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The enthalpies of dissolution (A//~ of aniline in mixtures of water with methanol and 
tert-butyl alcohol were determined in the whole concentration range of mixed solvents at 
25 ~ Maxima of endothermicity were found in both systems at -0.3 and -0.06 molar 
fractions, respectively. The data obtained were compared with the thermochemical charac- 
teristics of the nonelectrolytes studied previously (dimethylsulfoxide, nitromethane, formamide, 
etc.). The conclusion was drawn that the behavior of aniline in water--alcohol mixtures is 
mainly determined by its proton-donating ability and solvation of the benzene ring. A 
comparison of acoustic data and spectral and thermodynamic characteristics showed that 
thermochemical data are the most sensitive indicator tbr energy and structural changes 
occurring upon variation of the composition of a mixed solvent. 
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Aniline as aromatic amine is a strong base. At the 
same time, it can be a proton donor in reactions with 
bases. In water-organic media, aniline can manifest both 
properties. 

The dissolution enthalpies (AH~ of aniline t and 
n i t romethane  (NM) z in mixtures of water wit'h 
hexamethylphosphotriamide (HMPA) have been deter- 
mined. Similar measurements have been performed for 
acetonitrile (AN), propylene carbonate (PC), and NM 
in mixtures of water with tert-butyl alcohol. 3,4 In all 
systems indicated, the dependences AH~ = f(,~ have 
pronounced maxima at the content of a nonaqueous 
component X = 0.05--0.07 molar fractions. The disso- 
lution enthalpies of AN, PC, and NM in mixtures of 
water with methanol reach maximum values at X = 
0.2--0.3 molar fractions of alcohol. 3,5 However, the 
dependences A[/~ = )~X') do not always exhibit the 
extreme character: for example, the dissolution enthalp- 
ies of dimethylsulfoxide (DMSO) in the H20--MeOH 
and H20--ButOH mixtures have no maxima; the exo- 
thermicity of dissolution of DMSO in both systems 
decreases continuously as the content of the nonaqueous 
component  increases. 3,4 The same behavior is charac- 
teristic of HMPA in mixtures of water with methanol, 
ethylene glycol, or glycerol. 5,6 

Organic compounds can be conventionally classified 
by their electron donor-acceptor (EDA) ability into 
predominantly electron donors and predominantly elec- 

tron acceptors. 5,7 From this viewpoint, DMSO and 
HMPA are predominantly electron donors, and AN, 
NM, and PC are predominantly electron acceptors 
(rather than H-donors). In the first case, the depen- 
dences AH~ = f(X) have no maxima, and in the sec- 
ond case, they do. Therefore, the thermochemical be- 
havior of aniline (a strong electron donor in the H20--  
HMPA system) seems rather unusual, especially if it is 
taken into account that for such different (by EDA 
ability) nonelectrolytes as PhNH 2 and NM, the posi- 
tions and heights of maxima on the curves of change of 
the dissolution enthalpies (relative to the value of the 
dissolution enthalpy in water) virtually coincide, l,z This 
suggests that solvation of aromatic compounds in water- 
organic solvents has specific features as compared to 
that of aliphatic derivatives. It is of interest to compare 
the data for two amines (PhNH2 and BuNH2) in two H 
bond-associated solvents, water and n-octanol. 8-11 In 
water the dissolution enthalpies are equal to 1.8 (PhNH2) 
and -24.0 kJ mol - !  (BuNH2) , and in n-octanot they 
are 4.6 and - 9 . 4  kJ mo1-1, respectively. These data 
illustrate the aforesaid well. Note that aniline is one of 
the few liquid nonelectrolytes whose dissolution en- 
thalpy in water is positive. 

In this work, we thermochemically studied solutions 
of aniline in H20- -MeOH and H20--Bu~OH mixtures 
(Table 1). These organic solvents were chosen because 
ButOH is one of the most hydrophobic nonelectrolytes 

Translated from Izvestiya Akademii Nauk. Seriya Khimicheskaya, No. 12. pp. 2471--2478, December, 1998. 

