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The enthalpies of solution of n-propyl alcohol, ethylene glycol, and glycerol in the 
H20--l ,4-dioxane and H20--1,2-dimethox'yethane mixtures were measured in the range 
of  molal concentrations (male) of the dissolved alcohol from 0 to 0.I tool kg -1 at 298.15 K. 
The enthalpies of solvation of alcohols and the enthalpies of their transfer flora water to a 
mixed aqueous-organic solvent were discussed. The effect of the nature of the studied 
nonelectrolytes on the characteristics obtained was established. The enthalpy coeff'zcients of 
binary (h23) and ternary (h223) interactions between the molecules of the solute (subscript 3) 
and the non-aqueous component (subscript 2) of the mixed solvent in the teraary solution 
were calculated. The h23 values increase as hydrophobic properties in the alcohol series 
(glycerol, ethylene glycol, and n-propyl alcohol) increase. 
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Aqueous so lu t ions  o f  m o n a t o m i c  and polyatomic  
alcohols have been  s tudied in considerable  detail. 1-3 
However ,  on ly  a few data on enthalpies  o f  solut ion o f  
both m o n o -  and po lya tomic  a lcohols  in individual non-  
aqueous and m i x e d  solvents  have been reported.  In this 
work, solvat ion o f  m o n o - ,  di- ,  and t r i a tomic  alcohols 
(n-propyl a l coho l ,  e thy lene  glycol,  and glycerol ,  respec- 
tively) in mix tu re s  o f  wa te r  wi th  1 ,4-d ioxane  and 
1 ,2 -d imethoxye thane  (cycl ic  and al iphat ic  C4-diether ,  
respectively) was s tudied and parameters  character izing 
the in t e rmolecu ta r  in te rac t ions  in solut ion were deter-  
mined. 

Experimental 

n-Propyl alcohol (PrOH), ethylene glycol (EG), and glyc- 
erol (GL) of chromatographic grade were used. 1,4-Dioxane 
(1.4-DO) and 1,2-dimethoxyethane (I ,2-DME) were tested 
for peroxide admixtures and purified using the previously 
recommended procedure 4 with sampling the medium fraction. 
Titration with the Fischer reagent 5 showed that the water 
content in alcohols and ethers did not exceed 0.06 wt.% and 
0.02 vet.%, respectively. 

Aqueous-ethereal mixtures were prepared by gravimetric 
method with an accuracy of  0.001 mole fraction using freshly 
distilled water (bidistiUed water with a specific conductivity, of 
1" 101 f2 - i  cm- t ) .  

The enthalpies of solution were measured on an isotherrruc- 
shell ampule microcalorimeter. The volume of the reaction 
vessel was 65 cm 3. The measurements were carried out at 
298.15 K, and temperature was kept constant with an accuracy 
of _+0.0002 K. The concentrations of the solute did not exceed 
0.I tool per I kg of the solvent. The thermal effects of 
dissolution of alcohols were shown to be independent of their 
concentrations within the limits o f  experimental error. For this 
reason, the arithmetic mean values of thermal effects of disso- 
lution (Asott/~) were taken as the standard enthalpies of solu- 
t_ion (~U~ol/P) (Table i, 2). 

Results and Discussion 

Solvation of alcohols. T h e  enthalpies  o f  solvation 
(ASH~ character izing the p rocess  o f  the t ransfer  o f  the 
solute f rom the gas phase to t h e  solvent in ques t ion  and 
conta in ing  no contr ibut ion o f  i n t e rmo lecu l a r  interac-  
t ions from the condensed  s ta te ,  were  ca lcu la ted  using 
the enthalpies o f  solut ion (AsoiH ~ and vapor iza t ion  
(A,,apH ~ of  the substances: 

~ / . p  = , ~ j / o  _ ~ p / f o .  (1) 

