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Abstract—The effects exerted by the mixed solvent composition and by the structure and properties of sol-
utes (N, N-disubstituted formamides and acetamides) on their thermochemical characteristics of solvation and
transfer from water into watet,2-ethanediol mixtures were considered. The composition of the solvation
surrounding of the solutes was analyzed.

This work continues our studies of amide solutions The enthalpies of solution ofN,N-disubstituted
in mixed solvents with hydrogen bond networks. Weamides of the same acid noticeably differ from each
started these works from a watewrmamide mixture other only in water and in mixtures with 1,2-ethane-
[1]. The interest in amide solutions in water and mixeddiol mole fraction less than 0.1 (Tables 1, 2). In this
solvents is caused by the possibility of using them forange of compositions, the solution of ethylamides is
modeling fragments of biomolecules. Fairly detailedmore exothermic as compared to methylamides.

data, including thermochemical data-3, are avail- The enthalpies of solvation of the amides under

able for aqueous solutions of amides, whereas data f%’iudy, calculated by formula (1), are plotted in Fig. 1.
ternary systems wateorganic solventamide (in in-

finitely dilute state) are scarce. The enthalpies of solu- AgopH? = Ay HO - AvagH- (1)
tion of some amides in mixtures of water with mono-

hydric alcohols [8] and urea [7] were determined. At Here AgopH 0 AgorH 0 and Ava p|-| are the standard
the same time, data on the effects exerted by the nenthalpies of solvation, solution, and vaporization of
ture and composition of a solvent on the solvation o& solute, respectively. The enthalpies of vaporization
solutes would give insight into the state and reactivityof the compounds are given in Table£, H of hexa-

of a substrate in solution. methylphosphoramide is 61.10 kJ mo[13], and its

: 1
The main goals of this study were, first, to find van der Waals molar volume is 110.65 tmo™ [9].

a correlation between the structures gfN-dialkyl- Figure 1 shows that, in the entire range of compos-
amides and the thermochemical characteristics of theitions of the mixed solvent, the enthalpies of solvation
solvation in a mixed solvent watet,2-ethanediol of N,N-dialkylamides become more negative in the se-
and, second, to study how the solvation and state d¢fes dimethylformamide (DMF) < diethylformamide <
the amides are affected by the mixture compositionl, N-dimethylacetamide <N, N-diethylacetamide <
For this purpose, we measured calorimetrically théiexamethylphosphoramide. Such a trend is due, first,
enthalpies of solution of formamide, dimethylform-t0 strengthening solvophobic solvation of the com-
amide, diethylformamide\, N-dimethylacetamide, and pounds as the size (_)f hydr(_)carbon_ r_adlcals increases
N, N-diethylacetamide invater-1,2-ethanediol mixtures [14] and, second, to increasing basicity of the amides
in the whole range of compositions at 298.15 K. Thddonor numbers of DMF, diethylformamidé|, N-di-
results are given in Tables 1 and 2. Earlier [12] wdn€thylacetamide,N,N-diethylacetamide, and hexa-
measured the enthalpies of solution of hexamethylmethylphosplhoramlde'are 26.6, 31.0, 27.8, 32.1, and
phosphoramide. Its standard enthalpies of solution iﬁS kcal mol”, respectively [15]).

the mixed solvent with compositions studied in this The enthalpies of transfer of compounds from wat-
work are (kJ mof') —49.52,-33.20,-23.50,-16.80, er into a mixed solvent reflect the effect exerted by
-16.70, -14.60, and-12.80. variation of the mixture composition on the enthalpies
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1042 BATOV et al.

Table 1. Thermal effects £, H™, kJ mof?) of solution of formamide I), DMF (1), N,N-diethylformamide KI ),
N, N-dimethylacetamide 1Y), and N, N-diethylacetamide \() in water1,2-ethanediol mlxed solvent at 298.15% K

| I 1l \Y; V
mx 10* | AggH™ | mx 10% | AggH™ | mx 10% | AggyH™ | mx 10* | AgH™ | mx 104 | Ay H™