1066-5285/98/4712-2391 $20.00 �9 1999 Kluwer Academic/Plenum Publishers 



2392 Russ.Chem.Bull.. Vol. 4Z No. 12, December, 1998 M a n i n  et aL 

Table 1. Dissolution enthalpies (A/Tnsol/kJ mol-Jt  of aniline 
in mixed water-alcohol solvents at 25 ~ 

XMeOH a H20- -MeOH XgutoH a H20--BuzOH 
m z'. 10 4 A/pnsol c mb" 104 A/-P~so I 

0 136 1.81 0.0120 366 
138 1.76 735 
238 1.78 
263 1.75 
441 1.79 0.0277 498 
706 1.78 

[1.78] 0.0465 407 
0.0060 301 2.0l 0.0588 347 
0.0089 174 2.22 0.0736 388 
0.0227 278 2.68 0.1009 477 
0.0535 251 4.43 0.2034 411 
0.07t5 146 5.34 0.2943 464 

923 
0.0893 136 5.84 
0.1313 141 7.20 0.4963 560 
0.1950 988 8.56 0.7433 637 
0.3391 454 7.78 0.8441 564 
0.5219 271 3.52 0.8994 569 
0.7260 767 0.74 0.9368 870 
0.8636 147 -1 .12 0.9878 187 

689 
0.9014 
0.9267 
t .0000 

149 -1.47 
120 -1 .73 
79 -2 .53  

120 - 2 . 5  l 
257 -2 .53  
618 -2 .52  

1046 -2 .50  
[-2.521 

1.0000 

4.69 
4.51 

[4.60] 

8.46 

14.35 
16.17 
14.40 
t 1.25 
6.88 
5.62 
5.54 

[5.581 
5.05 
5.78 
6.83 
7.90 
8.50 

10.54 
10.80 

[10.671 
11.20 a 

X is the content  of the nonaqueous component  of  the solvent 
~,motar fractions). 
b m/tool kg -I  is molarity of  the dissolved substance. 
c The mean arithmetic values are presented in brackets. 
d A/annsol of  aniline at X = 1.0000 molar fractions of ButOH 
was obtained by extrapolation. 

by its ac t ion  on water .  In  addi t ion ,  it is the  single 
a lcohol  o f  i somer ic  butyl  a lcohols  t ha t  is indef ini te ly  
soluble in water.  T h e  H 2 0 - - B u t O H  sys tem has  b e e n  
s tudied  for  m a n y  years  by various m e t h o d s ,  bu t  n o  
c o m p l e t e  i n f o r m a t i o n  has  been  ob ta ined .  T h e  H 2 0 - -  
M e O H  sys tem is a t r ad i t i ona l  objec t  for  s tudies ,  s ince 
m e t h a n o l  also possesses hyd r ophob i c  proper t ies ,  a l though  
they  are cons ide rab ly  less p r o n o u n c e d  t h a n  in  the  case 
o f  Bu tOH and  H M P A .  Bo th  a lcohols  ( m e t h a n o l  and  
t e n - b u t y l  a l coho l )  are c h a r a c t e r i z e d  by  t h e  i n t e r m o l e c u -  
lar H b o n d ,  which  a l lows t h e m  to be  classified as 
associated liquids.  To  get  a c o m p l e t e  p a t t e r n  and  reveal 
genera l  t endenc i e s ,  t h e  results  ob t a ined  in this  work are 
given in c o m p a r i s o n  wi th  t he  data  for o t h e r  e lec t rolytes  
publ i shed  previously,  z - 7  

T h e  so tva t ion  process  and  the  s tate  o f  a roma t i c  c o m -  
pounds  in w a t e r - o r g a n i c  mix tures  are also of  in teres t  
owing to the  fact t ha t  s tudies  o f  the  s o l va t och r omic  
charac te r i s t i c s  o f  these  so lvents  12,13 have recent ly  be-  

come  m u c h  more  numerous ;  in add i t ion ,  s o l v a t o c h r o m i c  
indica tors  are a r o m a t i c  c o m p o u n d s :  n i t r o p h e n o l ,  n i t ro -  
ani l ine ,  and  the i r  der ivat ives .  In par t i cu la r ,  t hese  s tudies  
have been  pe r fo rmed  r ecen t l y  13 for t he  H 2 0 - - B u t O H  
system. 