The ,.%apH ~ values of  44.01,  47.5, 67.7, 91.7, 36.8, 
and 36.4 kJ tool -1 were used  for H 2 0 ,  6 P r O H ,  7 EG,  s 
G L ,  9 1 ,4-DO,  7 and 1 , 2 - D M E ,  7 respect ively.  The  rela- 
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Table 1. Experimental (&sol/-/m) and standard (Asol H~ enthalpies of solution (in kJ mol - t )  of mono-, 
di-, and triatornic alcohols in the H20--1,4-dioxane mixture at 298.15 K 

X n-Propyi alcohol Ethylene glycol Glycerol 

/mole  m- 102 ~solar/m m- 102 z.~ol.,r/m m- l02 z_xsol/-/rn 
fraction {~lH*] [&~oiH ~ [&sol/P] 

0 6.87 -10.15 5.55 -6.94 5,44 --5,55 
7.12 -10.1t 6.75 -6.80 6.65 --5,43 

[ -  10.13• ] [-6_87+0.071 [--5.49• 
0.001 5.43 -10.14 5.82 -6.68 4.95 --5,49 

6.79 -10.04 7.13 -6.74 5.84 --5.41 
[ -  10.034-0.07] [--6.71 +0.031 [--5.45__.0.04] 

0.002 5.24 -9.98 4.48 -6.74 4.72 --5.45 
5.99 -10.10 6.53 -6.80 6.43 --5.39 

[ -  10.03• [--6.77+0.03] [--5.42-+0.03] 
0.003 6.I8 -9.33 4.55 -6.86 6.43 -5,30 

6.44 -9.41 5.85 -6.70 7.0I --5.38 
[-9.37+0.041 [-6.78+_0.081 [-5.34• 

0.006 5.14 -8.50 4.97 -5.95 4.92 -5.19 
6.43 -8.62 5.88 -6.05 6.53 -5.23 

[-8.56• [-6.00• [-5.21• 
0.010 5.88 -7.56 6.5I -6.16 5.73 -4.27 

6.12 -7.44 7_23 -6.10 6.35 -4.33 
[-7.50_+0.06] [-6.13+0.03] [-4.30_+0.03] 

0.030 6.79 -7.17 5.94 -4.64 5.64 -3.41 
7.12 -7.03 6.54 -4.60 6.53 -3.51 

[-7.10• [-4.62_+0.02] [-3.46+0.05] 
0.033 5.66 -5.36 

6.42 -5.30 
[-5.33+_0.03] 

0.040 5.86 -4.26 6.42 -2.73 
5.94 -4,14 7.36 -2.79 

[-4.20+0.06] [-2.76• 
0.050 5.32 -4.57 5.89 -3.70 4.84 -2.70 

5.94 -4.49 6.83 -3.84 7.02 --2.76 
[-4.53+0.04] [-3,77_+0.07] [-2.73_+0.03] 

