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ABSTRACT: Solution enthalpies ofn-hexane, acetone, butan-2-one and octan-2-one in a series of tetrachloro-
methane–acetonitrile mixtures and the carbonyl stretching absorption frequencies in the IR spectra of these ketones
were determined. It was found that over the whole range of concentrations (varying from neat tetrachloromethane up
to neat acetonitrile) the solvation enthalpy of these compounds can be obtained additively from the contributions of
the alkyl and carbonyl fragments. The solvent effect on the solvation enthalpy of the carbonyl group was found to be
satisfactorily correlated with the corresponding IR frequency shifts of the C=O group. It was also found that the
sensitivities of the carbonyl IR frequencies to the solvent composition are different for various ketones. From both IR
and calorimetric data, the preferential solvation parameters were evaluated. The differences between the IR spectro-
scopic and calorimetric data are discussed. 1998 John Wiley & Sons, Ltd.
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INTRODUCTION

Solvent effects on IR band frequencies and intensities are
well known, and there are several excellent reviews
devoted to these problems (see, e.g., Refs. 1–3). The most
extensively studied were the IR bands belonging to
characteristic stretching vibrations of solute molecules.
There are numerous studies of the solvent influence on
C�O,2,4,5S=O,6 P=O7 and C=O group frequencies.8–12

The observed effects are usually subdivided into those
due to specific (e.g. hydrogen bond formation) and non-
specific (electrostatic and dispersion) interactions.

A specific interaction usually results in the appearance
of new bands due to the AH���B complex formed by an H-
bond donor (A-H) with an H-bond acceptor (B). The
frequency shifts of A-H stretching vibrations due to the
H-bond formation have been thoroughly studied13–16and
will not be considered here. The shifts of�P=O, �S=O and
�C=O bands of H-bond acceptors are also well known.6–11

It should be noted that in some cases no new bands appear
on H-bond formation, and only the shifts of the existing
bands occur. This is usually the case when the H-bonds
are relatively weak. Examples of such systems (e.g.
Cl3C—H���O=C—R) have been extensively studied by
Nyquistet al.9,12

The non-specific solvent effects on the IR band

frequencies and intensities are usually considered within
the framework of the Onsager reaction field model.2–6,8,11

This model describes the interaction between the dipole
of the oscillating group and the surrounding continuous
dielectric medium. The solvation shell of the solute is
assumed to be spherical (or ellipsoidal) and totally
isotropic. Hence no difference is made between the
immediate surroundings of dipolar and non-polar frag-
ments of the same solute molecule.

It seemed of interest to correlate the solvent-induced
IR frequency shifts of the solute with thermodynamic
characteristics of solute–solvent interactions, obtained
from calorimetric experiments. A large quantity of data
on solution and solvation enthalpies has been docu-
mented (see, e.g., Refs 17–19). Analysis of these data
enables one to draw conclusions about different types of
solute–solvent interactions in the systems under study.
Thus, on the basis of the documented thermodynamic
data, scales of hydrogen-bond basicity and acidity were
designed.20–22

It should be kept in mind that the direct comparison of
IR and calorimetric data could reveal some apparent
contradictions. For example, it is well known that the
larger the dipole moment of the group under study, the
greater is the solvent effect on the IR frequencies to be
expected.1–3On the other hand, it has been shown that the
differences between solvation enthalpies ofo- and p-
dichlorobenzenes (having essentially different dipole
moments) in a wide number of solvents (including both
polar and non-polar types) are the same to within 2 kJ
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molÿ1.23 Similar resultshavebeenobtainedfor o-, m-
andp-isomersof dinitrobenzene,23 cis- andtrans-isomers
of dichloroethylene24 cis- andtrans-isomersof dicyano-
ethylene.23 It has been concluded that the solute’s
dipole23,24 andquadrupole25 momentsdo not noticeaby
affect the enthalpy and free energy of non-specific
solvation.23–29

There are several reasonsfor the apparentcontra-
dictionsbetweencalorimetricandIR spectroscopicdata.
First, thesolvationenthalpycharacterizesthe interaction
of the solventshell with a solutemoleculeas a whole.
However,only the interactionsof the solventmolecules
with acertainmoleculargroupof thesoluteareimportant
whenthesolventeffect on the IR bandis considered.