E x p e r i m e n t a l  

The following solvents were used: methanol (reagent grade), 
which was purified and dehydrated according to the standard 
procedure 14 by distillation with calcium methylate; ButOH 
(analytical purity grade), which was slowly frozen, then the 
liquid fraction was removed, and the solid fraction was melted 
(the procedure was carried out twice); and aniline purified by 
triple vacuum distillation (according to GLC analysis, the 
water content was <0.5 wt.%). Aniline was stored not longer 
than I month in the dark. 

The water content (according to the data of  titration by the 
Fischer reagent 15) was not  greater than 0.04 and 0.15 wt.% for 
MeOH and ButOH, respectively. 

The water--alcohol mixtures were prepared by the gravi- 
metric method with an accuracy to 0.0001 molar fractions 
using freshly prepared bidistilled water (specific electro- 
conductivity 1 �9 10 -5 Ohm -~ cm- t ) .  

The dissolution enthatpies were measured by a tempera- 
ture-variable calorimeter with an isothermic shell. A glass 
ampoule containing 0.2 mL aniline was broken in a calorimet- 
ric vessel containing 60 mL of  the solvent. Note that an 
ampoule-type calorimeter provides higher accuracy of  mea- 
surements than a titration calorimeter, la The accuracy of 
maintenance of  the temperature of  the calorimeter shell was 
+0.002 K. The instrument error of  measurements was not 
higher than 0.5%, and reproducibility of  results was not worse 
than 0.1%. Arithmetic mean values of heat effects of  dissolu- 
tion A/-/msol were accepted as the standard values of dissolution 
enthalpies, since no dependence of A//msol on the concentra- 
tion of aniline was observed. 

The values obtained for dissolution enthalpies (kJ tool - I )  
of aniline in water, methanol,  and tert-butyl alcohol agree with 
the literature data presented in parentheses: 1.78 (1.82• 1 
(l.78); s -2 .52  ( -2 .59•  li and 10.67 (11.2l• n re- 
spectively. 

R e s u l t s  and  D i s c u s s i o n  

T h e  p a r a m e t e r s  c h a r a c t e r i z i n g  the  so lva t ing  abil i ty of  
the  c o m p o u n d s  a n d  sizes o f  m o l e c u l e s  are p resen ted  in 
Table  2. T h e  p a r a m e t e r s  o b t a i n e d  up  to  t he  present  t ime  
for  mixed H 2 0 - - M e O H  a n d  H 2 0 - - B u t O H  solvents  are 
s h o w n  in Fig. 1. T h e  bas ic i ty  ( H - a c c e p t o r  abil i ty)  o f  a 
mix ture  is re f lec ted  by t he  p a r a m e t e r  1313 (or  BKT21). 
The  BKT p a r a m e t e r  o f  m i x t u r e s  o f  w a t e r  wi th  m e t h a n o l  
was d e t e r m i n e d  us ing  a pa i r  o f  ind ica tors :  p - n i t r o -  
aniline/N,N-diethyl-p-nitroaniline. 21 T h e  13 p a r a m e t e r  
for the  H 2 0 - - B u t O H  sys tem has  b e e n  o b t a i n e d  recent ly  
from the  s o l v a t o c h r o m i c  cha rac t e r i s t i c s  o f  t he  p - n i t r o -  
p h e n o l / p - n i t r o a n i s o l e  sys tem. In  T h e  a u t h o r s  o f  Ref. 13 
presen ted  no  13 values  for  w a t e r  and  te r t -buty l  a lcohol ;  
therefore ,  t he  c o r r e s p o n d i n g  va lues  were  t a k e n  from 
Ref. 20 for the  s a m e  pai r  o f  i n d i c a t o r s  (see Table  2). 
The  ET N p a r a m e t e r  ( n o r m a l i z e d  E T values)  o f  the  wa-  
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Table 2. Empirical parameters and physicochcmical characteristics of compounds at 25 ~ 