0.061 4.54 -3.60 5.82 -2 .49 
5.69 -3.66 6.45 -2.41 

[-3.63• [--2-45• 
0.070 6.75 -1.87 4.87 -3.00 5.55 --2.19 

7.11 -1.79 6.96 -3.08 7.0I -2 .23 
[ -  1.83• [-3.04• [-2.21• 

0.100 5.44 -0.20 5.63 -2.21 5.46 -1.40 
6.82 -0.10 7,23 -2.1 l 7.42 --1.30 

[-0.15_+0.05] [-2.16+0.05] [-1.35• 
0.200 5.91 1.46 5.87 -0.59 4.93 --0.24 

7.23 t.56 6.93 -0.65 6.35 -0.18 
[ t.51 • [-0.62+0.03] [-0.21 • 

0.300 5.82 2.47 5.75 -0.14 5.52 0.17 
7.26 2.33 6.82 -0.10 7.53 0.25 

[2.40• [-0.12+0.02] [0.21• 
0.500 5.73 3.16 5.77 0.67 4.74 0.73 

6.47 3.04 6.75 0.61 7.43 0.79 
[3.10• [0.64+0.03] [0.76• 

0.750 4.84 4.52 5.86 2.02 5.46 1.99 
6.55 4.60 6.83 2.16 6.92 1.91 

[4.56+_0.04] [2.09• [1.95_+0.04] 
0.900 5.06 5.47 5.63 3.93 4.42 3.85 

6.84 5.53 6.48 3.87 5.78 3.80 
[5.504-0.03] [3.90+_0.03] [3.82• 

1.000 4.82 6.96 5.84 7.82 4.87 7.76 
6.76 7.04 7.27 7.90 6.32 7.66 

[7.00+0.04] [7.86• [7.71• 

]Vote. Here and in Table 2 m/tool kg - I  is the molalky of the alcohol solution, and X is the mole 
fraction of  the nonaqueous component of the solvent. 
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Table 2. Experimental (z~lH ~) and standard (~oIH ~ enthalpies of solution (in kJ mol - I  ) of  mono-, di-, 
and triatomic alcohols in the H20--1,2-dimethoxyethane mixture at 298.15 K 

X n-Propyl alcohol Ethylene glycol Glycerol 

/mole m. 102 z~ol]'/m m- 102 ,.~solH m m- 102 ~..~oI/1 ~ 
fraction [z~olH ~ [~oiH ~ [~soiH*] 

0 5.94 -10.16 4.55 -6.76 6.94 -5.56 
6.71 -10.10 4.97 -6.84 7.15 -5.44 

[-i0.134-0.03] [-6.804-0.041 [-5.50"-0.061 

0.001 4.66 -10.11 5.11 -6.74 4.54 -5.43 
5.90 -10.03 5.87 -6.70 5.72 -5.49 

[-10.074"0.04] [-6.72• [-5.464-0.03] 

0.002 4.17 -9.46 5.48 -6.57 4.69 -5.49 
4.83 -9.54 6.27 -6.63 4.72 -5.39 

[-9.504-0-04I [-6.604-0.03] [-5.444-0.05] 

0.003 5.21 -9.81 4.17 -6.34 5.02 -5.47 
5.24 -9.93 4.66 -6.26 5_59 -5.45 

[-9.874-0.06I [-6.304-0.04] [-5.464-0.011 

0.007 5.05 -9.23 6.13 -5.01 
5.94 -9.37 7.22 -5.09 

[-9.30+0.071 [-5.05• 

0.008 5.81 -6.17 
6.77 -6.23 

[-6.204"0_031 

0.015 4.69 -7.80 5.22 -5.34 4.52 -4.88 
5.23 -7.70 5.78 -5.28 5.67 -4.94 

[-7.754-0.05] [ -  5.314-0.03 ] [-4.914-0.03 ] 

0.020 4.24 -7.82 5.70 -3.73 
5.77 -7.76 6.36 -3.67 

[--7.794-0.03] [-3.704-0.03] 

0.025 5.19 -4.23 4.71 -4.46 4.76 -1.97 
6.85 -4.19 4.88 -4.44 5.43 -1.81 

[-4.214"0.02] [--4.454-0.01 ] [ -  1.894"0.081 

0.035 5.15 -3.70 
5.78 --3.78 

[--3.74+0.04] 

0.038 4_97 -4.41 5.39 -2.14 
5.14 -4.35 6.38 -2,02 

[-4.38+0.03] [-2.08-2_0.061 

0.040 5.28 -3.32 
6.32 -3.28 

[-3.30~0.03] 

0.050 5.20 -2.19 4.88 -2.82 6.65 -1.27 
5.61 -2.11 4.97 -2.70 6.87 -1.23 

[-2.154"0.04] [-2.764-0.06] [ -  1.254"0.02] 

0,060 5.55 - 1.90 
6.17 -1.82 

[-1.86+0.04] 

0.075 5.45 -1.33 
5.94 - 1.21 

[-1.274"0.06] 

