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ABSTRACT: A preferential solvation model that takes into account the enhancement of the structure of water when
small amounts of alcohol are added was applied to solvatochromic data for binary mixtures of water with 2-
methylpropan-2-ol, propan-2-ol, ethanol and methanol. Application of the model allows the calculation of the effect
of the enhancement of the water structure on solvatochromic solvent properties. It is demonstrated that the
enhancement of water structure increases the solvent dipolarity/polarizability and hydrogen-bond donor acidity and
decreases the solvent hydrogen-bond acceptor basicity. The effect decreases in the order 2-methylpropan-2-ol-water
propan-2-ol-water, ethanol-water and methanol-watet998 John Wiley & Sons, Ltd.
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INTRODUCTION mixtures to describe the enhancement of the water
structure. It was also shown that the enhancement of the
The thermodynamic and physical properties of alcohol- water structure by 2-methylpropan-2-ol and propan-2-ol
water mixtures exhibit peculiar behavioti:? These  increases its dipolarity and hydrogen-bond donor acidity
mixtures show a minimum in partial molar volufigand and decreases its hydrogen-bond acceptor basicity.
adiabatic compressibilit§;® a maximum in excess heat In the present study, we extended our analysis to
capacity”® and ultrasonic speéd® and a remarkable mixtures of water with two other common alcohols,
increase in light scatterifg in the composition range  ethanol and methanol. Solvatochromic data for seven
between 0 and 0.2 mole fraction of alcohol. This solvatochromic indicators in 25 different mixtures for
maximum or minimum tends to move towards lower each binary system were measured and analyzed by
alcohol contents whith increase in the length of the means of the previously developed motfel.The
alcohol carbon chain. These data suggest that at lowindicators studied were 1-ethyl-4-nitrobenzene, 4-nitro-
alcohol concentrations, water molecules tend to organizeanisole, 2-nitroanisole, 4-nitrophenol, 4-nitroaniline,
around the hydrophobic groups of the alcohol, forming 2,6-diphenyl-4-(2,4,6-triphenyl-1-pyridinio)-1-phenolate
low-entropy structures or ‘cages’ of fairly regular and (Reichardt's betaine dye) and sodium-{4-[4-(4-carboxyl-
longer living hydrogen bonds®’ This rearrangement of  atophenyl)-2,6-diphenyl-1-pyridinio]-2,6-diphenylpheno-
the hydrogen bonds caused by the alcohol enhances théate} (Reichardt's water-soluble betaine dye). The results
water structure and changes its properties. obtained allow a comparison of the effect of the four
In a previous study? solvatochromic indicators were  studied alcohols on the enhancement of the water
used to measure the dipolarity and hydrogen-bond structure and of the polarity and hydrogen-bond proper-
properties of 2-methylpropan-2-ol-water and propan-2- ties of these four different enhanced water structures.
ol-water mixtures. It was demonstrated that preferential
solvation models can be applied to alcohol-water

PREFERENTIAL SOLVATION MODEL

*Correspondence toM. Rose, Departament de Quica Analtica,
Universitat de Barcelona, Avda. Diagonal 647, 08028-Barcelona, The basis of the preferential solvation model used has
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Skwierczynskiand Connors'® This previous model is
basedon two solventexchangegrocesses:

I(S1), + 2S2= I(S2), + 2S1

I(S1), + S2= 1(S12), + S1

where S1 and S2 indicate the two pure solventsmixed
(alcohol and water, respectively),and S12 representsa
solvent formed by the interaction of solventsl and 2
(alcohol-water).The solvent S12 can have properties
quite different from thoseof solventsl and 2, as was
demonstratedor synergetiamixturest>**1(S1),, 1(S2),,
and|(S12), representhe indicator solvatedby solvents
S1,S2,andS12,respectively.

