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Abstract — Applicability of a linear solvation-energy approach for descripition of the solvation enthalpies
of nonelectrolytes is examined. In most cases a good fit of experimental solvation enthalpies can be attained.
However, the resulting data are difficult to interpret in terms of different types of intermolecular interactions.

Quantitative relationships between structures anthermodynamic parameters of solvation to solute
thermodynamic parameters of solvation of a widgparameters.
range of organic nonelectrolytes were first obtained
in [1, 2]. In particular, it was found that the solvation
enthalpies of compounds of different classég) (n
cyclohexane l() are linearly related to their molar re-
fractions MR,).

Later [4] equation (2) was adapted to fit lbgg, a
value proportional to the free energy of solvation in
cyclohexane. An additional term was introduced, pro-
portional to the squared dipole moment of solute, to
account for polar solutesolvent (hexadecane) inter-

AR 439 + 1.081R,, kJ/mol. 1y actions [Ea. )]

solv

logLig = d + aMR, + bV + c(pa)? 3
However, it was already clear from the cited works "6 R M (ka) ®)
that this relationship is not universal. Thus the solvaHerea, b, ¢, andd are variables ang, is the dipole
tion enthalpies of linear and cyclic alkanes in cyclo-moment of solute. Equation (3) fairly fitted lbg for
hexane were described by different dependences & compounds. The standard deviatiéh)(and cor-
MR,. Moreover, there were different equations forrelation coefficient ), obtained in [4], were 0.18 and
normal and branched aliphatic derivatives. In thi.986, respectively. TherewitiiR, was found to
connection, corrections for branching were introducegorrelate with V4 (R 0.972).

(constant values) [2]. To go around the correlation betweBtR, andV4,

Equation (1) was improved [3] by adding the molarthe parameteMR, in Eq. (3) was replaced by the
volume of solute Y1), a parameter that accounts for parameters(n), Q(n), andn, that relate to dispersion
void formatiort in solvent S [Eq. (2)]. interaction [5].

~AHgy = aMRy + bVAy, ky/mol @  f)=0%-1)/M?+2),QM = (- 1)(n+2).

solv

Here a and b are variables characterizing the givenHeren is the refractive index. These three parameters
solvent. do not correlate withV2).

The correlation quality was thus improved. There- The results proved to be unexpected. The replace-
with, no attention was paid to the fact thMR, ment of MR, by f(n), Q(n), andn in Eq. (3) resulted
correlates withV4, which is inadmissible in construct- in a better correlation (the standard deviation de-
ing multiparameter correlations. Equation (2) was ircreased almost three times). However, the fact that

essence the first multiparameter equation relatinﬁle coefficients aV} are positive values suggests that
e void formation in hexadecane is an exothermic

process, which, as also admmited by Dallas and Carr
1 Actually, it was suggested in [1, 2] that the molar refraction[5], is “physically absurdly. Thus, the referees,
of solute is a measure both of soluselvent dispersion inter- voluntarily or not,were the first to call attention to the
action and of the solute volume. general problem of the feasibility of multiparameter

1070-3632/02/7206-0854 $27.@2002 MAIK “Nauka/Interperiodica



MULTIPARAMETER CORRELATIONS FOR DESCRIPTION 855

correlation equations for description of thermody-replacement of a value proportional to the free energy
namic parameters of solvation. This problem, in oumf solvation in cyclohexane by the enthalpy of solva-
opinion, is that the attainment of a better quantitativeion in cyclohexane should not affect interpretion of
description not necessarily provides a deeper insiglthe resulting parameters, since the free energies and
into the nature of intermolecular interactions underlythe enthalpies of solvation of alkanes are linearly re-
ing the thermodynamics of solvation. lated to each other [12]. Moreover, we introduced in
g. (6) the parameteR, which, in our opinion, is

Over the last decade most solvation studies ma etter substantiated in terms of physical sence &an

use of the linear solvation-energy relationships
(LSER) formulated by Taft and Kamlet [6]. Abraham In calculations by Eqgs. (4]6) we largely relied on

[4, 7] and Carr [8] extended this approach on thermopublished enthalpies of solvation. Therewith, the
dynamic parameters of solvation and transfer. Accordaumber of solutes was 183, and they included non-
ing to this approach, the thermodynamic parameteglectrolytes of different classes, specifically inert
(TP) of solvation or transfer depends on a number ofjases, alkanes, alkenes, aromatic hydrocarbons,

solute parameters [Eqgs. (4) and (5)]: halogenated hydrocarbons, alcohols, phenals, ethers
and esters, ketones, amines, amides, nitro compounds,
TP =i + W, + sth + 1R, + aZabl + bspy (4) etc. In cases where the enthalpies of solutiti )

were only available, the enthalpies of solvation were

TP =i+ llog Lyg + snb + dd, + aZab'+ bEBE (5)  4iculated by Eqg. (7):