0.077 5.06 -0 . I0  5.43 - 0 . t 2  
6.02 -0.24 6.82 -0.20 

[--0.17+0.07] [-0.16__.0.04] 

(to be continued) 
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Table 2 (continued) 

X n- Propyl alcohol 

/mole m- 10 2 ~ol/'/m 
fraction [&sol/P] 

Ethylene glycol Glycerol 
m-lO 2 ~ol//~n m-lO 2 ~ o i H  m 

[~o~]  [~o~R*] 

0.090 

0.100 4.31 2.63 
4.87 2.71 

[2.67--+0.04] 

0.0150 

0.200 

0.300 4.84 3.45 
5.13 3.51 

[3.48_+0.03] 

0.500 4.49 2.50 
5.19 2.42 

[2.46'-+0.04] 

0.750 5.27 1.15 
5.24 1.03 

[I.09+0.06] 

0.900 5.28 1.53 
5.88 1.43 

[1.484-0.05] 

1.000 4.32 2.23 
4.89 2.33 

[2.28_0.051 

5.96 -0.78 
6.84 -0_70 

[-0.74__.0.04] 

5.8i --0.44 
7.24 -0.56 

[-0.50+_0.06] 

5.74 -0.02 
6.95 -0A0 

[-0.06+_0.04] 

5.91 0.09 
6.28 -0.01 

[0.04+-0.05] 

5.51 0.41 
6.63 0.47 

[o.44• 

5.69 -0.76 4.97 -0.11 
6.31 -0.70 5.24 -0.19 

[-0.73+0.03] [-0.15+0.04] 

5.18 -0.87 4.85 -0.64 
7.14 -0.91 5.72 -0.76 

[-0.894-0.02] [-0.70+_0.06] 

6.14 --0.75 4.86 -0.73 
6.99 -0.81 6.73 -0.81 

[-0.78+0.03] [-0.77+_0.04] 

4.71 0.25 5.84 0.17 
7.19 0.35 6.94 0.I 1 

[0.30+0.051 [0.14+-0.03] 

4.55 1.97 5.71 2.10 
5.64 2.03 5.89 2.02 

[2.004-0.03] [2.06+-0.04] 

tive partial molar  enthalpies of solut ion of water 
(Eq. (2)), 1,4-DO, 1~ and 1,2-DME 12 (Eq. (3)) were 
calculated from the dependence ta rE = fl~X2) approxi- 
mated by the Redlich--K.ister equation (Eq. (4)). 

T0= H E _ X2 ( dHE/dX2) (2) 

;0 -- HE + X,(dHE/~X2) (3) 

H E=X 2 (1 -X  2 ) . ~ A  i (1 -2X 1)i (4) 
i=I  

Hereafter subscript I is referred to water while subscript 
2 is referred to the organic cosolvent. The coefficients of 
Eq. (4) are given in Table 3. 

The enthalpies of solvation are the sum of the 
endoeffect of the formation of a cavity in the solvent and 
of the exoeffect of nonspecific and specific "solute-- 
solvent" interactions. As can be seen in Figs. 1 and 2, 
solvation of alcohols in both mixed solvents studied 
increases on going from PrOH to EG and GL, i.e.. as 
the number of hydroxyl groups in the alcohol molecule 

increases. It should be noted that adding one more 
hydroxyl group in the alcohol molecule makes a con- 
stant contribution of 21 kJ tool- :  to the enthalpy of 
solvation for both mixed solvents. An increase in exo- 
thermicity of the &s/-P values in the series PrOH, EG, 
and GL also persists when these alcohols are dissolved 
in other mixed aqueous-organic solvents (for instance, 