The constantof the two processesire definedby the
preferentialsolvationparameterd,;; andf;,; according
to the equations

X3/

fo, = 1
1= 8107 ®
fias = XXO//XXE 2

wherex;> x,°, andx;,> arethe mole fractionsof solvents
S1, S2 and S12, respectively,in the microsphereof
solvationof the indicator and x,° and x,? are the mole
fractionsof the two solventsin the bulk mixed solvent.
The parameter$,,; andf,,,; measurehetendencyof the
indicator to be solvatedby solventsS2 and S12 with
referenceto solventS1.

Consideringthat the addition of all different mole
fractionsmustbe equalto unity:

X% +x,=1 3)

the mole fractions in the sphereof solvation of the
indicator can be easily calculatedfrom the preferential
solvationparametersndthe solventcomposition(x,").*?

The solvatochromicproperty (Y) of the mixture is
calculatedasanaveragef the propertiesn puresolvents
S1,S2andS12(Y 4, Y, andY 1, respectively)according
to the mole fractionsof thesesolventsin the indicator’'s
microsphereof solvation:

Y =3Y1+ XYz + X3,Y12 (4)

andby substitutingx,®, X,° andx,,° into equation(4) the
following generalequationcanbe derived:

v Y1(1— 39)% + Yofp1 (38)% + Yaof1/1 (1 — X9)x3
(1= 8)% + /108)% + fiz2 (1 — x8)x3

()

However,to takeinto accountthe enhancemenif the
water structure,a correctionterm (A Y) proportionalto
the product of the mole fractions of alcohol and
structured water [equation (6)] had to be added to
equation(5):
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_ Kb (09)((1—9)° + fian (1 —x3)x/2]

Xg 2
AY
[(1—x9)?

wherek is the proportionalityconstant.
Combination of equation (5) and (6) gives the
following generalequation:

_ Va1 —0)° + Yoo ()" + Yaofiza (1 — x9)3
(1= %)% +2208)° + fiz2(1 - 8)%8

AY

(7)

which we previouslyappliedsuccessfullyto mixturesof
waterwith 2-methylpropan-2-chndpropan-2-obndthat
was also appliedhereto the mixtureswith ethanoland
methanol.

EXPERIMENTAL

Apparatus. A Perkin-Elmer Lambda-19 spectrophot-
ometer,with 10mm cells, electronicallythermostatedt
25°C, and connectedo a microcomputerwas usedfor
acquisitionof UV-visible absorbancelata.

Solvents and solvatochromic indicators. The solvents
(ethanol, methanol and water) and solvatochromic
indicators studied were the sameas usedin previous
studiest>*°

Procedure. Indicatordye solutionsof ca5 x 10 °—10*
mol 1-1 were preparedin 25 binary solvent mixtures
preparedy weightfor eachbinarysystematintervalsof
ca 0.05mole fraction. Narrowerintervalswere takenin
the regionbetween).80and1.00mole fraction of water
sincethereinforcemenbf thestructureof wateris mainly
observedn this region?

The spectraof the indicator dyes in the solvent
mixtures were recordedin the rangesA =250-310nm
(1-ethyl-4-nitrobenene), 260—-350hm (4-nitroanisole),
220-360nm (2-nitroanisole), 350-410hm (4-nitroani-
line), 280-350nm (4-nitrophenol) and 420-700nm
(Reichardt'shetainedyes).All measurementseremade
in triplicate andaveraged.

Computation of the wavenumbers of maximum
absorption. The wavenumber®f maximumabsorption
of theindicatorsfor the studiedmixtureswere obtained
by numericalsmoothingof the UV—visible spectreof the
solvatochromic dyes'® These wavenumbersfor the
mixtures of water with ethanol and methanol are
presentedn Tables1 and 2. The wavenumbersf the
2-methylpropan-2-ol—ater and propan-2-ol-watemix-
turesweregivenin a previouspaper-?
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Table 1. Experimental wavenumbers (in kK = 103cm™") for binary solvent mixtures of ethanol-water