Here V, is the McGowan characteristic volume [9], s s _

which, along with lod;¢, defines the contributions AHE = AHGP - A, ()
into TP of void formation and general dispersion

interaction [7], =, relates to the ability of solute to Here AH\gp is the enthalpy of vaporization of com-
dipole and induction interactions with solve®, is pound A, at 298 K. The enthalpies of solution and
the excess molar refraction [103, is an empirical solvation were taken from [1,2, 184], and the en-
correction factor which compensates for the im-thalpies of vaporization, from [8, 15, 20, 24, 30, 31,
possibility of describing electrostatic interactions by a42-45, 58, 6570]. In cases where several values were
single parameter (0 for aliphatic compounds, 0.5 foavailable, more recent ones were preferred. The para-
polychlorinated aromatic compounds, and 1 for anyneters of solutes (lof, =5, Zat, and 2 Y) were
other aromatic compound) [8Ea} and 28 are the taken from [7, 11, 71]. Som#&/,, R,, and$, para-
apparent acidity and basicity of solute [11]. The firstmeters were taken from [8, 71, 72] and some were
three terms of Egs. (4) and (5) relate to nonspecificalculated by the procedures described in [8, 9, 10].
solvation and the latter two, specific soluselvent In calculations by Egs. (4), (5), and (6) were included
interaction. only those solvents for which no less than 15 experi-

- , . mental ints wer vail )
The coefficients, v, |, s, r, d, a, andb characterize ental points were available

the given solvent and are found by the multiple linear The calculation procedure is described in Experi-
regression technique. mental. For certain solvents the coefficierstsand b
were not calculated and let be zero. In this case, in the
corresponding sites of Table 1 we omittadand b
values, implying without calculations that the given

1538 solvation enthalpies). Analysis was performe olvent cannot act as proton-acceptor or proton-donor.

both in terms of quantitative descripition and in termssgll\“:‘eﬁ?ncgﬂzlr?lgtggsﬁ BaZﬁg gg l;[herezsergczlistlaties X; the
of interpretation of the resulting coefficients ¢, I, s, b 2 20 TSP y.

r, d, a, andb) and physical sence of their underlyingjlmlgeoI from [7, 8], the authors of Egs. (4) and (5)

contributions into the enthalpy of solvation. Along Made use of just this approach, even though its
with Egs. (4) and (5), we employed our own e uation'val'd'ty is quite questionable. Under these circum-
gs- ’ ploy 9 stances, our aim was to obtain results at least com-

AHAIS = i + hAHA(L + stb + IR, + aZo i+ bTpY.  (6) parable with the results in [7, 8].

_ _ _ ) The mean standard deviations for Eqs.—(8) are
Hereh is a variable depending on solvent. This equagqual to 2.41, 2.22, and 1.92 kJ/mol, and we can state
tion differs from Eq. (5) in that It'lnC|l.:|deS, instead of with assurance that Eqgs. {(4%) fairly describe the
log Ly the enthalpy of solvation in cyclohexane enthalpies of solvation of nonelectrolytes. The results
(AHQ)'/,{,) as the parameter defining the energies of voiaf calculations by Eqg. (6) are listed in Table 1. It
formation and general dispersion interaction. Theroved that the worse correlation is obtained by

In the present work we analyzed feasibility of
equations like (4) and (5) for descripition of the solva-
tion enthalpies of nonelectolytes (36 solvents
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Eq. (4). One of the most probable reasons for thi®f solution in most solvents. In whole, a fair fit is

result is that isomeric compounds have equalbut observed. It should, however, been noted that the
different enthalpies of solvatlon In the case oflargest deviations from the straight line (slope¥5

Egs. (5) and (6), the ldg¢ andAHZY! values, as well are characteristic of those solvents, where the basic set
as AH4/S for isomeric compounds are different. It of solutes comprises few alkanes and alkyl-substituted
should be noted that all the three equations provideompounds. To check Eq. (6) (Table 1) for universali-
acceptable results for all the solvents, except foty, we excluded alkanes and alkyl-substituted com-

2,2,2-trifluoroethanol. pounds from the set of solutes.

Authors that employ the LSER principle always
stress that this prlnC|pIe not only possesses a Pres,
dictive power, but also is an excellent tool for gaining
insight into intermolecular interactions in solution.