X = 0.130

495 2.97 257 —9.17 219 —9.45 172 ~13.98 176 ~15.56

1263 2.90 490 9.21 397 —9.47 411 ~13.9 389 ~15.42
X = 0.250

418 2.39 227 —6.44 250 -5.63 173 -10.57 142 -9.67

1152 2.35 450 —6.47 501 _5.62 388 ~10.57 324 ~9.63
X = 0.505

590 1.19 215 -3.73 208 2091 165 ~7.30 229 -6.11

1115 1.15 473 _3.76 498 291 349 ~7.26 399 -6.08
X = 0.750

396 0.50 270 222 176 ~1.38 175 -4.93 175 _4.48

950 0.46 496 2.27 410 ~1.36 376 -4.90 371 —4.48
X = 0.900

624 0.08 187 ~1.29 207 -0.71 222 _3.44 186 _2.67

1162 0.08 367 ~1.30 402 ~0.68 416 -3.43 368 _2.65
X = 1.00

698 -0.14 327 -0.76 194 -0.21 141 291 158 —2.40

1768 -0.12 629 -0.76 331 -0.22 341 —2.92 331 —2.43

& (X) Mole fraction of GHy(OH), (here and in Tables-2); (m) molal concentration of a solute (mol/kg solvent).

Table 2. Standard enthalpies of solutiom(,,H®, kJ mot?) of amides in waterl,2-ethanediol mixed solvent, their
enthalpies of vaporizatiom(,,H®, kJ mof™), and van der Waals molar volumes(, cn® mol?) at 298.15 R

| I 1l \Y; V
X
AsolnH 0 3 AsolnH 0 3 AsolnH 0 3 AsolnH 0 3 AsolnH 0 3

0.00 1.97 ~15.22 ~17.97 _21.42 —24.09
0.13 294 | 0.04 —9.19 0.02 —9.46 0.01 ~13.94 0.04 ~15.49 0.07
0.25 2.37 | 0.02 ~6.46 0.01 _5.63 0.00 ~10.57 0.00 ~9.65 0.02
0.50 1.17 | 0.02 -3.75 0.01 291 0.00 ~7.28 0.02 -6.10 0.02
0.75 0.48 | 0.02 _2.25 2.25 ~1.37 0.01 —4.92 0.01 _4.48 0.00
0.90 0.08 | 0.00 -1.30 0.01 -0.70 0.02 _3.44 0.00 —2.66 0.01
1.00 —0.13 | 0.01 -0.76 0.00 -0.22 0.01 —2.92 0.00 —2.42 0.02
AvapHO 60.13 46.89 50.32 50.23 54.11
Vi 26.23 46.77 67.23 57.04 77.50

2 The compounds are denoted as in Table d); grithmetic mean error. The values ™, are taken from [9], and those of

AvapH from [10] Data of [11].
of solute solvation. They are calculated by formula (2solvent, andA,,H? and A,,,HY are the standard
and are given in Fig. 2. enthalpies of their hydration and solution in water.
AgHO = A HO = A HY = Ay HO - AsonH? ) The solvation of all the amides under study becomes

less exothermic in mixtures with a low,8,(OH),
Here A, ,H® and A,,,H® are the standard enthal- content, with the slope of the curve af H° vs.
pies of solvation and solution of amides in a mixedl,2-ethanediol concentration increasing with increas-
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Fig. 1. Enthalpies of solvation oflj dimethylformamide, Fig. 2. Enthalpies of transfer of 1j hexamethylphos-
(2) diethylformamide, 8) N, N-dimethylacetamide4) N, N- phoramide, 2) N,N-diethylacetamide, J) N, N-dimethyl-
diethylacetamide,5) formamide, and § hexamethylphos- acetamide, 4) diethylformamide, %) dimethylformamide,
phoramide in wateil,2-ethanediol mixed solvent at and @) formamide from water into 5D-C,H,(OH), mixed
298.15 K as functions of the mixture composition. solvent at 298.15 K as functions of the mixture composition.

ing number of hydrocarbon (methyl and methylenerlso the positive enthalpy of hexane transfer from
radicals in amide molecules. The weakest changes aFs0 to C,H,(OH), (4.3 kJ mot?), as calculated from
characteristic of formamide, and the strongest, fothe data of [19, 20], indicate that the nonspecific sol-
hexamethylphosphoramide. Such a trend correspongstion of amides is weakened. The change in the non-
to a decrease in the contribution of hydrophobic hyspecific solvation of amides can also be estimated us-
dration, which is weakened as the size of hydrocarboimg the contributions of methylene radicals to the en-
radicals of solute molecules decreases [5, 6, 14] arithalpies of transfer of amides. The enthalpies of trans-
the content of a nonaqueous component in the mixefér of a CH, group can be formally calculated by rela-
solvent increases [16, 17]. tionships (3)}(7) based on the compositions and struc-