IndicatoP

Xp08 A B C D E F G

0.000 36.65 32.85 31.23 32.09 26.90 18.13 18.11
0.050 36.61 32.78 31.14 32.02 26.81 18.19 18.19
0.100 36.52 32.72 31.10 31.95 26.73 18.23 18.21
0.150 36.48 32.65 30.99 31.91 26.66 18.30 18.25
0.200 36.41 32.59 30.92 31.86 26.59 18.37 18.29
0.250 36.39 32.53 30.83 31.82 26.52 18.42 18.34
0.300 36.32 32.48 30.78 31.78 26.47 18.50 18.38
0.350 36.28 32.43 30.71 31.76 26.44 18.57 18.45
0.400 36.21 32.37 30.65 31.74 26.38 18.62 18.50
0.450 36.13 32.32 30.61 31.70 26.35 18.68 18.53
0.500 36.09 32.26 30.55 31.66 26.29 18.76 18.62
0.550 36.02 32.21 30.50 31.66 26.26 18.86 18.67
0.600 35.97 32.15 30.43 31.63 26.20 18.92 18.78
0.650 35.91 32.08 30.40 31.59 26.16 19.03 18.83
0.700 35.77 32.01 30.25 31.56 26.11 19.15 18.99
0.750 35.61 31.93 30.16 31.51 26.07 19.30 19.06
0.800 35.48 31.82 30.01 31.47 26.06 19.52 19.26
0.825 35.42 31.76 29.93 31.47 25.99 19.70 19.36
0.850 35.32 31.71 29.88 31.46 25.96 19.90 19.63
0.875 35.19 31.65 29.82 31.46 25.97 20.17 19.85
0.900 35.14 31.63 29.76 31.46 25.99 20.49 20.16
0.925 35.09 31.61 29.74 31.50 26.06 20.8¢ 20.50
0.950 35.09 31.62 29.72 31.51 26.17 21.28 20.86
0.975 35.07 31.62 29.74 31.54 26.27 21.69 21.22
0.990 21.80 21.32
1.000 35.05 31.60 29.72 31.54 26.33 22.0¢ 21.61

ax.,2 = mole fraction of water.

b A = 1-ethyl-4-nitrobenzee; B = 4-nitroanisole,C = 2-nitroanisole;D = 4-nitrophenolE = 4-nitroaniline;F = Reichardt'sbetainedye; G = Reich-

ardt's water-solublebetainedye.
¢ Calculatedby ecLuation(Q).
Literaturevalue2°2*

RESULTS AND DISCUSSION

Preferential solvation of solvatochromic indica-
tors

The wavenumbersof maximum absorption of the
solvatochromicindicators were fitted to equation (7)
andthe parameterebtainedare presentedn Table 3.
1-Ethyl-4-nitrobenzee, 4-nitroanisoleand 2-nitroani-
solearecommonlyconsideredo be sensitiveonly to the
dipolarity/polarizability of the solvent?®=?? althougha
recentstudy demonstratedhat they may be capableof
acceptinghydrogenbonds?® Since they show positive
solvatochromisma decreasein the dipolarity/polariz-
ability of the solvent increasesthe wavenumberof
maximumabsorption.Table 3 showsthatthe wavenum-
berof maximumabsorptiorof the puresolventsncreases
in the orderwater (Y,), methanol,ethanol,propan-2-ol
and 2-methylpropan-2-ol(Y,). The dipolarity/polariz-
ability of the mixed 2-methylpropar2-ol-water propan-
2-ol-waterandethanol-wate612solventsmustbe very
similar, sincetheirwavenumbersf maximumabsorption
(Y10) are very similar. However, the mixed methanol-
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water S12 solvent must have a higher dipolarity/
polarizability becausets Y3, valuesare markedlylower.

The f,; values, which measure the preferential
solvationof the indicator by waterwith referenceto the
alcohol, increase in the order 2-methylpropan-2-ol,
propan-2-okndethanol.Thef,,,, values which measure
the preferentialsolvation of the indicator by the mixed
alcohol-wateS12solventwith referenceo thesolvation
by water, decreasein the order 2-methylpropan-2-ol,
propan-2-olethanolandmethanol The highf,,,, andfi,,
» valuesdemonstrat¢hatthe solvatochromidndicatoris
preferentiallysolvatedby the mixed alcohol-waterS12
solvent.This canbe alsoobservedn Fig. 1 which shows
thatS-shapegblotswould beobtainedf theenhancement
of the waterstructurewere not presentdashedines).