Table 3. The coefficients of Eq. (4) for mixtures 
of water with 1,4-dioxane 

Coeffi- ] II III 
cient 

A 0 0.811 0.497 - 1.486 
A 1 -3.630 -3.755 -3.945 
A 2 -1.967 -2.132 -5.977 

3 -4.109 -4.357 --11.177 
0.992 0.998 0.994 

S 0.50 0.14 0.52 

Note. I, II, and III correspond to data taken from 
Refs. 10, I 1, and 12, respectively. 
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H 2 0 _ M e O H  13 and H20- -Bu tOH 14). The solvation of  
each of  the alcohols dissolved in the mixture of water  
with cosolvents increases in the sequence 1,4-DO, MeOH, 

~[-l~ tool -1 

-30  

. I ' I "  "*4 

. 

. 2  

-70 /~...-v~-~ 

3 

-90 ~ 

0 05 1.0 
Xt.4.Do/mole fraction 

Fig. 1. Enthalpies of solvation of n-propyl alcohol (/), ethyl- 
ene glycol (2), glycerol (3), water (4), and 1,4-dioxane (5) in 
the H20--1,4-dioxane mixture. 

~HOlkJ mol - t  
-30  

5 

~ "~4 

--50 

2 

--70 

3 
- 9 0  

. . . .  [ , 

0.5 1.0 
XI,2.DME/moIe fraction 

Fig. 2. Enthalpies of solvation of n-propyl alcohol (/), ethyl- 
ene glycol (2), glycerol (33, water (4), and 1,2-dimethoxyethane 
(5) in the H20--1,2-dimethoxyethane mixture. 

1 ,2-DME, ButOH. The d o n o r  numbers o f  these com-  
pounds increase in the same sequence:  DN/kJ tool - l  = 
14.8 ( I ,4 -DO) ,  19.0 ( M e O H ) ,  is 23.9 ( I , 2 - D M E ) ,  and 
57.0 (ButOH). 16 

The effect of  composi t ion  of  the mixture on the 
solvation of the substances is clearly demonst ra ted  by 
the concentration dependences of  the enthalpies of  trans- 
fer (AtrH~ The AtrH~ values character ize  changes in the 
enthalpy of  solvation of  the so lu te  in the mixed wate r - -  
nonelectrolyte (NE) solvent (AsoIH~ as com-  
pared with the enthalpy o f  its hydrat ion (AsoIH~ 
and are calculated using Eq. (5).  

~tr/-P(H20 ---) H20+NE ) = 
= a~,~/:P(H20+NE) - ~.~soi.//~ (5) 

The type of the dependence  Atr H~ = f(X2) (Figs. 3 
and 4) is dependent  on the cont r ibut ions  of  the non-  
specific and specific solvation o f  the solute. Strengthen- 
hag of  the structure of  the m i x e d  solvents in the 0 < X 2 < 
0.2 mole fraction interval 7 r emi t s  in increasing the en- 
thalpy of  the cavity formation i n  the solvent. The contri-  
bution from the endothermic nonspecif ic  solvation domi-  
nates over the contribution f rom the exothermic specific 
solvation in this composi t ion range  of  the mixtures of  
alcohol and ether solutions, a n d  the type o f  the depen-  
dence /~tr H~ = f(X2) is mainly dependent  on the ener-  
getics of the cavity formation in  a mixed solvent. The 

Atr//~ rnol -I  

o l  

�9 //.. 

.4  
/ 

0 ' - ' * ' ~  * ~ . . . q : ~ . . . ~  / 1.0 
X1.4_Do/mole fraction 

Fig. 3. Enthalpies of transfer of n-p~ropyl alcohol (1), ethylene 
glycol (2), glycerol (3), water (4), and 1,4-dioxane (5) in the 
H20--l,4-dioxane mixture- 
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~trH~ tool -1 

20 f f ~ ~  

16 

5 

Z~ 

1 2 f / /  1 o 

X1,2.DME/mole fraction 

0 ' o 015 o 1.0 

Fig. 4. Enthalpies of transfer of n-propyl alcohol (/), ethylene 
glycol (2), glycerol (3), water (4), and 1,2-dimethoxyethane 
(5) in the H20--l,2-dimethoxyethane mLxture. 

