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ABSTRACT: Solution enthalpies ofi-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 ts® @roup. 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 discus4edl998 John Wiley & Sons, Ltd.
KEYWORDS: calorimetry; IR spectra; ketones; solvation

INTRODUCTION frequencies and intensities are usually considered within
the framework of the Onsager reaction field motiéI®-*
Solvent effects on IR band frequencies and intensities areThis model describes the interaction between the dipole
well known, and there are several excellent reviews of the oscillating group and the surrounding continuous
devoted to these problems (see, e.g., Refs. 1-3). The mostlielectric medium. The solvation shell of the solute is
extensively studied were the IR bands belonging to assumed to be spherical (or ellipsoidal) and totally
characteristic stretching vibrations of solute molecules. isotropic. Hence no difference is made between the
There are numerous studies of the solvent influence onimmediate surroundings of dipolar and non-polar frag-
C=0,2%%5=0° P=0" and G=0 group frequencie$*>  ments of the same solute molecule.
The observed effects are usually subdivided into those It seemed of interest to correlate the solvent-induced
due to specific (e.g. hydrogen bond formation) and non- IR frequency shifts of the solute with thermodynamic
specific (electrostatic and dispersion) interactions. characteristics of solute—solvent interactions, obtained
A specific interaction usually results in the appearance from calorimetric experiments. A large quantity of data
of new bands due to the AHB complex formed by anH-  on solution and solvation enthalpies has been docu-
bond donor (A-H) with an H-bond acceptor (B). The mented (see, e.g., Refs 17-19). Analysis of these data
frequency shifts of A-H stretching vibrations due to the enables one to draw conclusions about different types of
H-bond formation have been thoroughly studied®and  solute—solvent interactions in the systems under study.
will not be considered here. The shiftsigf_o, vs—c and Thus, on the basis of the documented thermodynamic
vc=o bands of H-bond acceptors are also well kndWwh. data, scales of hydrogen-bond basicity and acidity were
It should be noted that in some cases no new bands appeadesigned® 22
on H-bond formation, and only the shifts of the existing It should be kept in mind that the direct comparison of
bands occur. This is usually the case when the H-bondsIR and calorimetric data could reveal some apparent
are relatively weak. Examples of such systems (e.g.contradictions. For example, it is well known that the
Cl;C—H---O=C—R) have been extensively studied by larger the dipole moment of the group under study, the
Nyquistet al %12 greater is the solvent effect on the IR frequencies to be
The non-specific solvent effects on the IR band expected:On the other hand, it has been shown that the
differences between solvation enthalpies csfand p-
*Correspondence tov. B. Novikov, Department of Chemistry, Kazan  dichlorobenzenes (having essentially different dipole
State University, Kremlevskaya Street 18, Kazan 420008, Russia. moments) in a wide number of solvents (including both
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mol~*.2* Similar resultshave beenobtainedfor o-, m-
andp-isomersf dinitrobenzené? cis- andtrans-isomers
of dichloroethylené* cis- andtransisomersof dicyano-
ethylene?® It has been concluded that the solute’s
dipole?*?* and quadrupol&® momentsdo not noticeaby
affect the enthalpy and free energy of non-specific
solvation?>~2°

There are several reasonsfor the apparentcontra-
dictionsbetweencalorimetricandIR spectroscopidata.
First, the solvationenthalpycharacterizeshe interaction
of the solventshell with a solute moleculeas a whole.
However,only the interactionsof the solventmolecules
with acertainmoleculargroupof thesoluteareimportant
whenthe solventeffecton the IR bandis considered.

Second, it is known that the solvation enthalpy
containsthe contributionsof both solute—solventand
solvent—solven interactions. The contribution of the
solvent—solven interactionsis usually subdividedinto
the ‘cavity’ andthe ‘solvent reorganization'terms3°-3*
Themeaningof theformertermis theenthalpynecessary
to form acavity havingthesizeof a solutemolecule. The
latter term reflectsthe weakeningof the solvent—solvent
interactionsas a result of reorientationof solventmol-
eculesin the solvation shell. Suchreorganizationalso
makesa certain contribution to the observedthermo-
dynamic parameternof solvation. At the sametime, the
solute—solveninteractions(but not the solvent-solvent
interactions)are mainly responsiblefor the frequency
shiftsin infraredspectra.