Table 2 lists the results of calculations by Eq. (6)
the reduced database. For the solvents listed in
the table, no less than 14 experimental point were
available. The quality of the correlations in Table 2 is
Before passing to analysis of the physical sence dilightly higher than of those in Table 1, whereas the
the results obtained in terms of the LSER principleconfidence ranges fdr are much increased. However,
let us choose the basic equation. We prefer Eq. (6) bihe h values differ considerably from those obtained
the following reasons. First, it provides slightly betterby Eqg. (9) and by Eq. (6) for the initial database
correlation parameters, and, second, it includes in th@able 1). Simple calculation shows that the enthal-
left- and right-hand parts the enthalpy of solvationpies of solvation of alkanes in these solvents will be
which, as we will see further, mach facilitates inter-predicted with a very large error. This fact suggests
pretation. Therewith, it will be borne in mind that the that theh value depends to a certain extent on solute
choice of the basic equation is explained exclusivelylatabase. However, even with a sufficiently large
by brevity reasons, since respective coefficients o$olute database, another difficulty associated with
Eqgs. (4)(6) fairly correlate with each other, and, |nterpretat|on of these termsv\(, llogL,s and
therefore, the essence of reasoning will be unchangeUAHSO,v) still remains. From Eqg. (9) we obtain

The term hAHZAL) contributes most into the Eq. (10).

enthalpy of nonspecific solvation (up to 95% for large A YIS Ay Vil /|

molecuies). By analogy wittvi,) and (log L), this hAHZS ~ (AHZR/AHGAH S, (10)
term should include the energy of general dispersion
interaction and the enthalpy of void formation. The
term “general dispersion interactidrwas introduced
in [7, 8] and apparently has to do with the dispersion
interaction in a two-component system, where both!
components are alkanes. The authors of th|s approac
suggest thatV, or llog L,¢ (in our casehAHSO,v) are
presently ImpOSSIble to separate into the energy
solvent void formation and the energy of disperion
mteractron with solvent [7]. But what does the term
haHA! mean? As follows from the results in Table 1,

solv
the free term of Eqg. (6) is close to zero and thus is

Earlier in [13, 46] we showed that the enthalples
of void formation in a series of solventsKl, 4} 2
Jary in parallel with the enthalpies of solution or sol-
vation of alkanes in these solvents [Eq. (11)].
'{'SHSO,}go—AHWS AHY = AHYS

sol —

s — AR (1)

q—|ere S is a solvent chosen as standard. In terms of
this approach comparison dtrAHQ),\, for various
solvents is equwalent to comparison of the enthalpies

'of void formation in these solvents [Eq. (12)].

statistically |nS|gn|f|cant Taklng into account that for { Y }s
alkanes Y, =5 = 0, R, = 0, a5 = 0, and=Zp} = 0, h(S)AHSA(;I/' ~ h(SpAHSN = voids Sy AHsAél/\I/- (12)
we obtain Eq. (8): Y Y o
AHYS ~ haHX., (8) Here h(S) andh(S,) are theh values for solvents S
and §. The enthalpy of solvation in cyclohexane can
From here the coefficiert is given by (9): be represented as a sum of the enthalpy of void forma-
tion for A in cyclohexane 4H %Y. MLy and the enthalpy of
h ~ AHJS/ARYY, (9) interaction ofA with cyclohexane 4HA") [Eq. (13)]:
The figure compares thé values calculated by AHZN, = AHMN + AHAM (13)

Eq. (9) and by the LSER method by Eg. (6) (Table
1). In calculations by Eq. (9) we took hexane as The latter term relates to general dispersion inter-
alkaneY; because of the availability of its enthalpiesaction. Accounting for Eq. (9) gives Eq. (14).
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Table 1. Parameters of Eq. (6) for calculation of the enthalpies of solvation (kJ/mol) of various solutes in various solvents
(N is the number of points)
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No. Solvent Nl R | & [ h S r a b

1 |Hexane 31(0.998(0.85/0.71+0.70 |1.05+0.01 |0.71+0.71 |-0.15+0.63 |- -

2 |Heptane 3810.998|0.82|0.75+0.46 |1.06+0.01 [0.95+0.61 |-0.69+0.66 |- -

3 |Hexadecane |760.974|3.30[-0.42+0.92 [1.00+0.03 |-1.33+1.76 [0.79+2.03 |- -

4 |Benzene 7710.991|1.54/0.64+0.73 [0.92+0.02 |-14.05+0.63|2.46+0.63 |-11.02+1.18(-

5 |[Toluene 66(0.996(1.02|0.02+0.55 |0.96+0.01 |-12.72+0.55|3.37+0.49 |-12.50+0.89|—