Second, it is known that the solvation enthalpy
contains the contributions of both solute–solventand
solvent–solvent interactions. The contribution of the
solvent–solvent interactionsis usually subdividedinto
the ‘cavity’ and the ‘solvent reorganization’terms.30,31

Themeaningof theformertermis theenthalpynecessary
to form acavityhavingthesizeof asolutemolecule.The
latter term reflectstheweakeningof the solvent–solvent
interactionsas a result of reorientationof solventmol-
eculesin the solvation shell. Such reorganizationalso
makesa certain contribution to the observedthermo-
dynamicparameterof solvation.At the sametime, the
solute–solventinteractions(but not the solvent–solvent
interactions)are mainly responsiblefor the frequency
shifts in infraredspectra.

Third, it should also be noted that various types of
intermolecularinteractions(electrostatic,dispersionand
specific) can reveal themselvesdifferently in IR and
thermodynamicdata.

Our previousstudieswere devotedto the analysisof
the contributions of various types of intermolecular
interactionsto the solvation enthalpiesand free ener-
gies.23–29,32,33 The aim of the present work was to
establishwhetherthechangesin thevibrationalfrequen-
ciesof thesoluteandthesolvationenthalpiesaredueto
thesamefactorsor not.A usefulapproachto thisproblem
is to studysolvationeffectsin binary solventmixtures,

which allows one to comparethermodynamicandnon-
thermodynamicdatawithin the conceptof local compo-
sition of the solvent shell.34,35 To make a correct
correlationof the experimentaldatait is alsonecessary
to divide thesolvationenthalpiesof compoundsinto the
contributionsof their moleculargroups.

EXPERIMENTAL

Tetrachloromethane,acetonitrileandketoneswerecom-
mercialproductswith puritiesof not lessthan99%.They
were purified and dried according to recommended
methods.36 The residualwater contentwas determined
by electrochemicaltitration in Karl Fischer reagent
mediumaccordingto the recommendationsin Ref. 37.
Theconcentrationswerefoundto belessthan0.05mol%
for ketonesand0.01mol% for othersubstances.

Solution enthalpieswere measuredat 298K with a
differential quasi-adiabaticcalorimeter.The technique
for thedeterminationof theheateffectswasdescribedin
more detail earlier.23,38 The volume of the calorimetric
cell was 100ml. The final soluteconcentrationdid not
exceed0.03 mol 1ÿ1. The absenceof a concentration
dependenceof the heat effects was controlled by
successivedissolution of four weighed samples.The
valuesof thesolutionenthalpiesgivenin Table1 arethe
averageof 4–6measurements.Thestandarddeviationsof
solutionenthalpiesarealsogiven in Table1.

Thecarbonylstretchingvibrationalfrequencies(�C=O)
were registered at 298K with a Specord M80 IR
spectrometercombined with a computer.The ketone
concentrationin the IR spectroscopicexperimentswas
variedin therange1.3� 10ÿ2–1.7� 10ÿ2 mol 1ÿ1. It is
well knownthatat this concentrationtheself-association
of ketonescanbe neglected.8,39. This wasconfirmedby
theabsenceof spectralchangeson furtherdilution of the
ketones.The reproducibility of �C=O valueswas better
than 0.05cmÿ1. The reproducibility of the scale of
wavenumberswas systematicallycontrolled by the IR
absorptionsof a polystyrenefilm.

Table 1. Solution enthalpies (DHsol, kJ/mol) of n-hexane and some aliphatic ketones in
tetrachloromethane±acetonitrile mixtures of various composition at 298 K. X2 is the mole fraction
of acetonitrile in the mixture