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

Our previousstudieswere devotedto the analysisof
the contributions of various types of intermolecular
interactionsto the solvation enthalpiesand free ener-
gies?*293233The aim of the presentwork was to
establishwhetherthe changesn thevibrationalfrequen-
ciesof the soluteandthe solvationenthalpiesaredueto
thesamefactorsor not. A usefulapproacho thisproblem
is to study solvationeffectsin binary solventmixtures,

which allows oneto comparethermodynamicand non-
thermodynamiaatawithin the conceptof local compo-
sition of the solvent shell®**> To make a correct
correlationof the experimentaldatait is alsonecessary
to divide the solvationenthalpiesof compoundsnto the
contributionsof their moleculargroups.

EXPERIMENTAL

Tetrachloromethangcetonitrileandketoneswere com-
mercialproductswith puritiesof notlessthan99%. They
were purified and dried according to recommended
methods®® The residualwater contentwas determined
by electrochemicaltitration in Karl Fischer reagent
mediumaccordingto the recommendationgn Ref. 37.
Theconcentrationsverefoundto belessthan0.05mol%
for ketonesand0.01 mol% for othersubstances.

Solution enthalpieswere measuredat 298K with a
differential quasi-adiabaticcalorimeter. The technique
for the determinatiorof the heateffectswasdescribedn
more detail earlier?>>® The volume of the calorimetric
cell was 100ml. The final solute concentrationdid not
exceed0.03 mol 171. The absenceof a concentration
dependenceof the heat effects was controlled by
successivedissolution of four weighed samples.The
valuesof the solutionenthalpiegyivenin Table1 arethe
averagef 4—6measurement3.hestandardieviationsof
solutionenthalpiesarealsogivenin Table 1.

Thecarbonylstretchingvibrationalfrequencie$vc=c)
were registered at 298K with a Specord M80 IR
spectrometercombined with a computer. The ketone
concentrationin the IR spectroscopi@experimentswas
variedin therangel.3x 10 >-1.7x 10 *mol 1 . It is
well knownthatat this concentratiorthe self-association
of ketonescanbe neglected>°. This was confirmedby
the absencef spectralichange®n furtherdilution of the
ketones.The reproducibility of vc—¢ valueswas better
than 0.05cm™*. The reproducibility of the scale of
wavenumbersvas systematicallycontrolled by the IR
absorptionf a polystyrenefilm.

Table 1. Solution enthalpies (AHs,, kJ/mol) of n-hexane and some aliphatic ketones in
tetrachloromethane—-acetonitrile mixtures of various composition at 298 K. X5 is the mole fraction

of acetonitrile in the mixture

X5 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 —0.36+ 0.05 —0.71+0.04
0.169 2.46+ 0.08 —0.23+0.05 —0.86+ 0.03 —0.83+ 0.06
0.259 2.93+0.08 —0.52+ 0.05 —1.09+ 0.06 —0.88+ 0.05
0.379 3.51+0.08 —0.73+0.05 —1.24+0.02 —0.62+0.04
0.550 4.56+ 0.08 —0.83+0.05 —-1.27+0.02 —0.18+0.02
0.691 5.77+0.08 —0.81+0.05 —1.07+£0.02 0.64+ 0.03
0.810 6.92+0.11 —0.73+0.05 —0.77+0.02 1.68+ 0.04
0.880 7.80+0.12 —0.64+ 0.05 —0.52+0.02 2.46+0.09
1.000 9.75+ 0.16 —0.38+0.05 0.08+0.01 411+ 0.13
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To obtainthe preferentialsolvationparameterthe Q-
values were calculated for each investigated solvent
compositionQ;) usingequation(6). Thenthedispersions
for eachpoint (6Q;) wereevaluated:

2 2
1 ST
Q) = Li T - Tz)zl 83(Ty) + 6T = Tz)zl 8 (To)
2
T1—Ts 2/
] 0 "

whereT,, T, and T, arethe valuesof the propertyunder
study measuredfor the neat componentsl and 2
(tetrachloromethanecetonitrile)andthe mixed solvent,
respectively;t; is the ratio t; = X5/X4; X, and X, arethe
mole fractionsof acetonitrileand tetrachloromethane
thebinary mixture. Thentheweightedaverageof Q; was
calculatedusing the inverse dispersionsas the weight
coefficients.