6 |p-Xylene 17 0.999/0.64|1.80+0.68 |[1.04+0.01 |-15.86t1.52|7.09+1.01 |-9.05+1.24 (-

7 |Mesitylene |36(0.996|1.17|0.84+0.73 |1.03+0.02 |-10.25+0.90|4.08+1.08 |-14.35+1.27|-

8 |1,2-Dichloro- |54 10.986|1.86(-0.26+1.19 |0.81+0.03 |-13.79+1.42(0.11+1.08 |-12.31+1.87(-7.82+1.75
ethane

9 |[Chloroform |43]0.992|1.56(-0.59+1.04 (0.93+0.03 |-11.31+1.19(2.90+1.04 |-4.91+1.84 |-18.66+1.42

10 |Tetrachloro- |76|0.992|1.41(-1.90+0.65 [0.96+0.02 |-8.54+0.63 |2.33£0.59 |- -
methane

11 |[Chlorobenzenel7 |0.998|0.94|1.09+1.13 |0.99+0.02 [-17.10+2.31|6.95+1.51 |-9.03+2.56 |-

12 | Trifluoro- 33(0.994(1.30|-0.88+0.85 |0.92+0.02 |-16.72+1.03|7.18+1.21 |-7.25+1.59 |-
methylbenzene

13 |Perfluoro-1,3-/38|0.959|2.26(5.44+1.65 |0.83+0.05 |-2.60+1.59 [-3.56+2.20 |-25.48+4.61|-
dimethylcyclo
hexane

14 |Methanol 88(0.972(2.62|-2.38+1.18 |0.80+0.03 {0.08+1.41 |-6.35+1.25 |-38.50+2.03|-20.71+1.60

15 |1-Hexanol 29(0.969(3.05/-0.75+3.54 |1.01+0.10 [2.73+3.98 |-3.40+3.17 |-44.60+3.79|-3.88+4.22

16 |[1-Octanol 32(0.987(2.45/0.96+1.95 |1.03+0.04 [9.63+2.94 |-6.85+2.85 |-54.58+3.19|-12.19+3.03

17 (2,2,2-Triflu- [29|0.924|7.57|2.66+7.21 |0.75+0.19 [20.58+8.02 (-12.46+7.42|-16.23+8.91|-80.52+8.28
oroehanol

18 |2-Methyl-2- |42|0.963|3.30/1.16+2.38 [0.93+0.05 |4.83+3.09 |-0.59+2.43 |-50.05+3.35/-17.11+3.23
propanol

19 |Dipropyl 16 0.997/1.08{1.27+1.35 [0.99+0.04 |-10.13+1.63|1.02+1.14 |-38.16+1.62(—
ether

20 |[Dibutyl 33(0.995(1.34|-0.16+0.92 |1.02+0.02 |-4.85+1.06 |0.53+1.17 |-38.62+1.64|-
ether

21 |THF 21(0.994(1.87|2.15+1.74 |0.98+0.04 |-18.25+2.77|3.22+2.05 |-33.57+2.20|-

22 |1,4-Dioxane |33[0.994|1.53(1.19+1.20 |0.84+0.03 |-19.04+1.47(1.42+1.04 |-31.91+1.50|-

23 | Ethyl acetate|54 |0.993|1.49|-1.42+0.87 [0.84+0.02 |-15.34+0.87(1.27+0.71 |-35.47+1.32|-

24 | Acetone 37(0.990(1.76/-0.20+1.27 |0.82+0.03 |-14.86+2.07|0.37+1.35 |-34.46+1.82|-4.33+2.27

25 |[Acetophenong15/0.998|1.05/2.16+1.04 |0.93+0.02 |-18.42+1.22(4.15+1.85 |-38.06+1.72|-

26 |Triethylamine|37/0.973|3.41|1.12+2.25 |1.07+0.05 |-2.66+2.64 |-2.96+3.00 |-58.71+3.08| -

27 |Aniline 19(0.987|1.62|-3.02+2.68 [0.52+0.11 |-14.56+2.71|-5.18+4.05 |-22.61+4.12(-18.13+2.93

28 |Nitrobenzene|21(0.994|1.50{2.16+1.33 [0.94+£0.03 |-16.19+1.23|2.29+1.67 |[-20.42+1.70(—

29 |Acetonitrile |35[0.994|1.29(0.62+1.15 |[0.74+0.04 |-17.67+1.60/1.56+1.28 |[-26.78+1.44|-7.83+1.80