Corn- ET 17 E 18 B ta A N  19 D N  19 [320 BKT 20 AH~a p V m 
pound /kJ tool -I  /cm 3 tool -I 

HMPA 40.9 -0 .2  234 10.6 38.8 0.97 1.00 65.0 175.7 
ButOH 43.9 5.15 -- 27.1 >20 0.91 0.95 46.8 94.9 
PhNH 2 44.3 6.15 210 28.8 a 33.3 b -- -- 56.8 91.2 
DMSO 45.0 3.7 193 19.3 29.8 0.72 0.74 52.8 71.3 
AN 45.6 5.21 101 18.9 14.1 -- -- 33.3 52.9 
NM 46.3 5.15 58 20.5 2.7 -- -- 38.3 54.0 
PC 46.6 -- -- 18.3 15.1 --  -- 49.8 85.2 
MeOH 55.4 14.94 -- 41.3 19.0 0.70 0.62 37.5 40.7 
FA 56.6 14.59 -- 39.8 24.0 -- -- 60.1 39.9 
H20 63.1 21.8 I23 54.8 18.0 0.47 0.14 44.0 18.1 

Note. E T is the Dimroth--R, eichardt parameter, E and B are the electrophilicity and nucleophilicity 
parameters, AN and DN are the acceptor and donor numbers. 
a Determined from the linear dependence of AN on E in the series ButOH, priOH, PrnOH, BunOH, EtOH, 
and H20; the linear dependence of AN on E T (ButOH, priOH, EtOH, and MeOH) gives the value 
AN (PhNH 2) = 27.3. 
b Determinedl9 from the dependence of DN on B. 

a N, AN N, ~'T N, BKT, !3, rt *y 

1 . 2 ~  

1.0 o ~  

"" " A ?~,- A"" '~- "" o 

0.8 ~ - ' - ~  ~/x~o_--- 
o 6 

0.6 i 

0.4 

0.2 

o 015 i.0 
X s (molar fraction) 

Fig. 1. Normalized parameters of  the solvating ability of 
mixed solvents water--methanol (dotted line) and water--tert- 
butyl alcohol (solid line): c~ N (1); ET y (2, 3); x *N (4); BKT (5); 
AN N (6); and 13 (7). S is methanol or tea-butanol. 

t e r - - m e t h a n o l  system was determined previously, zl and 
that for the water - - te r t -buty l  alcohol system was calcu-  
lated by us from spectral  characteristics.  13 We found a 

good correlat ion between the E r and E values (see 
Table 2) for I I  H bond-associa ted  liquids (6 aliphatic 
alcohols,  benzyl a lcohol ,  2 -me thoxye thano l ,  e thylene 
glycol, d ie thylene glycol,  and water). It follows from this 
that the Fir N parameter  reflects mainly the  e lec t ron-  
acceptor  ability o f  the solvent,  zl Taking into account  the 
solvatochromic equa t ion  (1), which is presented below 
and describes the interrelat ion be tween the ct, ET, and 
n* parameters,  we can say that  the ET N parameter  
reflects the H - d o n o r  ability (et) with a fraction of  the 
contr ibution from polarity~polarizability (~*). 