In the case oNN,N-dialkylamides, the enthalpies of tures of amide molecules.

transfer increase within the whole range of composi-
tions of the HO-C,H,(OH), mixtures. Along with the
above-mentioned decrease in the effect of hydrophob-
ic hydration, there are two more factors acting in the
same direction and determining a decrease in solva-
tion of the amides. First, positiv&,H° values may be
due to the fact that an increase in the diol content in
a mixture leads to a greater endothermic contribution
of nonspecific solvation of amides. Here, by this value
is meant the sum of enthalpy contributions from
the formation of a cavity in a solvent to accommodate . : ,
an amide molecule and also from van der Waals interﬁle-ghi r;(z[gtlcz)ns of the compounds are given in Ta-
action of an amide with a solvent. The increase in the '
endothermicity of xenon transfer with increasing con- Formulas (3), (4), and (7) allow us to calculate the
tent of 1,2-ethanediol in a mixture [18] (Fig. 3) andenthalpies of transfer of methylene radicals bound to

AgHO(CH,) = [AgHO(1) — ALHOD2, (3)

AGHOCHY) = [AGHOUIN) — ALHOUN)2,  (4)

AgHO(CH,) = [AgHO(IV) — A HOI)], (5)

AgHO(CH,) = [AgHO(V) — A HOI)], (6)

AGHOCHY) = [ALHOV) — AHOV)2.  (7)
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Table 3. Some properties of the J&-C,H,(OH), mixture at 298.15 R

Param- X
eter 0 0.13 0.25 0.51 0.75 0.9 1
EN 1.00 0.94 0.89 0.84 0.81 0.80 0.79
HE 0 536 ~713 607 -343 _144 0
v 18.07 22.61 27.23 36.85 46.26 52.05 55.92
p 2.297 1.991 1.769 1.468 1.290 1.211 1.167

2 Values ofE1’-\l are taken from [22]H E Q] mol‘l), from [23]; andV (cm3 mol‘l), from [24]. p (kJ cm‘3) is the cohesion energy den-
sity of the solvent. The enthalpies of vaporization of water and 1,2-ethanediol are 43.99 [25] and 61.Ilk[2510respectively.

the nitrogen atom, and formulas (5) and (6), the enpolar group in a chain [formulas (4) and (7)]. Func-
thalpies of transfer of acetyl CHyroups. The values tional groups are known to affect solvation of non-
thus calculated are plotted in Fig. 3, showing that theolar radicals in compounds of other homologous se-
enthalpies of transfer of methylene groups are positivees also. For example, in alcohols the contribution
and increase as the content of 1,2-ethanediol in a miof the methylene grouF to the enthalpy of hydration
ture grows. However, variation of the mixture com-varies from 7.6 kJ mot for C,—C, to 3.9 kJ mot!
position affects the solvation of methylene groups diffor C;—Cq [17].

ferently, which is not unexpected. The structure of

amide molecules is such that the N-bonded and ace él;-Qt?oﬁoTjtgr?gggglvoefnih?elséoc?fcl)frllc ;Tgéafgsn S?lrgiﬁg
yl CH, groups have different closest surroundings. P

Therefore, they are not energetically equivalent ang![?](;nb;dciglmii rgoﬁi)iﬂggtrneggg:sgss tg\e ;?:rfegt i(rJ]f ;;lhg
have different equilibrium geometries [21]. The solva- , N : 9 ,
tion of N-bonded [formula (3)] and acetyl [formulas SO'Vat‘?g.*:m”;'C pa:j;“rﬁ% S#%%fjtg a A‘ieg;eiscete'g
(5) and (6)] methylene groups is weakened to a greatgFe acidity ot a so [22] ( )- P ’

an increase in the enhalpy of transfer due to weaken-
extent as compared to GHragments remote from the ing specific interaction is more pronounced for hexa-

] methylphosphoramide (Fig. 2) having the highest
electron-donor power among the compounds under
study [14].