30 |Benzonitrile |24(0.997|0.93/0.14+£0.89 (0.92+0.02 |-17.45£1.18|5.41+0.69 |-30.14+1.31(-

31 |Formamide |23(0.991|1.86/1.70+1.69 |[0.87+0.04 |-6.92+2.52 |0.61+2.69 |-32.29+1.97(-21.02+3.66

32 |DMF 77(0.990(1.98|0.70+£0.90 |0.80+0.02 |-19.50+0.90|0.06+£0.82 |-48.03+1.46|—

33 |[Pyridine 34(0.983(2.29|1.10+2.17 |0.94+0.07 |-15.12+1.99|2.92+1.66 |-47.74+2.37|-

34 |DMSO 56 (0.982(2.56|-0.91+1.66 |0.66+0.04 |-17.66+1.30|-2.95+1.22 |-51.57+1.99|—

35 |Acetic acid [21(0.974(2.38|3.95+3.39 |0.90+0.08 |-9.87+4.06 |-0.04+4.54 |-30.90+3.33|-19.90+6.98
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Table 2. Parameters of Eg. (6) for calculation of the enthalpies of solvation (kJ/mol) of solutes containing no alkyl groups
(N is the number of points)

No. Solvent Nl R | & [ h S r a b

1 |Hexadecane |14 (0.883|5.28(-8.70+5.23 |0.74+0.39 |-20.48+7.63|19.58£16.44 - -

2 |Benzene 18|0.996|1.23|0.33+2.37 [0.90£0.12 (-16.53+2.48|3.73+2.76 |-7.59+1.88 -

3 |Toluene 20]0.998|0.78|1.38+1.37 |1.02+0.06 [-14.77+1.17|6.14+1.46 |-11.01+1.21 -

4 |1,2-Dichloro- | 14]0.998|1.00|3.01+2.16 [1.02+0.13 [-14.01+3.82|6.10+2.51 |-11.01+1.97|-8.79£3.04
ethane

5 |[Chloroform |18]0.997|1.25(2.06+2.20 |[1.07+0.12 |-8.89+3.39 (4.58+2.68 |-6.70+2.04 |-19.99+3.43
6 |Tetrachloro- |23]0.998]|0.86(-0.82+1.41 (0.89+0.07 |-11.40+1.24{/0.83+£1.79 - -
methane
7 |Methanol 1710.990(1.53|3.12+3.18 [1.25+0.19 |-1.71+3.93 |7.34+4.75 |-34.59+2.57(-16.62+3.47
8 |[1-Hexanol 16 |0.977|2.44|1.15+5.51 |1.06+£0.33 |-0.30+5.86 |-0.44+8.58 |-35.20+4.27|-7.04+5.55
9 |THF 16 (0.991|1.95/2.89+3.95 (1.13+0.20 |-15.19+4.41|6.27+4.46 |-34.30+3.33 -
10 |1,4-Dioxane |18]0.992|1.87(4.29+3.60 |1.03+0.19 |-18.47+5.07(6.16+4.45 |-32.47+3.23 -
11 |[Ethyl acetate|17(0.998/0.88[1.93+1.78 |[1.02+0.09 |-18.88+1.77|8.30+2.02 |-33.65+1.49 -
12 |Acetonitrile |19]0.996|1.31(5.20+2.48 |1.07+0.14 |-13.48+3.78(8.74+3.04 |-27.09+2.31|-13.42+4.25

13 |DMF 19(0.988(2.29|5.82+4.15 |1.13+0.23 [-19.00+4.58(8.66+5.31 |[-45.26+3.51 -
14 | Pyridine 19(0.990(2.07|5.18+£3.96 |1.02+0.19 [-20.12+3.74(/6.44+4.61 |-44.49+3.16 -
15 |DMSO 19(0.988(2.28|3.81+4.37 |0.88+0.21 [-21.29+4.14/4.66+5.09 |[-46.88+3.48 -
Al ;';1\? Al Al and of the enthalpy of general dispersion interaction,
hAHsoh,zW (AH,giq *AHpi ). (14)  unless some assumptions are made.

solv
We consider Eq. (14) impossible to interpret as a According to Abraham [7] and Carr [8], the rest of
sum of the enthalpy of void formation in solvent Snonspecific solvation is estimated by the term,

11

0.9

0.8}

HEq. (9)]

0.7r

0.6

0.5 0.6 0.7 0.8 0.9 1.0 1.1
h[Eq. (6)]

Comparison of théa values for various solvents, calculated by Egs. (6) and (9) (the solvent numbers are given in Table 1).
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andst. The general dispersion interaction does nohonzero termsr), appears, which is dispersion in
exhaust the whole soluteolvent dispersion interac- hAHZ! and rR,.

tion. Therefore, Abraham [10] introduced an additi-

onal termrR,, wherer is a variable and, is deter-
mined by Eqg. (15).