X2 n-Hexane Acetone Butan-2-one Octan-2-one

0.000 1.63� 0.08 2.70� 0.08 1.76� 0.07 1.15� 0.02
0.018 1.68� 0.06 1.87� 0.05 0.89� 0.01 0.65� 0.02
0.088 2.06� 0.06 0.42� 0.05 ÿ0.36� 0.05 ÿ0.71� 0.04
0.169 2.46� 0.08 ÿ0.23� 0.05 ÿ0.86� 0.03 ÿ0.83� 0.06
0.259 2.93� 0.08 ÿ0.52� 0.05 ÿ1.09� 0.06 ÿ0.88� 0.05
0.379 3.51� 0.08 ÿ0.73� 0.05 ÿ1.24� 0.02 ÿ0.62� 0.04
0.550 4.56� 0.08 ÿ0.83� 0.05 ÿ1.27� 0.02 ÿ0.18� 0.02
0.691 5.77� 0.08 ÿ0.81� 0.05 ÿ1.07� 0.02 0.64� 0.03
0.810 6.92� 0.11 ÿ0.73� 0.05 ÿ0.77� 0.02 1.68� 0.04
0.880 7.80� 0.12 ÿ0.64� 0.05 ÿ0.52� 0.02 2.46� 0.09
1.000 9.75� 0.16 ÿ0.38� 0.05 0.08� 0.01 4.11� 0.13
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To obtainthe preferentialsolvationparameter,the Q-
values were calculated for each investigatedsolvent
composition(Qi) usingequation(6).Thenthedispersions
for eachpoint (�Qi) wereevaluated:

�2�Qi� � 1

ti�Ti ÿ T2�2
" #2

�2�T1� � T1ÿ Ti

ti�Ti ÿ T2�2
" #2

�2�T2�

� T1ÿ T2

ti�Ti ÿ T2�2
" #2

�2�Ti� �1�

whereT1, T2 andTi arethe valuesof thepropertyunder
study measuredfor the neat components1 and 2
(tetrachloromethane, acetonitrile)andthemixedsolvent,
respectively;ti is the ratio ti = X2/X1; X2 andX1 are the
mole fractionsof acetonitrileandtetrachloromethanein
thebinarymixture.Thentheweightedaverageof Qi was
calculatedusing the inversedispersionsas the weight
coefficients.

RESULTS AND DISCUSSION

It is well known that the position of the carbonyl
stretching absorption in the IR spectrum of ketones
(�C=O) is stronglymediumdependent.8,39Thereis asolid
basisfor believingthat this dependenceis causedby the
changein theinteractionbetweenthecarbonylgroupand
the solventmolecule.From the standpointof solvation
thermodynamics,aliphatic ketones are of particular
interestsincethey consistof groupsthe solvationtrends
of which aredifferent. First, it shouldbe notedthat the
carbonylgroup of ketonesis capableof specific inter-
action with hydrogen-bond donor (HBD) solvents.
Second,as has beenshown earlier,26,32 the dispersion
interactionenergiesperunit volumeor surfaceareaof a
solute molecule are different for carbonyl and alkyl
groups.

Various types of the solute–solventinteraction (i.e.
specific and non-specific)can affect the carbonyl IR
absorptionbandin differentmanners.Therefore,in order
to simplify thesituation,it would bedesirableto selecta
seriesof solventsunableto undergospecificinteractions
with the carbonylgroup.However,the numberof such
solvents is very limited. Furthermore, the solution
enthalpiesof ketonesin suchsolventsdiffer veryslightly
from onesolventto another.In thiswork,binarymixtures
of acetonitrileand tetrachloromethanewere selectedas
the solventseries.Although acetonitrilepossessessome
weak HBD ability,40,41 the ratio of the energiesof
specificandnon-specificinteractionsbetweenthe C=O
group of the ketoneand the moleculeof acetonitrileis
likely to remainthe sameover the whole concentration
range.

Whenconsideringsolvationin mixed solvents,parti-
cular attentionhasto be focusedon the phenomenonof

preferential solvation. The simplest approach to its
analysisassumesthe binary solvent mixture to consist
of two immisciblephases,S1 andS2.

42 The preferential
solvationparameter(Q) of any solute(Ai) is the distri-
butioncoefficientbetweenthesetwo phases,accordingto
theequation

Q� CA
S1
=CA

S2
�2�

where CA
S is the concentrationof the solute (A) in a

phaseof thesolventS.
The deviationof the preferentialsolvationparameter

(Q) from unity characterizesthepreferentialsolvationof
the soluteby one of the two solvent components.The
magnitudeof somephysico-chemicalpropertyT of the
solutein the binary mixture canbe calculatedfrom the
magnitudesT1 andT2, measuredfor thesolutionsin neat
components1 and2:

T � T1 � T2Q�X2=X1�
1�Q�X2=X1� �3�

whereX1 andX2 arethemole fractionsof components1
and2 in thebinarysolventmixture.