more appreciable increase in the ~tr/P values for alcohols 
in the H 2 0 - - 1 , 2 - D M E  mixture in the 0 < X 2 < 0.2 mole 
fraction interval is associated with higher degree of  
structurization of the given system as compared to the 
H20- -1 ,4 -DO mixture. 7 An increase in the proton-  
donor properties on going from PrOH to EG and further 
to G L  leads to the strengthening of specific interactions 
of the alcohol molecules with the components of mixed 
solvents. A competi t ion between the contributions from 
the exothermic specific solvation and from the endo-  
thermic nonspecific solvation (with predominance of  the 
latter) is observed in the H20- -1 ,4 -DO mixture as the 
ether content in a mixed solvent increases (X 2 > 0.2 mole 
fraction). In the H~O--1 ,2 -DME mixture, these contr i -  
butions counterbalance each other in the 0.3 mole frac- 
tion < X.~ < 0.7 mole fraction interval, and the solvation 
of  alcohols remains nearly unchanged in the indicated 
composition range. At X~_ > 0.7 mole fraction, a new 
increase in endothermicity of the Atr H~ values is ob-  
served in the system in question. 

I n t e r m o l e c u l a r  interactions. Experimental data on the 
properties of aqueous solutions of substances accumu- 
lated to date allowed one to select a number of param- 
eters for comparing their hydrophobic behavior. 17-19 The 

most appropriate among them is the derivative of the 
second virial  coeff ic ient  with respect  to pressure  
(dB2~jdp) T- 19 The (dBz_z/dp) 7" value is positive for hydro- 
philic substances and negative for hydrophobic sub- 
stances, and its absolute value increases as their  hydro- 
phobicity increases. However, it is often difficult to cal- 
culate the (dB2_z/dp) T derivative because of  a lack of 
necessary, experimental datafl 9 

Quantitative information on the hydrophobic effects 
can also be obtained by processing the data on various 
thermodynamic properties of the solutions using the 
McMi l l an - -Maye r  theory., z~ In this case, the coeffi- 
cients of binary, ternary, and other  multiple interactions 
of the solute molecules with each other are usialty 
determined, and a comparative analysis is performed 
without interpreting their values. 

As was noted in a number o f  works, 17-19,21 the 
enthalpy coefficients of binary interactions (hm) for 
aqueous solutions of  substances can be used as a crite- 
rion for hydrophobic behavior of  these compounds in 
water. The values of (dB2z/d p)/- as well as the enthalpy 
(h22) and Gibbs (g22) coefficients of  binary interaction of 
the molecules of  certain nonelectrolytes in water are 
listed in Table 4. It follows from the extensive data on 
the coefficients of  multiple (in part icular binary) inter- 
actions 17-19,21 that  the h22 values for aqueous solutions 
of  hydrophobic substances are positive and increase as 
the number of  hydrophobic groups in the molecules of 
dissolved compounds  increases. The h22 coefficients for 
hydrophilic substances are, as a rule, negative. However, 
unlike (dB22/dP) T, the h22 values do not always ad- 
equately reflect the degree of  hydrophobici ty  of  the 
substance, is, 19 

The coefficients of interactions of  the molecules of 
different types (hij, hilt, etc.) can be determined in 
ternary solutions; however, the structure of the h coeffi- 
cients becomes much more complicated. 19 When the 
functions of  the transfer of  one component  from its 
aqueous solution to  a binary solvent are used, the fol- 
lowing equality is valid: 

h 0 = h22. (6) 

Using experimental  data (see Tables 1 and 2) and 
Eq. (7), 22 we calculated the enthalpy coefficients of  
binary (h23) and ternary. (h223) interactions of  the solute 
molecule (alcohol,  subscript 3) with the molecules of  
the nonaqueous component  of  the solvent (ether, sub- 
script 2) in a mixed solvent: 

~tr//~ ~ H20+NE) = h23" m + h223 �9 m 2 + .... (7) 

where m/tool kg -1 is the molal concentrat ion of  the 
nonelectrolyte in a mixed solvent. 