The enhancemenbf the water structure producesa
decreaseof the wavenumber especiallyat high water
concentrationgFig. 1). This effectis measuredy the k
parametein Table3, which increasesin absolutevalue,
in the order methanol, ethanol, propan-2-ol and 2-
methylpropan-2-ol. The effect of methanol on the
enhancemenbf the water structureis almost mean-
ingless.
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Table 2. Experimental wavenumbers (in kK = 103cm™") for binary solvent mixtures of methanol-water

IndicatoP

Xp08 A B C D E F G

0.000 36.43 32.72 31.10 32.15 27.02 19.34 19.15
0.050 36.33 32.67 31.02 32.09 26.94 19.42 19.19
0.100 36.31 32.60 30.95 32.04 26.86 19.42 19.21
0.150 36.25 32.55 30.87 31.98 26.79 19.41 19.23
0.200 36.18 32.49 30.78 31.94 26.68 19.53 19.30
0.250 36.11 32.41 30.72 31.89 26.61 19.55 19.30
0.300 36.06 32.34 30.62 31.83 26.52 19.67 19.37
0.350 35.98 32.27 30.57 31.81 26.47 19.72 19.36
0.400 35.90 32.21 30.49 31.74 26.40 19.70 19.47
0.450 35.82 32.15 30.41 31.72 26.35 19.77 19.48
0.500 35.74 32.08 30.34 31.66 26.29 19.85 19.61
0.550 35.65 32.01 30.25 31.66 26.23 19.97 19.72
0.600 35.57 31.94 30.18 31.65 26.19 20.09 19.77
0.650 35.49 31.89 30.10 31.61 26.17 20.19 19.86
0.700 35.41 31.81 30.02 31.59 26.13 20.30 19.99
0.750 35.32 31.76 29.94 31.58 26.12 20.50 20.12
0.800 35.27 31.72 29.89 31.57 26.13 20.64 20.41
0.825 35.21 31.69 29.85 31.55 26.14 20.88 20.53
0.850 35.18 31.66 29.83 31.58 26.16 21.07 20.67
0.875 35.17 31.66 29.81 31.58 26.19 21.2% 20.83
0.900 35.12 31.65 29.78 31.57 26.22 21.3% 20.92
0.925 35.10 31.64 29.77 31.57 26.26 21.55% 21.10
0.950 35.09 31.62 29.75 31.55 26.29 21.7F 21.24
0.975 35.11 31.59 29.74 31.53 26.32 21.89 21.40
0.990 21.93 21.43
1.000 35.04 31.57 29.73 31.54 26.36 22.0¢ 21.50

ax.,2 = mole fraction of water.

b A = 1-ethyl-4-nitrobenzee; B = 4-nitroanisole,C = 2-nitroanisole;D = 4-nitrophenolE = 4-nitroaniline;F = Reichardt'sbetainedye; G = Reich-

ardt's water-solublebetainedye.
¢ Calculatedby ecLuation(Q).
Literaturevalue2°2*

4-Nitrophenol and 4-nitroaniline are also positive
solvatochromicindicators, but in addition to solvent
dipolarity/polarizability they arealsosensitiveto solvent
hydrogen-bondacceptorbasicity. The combination of
thesetwo solventpropertiesdeterminegshatthe orderof
the wavenumberof the maximum absorptionof these
indicators(Y;, Y> and Yy,) for the alcohols,water and
alcohol-wateS12solventss differentto the orderfor 1-
ethyl-4-nitrobenzene4-nitroanisoleand 2-nitroanisole.
However the preferentialsolvationof the five indicators
(fo/1, f12/1 @andfyo))) is very similar. The enhancemenbf
the water structure measuredby 4-nitrophenoland 4-
nitroaniline (k) is similar for 2-methylpropan-2-ol,
propan-2-oland ethanol, and almost meaninglessfor
methanol.