The Kamle t - -Ta f t  parameter  n* reflects the ability of  
a solvent to nonspecif ic  interactions.  The  values of  
parameter  n* for water - - te r t -buty l  a lcohol  mixtures av- 
eraged by three so lva tochromic  indicators are presented 
in Ref. 13 cited above; however ,  the data for water  and 
alcohol  are scarce. Therefore ,  we calculated the  ~* 
values for the H 2 0 - - B u t O H  system from the spectral 
characteristics o f  p-ni t roanisole. t3,z~ 

The AN and a parameters  reflect the H - d o n o r  ability 
o f  solvents. We used the  l i terature 2z values o f  acceptor  
numbers of  w a t e r - - m e t h a n o l  mixtures.  The  c~ parameter  
of  the H 2 0 - - B u t O H  system was calculated from the 
solvatochromic equa t ion  13 

ct = (E T -  ll .5u* - 31.2)/15.2. (1) 

For  clarif ication,  the rt*, AN, and ct parameters  were 
normalized by division into the value of  this parameter  
for water (see Fig. 1). 

The  transfer enthalpies  ( ,~n~ calculated from the 
data in Table 1 for ani l ine and some nonelectrolytes  
studied previously from methanol  and tert-butyt a lcohol  
in their  mixtures with wa te r  3-6,23-z7 are presented in 
Fig. 2. The transfer enthalpies reflect the influence of  
water additives to alcohols on solvation of  organic sub- 
stances, ht the first approximat ion ,  the contr ibut ion 
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&H~ (MeOH--~MeOH + H20)/kJ tool -~ 

6 
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XH~ o (molar fraction) 
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Ng. Z. Transfer enthalpies (~H~ of nonelectrolytes from 
methanol (a) and cert~butyl alcohol (b) in their mixtures with 
water, a: DMSO (/), FA (2), AN (3), PC (4), carbamide (5), 
NM (~, PhNH 2 (7), heptane (8), and decane (9); b: DMSO 
(I), PhNH 2 (2), NM (.7), AN (4), PC (5), FA (d), heptane (7), 
and decane (8). 

corresponding to nonspecific (universal) solvation of 
polar molecules can be estimated from the enthalpy 
characteristics of alkanes. In the case of a methanol 
solution,  we present additionally the dependences 
&n~ = .~,X) for two hydrophilic compounds with the 
NH 2 groups (of formamide and carbamide). 

It is seen in Fig. 2 that the addition of water to 
methanol or tert-butyl alcohol has different effects on 
solvation of nonelectrolytes. In the MeOH--H2 O sys- 
tem, only the solvation of DMSO is enhanced, whereas 
the solvation of other organic substances is weakened. 
When tert-butyl alcohol is diluted with water, the solva- 
tion of all nonelectrolytes is enhanced to some extent. 

Methanol solutions (see Fig. 2, a). Aal increase in 
the content of water weakens the universal solvation of 
molecules most likely due to an increase in the contri- 

bution of the formation of a cavity (cndo-effect). The 
solvent becomes more structurized due to the inter- 
component interaction. An increase in the size of mol- 
ecules of a dissolved substance affects transfer enthalpies 
insignificantly, which is seen from a comparison of the 
data for nonpolar pentane and heptane or polar AN and 
PC with a close EDA ability and different sizes of the 
molecules (see Table 2). 

Exothermicity of the transfer of DMSO from metha- 
nol to its mixtures with water can be explained only by 
enhancement of the specific interaction >S=O. . .H--O--  
favored by an increase in the electron-acceptor ability of 
the mixed solvent (AN). From this viewpoint, the behav- 
ior of aniline, which is even a stronger base than DMSO 
(see Table 2), is unusual. Aniline behaves in such a way 
as if the dilution of methanol with water has no effect on 
the specific solvation of this substance. This occurs be- 
cause the acidity and basicity of the mixture (AN and 
BKT ) change in different directions (see Fig. 1). Although 
the >N. . .H--O--  interaction is enhanced in a methanol 
solution as the water content increases, this effect is 
compensated by weakening of the >NH...O< interaction. 
The data for formamide and carbamide (see Fig. 2, a) 
confirm the aforesaid. However, it should be kept 
in mind that different functional groups of the molecules 
(>C=O and --NH2) are specifically solvated in the case 
of amides. The participation in the interaction with a 
solvent of the benzene ring of aniline, which acts as both 
the electron donor and acceptor, cannot be ruled out. 