RESULTS AND DISCUSSION

It is well known that the position of the carbonyl
stretching absorptionin the IR spectrumof ketones
(vc=o) is stronglymediumdependent:*° Thereis asolid
basisfor believingthatthis dependencés causeddy the
changen theinteractionbetweerthe carbonylgroupand
the solventmolecule.From the standpointof solvation
thermodynamics,aliphatic ketones are of particular
interestsincethey consistof groupsthe solvationtrends
of which are different. First, it shouldbe notedthat the
carbonyl group of ketonesis capableof specificinter-
action with hydrogen-bonddonor (HBD) solvents.
Second,as has been shown earlier?®*? the dispersion
interactionenergieger unit volume or 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
absorptiorbandin differentmannersThereforejn order
to simplify the situation,it would be desirableio selecta
seriesof solventsunableto undergospecificinteractions
with the carbonylgroup. However,the numberof such
solvents is very limited. Furthermore, the solution
enthalpiesof ketonedn suchsolventddiffer very slightly
from onesolventto anotherln thiswork, binarymixtures
of acetonitrileand tetrachloromethangvere selectedas
the solventseries.Although acetonitrilepossessesome
weak HBD ability,*>** the ratio of the energiesof
specificand non-specificinteractionsbetweenthe C=0
group of the ketoneand the moleculeof acetonitrileis
likely to remainthe sameover the whole concentration
range.

When consideringsolvationin mixed solvents,parti-
cular attentionhasto be focusedon the phenomenorof

0 1998JohnWiley & Sons,Ltd.

preferential solvation. The simplest approachto its

analysisassumeghe binary solvent mixture to consist
of two immiscible phasesS, and S,.*? The preferential
solvation parameterQ) of any solute (A;) is the distri-

butioncoefficientbetweerthesewo phasesaccordingo

the equation

Q=Cg/Cé (2)

where C*g is the concentrationof the solute (A) in a
phaseof the solventS.

The deviationof the preferentialsolvationparameter
(Q) from unity characterizethe preferentialsolvationof
the solute by one of the two solventcomponentsThe
maghnitudeof somephysico-chemicaproperty T of the
solutein the binary mixture can be calculatedfrom the
magnitudesl; andT,, measuredor the solutionsin neat
componentd and?2:

o Tl + TZQ(XZ/X].) (3)
1+ Q(X/X)

whereX; andX, arethe mole fractionsof componentd
and?2 in the binary solventmixture.

The modelassumingan equilibrium betweensolvates
of two kinds in the mixed solvent mixture® and the
model consideringthe mole fraction of eachcomponent
of the solventmixture in the microsphereof solvatiorf
lead to similar equations.In the first case*® the Q-
parametemeansthe equilibrium constantbetweentwo
solvates:

AS) +S = A(S) +S1 (4)
In the second case’® the preferential solvation
parameteis theratio
X5/%E

Q = Xg/x(l) (5)

wherex®; andx’; arethe mole fractionsof solvent1 in
the microsphereof solvation and in the bulk of the
solventmixture, respectively.

Equation(3) canbe solvedfor the unknownQ value
usingthe experimentamagnitudesf T, T, and Ta:

_ X (T—-T)
C Xo(T2—Th) (6)

However, it should be noted that the preferential
solvationparametecanbe calculatedonly if thevalueT
lies betweenT, and T,. As is evidentfrom Table 1, this
condition is not met for the solution enthalpies of
aliphatic ketonesin mixturesof tetrachloromethanand
acetonitrile.

Insteacbf the solutionenthalpiesit is moreconvenient
to usethetransferenthalpiesAHAtrS, for comparisorof
the solventeffectsfor a seriesof solutes:

AHS = AHLLS — AHZ S (7)

trs soln soln

Q

where AHVS,,, is the solution enthalpyof soluteA in
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Figure 1. The transfer enthalpies (AH,s, kJ/mol) of n-hexane
and aliphatic ketones as function of the mole fraction of
acetonitrile (X5) in the mixed solvents

solvent S. In this work, the transfer enthalpieswere
calculated using tetrachloromethaneas the reference
solvent.Thetransferenthalpydoesnot containatermfor
solute—soluteinteractions or for solvation enthalpy,
which is determinedas the differencebetweensolution

enthalpy(AH"S,,) of a soluteA in solventS andthe
vaporizationenthalpy(AH",):
AHZGY = AHGE — AHP (8)

The transfer enthalpiesof acetone,butan-2-oneand
octan-2-one plotted against the molar fraction of
acetonitrileare shownin Fig. 1. As canbe seen,there
arenolinearrelationshipdetweerthetransferenthalpies
andthe solventcomposition.This indicatesthe presence
of preferential solvation of the solute. However, the
characterof the solvent compositiondependencesor
ketonesdiffers from that for n-hexane.The transfer
enthalpy of n-hexaneis a monotonically increasing
function of the concentrationof acetonitrile, but the
dependencefor all theinvestigatedketonegpasshrough
aminimum.Thisis thereasorwhy previouslymentioned
models of preferential solvation [equation (3)] are
inapplicable for describing the transfer enthalpiesof
ketones.