Reichardt'sbetainedyesare negativesolvatochromic
indicators sensitiveto solvent dipolarity/polarzability
and hydrogen-bonddonor acidity to almost the same
extent?®?1?*Thewavenumbersf maximumabsorption
of the pure solvents(Y; andY,) increasein the order2-
methylpropan-2ol, propan-2-ol,ethanol, methanoland
water. The wavenumbersf maximumabsorptionof the
correspondinglcohol-wateiS12solvents(Yy,) increase
in the sameorder.The orderof the preferentialsolvation
parametergf,/,, f1o/1 andfi,/,) for thesebetainedyesis
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the sameasfor the otherindicatorsstudied.The effect of

the enhancemenbf the water structureon the wave-
numberof maximumabsorptiors greaterfor the betaine
dyesthan for the other indicatorsbecauseahey havea

much higher sensitivity to solvent properties(compare
the scalesin Figs. 1 and 2). In contrastto the other
indicators, k is positive becausebetaine dyes exhibit

negative solvatochromism However, the order of the

absolutek valuesfor the differentalcoholsis the sameas
the orderfor 1-ethyl-4-nitrolenzene 4-nitroanisoleand
2-nitroanisole.

For 2-methylpropar2-ol-water and propan-2-ol—
water mixtures, we reported an excellent correlation
betweenthe wavenumberf maximum absorptionof
Reichardt’s betaine dye (v¢) and Reichardt's water-
solublebetainedye (vg):*?

Ve = —2.70+ 1.1505(SD = 0.07,r% = 0.997,N = 42) (8)

Inclusionof the datafor ethanol-wateandmethanol—
watergivesalmostthe samecorrelation(Fig. 3):

vg = —2.30+ 1.13v5(SD = 0.07,r2 = 0.997,N = 86) (9)

As has been already reported® and can be easily
observedn Fig. 3 the datafor the mixturesrichestin 2-
methylpropan-2-otirop out from the correlation.
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Table 3. Parameters from equation (7) for mixtures of alcohols (S1) with water (S2)

Indicator Alcohol Yl Y2 Y12 f2/1 f12/1 f12/2a k SD
1-Ethyl-4-nitrobenzene 2-Methylpropan-2-ol 36.71 35.04 36.38 0.061 4.0 66 —-8.2 0.05
Propan-2-ol 36.69 35.06 36.39 0.39 82 21 -5.3 0.05
Ethanol 36.66 35.08 36.49 1.6 11 69 —-41 0.03
Methanol 36.41 35.06 35.43 0.37 1.0 27 -05 0.02
4-Nitroanisole 2-Methylpropan-2-ol 3296 3158 32.53 0.088 3.5 40 —-4.2 0.03
Propan-2-ol 3295 31.60 32.52 0.33 5.1 15 -3.4 0.03
Ethanol 32.86 31.62 3253 1.03 55 53 -27 0.02
Methanol 32.72 3158 3191 0.72 14 19 -0.2 0.01
2-Nitroanisole 2-Methylpropan-2-ol 31.25 29.71 30.71 0.080 2.7 34 —-4.4 0.03
Propan-2-ol 31.27 29.73 30.77 0.32 47 15 -39 0.03
Ethanol 31.25 29.75 30.82 0.87 57 6.6 -34 0.03
Methanol 31.10 29.74 30.08 0.40 15 38 -0.7 0.01
4-Nitrophenol 2-Methylpropan-2-ol 31.82 3153 31.69 0.20 69 34 -1.4 0.02
Propan-2-ol 3199 3153 31.72 0.55 7.1 13 -1.5 0.03
Ethanol 32.10 3156 31.84 215 84 38 -17 0.02
Methanol 32.14 3155 31.70 2.81 21 08 -01 0.01
4-Nitroaniline 2-Methylpropan-2-ol 26.43 26.37 26.56 0.30 53 18 -29 0.03
Propan-2-ol 26.54 26.36 26.45 036 41 11 -3.0 0.03
Ethanol 26.91 26.37 26.55 15 71 47 -36 0.03
Methanol 27.02 26.37 25.86 0.55 14 25 -0.6 0.01
Reichardt'sbetaine 2-Methylpropan-2-ol 15.31 22.00 17.68 0.063 34 54 11.7 0.13
Propan-2-ol 16.85 22.03 17.93 0.10 35 35 10.0 0.10
Ethanol 18.11 22.01 18.40 0.40 7.0 18 75 0.06
Methanol 19.38 22.03 21.55 0.027 0.25 9.3 0.1 0.05
Reichardt'swater-solublebetaine 2-Methylpropan-2-ol 15.29 21.55 17.73 0.084 44 52 9.7 011
Propan-2-ol 16.92 2151 17.82 0.14 4.7 34 89 0.10
Ethanol 18.11 2154 18.26 0.69 12 17 6.6 0.06
Methanol 19.16 21.48 20.98 0.032 0.25 7.8 0.3 0.03