ButOH--HzO system (see Fig. 2, b). This mixed 
solvent differs from the other mixtures of organic sol- 
vents with water studied to the present time by a unique 
specific feature: dilution of tert-butyl alcohol with water 
results in enhancement of solvation of nonpolar non- 
electrolytes, for example, alkanes. The addition of water 
to methanol (see Fig. 2, a), ethanol and propanol, 2s 
acetone and 1,4-dioxane, ~ D M F ,  z9 and HMPA 3~ ex- 
erts an opposite effect. It looks like the dilution of 
tert-butyl alcohol with water decreases the structurization 
of the solvent. As can be seen in Fig. 2, b, small water 
additives (to 0.1 molar fractions) are most efficient. The 
composition range X = 0 .7- - l .0  molar fractions of al- 
cohol was not studied by spectrophotometry (see Fig. I). 
It can be assumed that in this composition range, the 
ability of the solvent to nonspecific solvation increases 
(the ~* parameter increases). However, it can be stated 
that the dilution of tea-butyl alcohol with water en- 
hances the universal solvation of molecules, and a change 
in their size has a minor effect. The basicity of the 
mixture 13 upon this dilution decreases as in the case of a 
methanol solution. At the same t ime, its acidity (based 
on the cc parameter), unlike that o f  a methanol solntion, 
also somewhat decreases. Thus, the addition of water to 
tea-butyl alcohol should result in a decrease in the 
ability of the solvent to specific solvation. Then it is 
clear why the dilution of alcohol with water differenti- 
ates considerably less organic compounds by their EDA 
ability in the case of ButOH as compared to MeOH. For 
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Fig. 3. Solvation enthalpies (A/Ps) of aniline (1) and DMSO 
(2) in aqueous solutions of methanol (dotted line) and tert-butyl 
alcohol (solid line). S is methanol or tert-butyl alcohol. 
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Fig. 4. Transfer enthalpies (AH~ of carbamide (/), PhNH~ 
(2), FA (3), NM (4), AN (5), PC (6), DMSO (7), and ttMPA 
(6) from water to an aqueous solution of methanol. 

example, for the equimolar  composition, the difference 
between the transfer enthalpies of AN, PC, and NM (on 
the one hand) and DMSO (on the other hand) is 8--  
i l  kJ mol - l  in the M e O H - - H 2 0  system and only 
3.5 kJ tool - t  in the Bu tOH--H20  system. The corre- 
sponding difference for PhNH2 and DMSO is equal to 
12 kJ tool - l  ( M e O H - - H 2 0 )  and 2.5 kJ mol - l  
(ButOH--H20) .  Perhaps, the electron-donor and elec- 
t ron-acceptor  properties of  the benzene ring of aniline 
are also manifested in this case. 

A clear representation of specific features of solva- 
tion of  two strong electron donors (PhNH 2 and DMSO) 
is given by enthalpies of  their  solvation shown in Fig. 3. 
Three composit ion regions with different solvating abili- 
ties of mixed solvents with respect to aniline are dis- 
tinctly seen. At X = 0--0.15 and X = 0.45--1.0 molar 
fractions of the alcohol,  methanol solutions possess a 
higher solvating ability. Ill the range of X =  0.15-- 
0.45 molar fractions of  the alcohol, butyl alcohol solu- 
tions possess a higher solvating ability. 