Our calculations show that the sign of has a
physical sence only in the case of Eqg. (4). With
Eq. (6) (Table 1) the additional dispersion interaction
term rR, is most frequently endothermic. The resulti-
ng Sn;' terms are hardly interpreted by the above
reasons. However, with alcohols as solvents, this term
is also endothermic, which makes no sense. The latter
fact is inexplicable in terms of the peculiar features of
alcohols as solvents associated by H bondlng, since
in acetic acid and formamide the teran! is exo-
Sthermic. It seems that the parameters of nonspecific
Solvation in Egs. (4), (5), and (6) allow quantitative
description of the enthalpies of solvation, but the
resultlng data are difficult to interpret in terms of
physical sense. One more evidence for this impression
comes from the calculated enthalpies of vaporization
of liquid solutes (140 of the total of 183 solutes under
con5|derat|on) The enthalpy of vaporization &f
(AHvap) is equal but opposﬂe in sign to the enthalpy
of self-solvation of A, (AH Sol\,) [Eq. (16)]:

The interpretation of the constant' is difficult to /
understand. First, this interpretation varied with time. AHZ, = —AHY (16)

In earlier works [4, 72, 73] the constant, was
conS|dered to reflect solute dipolarity, but the ter :
st was admitted“hardly interpreted, since =" ntrlz;dblt)lonal [Egs. (5) and ()] and by Egs. (17a) and
includes, along with polarity, other contributions [14]. ‘

h:otred rticinﬂy’ﬂAbtrahalm t[? 7|4] ar;o:tCafrr [?t75] AHAI =i + llog Lyg + st + ds, + cTabispl, (17a)
stated that' re ecspoanypoarlzanyo solute HAA = Al H

while the productsz) was considered to account for Ml = 1+ hAHG, + suf + 1Ry + cZafzpE. (170)
dipole and dipoleinduction solventsolute interac- Here cZal'=p!Y relates to specific interactions of
tions by Carr [8] and‘plus some polarization interac- solvent molecules with each other and, in our opinion,
tion” by Abraham [7]. In his later works [7, 74] fully agrees with the ideology underlying Egs. (4),
Abraham omitted these mteractnons This indefinite{5), and (6). As seen from Table 3, equation (5), (6)
ness in the interpretation oty is not accidental. and (17a), (17b) fit the enthalpies of vaporization no

Solute and solvent molecules possess som@Orse than the enthalpies of solvation in a single
polarizabilities o, and ag and some nonzero dipole ?olvednt Hb“t the Iaﬁter tW?f equﬁatlﬁns ZhOUI% be pre-
momentspu, and pg It is quite unclear why the 'SI"®d. HOWEVET, the coefficients h, s, d, andr in

H , uch calculations make no physical sense.
productsr, for alkanes is equal to zero, regardless 015
the fact the energy of dipolénduction interactions ~ Such an intricate phenomenon as solvation can
between a polar solvent and an alkane is nonzero. Thgpparently by described by a combination of several
practically zero free term in Eq. (6) gives us no wayparameters. However, it is desirable, first, to do with
to explaining the zera} values for alkanes, as it was as little parameters as possible and, second, that ap-
done in [8]. If we accept thatc2 relates to solute plicability of multiparameter correlations be not be
dipolarity [4, 72, 73], then it is quite unclear why the estimated in terms of a quantitative criterion only.

=4 values for aromatic hydrocarbons wigia = 0 are Earlier we proposed [76] an alternative approach to
nonzero. It we accept, following Abraham [7, 74], thatcalculation of the enthalpies of solvation [Eq. (18)].
n;' relates to dipolarity and polarizability simultane- S A I

ously, then another contradiction arises. In the case of AHZ&gR(nonsp) = §hS — 3h' Vi + AHG,

solvation of nonpolar compounds by nonpolar sol giAHAMN — AHAM) — (h" - 8h')WA] + wo. (18)
vents, such as carbon tetrachloride or benzene, a

nature and should be accounted for in the terms This approach is based on comparison of the en-

R, = MRy — MR, (provided V{1 = V). (15)

There is an excellent correlation betweldr, and
Vi, which allows us to calculatéIR, for any Vy.
Since MR, correlates with the energy of dispersion
|nteract|on the terntR, has the following physical
sense. If we take two molecules with equal volumes
one of which is alkane, and exclude all interactions
except for dispersion, then the difference in the en:
thalpies or free energies of solvation of these twq
molecules will be equal to the produd®,. The latter
is additional dispersion interaction, white according
to Abraham [10], reflects the ability of solvent to
dispersion interactions withe and n electrons of
solute, which is characteristic of all organic com-
pounds, except for alkanes.