a —_
f12/2 - fl2/l/f2/1-

Enhancement of the water structure measured by
solvatochromic parameters

The Kamlet-Taft parameters2>~2 of dipolarity/polar-
izability (7*), hydrogen-bondacceptorbasicity () and
hydrogen-bondlonoracidity («) of the studiedmixtures
were calculatedfrom the wavenumbersof maximum
absorption(v) of the studiedsolvatochromicindicators
by linear free-energyrelationships:

v=1vy+sr +bf+ax (10)

The vo, s, b and a coefficients for the different
solvatochromidndicatorsaregivenin Table4 122228

The solvatochront parameter®btainedfor the same
solventmixture from differentindicatorswere averaged

and the meansand standarddeviations obtained are
presentedn Table 5 and Fig. 4 for ethanol-wateand
methanol-watemixtures.The averagedt* valueswere
usedfor the calculationof the f ando parametersThe o
parametemwas calculatedonly from Reichardt'swater-
soluble betaine data, becausethe other «-sensitive
indicator (Reichardt’'sbetaine)is not soluble over the
whole compositionrange studied. Anyway, the wave-
numbersof bothindicatorsarelinearly related[equation
(9)] and the « valuescalculatedfrom the data on the
solubility rangeof bothindicatorsagreeto 0.01 or less.
The solvatochromicparametersfor 2-methylproparR-
ol-water and propan-2-ol-war mixtures have already
beenreported?

Thevariationof the solvatochromigarameter$or the

Table 4. Parameters for the sensitivity of solvatochromic indicators to solvent properties according to equation (10)

Indicator Vo s b a
1-Ethyl-4-nitrobenzene 37.67 —2.26 — —
4-Nitroanisole 34.12 —2.34 — —
2-Nitroanisole 32.56 —-2.43 — —
4-Nitrophenol 35.045 -1.65 —-2.89 —
4-Nitroaniline 31.10 -3.14 —-2.79 —
Reichardt’'sbetaine 10.91 3.87 — 5.38
Reichardt’swater-solublebetaine 11.63 3.46 — 4.81
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Figure 1. Wavenumbers of the maximum of absorption of 1-
ethyl-4-nitrobenzene in mixtures of water with 2-methylpro-
pan-2-ol (), propan-2-ol (O), ethanol (0) and methanol
(V). Continuous lines calculated using equation (7) from the
parameters in Table 3; dashed lines calculated using
equation (7) from the parameters in Table 3 but neglecting
the AY term. x,° is the mole fraction of water

four binary systemsstudied showsthat the dipolarity/
polarizability (z*) of the mixtures increaseswith the
contentof waterwith a maximumat a mole fraction of
water around0.99 for 2-methylpropan-2-ol-watemix-
tures,causedoy the enhancementf the waterstructure.
However,this maximum decreasesnd flattensout for
propan-2-ol-wair andethanol-wateranddisappear$or
methanol-watermixtures. The hydrogen-bonddonor
basicity () of the mixtures decreaseswith the water
content.2-Methylpropan-2-ol-w&r mixtures presenta
minimum for f ata mole fraction of waterof 0.99.This
minimum decreasefor propan-2-ol-watemixturesand

it is notobservedor ethanol-wateandmethanol-water.