The results obtained are presented in Table 5. This 
table also contains the h~ and h223 values for solutions 
of  PrOH, EG,  and G L  in mixtures of  water with 
MeOH,  "-3 acetone (Me2CO), ~ D M F ,  z5 and ButOH z3 
calculated using published data. 
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Table 4. The values of the enthalpy (h22/J kg tool -2) and Gibbs (g2~/J kg tool-2) 7 coefficients of binary 
interactions. (dB2,_/dp)r/cm 3 rno1-1 bar-l, 19 donor (DNsbcls/kJ rnol-l), lg and acceptor (AN/kJ tool-t) 16 num- 
beT's of nonelectrolytes in aqueous solutions 

Parameter MeOH EtOH PrOH EG GL DO DME DMF Me2CO ButOH 

h22 224 26 250 z6 557 26 362 27 251 z7 739 7 1095 7 737 ~9 770 19 656 7 
g27 -52 -125 --198 15 43 -- -- -106 -- -272 
(dB22/dP) T. 102 . . . . . .  0.8 - -  --1.8 --1.2 - -  

.OJVSbCI 5 19.1 19-2 19.8 20.0 19.0 14.8 23.9 26.6 17.0 57.0 
AN 41.3 37.1 35.0 39.0 -- 10.8 10.0 16.0 12.5 -- 

Table 5. The enthalpy coefficients of binary. (h23/J kg tool -2) and ternary (h223/J kg 2 mo1-3) 
interactions of alcohols with ethers in aqueous solutions 

Non- PrOH EG G L MeOH EtOH 

electrolyte h23 h223 h23 h223 h23 h223 h23 h223 h23 h223 

1,4-DO 1611 -83 1564 -116 1428 -123 . . . .  
1,2-DME 3630 -168 2026 -122 2381 -207 . . . .  
Me2CO 2616 -140 1349 -80 1104 -59 . . . .  
MeOH 989 -14 760 -17 875 -30 . . . .  
ButOH -- -- 2748 -324 2736 -338 . . . .  
DMF 2215 -66 . . . .  1163 -40 1590 -26 

As can be seen in Tables 4 and 5, the enthalpy 
coefficients of binary" interactions of the molecules of 
the investigated alcohols in water with each other and 
those of the alcohol molecules and the nonaqueous 
component of the mixed aqueous-organic solvent are of 
the same order of magnitude. This is evidence of the 
close energies of hydrophobic hydration in the indicated 
solvents. 

Binary association (g~2 < 0) is known to be favorable 
for aqueous solutions of monatomic alcohols. 7 The h22 
coefficients are positive and increase in the sequence 
MeOH < EtOH < PrOH, i.e., as the number  of hydro- 
phobic groups in the alcohol molecule increases (see 
Table 3). It is assumed that the molecules of mona- 
tomic alcohols in their aqueous solutions interact with 
each other mainly through hydrocarbon radicals rather 
than through H-bonds- 7 The binary association for EG 
and GL is thermodynamical ly unfavorable (g22 > 0). It is 
hindered by the formation of numerous H-bonds with 
water 7. However, the h22 values for these alcohols are 
also positive, which allows one to categorize them as 
hydrophobic substances (since no data on their (dB~2Jdp) 7" 
values are available). As can be seen from Table 3, the 
values of the h22 coefficients increase in the sequence 
GL < EG < PrOH. The hydrophobic properties of these 
substances also increase in the same sequence. 