2 Figure 2 shows that the dependence of the enthalpy

of transfer of formamide on the mixed solvent com-
position differs from those obtained for tertiary am-
ides in that it passes through a maximum at the 1,2-
ethanediol mole fraction of 0.1. The weakening of the
formamide solvation at mole fractions ot,id,(OH),
3 of 0-0.1 is due to the same reasons as NpN-dial-
kylamides. At the same time, it is difficult to explain
an increase in the formamide solvation with further
increase in the 1,2-ethanediol content (Table 3) in
terms of variation of the mixture properties respon-
sible for the energy of nonspecific solvation and spe-
cific interaction. It should be noted that not only elec-
tron-acceptor power of a mixed solvent (Table 3),
but also its electron-donor power decrease with in-
creasing concentration of 1,2-ethanediol. The donor
number DN) of associated liquid water (33 kcal mbl
Fig. 3. Enthalpies of transfer oflj xenon and 2-4) meth- [25]) is much greater than that of 1,2-ethanediol
ylene radicals of amides from water into a mixed solvent (20 kcal mott [25]).
H,0-C,H,4(OH), as functions of the mixture composition
at 298.15 K. Curve2-4 were calculated by formulas (3),
(5), and (4), respectively.

1 1 1 1 1
0 02 04 0.6 038 1.0
Mole fraction of 1,2-ethanediol

The molecular-statistical approach [26] shows that,
when considering the enthalpy of solvation, three con-

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.7 2002



ENTHALPY CHARACTERISTICS AND STATE OF FORMAMIDES AND ACETAMIDES 1045

tributions should be taken into account: the enthalpyhe difference £¢,,H® — Ay H ") increases with

of formation of a cavity in a solvent, the enthalpy ofincreasing cohesion energy density of the solvent.

the intermolecular interaction solusolvent, and Therefore, the coefficienb is positive. Its value cal-

the enthalpy of the solvent structural reorganizatiortulated from the data in [27] is 0.5. It was found in

caused by introduction of a solute. The estimatiorj29] that the calculated values af; «H° differ from

of the structural contribution to thermodynamic char-each other insignificantly in the range 11»> 0.5.

acteristics is still the matter of discussions. Tradi-Therefore, in this study, as in the previous papers [27,

tionally, the difference between an experimental ther29, 30], we used the value df equal to unity. The

modynamic characteristic and its value calculated irtohesion energy density of a mixed solvent was cal-

the framework of a certain model approximation isculated by formula (11) [30, 31].

considered as the structural contribution. In [27],

we showed that the ratio of the difference between p = [(1 - X)A z5H; + XA z0H, — HE_RT)V. (11)

the experimental enthalpy of solvation and that calcu-

lated within the framework of the scale-particle theory Here X is the mole fraction of a nonaqueous com-

(SPT) to the van der Waals molar volume of a solutgponent in a mixtureA, ,,H; and A,,,H, are the en-

is proportional to the cohesion energy density of thehalpies of vaporization of water and cosolvent,

solvent [Eqg. (8)]. HE is the enthalpy of mixing of the components, and
V is the molar volume of the mixture.

0 SPT
[AsonH™ = AsoH™ 1V The contribution ofA,, ¢,H° to the enthalpy of sol-

= AgHYVy = a + b (p - pa). (8) ute transfer will decrease with increasing content of
the nonaqueous component in the mixture because of
Here A, ,H "' is the enthalpy of solvation of a decreasing cohesion energy density of the mixed sol-
solute calculated within the framework of the scalevent (Table 3). Just this factor is responsible for the
particle theory A, H? is the enthalpy of structural re- shape of the composition dependences of the enthalpy
organization of the solvenp andp, are the cohesion of formamide transfer in a watet,2-ethanediol mix-
energy densities of the solvent and solute, respectivéure, namely, strengthening of its solvation in the
ly; Vi is the van der Waals molar volume of a soluterange of 1,2-ethanediol mole fractions -0110. A dif-
calculated from group contributions [9% andb are ferent trend could be expected from the above conclu-
the fitting factors calculated by regression analysis. Sions that the nonspecific solvation of the compounds
_ _ 0 weakens in the mixed solvent under study and from
Using expression (8), we can calculaig.H" by  the tendency toward a decrease in the arsdivent
formula (9) and its change upon transfer of a solutgpecific interaction due to weakening of the electron-
from a reference solvent into a solvent under StUdyaCCeptor and electron-donor power with increasing

by expression (10). 1,2-ethanediol content. FoN,N-dialkylamides, the
0 changes in the enthalpies of nonspecific solvation and
AgeH™ = aVyy + b(p — pa)V, (9  specific interaction dominate over the change in the
contribution of the solvent structural reorganization.
Ay, strHO = b(p - py)Vw- (10)