The solventhydrogen-bondionoracidity («) of the pure
alcohols decreasesmarkedly in the order methanol
(x=1.14), ethanol («=0.98), propan-2-ol (= =0.76)
and 2-methylpropan-2-o[o = 0.44). This indicatesthat
o increasewvith the watercontentfor 2-methylpropan-2-
ol-andpropan-2-ol-watdr, butminimafor molefractions
of water around 0.7 are obtained for mixtures with
ethanoland methanol.

Theeffectof theenhancemerdf thewaterstructureon
the solventpropertiescan be easily calculatedfrom the
variationof thewavenumbersf maximumabsorptiorof
the solvatochromidndicatorscausedy this effect. This
variation of the wavenumbergAv = AY) can be calcu-
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Figure 2. Wavenumbers of the maximum of absorption of
Reichardt's water-soluble betaine dye in mixtures of water
with alcohols. Symbols and lines as in Fig. 1

latedfrom the parametergn Table3 throughequation(6)
andrelatedto the changein solventpropertiegAn*, Af
andAox) by meansf anequationsimilarto equation(10):

Av = SA7* + bASB + aAa (11)

wherethe s, b anda coefficientsaregivenin Table4.
Theseexcesgjuantitiesverecalculatedandareplotted

in Fig. 5 for the four solvent systemsstudied. The

enhancemerf the waterstructureproducesanincrease

23.0

19.0

17.0

Wavenumber of indicator F | kK

1 L L 1

19.0 21.0 23.0

15,0 -
150  17.0

Wavenumber of indicator G | kK

Figure 3. Correlations between the wavenumbers of the
maximum of absorption of Reichardt’s betaine dye (F) and
Reichardt's water-soluble betaine dye (G) indicators in
mixtures of water with alcohols. Symbols as in Fig. 1
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Table 5. Averaged solvatochromic parameters for binary solvent mixtures of ethanol and methanol with water calculated from
the wavenumbers in Tables 1 and 2 and equation (10) with the coefficients in Table 4

Ethanol-water

Methanol-water

x22 m* + SD B+ SD m* 4+ SD p+SD o

0.000 0.51+0.04 0.83+0.10 0.98 0.58+ 0.02 0.74+0.07 1.14
0.050 0.54+0.05 0.83+ 0.09 0.97 0.61+0.02 0.74+ 0.06 1.13
0.100 0.57+0.04 0.84+ 0.09 0.96 0.64+0.02 0.74+ 0.06 1.12
0.150 0.60+0.05 0.83+ 0.09 0.94 0.66+ 0.03 0.74+ 0.06 1.10
0.200 0.63+0.05 0.83+ 0.08 0.93 0.70+ 0.03 0.74+ 0.06 1.09
0.250 0.65+0.06 0.83+0.08 0.93 0.73+0.03 0.74+ 0.06 1.07
0.300 0.68+0.06 0.82+ 0.08 0.92 0.76+ 0.03 0.74+ 0.05 1.06
0.350 0.70+0.06 0.81+0.07 0.91 0.78+0.03 0.72+0.05 1.04
0.400 0.73+0.06 0.80+ 0.07 0.91 0.82+0.03 0.72+0.04 1.04
0.450 0.75+0.05 0.79+ 0.06 0.89 0.85+ 0.03 0.71+0.04 1.02
0.500 0.77+0.05 0.79+ 0.06 0.90 0.88+ 0.02 0.70+ 0.03 1.03
0.550 0.80+0.05 0.78+ 0.06 0.89 0.91+0.02 0.68+ 0.03 1.02
0.600 0.82+0.05 0.77+ 0.06 0.89 0.95+ 0.02 0.66+ 0.03 1.01
0.650 0.85+0.05 0.77+ 0.05 0.89 0.98+ 0.02 0.65+ 0.02 1.01
0.700 0.90+ 0.04 0.74+0.04 0.88 1.01+0.02 0.63+0.01 1.01
0.750 0.94+0.03 0.71+0.03 0.86 1.04+0.03 0.61+0.00 1.02
0.800 1.00+ 0.03 0.67+0.01 0.87 1.06+ 0.03 0.59+ 0.01 1.06
0.825 1.03+ 0.04 0.66+ 0.01 0.87 1.08+ 0.03 0.58+ 0.02 1.07
0.850 1.064 0.03 0.64+ 0.01 0.90 1.09+ 0.03 0.56+ 0.02 1.09
0.875 1.09+ 0.03 0.61+0.01 0.92 1.10+0.03 0.55+ 0.02 1.12
0.900 1.114 0.04 0.59+ 0.01 0.97 1.11+0.04 0.54+ 0.04 1.13
0.925 1.124 0.04 0.56+ 0.02 1.03 1.114 0.04 0.52+0.04 1.17
0.950 1.134 0.04 0.54+ 0.04 1.11 1.124 0.04 0.52+ 0.05 1.19
0.975 1.134 0.04 0.52+ 0.05 1.18 1.124+0.03 0.51+ 0.06 1.22
1.000 1.13+0.04 0.50+ 0.07 1.26 1.14+ 0.04 0.49+ 0.07 1.23

