic acid Water + 1,4-dioxane 17
Naproxen Water + 1,2-propanediol 25
Naproxen Ethanol + ethyl acetate 33
Naproxen Water + methanol 38
Niflumic acid Ethanol + ethyl acetate 17
Paracetamol Water + 1,4-dioxane 17
Phenacetine Water + 1,4-dioxane 17
Sulfadiazine Water + methanol 34
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Sulfadiazine Water + 1,4-dioxane 37
Sulfamerazine Water + methanol 35
Sulfamethazine | Water + methanol 36

Table 1: Summary of the drugs and binary solvent mixtures dealt with here.

Both the QLQC and IKBI approaches could be employed with congruous results regarding the solubilities of caffeine and niflumic
acid in mixtures of ethyl acetate and ethanol [18], with data taken from Bustamante., et al. [19]. Figure. 1 shows the resulting preferen-
tial solvation parameter of the drugs by the ethanol component, as a function of the ethanol mole fraction. Both drugs prefer ethanol at

lower contents of this protic component but ethyl acetate at higher ones.

Differences in the results from the IKBI and QLQC approaches were obtained by Marcus [17], however, when the solubilities of
caffeine and niflumic acid in mixtures of water with ethanol [19] were examined. Although the results are in agreement qualitatively,
the shapes of the curves and the positions of the maxima differ. Both methods show that ethanol is preferred by the niflumic acid over
water in its near environment at all solvent compositions, but caffeine prefers ethanol in its environment over water only at low ethanol

contents, and at high ones water is somewhat preferred.
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Figurel: The preferential solvation parameter for the solvation of niflumic acid (circles) and caf-
feine (triangles) by the ethanol in mixtures of ethyl acetate and ethanol, as obtained by the QLQC
(filled symbols) and IKBI (empty symbols) approaches. From ref. [17] by permission of Elsevier.

The solubilities of diazepam and benzocaine in mixtures of water and ethanol were measured by Rubino and Yalkowski [20] and
preference of ethanol over water is exhibited by both methods. This preference is somewhat larger for diazepam than for benzocaine,
but the positions of the maxima in 6x,, , differ [17]. The solubilities of these two drugs were also measured by Rubino and coworkers
in mixtures of water with 1,4-dioxane (DX) [21]. The QLQC method leads to preference for dioxane over water over the entire composi-
tion range [17], but the IKBI method produces an unexplained break in the curve near the solvent equimolar composition for benzo-
caine. This break results from the shape of the derivative of the Gibbs energy of transfer data, A G*(S, A — A+B), that were obtained

from the solubility ratios [21], and as explained in [17] arises from lack of data in the range x, > 0.65,.
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Bustamante and coworkers [22,23] reported the solubilities of paracetamol, phenacetin, and nalidixic acid in mixtures of water
with 1,4-dioxane and the preference of these drugs for dioxane derived from both the IKBI and QLQC approaches increases in the listed
order [17].

Manrique., et al. [24] reported the solubilities of the ibuprofen and naproxen in mixtures of water and 1,2-propylene glycol (PG),
and that of ibuprofen is considerable at the higher temperatures, but no activity coefficient data are available needed for dealing with
solute-solute interactions . The excess Gibbs energies of mixing have not been reported for the water + PG system, but such values can
be derived from published water activities data. This was shown by Marcus [25], where also the manners of obtaining the necessary
thermodynamic data for the application of the IKBI method are reported. Propylene glycol (PG) is preferred over water in the surround-
ings of both drug molecules, of ibuprofen more than of naproxen, although the preference is not large, as indicated by Both the QLQC
and IKBI methods.

The preferences increases somewhat with increasing temperatures. Whereas ibuprofen has the carboxylic group as a hydrophilic
head and a hydrophobic tail, naproxen has in addition to the hydrophilic carboxylic acid head also a methoxy group in the hydrophobic

tail, which is albeit more bulky.