Aqueous solutions. It is seen from the dependences 
presented in Fig. 4 that at X = 0--0.2 molar fractions 
of methanol,  the changes related to the specific solva- 
tion of  no~lelectrolytes obviously play a secondary role. 
The transfer enthalpies of  PhNH2, DMSO, AN, and 

NM differ very slightly against substantial distinctions in 
the EDA ability of  these compounds (see Table 2). Here 
weakening of universal solvation due to an increase in 
the endo-effect of  formation of  a cavity in the solvent is 
the main factor. The effects of  specific solvation due to a 
decrease in the acidity of  the mixture (ET, AN, see 
Fig. I) are probably overlapped somewhat by effects 
caused by an increase in its basicity (BKT). At X > 
0.2 molar fractions of methanol,  a decrease in the acid- 
ity of the solvent plays the main role in the case of 
DMSO, whereas in the case of  PhNH 2, NM, and AN, 
an enhancement of universal solvation and an increase 
in the basicity of  the medium are the main factors. 

The transfer enthalpies of  two hydrophilic substances 
(carbamide and formamide) are presented in Fig. 4. As 
can be seen in Table 2, formamide is a considerably 
stronger H-donor  than aniline, and the amides indicated 
are more sensitive to a change in the basicity of the 
solvent. Therefore, in the case of  amides, the height of 
the maximum decreases and its position is shifted to the 
region of lower methanol additives. 

The dependences of the transfer enthalpies of or- 
ganic substances (except for DMSO) on the composi-  
tion of the mixture in the H20- -ButOH system (Fig. 5), 
as in the H 2 0 - - M e O H  system (see Fig. 4), have an 
extreme character. The positions of  maxima on these 
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bt/~tr (H20~H20 + ButOH)/kJ mol -I 

20 

15 

t0 

2 

~X" XButOH (molar fraction) 

x~x 1 . . t  

Fig. 5. Transfer enthalpies (~HOtr) of FA (/), PhNH 2 (2), NM 
(3), AN (4), PC (5), and DMSO (6) from water to an aqueous 
solution of tert-butyl alcohol. 

dependences (X ~ 0.06 molar fractions of ButOH) are 
probably independent of the nature of the nonelectro- 
lyre. Aniline in the H20--ButOH system is sensitive to 
changes in the solvent. The change in the n* parameter 
(see Fig. 2) in the region of low alcohol additives indi- 
cates, however, an increase in the "polarity" of the 
solvent and, hence, an increase in its ability to nonspe- 
cific solvation. It follows from the thermochemical data 
that the solvation of the substances is weakened. This 
contradiction can be eliminated if one takes into ac- 
count the fact that an increase in "polarity" of the 
solvent can result in an increase in energy expenditures 
to the formation of a cavity during solvation of mol- 
ecules. It is also seen in Fig. 1 that minor additives of 
ButOH to water shows up as an especially sharp de- 
crease in the acidity of the solvent. This factor, acting in 
the same direction with the contribution from the for- 
mation of the cavity, is responsible for an increase in the 
endothermicity of nonelectrolyte transfer up to the maxi- 
mum point. 

It is most likely that therrnochemical data are the 
most sensitive indicator for effects related to the rear- 
rangement of the structure in a water-organic solvent. It 
follows from Fig. 6 that the dissolution enthalpy of 
aniline in the H~O--ButOH mixture in the maximum 
point relative to water increases by 9 times, the 
hypersound velocity increases 3t by 10%, and the Vm~ x 

aH~177 H~ 20) 

,o F 
Y/Y(H20) 

1.2 

1.0 

O.8 

0.6 

0.4 

0.2 

0'5 
XButO8 (molar fraction) 

Fig. 6. Relative characteristics in the water--tert-butyl alcohol 
system: 1, dissolution enthalpy of aniline; 2, Vma x of absorp- 
tion of Dimroth's betaine; 3, hypersound velocity; and 4, Vma x 
of absorption of p-nitrophenol. 

value of p-nitroanisole decreases by 1%. The corre- 
sponding value of the ~* parameter  increases by 13% 
(see Fig. I). Such an indicator as Dimroth ' s  betaine 
(the E y parameter is determined on the basis of this 
reagent) is insensitive to structural and energy changes 
in an aqueous solution of alcohol (see Figs. 1 and 6). 