Two schemes were employed to calculamééﬁ
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Table 3. Parameters for calculation of the enthalpies of vaporization (kJ/mol) by Egs. (5), (6), (17a), andN1ligkthé
number of points)

Equation no.| N R S [ I h s

5 140 | 0.978 | 2.25 -5.59+0.75 -9.32+0.21 - -5.56+1.02

6 136 | 0.970 | 2.64 0.63+1.01 - 1.02+£0.03 -7.48+1.27

17a 140 | 0.979 | 2.17 -6.78+0.71 -9.01+0.19 - -9.46+0.74

17b 136 | 0.984 | 1.94 -0.18+0.73 - 1.01+0.02 -12.40+0.66
Equation no. d r a b c
5 3.66+0.59 - -40.62+1.39 -6.30+1.20 -
6 - 2.97+1.08 -41.57+1.72 -7.04+1.48 -

17a 4.36+£0.51 - - - -95.51+2.85

17b - 5.53+0.68 - - -102.87+2.66

Table 4. Specific enthalpies of void formatiot{S) for certain solvents [kd 100/(mol cn¥)] and parameters of Eq. (18)

for calculation of the enthalpies of nonspecific solvation (kJ/mol) in various solvBhtsthe numer of points)

No. Solvent 8hS N R S q w
1 |Benzene 5.02 52 0.991 1.09 1.55+0.03 -0.76+0.20
2 |[Toluene 2.65 46 0.991 0.82 1.32+0.03 -0.60+0.15
3 | p-Xylene 1.31 14 0.983 0.89 0.89+0.09 -1.13+0.40
4 | Mesitylene 1.10 30 0.964 111 0.99+0.06 -0.70+0.36
5 [1,2-Dichloroethane 8.56 42 0.991 1.53 2.31+0.05 -0.57+0.30
6 [Chlorobenzene 2.56 15 0.997 0.50 1.08+0.04 -1.12+0.23
7 |Trifluorobenzene 3.50 28 0.990 0.96 1.51+0.05 0.05+0.32
8 |[Dibutyl ether 0.53 27 0.971 0.66 0.67+0.04 -1.04+0.22
9 [THF 3.37 17 0.996 0.96 1.45+0.08 -4.09+0.42
10 |1,4-Dioxane 7.58 23 0.994 1.23 1.97+0.05 -2.68+0.30
11 |Ethyl acetate 5.98 44 0.990 1.26 1.79+0.04 -1.82+0.24
12 | Acetone 7.56 25 0.994 1.21 1.94+0.04 -1.66+0.27
13 [Acetophenone 5.35 9 0.997 0.74 1.86+0.09 -1.18+0.72
14 | Triethylamine 0.43 28 0.941 0.87 0.63+0.05 -1.08+0.30
15 | Nitrobenzene 5.04 12 0.993 1.29 1.68+0.08 -1.07+0.55
16 | Acetonitrile 10.22 23 0.997 0.98 2.20+0.04 -0.44+0.22
17 |Benzonitrile 5.30 16 0.998 0.58 1.82+0.03 -0.33£0.16
18 |DMF 8.78 46 0.992 1.42 2.29+0.04 -2.64+0.26
19 |Pyridine 6.22 20 0.994 1.28 1.89+0.05 -0.97+0.30
20 |DMSO 13.87 42 0.984 2.44 2.60+0.08 -2.56+0.45

thalpies of solvation in a given solvent S, cyclo-deviation for 20 solvents is 1.09 kJ/mol. Thus,
hexane ), and carbon tetrachloridél . The variable Eq. (18) compares with typical LSER equations
g shows how many times the relative enthalpy inter{Eqgs. (4)(6)] in the quality of description of the
action of solutes with solvent S is higher that thoseenthalpies of solvation but includes much less
with carbon tetrachloride. The solute parameter iwvariables.