Water has a more pronounced and stiff network of hydrogen bonds than PG, hence neat PG solvates both drugs many times better
than water does. The molecules of the solvent components interact more strongly with each other than with their own kind, as shown

by the negative excess Gibbs energy G E values. This interaction loosens the tight hydrogen bond network of the water and facili-

water,PG
tates the inclusion of the drug molecules, in addition to the direct solvation of the polar groups. The result is a preferential solvation of
both drug molecules, ibuprofen and naproxen, by PG at all compositions, but not as much as would have been suggested by the differ-

ences in the solvation abilities of the neat solvent components [25].

A large body of information concerning the preferential solvation of drugs in binary solvent mixtures is due to the school of inves-
tigations involving Martinez and co-workers in Colombia. Holguin,, et al. [26] measured the solubility of meloxicam in aqueous PG mix-
tures at several temperatures from 20 to 40°C and its preferential solvation was derived by the IKBI method. The solubility diminished
strongly from that in neat propylene glycol to that in pure water at all the temperatures studied. For the propylene glycol-rich mixtures
the driving mechanism for meloxicam solubility was the enthalpy, due to better solvation of the drug, whereas in the water-rich mix-
tures it was the entropy, due to water-structure loss around nonpolar moieties of the drug. At all compositions rather small preferential

solvation of meloxicam by propylene glycol was observed.

The preferential solvation of meloxicam was also studied in four other solvent mixtures: in mixtures of ethanol and ethyl acetate
(EA) [27], of water and methanol [28], of water and ethanol [29], and of water with 1,4-dioxane (DX) [30]. The mixtures of ethanol and
ethyl acetate involved the equilibrium solubility of meloxicam at five temperatures from 20 to 40°C. The IKBI method was used for the
derivation of the preferential solvation parameters of the drug, that for ethyl acetate is 8x,,, < 0 in ethanol-rich mixtures but > 0 at 0.38
<x,, <0.80.

The interaction by acidic hydrogen-bonding by ethanol on the basic sites of meloxicam plays a relevant role in the drug solvation in
the ethanol-rich region. In ethyl acetate-rich mixtures the slight preference of this drug for ethanol was explained in terms of the com-

mon participation of basic sites in both solvents and/or the acidic site of ethanol with the respective counterparts of meloxicam [27].

Figure 2 shows the preferential solvation parameters 8x, values for meloxicam in several binary aqueous mixtures with co-sol-
vents at 25°C obtained by the IKBI method. All the curves show preferential solvation by water (solvent B) in water-rich mixtures, 8%,
<0, and preferential solvation by the co-solvent (solvent A), 8x, > 0, at the intermediate compositions up to the neat co-solvent, except
that ethanol has 8x,, < 0 at the ethanol-rich compositions, which fact is not readily understood. The diverging values for aqueous diox-

ane are due to the apparent divergence observed in the G integrals due to the large negative values of D in eq. (12).

S,water
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Figure 2: The preferential solvation 6x, , (6x, i) Of meloxicam in aqueous/co-solvent

olvent 1”7,

mixtures. Solvent 1 is: e 1,4-dioxane, A methanol, o ethanol, and ] propylene glycol. Reprint-

ed with permission from ref. [30] Copyright 2014 American Chemical Society

Ruidiaz., et al. [31] applied both the QLQC and the IKBI methods to the solubility of indomethacine in mixtures of water with 1,4-di-
oxane (DX) at several temperatures between 20 and 40°C. Hydrogen bonding of the carboxylate group of indomethacine to the more
basic solvent component, 1,4-dioxane, causes the latter to solvate the drug molecules preferentially, but the strong self-interaction of
the water molecules hinders the introduction of the bulky drug molecules into this network too. Entropy-driving takes place for the

solution processes up to 0.60 mass fraction of 1,4-dioxane, whereas, beyond this proportion enthalpy-driving occurs.