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

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

0 1998JohnWiley & Sons,Ltd.

the additivity of the solvationenthalpyof ketoneswith
respectto the group compositionof their molecules.In
this case,

AH RiCOR, _ AH CcO + AHII?SLRZ (9)

trs trs

whereHys is the transferenthalpy.

It hasbeenshownearlieP® thatthe solutionenthalpies
of liquid saturatedhydrocarbonsreproportionalto their
molar refraction(MR). Hencethe transferenthalpiesof
alkanes should also be proportional to their molar
refraction.On this basis the contributionof alkyl groups
to thetransferenthalpyof ketonesanbecalculatedising
thetransferenthalpyof n-hexaneits molarrefractionand
the contribution of the alkyl groups to the molar
refractionof the ketone:

MRR + MRR
R1.R; -
AHya™ = AHt?shexaneW

(10

The molar refractionsof n-hexaneand alkyl groups
(MR =565 MR“Hs=10.30, MR“H;3=28.91,
MR hexane- 59 96)were takenfrom Ref. 45. Then, the
contributionof thecarbonylgroupcanbecalculatedrom
equation(9) usingtheexperimentallydeterminedransfer
enthalpiesof the ketones.

The contributionsof the carbonylgroupto thetransfer
enthalpiesof acetone butan-2-oneand octan-2-oneare
plottedagainstthe mole fraction of acetonitrilein Fig. 2.
It is obviousthat sucha correlationfor the alkyl group
contributionis similar to thatfor the transferenthalpyof
n-hexane.The contribution of the carbonyl group, in

AHy,

_70 i 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0
Xz

Figure 2. The contributions of the carbonyl groups of
aliphatic ketones to their transfer enthalpies (AHC,, kJ/mol)
as a function of the mole fraction of acetonitrile (X5) in the
mixed solvents. Continuous curves show the calculated
dependence, obtained by fitting the data by Eq. (3)
(Q=3.54, 3.64 and 3.14 for acetone, butan-2-one and
octan-2-one, respectively)

JOURNAL OF PHYSICAL ORGANIC CHEMISTRY, VOL. 11, 283-289(1998)



SOLVENT EFFECTSON CHARACTERISTICSOF ALIPHATIC KETONES 287

contrast,decreasesnonotonicallywith increasingcon-
tentof acetonitrile.Becauseof this, equation(3) may be
formally appliedto 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 isimportantto notethatthe Q-valuesof the carbonyl
group of all the ketonesstudied are nearly the same
(within theerrorsof determinationjatanycompositionof
thebinary solventmixture. Thisjustifiesthe applicability
of thegroupadditivity principleto the transferenthalpies
of theinvestigatedketones.

It is widely acceptedthat the solvent effect on the
carbonyl stretchingabsorptionfrequencyof ketonesis
mainly dueto intermoleculainteractionsof the carbonyl
groupwith its immediatesolvationshell. Henceit is of
interestto comparethe IR datawith the abovecalculated
contribution of the carbonyl group to the transfer
enthalpy.

We determinedthe wavenumbersof the carbonyl
stretchingabsorption(rvc=c) of all ketonesat the same
compositionsof the binary solventmixture. Thesedata
aregivenin Table 2. The dependencesf vc=c on the
molefractionof acetonitrilehaveacomplexshapeascan
be seenin Fig. 3.

It is of particular interestto correlatethe carbonyl
wavenumbershifts with the contributionsof the C=0
group to the transfer enthalpies of ketones. These
correlationsare shownin 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 meanghatboth vc=c andthe solvationenthalpyof
the carbonylgroup are determinedmainly by the same
factors. However, the slopes of the correlations are
different. Thatis, thesensitivityof vc—g to changesn the
solvent polarity dependson the alkyl groups of the
ketone, in contrastto the solvation enthalpy of the
carbonylgroup.

Table 2. The carbonyl stretching absorption wavenumbers
(vc—o, cm™ ") of some aliphatic ketones in tetrachloro-
methane—acetonitrile mixtures of various composition at
298 K. X5 is the mole fraction of acetonitrile in the mixture

X, 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 171497+ 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+40.05 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
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Figure 3. The carbonyl stretching absorption wavenumbers
(vceo, <M~ ) of aliphatic ketones as a function of the mole
fraction of acetonitrile (X3) in the mixed solvents. Continuous
curves show the calculated dependence, obtained by fitting
the data by Eq. (3) (Q=6.60, 4.54 and 3.85 for acetone,
butan-2-one and octan-2-one, respectively)

Solvationenthalpyis often consideredsconsistingof
two terms#®

CO Cco CcoO
AHtrs = AHtrs(solvffsolvint) + AHtrs(solvffsoluteint.)