Returning to the analysis of thermochemical data, 
note the very interesting results obtained for solutions of 
benzene in mixtures of water with isopropanol. 3z On 
going from water to the mixture with 0.08 molar frac- 
tions of alcohol, the dissolution enthalpy of benzene 
increases from 3 to 27 kJ tool -1. A further increase in 
the alcohol content  to 0.2 molar  fractions results in a 
decrease in the enthalpy to 12 k.J tool - t .  This behavior 
of the AH~ = fiX) dependence can be explained 3z by 
the microheterogeneous nature o f  the mixed solvent. It 
is noteworthy that the positions of maxima at X = 
0.06 molar fractions of ButOH for aniline and at X = 
0.08 molar fractions of PriOH for benzene almost coin- 
cide if a volume content  of alcohol of 0.25 and 
0.27 vot.%, respectively, is used. This indicates the sub- 
stantial role of the benzene ring in the formation of the 
dependences considered. 

The transfer enthalpies of ani l ine from water to three 
water-organic solvents are presented in Fig. 7. A corn- 
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A/Ptr (H20~I-120 § S)/kJ mol-: 

20 ~\  

\ 

15 ~ \ \  

10 
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Fig. 7. Transfer enthalpies of aniline from water in H20--S 
mixtures, where S is HMPA (/), MeOH (2), and ButOH (3)_ 

parison of the two most hydrophobic compounds (HM PA 
and ButOH) shows that the maxima of transfer enthalp- 
ies of aniline correspond to the same composition of 
-0.05--0.06 molar fractions of the organic component. 
In the case of ButOH, the maximum is considerably 
higher. At the same time, the height of the maximum 
for NM is approximately the same 2 in both systems: 
10--12 kJ tool -~. Note that tert-butyl alcohol is close in 
basicity to HMPA (in the 13 or BKT scale) (see Table 2). 
Extrapolation of the smooth regions of the dependences 
to the zero content of the organic solvent gives the same 
value: -20 kJ tool - t .  This value corresponds to the 
energy of the H bond. The regions of the dependences 
presented in Fig. 7 as dotted lines show a change in 
solvation of aniline when the organic component is 
added to water in the hypothetical state in which the 
three-dimensional network of H bonds is distorted. It 
can be assumed that the unique specific features of 
water due to the spatial network of H bonds are retained 
to some extent at X < 0.35 molar fractions of MeOH, 
X < 0.075 molar fractions of ButOH, and X< 0.06 mo- 
lar fractions of HMPA. 

Interparticle interactions in solutions can be dis- 
cussed on the basis of such characteristics as enthalpy 
coefficients of double, triple, and other interactions. 33 
The enthalpy coefficients of double interactions calcu- 
lated in terms of the McMiUan--Mayer theory 34 have 
the following values (J kg tool-2): 505_+15, 3517+374, 
and 3727• in aqueous solutions of ani l ine--MeOH, 
an i l ine- -ButOH,  and a n i l i n e - - H M P A ,  respectively; 
147+9 and - I  280+_142 in methanol and tert-butyl alco- 
hol solutions of aniline--water,  respectively. It follows 
from this that in an aqueous solution, the interaction 

between molecules of the dissolved substance (aniline) 
with the co-solvent (MeOH, ButOH, and HMPA) is less 
preferable than that with the main solvent (water). This 
tendency is most pronounced for such hydrophobic 
substances as ButOH and HMPA. In methanol solu- 
tions, the more preferable interaction of aniline with the 
main solvent (methanol) rather than with water is ob- 
served. In solutions of ButOH, the interaction of aniline 
with water is more preferable than that of aniline with 
tert-butyl alcohol. 
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