The preferential solvation parameters of indomethacin in ethyl acetate (EA) + ethanol mixtures were obtained by Rodriguez., et al.
[32] by means of the inverse Kirkwood-Buff integrals method. The preferential solvation parameter for ethyl acetate, 8x,, is positive
in compositions from 0.36 < x,, < 0.71, but is negative in ethanol-rich and ethyl acetate-rich mixtures. In ethanol-rich mixtures, the
acidic interaction of ethanol on basic sites of the drug plays a relevant role in the solvation. The better solvation by ethyl acetate in mix-
tures of comparable compositions of the two solvents was attributed to polarity effects. The slight preference of the drug for ethanol in
ethyl acetate-rich mixtures was attributed to the participation of basic sites in both solvents and the acidic site of the drug. Naproxen

was found to behave in these solvent mixtures in the same manner as indomethacine [32].

Jiménez., et al. [33] derived the preferential solvation of methocarbamol in a series of mixtures consisting of water (B) with each of
the co-solvents dioxane, ethanol, methanol, and propylene glycol (A) from their thermodynamic properties by using the IKBI method.
The preferential solvation parameter 8xg , is negative in water-rich and co-solvent-rich mixtures, but positive in mixtures with similar
proportions of solvents. An exception is methanol + water mixtures, where positive values are found in the methanol-rich mixtures.
The hydrophobic hydration around the non-polar groups in water-rich mixtures plays a relevant role. Whereas in co-solvent-rich
mixtures the preferential solvation by water is attributed to the acidic nature of water, the drug is mainly solvated by the co-solvent in

mixtures of similar solvent compositions due to the basic sites of the co-solvents.

Recent studies dealt with the preferential solvation of several sulfa-drugs in solvent mixtures: the solubility of sulfadiazine [34],
sulfamerazine [35], and sulfamethazine [36] in methanol + water mixtures was measured at five temperatures from 20 to 40°C. The
driving mechanism for dissolution of these drugs in water-rich mixtures was the entropy, but from the mass fractionw,, ., = 0.20 (from
W,,.0n = 0-70 in the case of sulfamethazine) up to neat methanol the process was enthalpy-driven, and a non-linear enthalpy-entropy
relationship was observed.
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Analysis by means of the IKBI method of the preferential solvation of these drugs by the solvents indicated that they were preferen-
tially solvated by water in water-rich mixtures but preferentially solvated by methanol in methanol-rich mixtures. The driving mecha-
nism for the dissolution process of sulfadiazine in 1,4-dioxane +water mixtures [37] was the enthalpy at nearly all the solvent composi-
tions. Sulfadiazine was preferentially solvated by water in water-rich and in 1,4-dioxane-rich mixtures but preferentially solvated by

1,4-dioxane in those mixtures with intermediate compositions, as obtained by means of the IKBI method.

The solubilities of several anti-inflammatory drugs: naproxen, ketoprofen, and ibuprofen in methanol + water binary mixtures at
25°C yielded their preferential solvation parameters by means of the IKBI method [38]. These drugs are very sensitive to specific solva-
tion effects. The preferential solvation parameters by methanol 8x

are positive at compositions from x =0.32 up to pure metha-

S,MeOH MeOH

nol, but negative in water-rich mixtures. In the latter region the hydrophobic hydration around aromatic rings and/or methyl groups
plays a dominant role in the solvation. The higher solvation by methanol atx,,_,,, > 0.32 was explained in terms of the higher basicity of

methanol interacting with the hydroxyl group of the drugs.

