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Abstract 

The standard enthalpies of solution (AH:) of cholesterol and cholesteryl methyl ether 
in carbon tetrachloride and some basic solvents were measured by calorimetery. The 
obtained AH: values were used for the determination of the enthalpy of the hydrogen- 
bond complex formation between cholesterol and proton acceptors using the Arnett “pure 
base” method. The enthalpy of hydrogen-bond complex formation ranges from -10.4 
(diethylcarbonate) to -24.6 kJ mol-’ (hexamethylphosphortriamide), being a linear func- 
tion of the solvent basicity. 

INTRODUCIION 

Our previous studies [l] have shown that, in the solute-solvent 
interactions of cholesterol, hydrogen bonds are one of the most impor- 
tant, though not predominant, factors. Owing to its hydroxyl group, a 
cholesterol molecule behaves as a typical proton donor in relation to 
proton acceptors [2,3], and forms complexes with hydrogen bonds. Such 
bonds are also formed in alcohol systems where the hydroxyl group of the 
cholesterol is probably both a proton donor and a proton acceptor [4]. 
Despite its large hydrocarbon radical, in alcohol systems cholesterol 
behaves as a typical aliphatic alcohol. 

The thermodynamics of hydrogen-bond complex formation between 
cholesterol and proton acceptor compounds has not yet been studied 
systematically. An exception is the paper of Parker and Bhaskar [S] who 
have determined by IR spectroscopy that the association enthalpies for 
cholesterol with triacetin, tributyrin and trilaurin range from -3.5 to 
-5.5 kcal mol-‘. The literature, however, lacks data concerning the 
interaction between cholesterol and the bases commonly used as solvents. 
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The present research was to determine the energetic share of hydrogen 
bonds in the interaction of cholesterol with solvents of varying basicity. 

EXPERIMENTAL 

The proton acceptors (reagent grade) were dried using standard 
procedures and were distilled immediately before the measurements. 
Cholesterol (Sigma, Standard for Chromatography) was dried for several 
hours at a temperature of about 80°C under vacuum. Cholesteryl methyl 
ether (Sigma, anhydrous) was stored before measurements at 0°C in a 
vacuum over phosphorus pentoxide. The weighing and filling of the 
ampoules and the calorimeter were carried out in a dry box. The 
calorimeter used for determining the heats of solution has been described 
previously [l, 61. The apparatus error of heat measurements was about 
fOS%. 

The enthalpies of solution of cholesterol and cholesteryl methyl ether 
were measured within the concentration range from 3 x lop4 to 2 x 

10d3 mol kg-‘. The enthalpy of solution of both solutes in basic solvents 
was independent of concentration within the studied concentration range. 
The values of the standard enthalpies of solution (AH?) are, therefore, 
the averages of 8-12 independent calorimetric measurements. 

The enthalpy of the cholesterol-base complex formation was deter- 
mined by the Amett et al. [7] “pure base” method, as modified by 
Spencer et al. [8]. The procedure consists of measurements of the heat of 
solution of a proton donor and of its model (a compound in which the 
proton is replaced by a methyl group) in a pure base and in a solvent 
chosen as an inert reference. The enthalpy of complex formation is 
calculated from the equation 

AH, = (AH? - AH:),,,,, - (AH: - AHF),,, + AW”” (1) 

where AHa and AHY are the enthalpies of solution of the proton donor 
and the model compound, respectively and AH”” is a correction term 
introduced to the Arnett method by Spencer et al. [8], connected with the 
difference in the solute-solvent interaction of the acid and its model 
(AH?, AH?) and the difference in the cavity enthalpies of the acid and its 
model (AH:, AH?) in the reference solvent and the base 

AH”” = (AH” - AHA)base - (AH: - AHM),,r 

+ (AH: - AH!‘),, - (AH: - AH?)r,f (2) 

The values of the interaction and cavity terms were calculated as 
described by Spencer et al. [8] using regular solution theory. The values of 
the solubility parameter 6, of the basic solvents used in our study, needed 
for the calculation, were taken from the data of Abraham et al. [9]. 
Carbon tetrachloride was used as a reference solvent. 



T
A

B
L

E
 

1 

E
nt

ha
lp

ie
s 

of
 

so
lu

tio
n 

(k
Jm

ol
_‘

) 
of

 
ch

ol
es

te
ro

l 
(C

ho
l)

 
an

d 
ch

ol
es

te
ry

l 
m

et
hy

l 
et

he
r 

(C
hM

E
) 

in
 

di
ff

er
en

t 
so

lv
en

ts
 

an
d 

en
th

al
pi

es
 

of
 

hy
dr

og
en

-b
on

d 
co

m
pl

ex
 

fo
rm

at
io

n 
(k

J 
m

ol
-‘

) 
of

 c
ho

le
st

er
ol

 
w

ith
 

th
e 

pr
ot

on
 

ac
ce

pt
or

s 
h 

So
lv

en
t 

D
N

 
(W

 
A

H
:(

 
C

ho
l)

 
A

c(
C

hM
E

) 
A

H
A

”“
’ 

A
H

””
 

A
H

p-
I 

0 
f 

2 L
a 

D
io

xa
n 

14
.8

 
10

0.
0 

31
.5

 f
 

0.
7 

36
.0

 f
 

0.
5 

-1
2.

2 
-0

.5
 

-1
2.

7 
;3

 
D

ie
th

yl
ca

rb
on

at
e 

16
.0

 
77

.4
 

26
.8

 f
 

0.
3 

29
.5

 f
 

0.
3 

-1
0.

4 
-0

.1
 

-1
0.