In [30], we proposed a technique for estimating the
composition of solvation shells of solute molecules in
a binary mixture from thermochemical data. For this
purpose, we used the enthalpy of solvent transfer

It is assumed that solvent structurization (hardnesshinus the enthalpy of solvent structural reorganization
is responsible for its structural reorganization upor(A,H") calculated by formula (12).
introducing a solute [28]. All solvents have certain
hardness. The cohesion energy density of a solvent AgH™ = AGHO — Ay o HO. (12)
can serve as its measure. ThgH° values calculated
by formula (9) seem to be relative and different from The calculation of the composition of the solute
the real values. However, such an approach to theolvation shell is based on the assumption that the de
determination of the enthalpy of structural reorganizaviation of A,H from an additive value with respect to
tion allows us to make consistent the experimentathe composition is associated with the difference be-
and calculated enthalpies of transfer of a solute antiveen the compd#on of the solvate shell and the bulk
the corresponding conclusions on the effect of solvertomposition of the mixed solvent expressed in volume
properties on the solvation. The data of [27] show thatractions. It should be noted that the use &fH

Here p,; is the cohesion energy density of a refer-
ence solvent.
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Table 4. Composition (mol % of 1,2-ethanediol) of the solvation shell of amide molecules, their hydrocarbon radicals,
and xenon (Xe) in a watet,2-ethanediol mixture at 298.152K

X | I I \Y Vv Vi @ | @ | e | 6 | @ | X
13 14 12 13 12 12 13 11 14 12 8 11 14
25 26 24 25 24 25 26 23 | 28 | 23 | 23 | 28 | 27
51 51 49 50 48 50 52 47 53 | 45 | 48 | 55 | 52
75 76 73 74 73 73 73 71 | 718 | 72 67 75 | 76
90 90 89 89 90 90 88 88 | 91 92 9% | 93 | 90

@ For notation of the compounds (Roman numerals), see Table 4(7]3re the numbers of the equations by which the enthalpies
of transfer of the methylene radicals were calculated.

has two important advantages in the determination d¥, are the molar volumes of water and 1,2-ethanediol,
the solvation shell composition: it characterizes notespectively. The calculated data are given in Table 4.
the total enthalpy of transfer, but its components, ex-
cept for the structural contribution; for all the com-
pounds studied, the dependence&&pﬂ on the mix-
ture composition have no extrema.

The data obtained using this model show that, in
the water1,2-ethanediol mixture, the amide molecules
under consideration are not solvated selectively. It can
be noted that hydrocarbon radicals bound to the nitro-

To calculate the volume fraction of 1,2-ethanediold€n atom are somewhat preferentially solvated with
in the solvation shell of amide molecules, we used-2-ethanediol, and the amide group, with water. The

expression (13). preferential coordination of water molecules at the
. _ amide group seems to affect the solvation of the acetyl
o _ 4o, ArH (water— water-1,2-ethanediol) methylene group. These phenomena may be due to
o =0 A, H* (water— 1,2-ethanediol) both energy and steric factors. The energy of the spe-
. cific interaction amidewater is higher, compared to
Ay H ;{water— water-1,2-ethanediol)] 13) amide-1,2-ethanediol, owing to the higher electron-
AgH (water— 1,2-ethanediol) acceptor power ofvater. At the same time, f81,(OH),

molecules are larger than,8 molecules; therefore,
Here¢" and¢ are the volume fractions of 1,2-eth- the arrangement of large molecules near polar groups
anediol in the solvatlon shell and in the solvent bulkcan be hindered sterically.
respectively A, H,q4is the enthalpy of transfer additive

with respect to. The enthalpies of transfer of amides from water

into a mixed solvent KO-C,H,(OH), are satisfactori-

The mole fraction of 1,2-ethanediol in the solvationly described by second-order polynomials with respect
shell can be calculated by formula (14). to the solvent composition expressed igHOH),
volume fractions [Eqg. (15)].

X" = ¢ Vil[0'Vy + (1 - ¢V, (14)

Here X is the mole fraction of 1,2-ethanediol in
the solvation shell of an amide molecule, avidand

ApHO = agp + ax?. (15)
Herea, anda, are the coefficients to be determined
by regression analysis.