more formal in nature. It was taken to be 1 for

aromatic compounds;1 for derivatives of aliphatic Summarizing the aforesaid, we can draw the fol-
hydrocarbonds, and O for solutes containing both alkylowing conclusion. The LSER principle provides fair
and aromatic substituents. The results of calculationst of experimental enthalpies of solvation. However,
by Eg. (18) are listed in Table 4. The mean standarthis principle is formal in nature and, therefore, the
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MULTIPARAMETER CORRELATIONS FOR DESCRIPTION 861
Table 5. Mutual correlation parameters of solutes
Parameter Vy log Lyg AHAL nf R, 8, Tl zph
Vy 1.000 0.863 -0.907 0.119 0.198 0.165 -0.128 0.079
log Lig 0.863 1.000 -0.986 0.577 0.641 0.526 0.043 0.222
AHA, -0.907 | -0.986 1.000 | -0.423 | -0.507 | -0.407 0.137 | -0.170
n'ﬁ' 0.119 0.577 -0.423 1.000 0.701 0.587 0.248 0.549
R, 0.198 0.641 -0.507 0.701 1.000 0.821 0.173 0.066
3,y 0.165 0.526 -0.407 0.587 0.821 1.000 0.093 0.014
XL -0.128 0.043 0.137 0.248 0.173 0.093 1.000 0.231
EBE‘ 0.079 0.222 -0.170 0.549 0.066 0.014 0.231 1.000

resulting data are difficult to interpret unambiguously The enthalpies of solution were determined at
in terms of contributions of different types of inter- 298 K in a calorimeter similar to that described in
molecular interactions into the enthalpy of nonspecifig48]. The cell volume was 100 ml, the final solute
solvation. We could demonstrate the possibility ofconcentration was no higher than 0.03 M. The en-
guantitative description of the enthalpy of nonspecifidhalpy of solution was averaged over&runs. The

solvation on the basis of much less formal assumpresulting enthalpies of solution at 298 K in kJ/mol
tions. were 18.5@0.14 (1-propanol in carbon tetrachloride),

. . 2.02+0.12 (diethyl ether in cyclohexane), and 10£73
Analyzing the results of calculations by Eqgs.-{4) 0.22 (acet(()phen%ne in cyc)I/ohexane). )

(6), we can note that the equations all give similar
estimates for the contribution of specific interactions Statistical calculations by Egs.<@), (17), and (18)
into the enthalpy of solvation anc;' + bZBE'). were performed by the multiple linear regression
Equation (18) we proposed here takes account of thechnique using the STATISTICA program.

Coinied s o e Sometboton o Shechc e, In calelaions by LSER equations, mual nar
Y P correlation of solute parameters is inadmissible. The

actions into the enthalpy of solvation, in terms of the . :
LSER principle inclusive, will be the subject of our mutual correlation parameters of the solutes in study

, o are given in Table 5. As seen from this table, the
following communications. mutual correlation coefficients for parameters entering
any of the LSER equation simultaneously are no

EXPERIMENTAL higher than 0.701 (mutual correlation coefficient of

The experimental enthalpies of solvation, used iz and Ro).
Ca|CU|ati'0nS,. were obtained by Eq. (7) The enthalpies The linear regression analysis by Eqgs-% and
of vaporization were taken from the literature [8, 15,(17) involved optimization of the free term of the
20, 24, 30, 31, 425, 58, 6570]. When several |inear equation. Equation (18) was preliminarily li-
different published values were available, those obnearized to obtain Eq. (19).
tained by calorimetry or found in more recent publica-
tions were usually preferred. The enthalpies of solu- YAS = gYA + wo. (19)
tion of nonelectrolytes in various solvents were AlS AlS Al s A
mostly taken from our previous works [1, 2, 13, 22,Here Y™™ = AHGG — AHy, — (8h™ — ShT)Vy.
39, 46-50] and from works of other authors 281, According to Eq. (13), th&/’S value is a difference
23-38, 40-45, 51-64]. Certain enthalpies of solution between the enthalpies of interaction of solute with
in cyclohexane and carbon tetrachloride we detersolvent S and cycloxehane, i.e. in calculations we
mined calorimetrically in the present work. used, instead of Eq. (18), its equivalent Eq. (19).

Solvents and solutes for calorimetric measuremengherew'th’ the free term in the latter equation was

. : . 'Yken to be a fixed value (zero). For this reason, the
were purlfled_and dried by the procedure descnbed "orrelation coefficients ob'fainegl by these equations
[77]. The residual water contents were determined b)éhould not be compared with the corresponding
electrochemical titration in a waste Fischer reactive haracteristics for Eps @) and (17) P
[78]. The resulting values for cyclohexane and carbor as- '
tetrachloride were less than 0.01 M. Along with the correlation coefficient®, in the
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tables including the results of multiple regressions.
analysis we also giv& values (standard deviations

of points from the regression line). The values ofig.
variables, obtained by statistical calculations by Eqgs.

(6), (17), and (18), are given in the corresponding20
tables with their standard deviations.
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