(11)

As hasbeenmentionedabove,the contributionof the
solvent—solventinteractionscan be representedy the

2.0
0.0 +
2.0
O
(H) Q acetone
>
<
40 O butanone
A 2-octanone
-6.0 +
_8.0 A, " ) 1
-8.0 -6.0 -4.0 -2.0 0.0 2.0

AHys

Figure 4. Correlations of the carbonyl stretching absorption
wavenumbers (referenced to tetrachloromethane) of alipha-
tic ketones (vc—o, cm™") with the contributions of the
carbonyl groups to the transfer enthalpies (AHC., kJ/mol).
The errors of estimation are also shown
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sumof ‘cavity’ and ‘solvent reorganization'terms®3:
Thus,

co CO Cco CO
AHtrs = AHtrs(cav) + AHtrs(reorg) + AHtrs(solv——soluteint.)

(12

Thethreetermsontheright-handsideof equation(12)
reflectthreestepsmodellingthe solvationprocess*

Stepl. Creationin the solvent of an empty cavity
havingthe size of the solutecreated.

Stepll. Introduction of the solute moleculeinto the
cavity createdin the solvent. The solute polarizesthe
solventmoleculesjncluding somereorganizatiorof the
solvent molecules around the cavity. The solvent
moleculesarereorientedsothattheir mutualinteractions
areweakened.

Steplll. Turningon of the solute—solveninteractions
yieldsthe ‘charging’ energy.

One would expect a better correlation of the car-
bonyl wavenumbershifts with the interactionenthalpy
[AH®®ys (solv_soluteinty] thanwith thetransferenthalpyof
the cabonylgroup. The ‘cavity’ term [AH s (cav)] Can
be calculatedusingthe methoddevelopedn Ref. 47:

AH coO — AH n-hexane MRCO

trs(cav) trs MR hexane (13)
However,thereis no adequatemethodevluating the
‘solvent reorganization’term [AH%s (eorg]- A trivial
solutionis to neglectthis term; this makesno substantial
modificationto the correlationsplotted in Fig. 4, apart
from a slight decreasén the correlationcoefficients.

Someadditionalinformationpermitsthedetermination
of the preferentialsolvation parametergalculatedfrom
IR spectroscopidata. Thesevalueswere found to be
6.60+ 0.42, 4.54+ 0.20 and 3.85+ 0.19 for acetone,
butan-2-oneand octan-2-onerespectively.

Onecanseefrom Fig. 3, andto a greaterextentfrom
Fig. 2, that there are systematic deviations of the
experimentalpointsfrom the curve calculatedby fitting
equation(3). Thesedeviationsunequivocallyshow that
animprovemenif thesemodelsis necessaryn orderto
obtain better agreementwith the experiment.Never-
thelesswe havelimited ourselvego the simplestmodel
of preferential solvation?? Although the agreement
becomesbetter when using more complex approaches
(e.g.asdescribedn Refs.43,44 and48), wethoughtthat,
within theframeworkof this study,suchanimprovement
will lead mainly to an increaseof the number of
parameters.

Thediscrepanciebetweerthe Q-valuesobtainedrom
the calorimetric and IR spectroscopicdata are clear.
Enlargementof the alkyl group gives rise to a slight
decreaseén the IR-determinedQ-values.It seemdikely
thatthis phenomenoiis dueto shieldingof the carbonyl
groupby thealkyl groups.Actually, agoodcorrelationis
observedbetweenthe IR-determinedQ valuesand the

0 1998JohnWiley & Sons,Ltd.

Koppel-Palm steric hindrance constants’ of alkyl
grOUpS(CHg =0, CzH5 =0.27, n'CGH]_g: 06)

CONCLUSIONS

The solvation enthalpiesof acetone,butan-2-oneand
octan-2-onein binary solvent mixtures of tetrachloro-
methanewith acetonitrile are each additive with the

respecto the groupcompositionof the ketonesFurther,
the closeto linear correlationsbetweenthe recalculated
calorimetric and IR spectroscopic data show the

qualitative agreemenin the interpretationof the data,
obtaineddifferently, on the basisof the samemodel of

preferentialsolvation.
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