Table 5. Coefficients and regression parameters of Eq.413) The coefficients and regression parameters of
Eq. (15) are given in Table 5. It is seen that the coef-

Compound ng. & a S R? ficientsa; anda, regularly change with increasing, on
the one hand, number of carbon atoms in the acid re-
| 4.12 -6.34 | 0.19 | 0.9782 sidue and, on the other hand, number of carbon atoms

I 2032 | -6.20 | 0.32 | 0.9968 in substituents at the amino groups. AgN-dialkyl-
I 30.69 | -13.32 | 0.37 | 0.9972 formamides and -acetamides (compoundis-V,

vV 24.19 | -6.06 | 0.51 | 0.9952 Tables 1 and 2), these coefficients are described by
\ 32.66 | -11.25 0.55 0.9960 Egs. (16) and (17).
VI 64.19 | -28.71 | 1.10 | 0.9943

a; = 8.46 + 2.92R(C) + 4.71N(N); n4,s0.47, (16)
@ For the notation of compounds, see Table 9. $tandard
deviation and R) correlation coefficient. a, = -1.62 + 1.IN(C) — 3.08\(N); n 4,s0.48. (17)
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Here N-(C) is the number of carbon atoms in the
acid residue [for formyIN:(C) = 1 etc.], andN(N) is

the number of carbon atoms in radicals bound to thel:

nitrogen atom [for\, N-dimethy! derivativesNs(N) =

2 etc.]. The average error of approximating the en-
thalpies of transfer of DMF, diethylformamidél, N-
dimethylacetamide, and\, N-diethylacetamide was
0.43 kJ moth,

4,

The coefficients of Egs. (15) for formamide and

hexamethylphosphoramidé&able 5) also fit the above- 5.

mentioned tendency. As expected, among the com-
pounds studied, formamide has the largest coefficient
a,, and hexamethylphosphoramide, the smallest. On
the whole, the coefficients, also obey expressions

(16) and (17). These expressions can be used both fof-

calculating the enthalpies of transfer of the amides

under study in the whole range of compositions of -

the waterl,2-ethanediol mixture and for forecasting
the A,H® values for other alkylamides of carboxylic
acids.

EXPERIMENTAL 9.
10.

Formamide, dimethylformamide, diethylformamide,
N, N-dimethylacetamide, andN, N-diethylacetamide

were purified as described in [10]. Pure grade 1,211

ethanediol was purified by twofold fractional vacuum
distillation at 353 K. The water content in organic
solvents, as determined by Fischer titration [32], did

not exceed 0.03 wt %. 13.

Mixed solvents were prepared gravimetricallyi4.

with an accuracy of 0.001 mole fraction, using

freshly double-distilled water (electrical conductivity 15,

10° Secntd).

The enthalpies of solution were measured on a vars®:

iable-temperature calorimeter with an isothermal jack-
et. The arithmetic mean values of the thermal effect§7
of solution Q.,,H™ were taken as the standard en-
thalpies of solution, because the,,H™ values are
independent ofm in the examined concentration
ranges of the solutes (Table 1). It was shown [10] thajg
our values of the standard enthalpies of solution of
amides in water are in good agreement with publishegly
data.

20.

ACKNOWLEDGMENTS

The study was financially supported by the Russian

Foundation for Basic Research (project no. 99-0321.

32414a).

2.

. Ebanoidze, M.,Cand. Sci.

OF FORMAMIDES AND ACETAMIDES 1047

REFERENCES

Batov, D.V., Manin, N.G., and Zaichikov, A.M.,
Zh. Obshch. Khim. 2001, vol. 71, no. 6, p. 909.

Arnett, E.M. and McKelvey, D.R.Solute-Solvent
Interaction New York: Dekker, 1969.

3. Stimson, E.R. and Schrier, E.B., Chem. Eng. Data

1974, vol. 19, no. 4, p. 354.

Skold, R., Suurkuusk, J., and Wadso, J., Chem.
Thermodyn. 1976, vol. 8, no. 11, p. 1075.

Spencer, J.N., Berger, S.K., Powell, C.R., Henn-
ing, B.D., Furman, G.G., Loffredo, W.M., Ryd-

berg, E.M., Neubert, R.A., Shoop, C.T., and
Blanch, D.N.,J. Phys. Chem.1981, vol. 85, no. 9,

p. 1236.