The modelassuminganequilibrium betweensolvates
of two kinds in the mixed solvent mixture43 and the
modelconsideringthe mole fraction of eachcomponent
of the solventmixture in the microsphereof solvation44

lead to similar equations.In the first case,43 the Q-
parametermeansthe equilibrium constantbetweentwo
solvates:

A(S1)� S2� A(S2)� S1 �4�
In the second case,44 the preferential solvation

parameteris the ratio

Q� xS
2=x

S
1

x0
2=x

0
1

�5�

wherexS
1 andx0

1 arethe mole fractionsof solvent1 in
the microsphereof solvation and in the bulk of the
solventmixture, respectively.

Equation(3) canbe solvedfor the unknownQ value
usingtheexperimentalmagnitudesof T, T1 andT2:

Q� X1�T ÿ T1�
X2�T2ÿ T1� �6�

However, it should be noted that the preferential
solvationparametercanbecalculatedonly if thevalueT
lies betweenT1 andT2. As is evidentfrom Table1, this
condition is not met for the solution enthalpies of
aliphaticketonesin mixturesof tetrachloromethaneand
acetonitrile.

Insteadof thesolutionenthalpies,it is moreconvenient
to usethe transferenthalpies,DHA

trs, for comparisonof
thesolventeffectsfor a seriesof solutes:

�HA
trs � �HA=S

soln ÿ�HA=CCl4
soln �7�

whereDHA/S
soln is the solution enthalpyof soluteA in
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solvent S. In this work, the transfer enthalpieswere
calculated using tetrachloromethaneas the reference
solvent.Thetransferenthalpydoesnotcontaina termfor
solute–soluteinteractions or for solvation enthalpy,
which is determinedas the differencebetweensolution
enthalpy(DHA/S

soln) of a soluteA in solventS and the
vaporizationenthalpy(DHA

v):

�HA=S
solv � �HA=S

soln ÿ�HA
v �8�

The transferenthalpiesof acetone,butan-2-oneand
octan-2-one plotted against the molar fraction of
acetonitrileare shownin Fig. 1. As can be seen,there
arenolinearrelationshipsbetweenthetransferenthalpies
andthesolventcomposition.This indicatesthepresence
of preferential solvation of the solute. However, the
characterof the solvent compositiondependencesfor
ketonesdiffers from that for n-hexane.The transfer
enthalpy of n-hexane is a monotonically increasing
function of the concentrationof acetonitrile, but the
dependencesfor all theinvestigatedketonespassthrough
aminimum.This is thereasonwhy previouslymentioned
models of preferential solvation [equation (3)] are
inapplicable for describing the transfer enthalpiesof
ketones.

Comparingtherelationshipsplottedin Fig. 1, it canbe
assumedthat the alkyl groupsof ketonesare preferen-
tially solvated by tetrachloromethanewhereas the
carbonylgroupis selectivelysolvatedby acetonitrile.

Sincealkyl and carbonylgroupsof aliphatic ketones
arepreferentiallysolvatedby differentcomponentsof the
solventmixture, it would be of interestto determinethe
contribution of the carbonyl group to the transfer
enthalpyof the ketones.This can be made,assuming

the additivity of the solvationenthalpyof ketones,with
respectto the groupcompositionof their molecules.In
this case,

�HR1COR2
trs � �HCO

trs ��HR1;R2
trs �9�

whereHtrs is the transferenthalpy.
It hasbeenshownearlier33 thatthesolutionenthalpies

of liquid saturatedhydrocarbonsareproportionalto their
molar refraction(MR). Hencethe transferenthalpiesof
alkanes should also be proportional to their molar
refraction.On this basis,thecontributionof alkyl groups
to thetransferenthalpyof ketonescanbecalculatedusing
thetransferenthalpyof n-hexane,its molarrefractionand
the contribution of the alkyl groups to the molar
refractionof theketone:

�HR1;R2
trs � �Hn-hexane

trs
MRR1 �MRR2

MRn-hexane �10�

The molar refractionsof n-hexaneand alkyl groups
(MRCH3 = 5.65, MRC2H5 = 10.30, MRC6H13 = 28.91,
MRn-hexane= 29.96)were takenfrom Ref. 45. Then,the
contributionof thecarbonylgroupcanbecalculatedfrom
equation(9) usingtheexperimentallydeterminedtransfer
enthalpiesof theketones.