ax,%=Mole fraction of water.

in the solvent dipolarity/polarizability and hydrogen-
bond donor acidity and a decreasein the solvent
hydrogen-bonddonor basicity. In general, the largest
effect is observedfor 2-methylpropan-2-ol-watemix-

tures and decreasesn the order 2-methylpropan-2-ol—
water, propan-2-ol-waterethanol-waterand methanol—
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Figure 4. Solvatochromic parameters in aqueous binary
solvent mixtures: =* (), B (A) and « (O) in ethanol-water
and z* (M), S (A) and o (@) in methanol-water
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water mixtures.The mole fraction of waterat which the

effectis maximumdecreasef the samesolventorder.

The effect of the enhancemendf water structure on

solventpropertiesis appreciablefor the systemsof the

threealcoholswith thelongestcarbonchains,andalmost
meaningles$or methanol-wateit canalsobe observed
that the effect on the solvent dipolarity/polarizabilty

(An*) is almostthedoublethaton solventhydrogen-bond
propertieAf and Ax).

CONCLUSIONS

The enhancementf the water structurecausedby the
additionof smallamountsof alcoholsto watercaneasily
bestudiedby applicationof preferentiakolvationmodels
to solvatochromicindicator data. A comparisonof this
effects for agueousmixtures of 2-methylpropar-ol,
propan-2-ol,ethanoland methanolshowsthat the effect
decreasesngoingfrom thelongesto theshortestarbon
chainalcohols.The enhancementf the water structure
producesan important increasein solvent dipolarity/
polarizability (An* ~ 0.20+ 0.03) for 2-methylpropan-
2-ol-water, propan-2-ol-watemlnd ethanol-watemix-
tures. The same effect producesa minor increasein
hydrogen-bonddonor acidity (Ax~ 0.11+ 0.01) and
even a minor decreasein hydrogen-bondacceptor
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Figure 5. Excess solvatochromic parameters in mixtures of
water with alcohols caused by the enhancement of the
structure of water. Excess dipolarity/polarizability (Az*) and
hydrogen-bond donor acidity (Aa) as continuous lines and
excess hydrogen-bond acceptor basicity (Af) as dashed lines.
t-BUOH = 2-methylpropan-2-ol-water mixtures, i-PrOH =
propan-2-ol-water mixtures, EtOH = ethanol-water mixtures
and MeOH = methanol-water mixtures

basicity (Af ~0.07+0.05) for these three solvent
systemsThe effectfor methanol-watemixturesis very
small.
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