Preferential solvation parameters of etoricoxib in several solvent mixtures involving 1,4-dioxane, N,N-dimethylacetamide, 1,4-bu-
tanediol, N,N-dimethylformamide, ethanol, and dimethyl sulfoxide (solvent A) with water (solvent B) were calculated from solubilities
and other thermodynamic data by the IKBI method [39]. Etoricoxib was preferentially solvated by water, 8x,, < 0, in water-rich and
co-solvent-rich mixtures, but in mixtures with similar proportions of both solvents 8x,, > 0 was found. Hydrophobic hydration played
a dominant role in the drug solvation in water-rich mixtures. In mixtures of similar solvent proportions the drug acted as a Lewis acid
with the more basic co-solvents. In co-solvent-rich mixtures the preferential solvation by water was due to the relatively higher acidity

of the water. No relation between preferential solvation magnitude and co-solvent polarities was observed.

The preferential solvation of the anti-cancer drug ibrutinib in mixtures of ethanol and water [40] and of 2-(2-ethoxy) ethoxyethanol
and water [41] was studied by means of the inverse IKBI method. Addition of ethanol (A) to water (B) yields negative 8x, , values up to

the mixture with x__ = 0.24 reaching minimum values at x

EOH = 0.10. Hydrophobic hydration in these water-rich mixtures around the

EtOH

non-polar groups of ibrutinib contributes to lowering the 6x, to negative values. When 0.24 < x_ , < 1.00, the 6x, values are positive

EtOH
on the other hand. The action of the co-solvent to increase the solubility of ibrutinib was related to the breaking of the ordered structure
of water around the non-polar moieties of the solute and also to the fact that ibrutinib was acting as a Lewis acid with ethanol that is
more basic than water. The preferential solvation by ethanol diminishes with increasing temperatures as has been also been reported
for some sulfonamides in these solvent mixtures [35]. The behavior of ibrutinib in mixtures of 2-(2-ethoxy) ethoxyethanol (A) and
water (B) [41] is similar to that in aqueous ethanol, except that a sharp minimum of 8x,, occurs atx, = 0.05 and this quantity becomes

positive at x, > 0.15.

Discussion

Few investigations other than those summarized above deal directly with the preferential solvation of drug molecules in binary
solvent mixtures, and these employ neither the QLQC nor the IKBI method. Shehatta [42] related deviations from the linear solvation
energy relationships observed in aqueous ethanol mixtures with several solvatochromic indicators to those observed with the drug
Trazodone. A more recent study by Boroujeni and Gharib [43] involved the drug Deferiprone as the solvatochromic probe in several

aqueous co-solvent mixtures: with methanol, ethanol, 2-propanol, 1-propanol, acetonitrile, and dioxane.

The preferential solvation of drugs in binary solvent mixtures involves the QLQC and mainly the IKBI methods as the major means
to obtain this information in a large body of studies, however. These investigations dealt with solutions of a large variety of drugs in
mixtures of bio-compatible solvents mainly with water, but not exclusively. The presence of acidic (hydrogen bond donating) sites and/
or basic (hydrogen bond accepting) sites on the drug molecules determines the solvation of the drug by basic and respectively acidic
solvents, relating to the enthalpic aspect of its solubilization. The accommodation of the bulky drug molecules in the hydrogen-bonded
network of water is another contribution to this aspect, in particular pertaining to the aqueous component of the solvent mixture. On
the other hand, the entropic aspect involves the release of solvent molecules from such networks to become freely moving particles.

These modes of interaction dictate the final picture of the preferential solvation, as is illustrated in Figures 1 and 2.
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Conclusions

Binary solvent mixtures are useful for the production, separation, and formulation of drugs, since drugs are generally only sparingly
soluble in the solvent of physiological importance: water. Although many models have been proposed for the description and eventual
prediction of the solubility of drugs in binary solvent mixtures, these may not contribute to the understanding of the interactions of the
drug molecules with the solvent components (and of these among themselves). However, such an understanding is essential for a bet-
ter ability of the selection of suitable co-solvents. The QLQC and IKBI methods described in this review contribute strongly to this un-
derstanding of the preferential solvation of the drug molecules by the solvent components. Both the enthalpic and the entropic aspects

of the dissolution of the drugs in the binary solvent mixtures can be derived from these studies, carried out at several temperatures.
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