For ternary systems, the standard enthalpies of trans- 
fer 2XtrHO(H20 --+ H 2 0 + N E )  for small additives of non- 
aqueous component  (nonelectrolyte, X 2 < 0.1 mole frac- 
tion) are determined by the coefficients of binary inter- 
actions h23.19 As follows from the data in Table 4, the 
values of the h23 coefficients for the solutions of the 
studied alcohols in mixtures of water with nonelectro- 

lytes of different chemical nature increase, as a rule, in 
the sequence GL, EG, PrOH (for monatomic alcohols, 
MeOH < EtOH < PrOH in a H 2 0 - - D M F  mixture), i.e., 
as the hydrophobic properties of the  substances increase. 
It seems likely that the molecules of alcohol and those 
of the nonaqueous component o f  the mixed solvent in 
the ternary systems also interact mainly through the 
hydrocarbon radicals. The molecules of the solute and 
cosolvent interacting in an aqueous solution are known 
to form a common hydrate shell and jointly affect the 
state of the surrounding molecules o f  water,, thus stren~h- 
ening or destroying its structure, x9 The increase in the 
enthalpy coefficients in the sequence MeOH, EtOH, 
and PrOH for alcohols dissolved in water (h22) and in 
the H 2 0 - - D M F  mixture (h23), as welt as that observed 
on going from GL to EG and further  to PrOH in the 
H 2 0 + N E  mixtures (h23), is associated with differences 
in the hydrophobic and e lec t ron-donor  properties of 
alcohols and nonelectrolytes (see Table  3). For instance, 
the h2~ - coefficients increase in t he  following series of 
cosolvents: MeOH < Me2CO < 1 ,4-DO < 1,2-DME < 
ButOH, Le., their hydrophobic properties increase. The 
ha3 coefficients for solutions of alcohols in mixtures of 
water with the above cosolvents increase in the same 
sequence. A parallel change in t he  h23 and h22 coeffi- 
cients (and hence, to a certain extent ,  in (dB22/dP)r) 
allows us to conclude that the h23 "value can be used as a 
criterion for hydrophobicity of substances in ternar3' 
systems in the absence of a more reliable criterion. 

However, it is very difficult to unambiguously inter- 
pret the mechanism of intermolecular  interactions for 
ternary systems using the h23 coefficients (as in the case 
of binary aqueous solutions) because of uncertainty in 
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the interpretation of the obtained coefficients and scarce 
available information. 

The coefficients of ternary interactions (h223) for the 
systems studied have opposite signs and are an order of 
magnitude lower as compared to the coefficients of 
binary interactions (h23). They have an appreciable 
effect on the character  of the dependences  
~trH~ -'+ H20+NE)  = f(X2) in the range of me- 
dium concentrations of the nonaqueous component in 
the mixed solvent. However, concepts on the dominant 
role of the hydrophobic effects lose meaning in this 
composition range. 

At present it is impossible to reliably predict the 
character of the dependence Atr/'ir~ --+ H20+NE)  = 
fiX2) using the values and signs of the coefficients h,3 
and h22 z. However, it is believed that if the nonelectro- 
lyre is highly hydrophobic when the solute is transferred 
from water to the H 2 0 + N E  mixture, one should expect 
an extremum dependence AtrH~ --+ H20+NE)  = 
f(X~). 19 Extrema of this dependence also can be due to 
high hydrophobicity of the solute itself. Based on these 
assumptions, one can explain the character of depen- 
dences AtrH~ --+ H20+NE)  = f ( X  2) for the solu- 
tions of alcohols in the H 2 0 - - 1 , 2 - D M E  mixture (judg- 
ing from the h22 value, 1,2-DME is a substance of 
medium hydrophobieity; therefore, the maxima on the 
indicated curve are weakly pronounced) and for PrOH 
in the H20- -1 ,4 -DO mixture (PrOH also is a substance 
of medium hydrophobicity). 

This work was financially supported by the Russian 
F o u n d a t i o n  for Basic Research (Project  N o s  
95-03-08426a and 96-03-33642a). 
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