Rouw, A. and Somsen, GJ, Chem. Soc., Faraday
Trans. 1 1982, vol. 78, no. 11, p. 3397.

Sijpkes, A.H., Oudhuia, A.A.C.M., Somsen, G., and
Lilley, T.N., J. Chem. Thermodyn.1989, vol. 21,
no. 4, p. 343.

8. Batov, D.V., Vandyshev, V.N., and Korolev, V.P.,

Available from VINITI, 1988, Moscow, no. 1411-V88.
Bondi, A.,J. Phys. Chem.1964, vol. 68, no. 3, p. 441.

Barone, G., Castronuovo, G., Della Gatta, G., Elia, V.,
and lannone, A.Fluid Phase Equil. 1985, vol. 21,
nos. 12, p. 157.

Zaichikov, A.M. and Manin, N.GZh. Obshch. Khim.
2001, vol. 71, no. 5, p. 726.

12. Batov, D.V., Korolyov, V.P., and Krestov, G.Alher-

mochim. Actg. 1990, vol. 169, no. 1, p. 69.

Sabbah, R., Chastel, R., and Laffitte, Mhermochim.
Acta 1972, vol. 5, no. 1, p. 117.

Kessler, Yu.M. and Zaitsev, A.LSol'vofobnye effek-
ty (Solvophobic Effects), Leningrad: Khimiya, 1989.
Marcus, Y.,Chem. Soc. Rev1993, vol. 22, no. 6,
p. 409.

Krestov, G.A.,Termodinamika ionnykh protsessov v

rastvorakh (Thermodynamics of lonic Processes in
Solutions), Leningrad: Khimiya, 1973.

. Belousov, V.P. and Panov, M.Yulermodinamika

vodnykh rastvorov neelektrolitoyThermodynamics
of Aqueous Solutions of Nonelectrolytes), Leningrad:
Khimiya, 1983.

(Chem.) Dissertatipn
Ivanovo, 1989.

. Fuchs, R. and Stephenson, W.€agn. J. Chem.1985,

vol. 63, no. 2, p. 349.

Nabilkov, A.l., Batov, D.V., and Korolev, V.P., Ab-
stracts of Papers,] Vsesoyuznaya konferentsiya
“Zhidkofaznye materialy (I All-Union Conf. “Liquid-
Phase Materialy, Ivanovo, 1990, p. 75.

Tatevskii, V.M., Teoriya fiziko-khimicheskikh svoistv
molekul i veshchestTheory of Physicochemical

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.7 2002



1048

22.

23.

24.

25.
26.

Properties of Molecules and Substances), Moscow27.

Mosk. Gos. Univ., 1987.

Bosch, E. and Roses, MJ, Chem. Soc., Faraday 28.

Trans, 1992, vol. 88, no. 24, p. 3541.
Matsumoto, Y., Touhara, H., Nakanishi, K.,
Watanabe, N.J. Chem. Thermodynl1977, vol. 9,
no. 8, p. 801.

Morenas, M. and Douheret, GThermochim. Acta 30.

1978, vol. 25, no. 2, p. 217.

Marcus, Y.,lon Solvation New York: Wiley, 1985. 31.
Kiselev, O.E. and Martynov, G.A.Teoreticheskie
metody opisaniya svoistv rastvoroyTheoretical 32.

Methods for Describing Properties of Solutions),
Ivanovo: Ivanov. Khimiko-Tekhnol. Inst., 1987, p. 29.

and29.

BATOV et al.

Batov, D. V.,Zh. Obshch. Khim.1998, vol. 68, no. 2,
p. 210.

Bennetto, H.P. and Caldin, E.R., Chem. Soc. (A)
1971, no. 13, p. 2191.

Batov, D.V., Antonova, O.A., Slyusar, V.P., and
Korolev, V.P., Zh. Obshch. Khim. 1999, vol. 69,

no. 8, p. 1258.

Batov, D.V.,Zh. Obshch. Khim.1998, vol. 68, no. 2,
p. 204.

Chechik, V.0O.,Zh. Obshch. Khim. 1993, vol. 63,
no. 7, p. 1508.

Klimova, V.A., Osnovnye mikrometody analiza or-
ganicheskikh soedinen{Basic Micromethods of Or-
ganic Analysis), Moscow: Khimiya, 1967.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 72 No.7 2002