Thecontributionsof thecarbonylgroupto thetransfer
enthalpiesof acetone,butan-2-oneand octan-2-oneare
plottedagainstthemolefractionof acetonitrilein Fig. 2.
It is obviousthat sucha correlationfor the alkyl group
contributionis similar to that for the transferenthalpyof
n-hexane.The contribution of the carbonyl group, in

Figure 1. The transfer enthalpies (DHtrs, kJ/mol) of n-hexane
and aliphatic ketones as function of the mole fraction of
acetonitrile (X2) in the mixed solvents

Figure 2. The contributions of the carbonyl groups of
aliphatic ketones to their transfer enthalpies (DHCO

trs, kJ/mol)
as a function of the mole fraction of acetonitrile (X2) in the
mixed solvents. Continuous curves show the calculated
dependence, obtained by ®tting the data by Eq. (3)
(Q = 3.54, 3.64 and 3.14 for acetone, butan-2-one and
octan-2-one, respectively)
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contrast,decreasesmonotonicallywith increasingcon-
tentof acetonitrile.Becauseof this, equation(3) maybe
formally applied to them. The calculatedvaluesof the
preferentialsolvation parameterof the carbonyl group
were found to be 3.54� 0.35, 3.64� 0.33 and
3.14� 0.60 for acetone,butan-2-oneand octan-2-one,
respectively.

It is importantto notethattheQ-valuesof thecarbonyl
group of all the ketonesstudied are nearly the same
(within theerrorsof determination)atanycompositionof
thebinarysolventmixture.This justifiestheapplicability
of thegroupadditivity principleto thetransferenthalpies
of the investigatedketones.

It is widely acceptedthat the solvent effect on the
carbonyl stretchingabsorptionfrequencyof ketonesis
mainly dueto intermolecularinteractionsof thecarbonyl
groupwith its immediatesolvationshell. Henceit is of
interestto comparetheIR datawith theabovecalculated
contribution of the carbonyl group to the transfer
enthalpy.

We determinedthe wavenumbersof the carbonyl
stretchingabsorption(�C=O) of all ketonesat the same
compositionsof the binary solventmixture. Thesedata
are given in Table 2. The dependencesof �C=O on the
molefractionof acetonitrilehaveacomplexshape,ascan
beseenin Fig. 3.

It is of particular interest to correlate the carbonyl
wavenumbershifts with the contributionsof the C=O
group to the transfer enthalpies of ketones. These
correlationsare shown in Fig. 4. As can be seen,the
correlationsfor all the ketonesare nearly linear (the
correlation coefficients for acetone,butan-2-oneand
octan-2-oneare 0.993, 0.995 and 0.993, respectively).
This meansthatboth�C=O andthesolvationenthalpyof
the carbonylgroup are determinedmainly by the same
factors. However, the slopes of the correlations are
different.Thatis, thesensitivityof �C=O to changesin the
solvent polarity dependson the alkyl groups of the
ketone, in contrast to the solvation enthalpy of the
carbonylgroup.

Solvationenthalpyis oftenconsideredasconsistingof
two terms:46

�HCO
trs � �HCO

trs�solvÿÿsolv int:� ��HCO
trs�solvÿÿsoluteint:�

�11�
As hasbeenmentionedabove,the contributionof the

solvent–solventinteractionscan be representedby the

Table 2. The carbonyl stretching absorption wavenumbers
(�C=O, cmÿ1) of some aliphatic ketones in tetrachloro-
methane±acetonitrile mixtures of various composition at
298 K. X2 is the mole fraction of acetonitrile in the mixture

X2 Acetone Butan-2-one Octan-2-one

0.000 1718.59� 0.05 1720.9� 0.05 1719.20� 0.05
0.018 1717.17� 0.05 1720.2� 0.05 1718.53� 0.05
0.088 1716.57� 0.05 1718.6� 0.05 1717.20� 0.05
0.169 1715.83� 0.05 1717.6� 0.05 1716.32� 0.05
0.259 1715.37� 0.05 1716.7� 0.05 1715.46� 0.05
0.379 1714.97� 0.05 1716.0� 0.05 1714.85� 0.05
0.550 1714.43� 0.05 1715.3� 0.05 1714.08� 0.05
0.691 1714.12� 0.05 1714.8� 0.05 1713.55� 0.05
0.810 1714.02� 0.05 1714.4� 0.05 1713.32� 0.05
0.880 1713.79� 0.05 1714.2� 0.05 1713.17� 0.05
1.000 1713.81� 0.05 1714.0� 0.05 1712.79� 0.05