5 
%

 

E
th

yl
 

ac
et

at
e 

17
.1

 
79

.2
 

e 
28

.6
 f

 
0.

4 
34

.0
 f

 
0.

4 
-1

3.
1 

-0
.1

 
-1

3.
2 

B
ut

an
on

e 
17

.4
 

86
.0

 
27

.9
 f

 
0.

2 
34

.1
 f

 
0.

3 
-1

3.
9 

-0
.2

 
-1

4.
1 

E
; 

D
i-

[n
-b

ut
yl

l-
et

he
r 

19
.0

 
59

.6
 

18
.8

 f
 

0.
4 

23
.0

 f
 

0.
3 

-1
1.

9 
+

0.
2 

-1
1.

7 
:, 

T
et

ra
hy

dr
of

ur
an

 
u 

20
.0

 
86

.4
 

27
.7

 f
 

0.
4 

31
.3

 f
 

0.
4 

-1
1.

3 
-0

.2
 

-1
1.

5 
D

im
et

hy
lf

or
m

am
id

e 
26

.6
 

13
8.

9 
27

.5
 f

 
0.

6 
36

.3
 f

 
0.

3 
-1

6.
5 

-1
.6

 
-1

8.
1 

D
im

et
hy

la
ce

ta
m

id
e 

27
.8

 
11

6.
6 

23
.9

 f
 

0.
6 

34
.5

 f
 

0.
3 

-1
8.

3 
-0

.9
 

-1
9.

2 
nB

ut
an

o1
 

29
.0

 
12

9.
5 

13
.9

 l
 0

.1
 

26
.0

 f
 

0.
4 

-1
9.

8 
-1

.3
 

-2
1.

1 
T

et
ra

m
et

hy
lu

re
a 

29
.6

 
11

8.
8 

19
.7

 f
 

0.
4 

31
.0

 f
 

0.
4 

-1
9.

0 
-1

.0
 

-2
0.

0 
H

M
PA

 
38

.8
 

73
.4

 
12

.1
 f

 
0.

1 
29

.0
 f

 
0.

3 
-2

4.
6 

0.
0 

-2
4.

6 
T

ri
et

hy
la

m
in

e 
54

.8
 

8.
4 

f 
0.

2 
23

.3
 f

 
0.

4 
-2

2.
6 

+
0.

2 
-2

2.
4 

C
ar

bo
n 

te
tr

ac
hl

or
id

e 
73

.8
 

31
.2

 f
 

0.
2 

23
.5

 f
 

0.
5 



46 P. Gbralski/Thermochim. Acta 211 (1992) 43-47 

RESULTS AND DISCUSSION 

The values of the standard enthalpies of solution of cholesterol (Chol) 
and cholesteryl methyl ether (ChME) are given in Table 1, which also 
includes the values of the enthalpy of complex formation between 
cholesterol and proton acceptor determined by the Arnett method 

AH?=-, and those with the Spencer correction term being taken into 
account, AHSpenCer. As can be seen, the differences are not very significant. 
The correction term AH”” carries a considerable error because of the 
rough determination of the dispersion enthalpy (AHi) and of the cavita- 
tion enthalpy (AH=). Moreover, for some solvents there are divergent 
values given in the literature for the solubility parameter 6, required to 
calculate AHi and AH,. 

The enthalpies of hydrogen-bond complex formation of cholesterol 
calculated by the “pure base” method (Table 1) are typical for hydrogen 
bonds formed via the hydroxyl group of alcohols. The AH, values of the 
cholesterol-proton-acceptor complex can be presented as a linear function 
of basicity expressed by the Gutmann donor number (DN), Fig. 1. 

The linear correlation is somewhat better in the case of AHfA’“etr (the 

Fig. 1. The enthalpy of complex formation AH, for cholesterol-proton acceptor com- 
plexes, plotted against basicity expressed as the Gutmann donor number (DN): 
0, AHfmett; V, AHFwnwr. 1, Dioxan; 2, diethylcarbonate; 3, ethylacetate; 4, butanone; 
5, di-n-butyl-ether; 6, tetrahydrofuran; 7, dimethylformamide; 8, dimethylacetamide; 
9, n-butanol; 10, tetramethylurea; 11, hexamethylphosphortriamide. 
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TABLE 2 

The comparison of the enthalpy of complex formation of cholesterol and n-butanol a 

Hydrogen bond Literature AH, (kJ mall’) 

TEA-cholesterol 
TEA-n-BuOH 
n-BuOH-cholesterol 
n-BuOH-n-BuOH 
TEA-methanol 

This work -22.4 
Spencer et al. [13] -22.5 
This work -21.1 
Spencer et al. [13] -21.9 
Spencer et al. [13] -24.9 

a All enthalpies are calculated relative to carbon tetrachloride. 

correction term in eqn. (1) is omitted) than in the case of AHSpencer. In the 
presented correlation, we ignored the results of triethylamine (TEA) 
whose DN has not been precisely determined [lo]. In the literature, two 
DN values are cited for TEA: 30.5 by Taft et al. [ll] and 61.0 by 
Gutmann [12]. The enthalpy of the TEA-cholesterol complex formation 
obtained here can be compared with literature data obtained by the same 
method for the n-butanol-TEA and n-butanol-n-butanol systems (Table 

2). 
As can be seen, the enthalpy of hydrogen-bond complex formation of 

cholesterol and n-butanol with a typical proton acceptor (TEA), as well as 
with an amphiprotic alcohol (BuOH), is similar. It would appear that 
cholesterol behaves’like a typical alcohol in these specific interactions. 
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