Figure 3. The carbonyl stretching absorption wavenumbers
(�C=O, cmÿ1) of aliphatic ketones as a function of the mole
fraction of acetonitrile (X2) in the mixed solvents. Continuous
curves show the calculated dependence, obtained by ®tting
the data by Eq. (3) (Q = 6.60, 4.54 and 3.85 for acetone,
butan-2-one and octan-2-one, respectively)

Figure 4. Correlations of the carbonyl stretching absorption
wavenumbers (referenced to tetrachloromethane) of alipha-
tic ketones (�C=O, cmÿ1) with the contributions of the
carbonyl groups to the transfer enthalpies (DHCO

trs, kJ/mol).
The errors of estimation are also shown
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sum of ‘cavity’ and ‘solvent reorganization’terms30,31.
Thus,

�HCO
trs � �HCO

trs�cav� ��HCO
trs�reorg� ��HCO

trs�solvÿÿsoluteint:�
�12�

Thethreetermsontheright-handsideof equation(12)
reflectthreestepsmodellingthesolvationprocess:31

Step I. Creation in the solvent of an empty cavity
havingthesizeof thesolutecreated.

StepII. Introduction of the solute moleculeinto the
cavity createdin the solvent. The solute polarizesthe
solventmolecules,including somereorganizationof the
solvent molecules around the cavity. The solvent
moleculesarereorientedsothattheir mutualinteractions
areweakened.

StepIII. Turning on of the solute–solventinteractions
yields the ‘charging’ energy.

One would expect a better correlation of the car-
bonyl wavenumbershifts with the interactionenthalpy
[DHCO

trs (solv–soluteint.)] thanwith thetransferenthalpyof
the cabonylgroup.The ‘cavity’ term [DHCO

trs (cav)] can
becalculatedusingthemethoddevelopedin Ref. 47:

�HCO
trs�cav� � �Hn-hexane

trs
MRCO

MRn-hexane �13�

However,there is no adequatemethodevluating the
‘solvent reorganization’term [DHCO

trs (reorg)]. A trivial
solutionis to neglectthis term; this makesno substantial
modification to the correlationsplotted in Fig. 4, apart
from a slight decreasein thecorrelationcoefficients.

Someadditionalinformationpermitsthedetermination
of the preferentialsolvationparameterscalculatedfrom
IR spectroscopicdata.Thesevalueswere found to be
6.60� 0.42, 4.54� 0.20 and 3.85� 0.19 for acetone,
butan-2-oneandoctan-2-one,respectively.

Onecanseefrom Fig. 3, andto a greaterextentfrom
Fig. 2, that there are systematic deviations of the
experimentalpointsfrom the curvecalculatedby fitting
equation(3). Thesedeviationsunequivocallyshowthat
an improvementof thesemodelsis necessaryin orderto
obtain better agreementwith the experiment.Never-
theless,we havelimited ourselvesto thesimplestmodel
of preferential solvation.42 Although the agreement
becomesbetter when using more complex approaches
(e.g.asdescribedin Refs.43,44and48),wethoughtthat,
within theframeworkof thisstudy,suchanimprovement
will lead mainly to an increase of the number of
parameters.

ThediscrepanciesbetweentheQ-valuesobtainedfrom
the calorimetric and IR spectroscopicdata are clear.
Enlargementof the alkyl group gives rise to a slight
decreasein the IR-determinedQ-values.It seemslikely
that this phenomenonis dueto shieldingof thecarbonyl
groupby thealkyl groups.Actually, agoodcorrelationis
observedbetweenthe IR-determinedQ valuesand the

Koppel–Palm steric hindrance constants49 of alkyl
groups(CH3 = 0, C2H5 = 0.27,n-C6H13 = 0.6).

CONCLUSIONS

The solvation enthalpiesof acetone,butan-2-oneand
octan-2-onein binary solvent mixtures of tetrachloro-
methanewith acetonitrile are each additive with the
respectto thegroupcompositionof theketones.Further,
the closeto linear correlationsbetweenthe recalculated
calorimetric and IR spectroscopic data show the
qualitative agreementin the interpretationof the data,
obtaineddifferently, on the basisof the samemodel of
preferentialsolvation.
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