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Abstract

The complexation of aliphatic alcohols by α- and β-cyclodextrins and their partially methylated de-

rivatives has been studied by means of calorimetric titrations in aqueous solution. The methyl sub-

stituents have no pronounced influence upon the complex formation. α-Cyclodextrin and the par-

tially methylated derivative form with only few exceptions more stable than β-cyclodextrin. With

increasing chain length of the alcohols the values of the stability constants and reaction enthalpies

increase in case of the complex formation with α-cyclodextrin and partially methylated α-cyclo-

dextrin. In contrast the complex formation becomes disfavoured by the reaction entropy with an in-

creasing number of methylene groups. The values of the reaction enthalpies with the β-cyclodextrins

are close to zero. Thus the complexation is only favoured by entropic contributions.
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Introduction

Cyclodextrins (CDs) are polysaccharides made up of six to eight (α=6, β=7, γ=8)

D-glucose monomers linked covalently at the 1 and 4 carbon atoms. The internal

rigid cavities are relatively hydrophobic and have diameters ranging from 0.50 to

0.85 nm (Fig. 1). Inside the hydrophobic cavities guest molecules can be included

[1–6]. Due to the complex formation the solubility of unpolar organic substances in

aqueous solution increases. This effect is mainly used in pharmaceutical applications

[3, 7–11]. The complex formation of a large number of guest molecules with

cyclodextrins has already been studied [3, 12]. However, in most cases no thermody-

namic data are known.

Different experimental techniques have been used to measure the stability of the

complexes formed. Most commonly the stability constants are determined by spec-

troscopic methods, e.g. UV, fluorescence, NMR, by solubility and by competitive re-

actions. The reliability of the different methods has recently been compared for the

complexation of surfactants with cyclodextrins [13]. Obviously direct calorimetric ti-
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trations simultaneously lead to very accurate values of the stability constants and re-

action enthalpies and entropies. Stability constants and reaction enthalpies for the

complexation of aliphatic alcohols taken from the literature also show few discrepan-

cies [14–22]. On the other hand no results have been reported for the complexation of

aliphatic alcohols with partially methylated cyclodextrins.

Thus, we studied the complexation of aliphatic alcohols by α- and β-CD and

their partially methylated derivatives using calorimetric methods. The knowledge of

the thermodynamic parameter is important for a better understanding of the different

factors influencing the complex formation.

Experimental

The aliphatic alcohols 1-butanol (Fluka), 1-pentanol (Fluka), 1-hexanol (Merck),

1-heptanol (Fluka) and 1-octanol (Merck) are of the highest purity commercially avail-

able. α-Cyclodextrin (α-CD), β-cyclodextrin (β-CD), and the partially methylated cyclo-

dextrin derivatives (average degree of substitution 1.8) 1.8-methyl-α-cyclodextrin

(1.8M-α-CD) and 1.8-methyl-β-CD (1.8M-β-CD) (all Wacker) are used without further

purification.

The calorimetric titrations a performed using a Tronac Model 458 calorimeter.

A ligand solution (0.06–0.08 mol l–1) is added continuously (buret rate: 0.3232 ml s–1)

to a solution of the guest molecules (4·10–3–5·10–3 mol l–1). The heat Q produced dur-

ing titration is related to the reaction enthalpy ∆H by the following equation after cor-

rection of all non-chemical heat effects:

Q=∆n∆H

with ∆n as the number of moles of the complex formed. The mathematical treatment

of the experimental data is already described in detail in the literature [23–25].

Results and discussion

The results obtained for the complexation of aliphatic alcohols and different cyclo-

dextrins are summarized in Table 1 together with some data from the literature. Large de-

viations with results from the literature are only found in few cases. The cyclodextrins

and their partially methylated derivatives behave comparable.
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Fig. 1 Schematical structure of α-CD



Table 1 Stability constants (logK1, K1 in dm3 mol–1) and thermodynamic values ∆H and T∆S (in
kJ mol–1) for the formation of cyclodextrin complexes with aliphatic alcohols in aque-
ous solution at 25°C

Alcohol Value α-CD 1.8M-α-CD β-CD 1.8M-β-CD

1-Butanol logK 2.46±0.07
1.95a

3.96b

2.00c

1.92d

2.00e

2.05±0.04 1.26±0.06
1.44h

1.23i

4.08b

2.47±0.05

–∆H 5.7±0.9
10.7d

7.9b

9.9e

9.9±0.6 0.9±0.5
3.0b

5.3±0.7

T∆S 8.3±1.3
0.2d

–14.bf

1.5e

1.8±0.8 6.3±0.8
–21.0b

8.7±1.0

1-Pentanol logK 2.56±0.02
2.51a

4.27f

2.44c

2.39d

2.44e

2.46±0.03 1.86±0.07
3.96f

1.88h

1.79i

–k

–∆H 13.1±0.8
13.9f

14.9d

11.8e

10.9±0.7 –1.5±0.6
2.2f

1.2±0.4

T∆S 1.5±0.9
–10.4f

–1.3d

2.1e

3.1±0.9 12.1±3.2
–24.8f

1-Hexanol logK 2.48±0.02
2.95a

2.85d

3.89g

2.58c

3.12e

2.27±0.04 2.34±0.08
2.45h

2.28i

3.77g

2.59±0.07

–∆H 22.7±0.7
18.2d

29.1g

13.8e

21.1±0.6 –1.0±0.6
0.6g

–1.7±0.5

T∆S –8.6±0.8
–2.0d

6.9g

4.0e

–8.2±0.8 14.3±1.1
–22.1g

16.4±0.9
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Table 1 Continued

Alcohol Value α-CD 1.8M-α-CD β-CD 1.8M-β-CD

1-Heptanol logK 2.90±0.03
3.36a

2.27c

3.07d

2.89e

2.49±0.05 2.64±0.07
2.82h

2.79i

3.13±0.05

–∆H 26.4±0.7
22.8d

20.2e

24.0±0.6 0.3±0.5 –3.1±0.7

T∆S –9.9±0.8
–5.4d

–3.7e

–9.9±0.9 14.7±0.9 20.9±1.0

1-Octanol logK 3.27±0.02
3.80a

2.64e

3.01±0.4 2.83±0.05
3.25h

3.20i

–k

–∆H 31.8±0.8
22e

25.7±0.6 6.4±0.6 –3.4±0.5

T∆S –13.2±0.9
–7e

–8.6±0.8 9.7±0.9

a[14]; b[15]; c[16]; d[17]; e[18]; f[19]; g[20]; h[21]; i[22];
kNot calculable from the thermal curve

The stability constants increase with ascending number of methylene groups of the

aliphatic alcohols (Fig. 2). However, the reasons for this observation are quite different

for the α- and β-CD´s. The values of the reaction enthalpies increase linear with the num-

ber of CH2-groups for the reactions with α-CD (Fig. 4). The CH2-increment is 6.5

kJ mol–1. This value is slightly higher as the value reported earlier (3.9 kJ mol–1 [17]). In

contrast the values of the reaction enthalpies are close to zero for the reactions with

β-CD.

Only in case of butanol the complex formation with α-CD is favoured by

entropic contributions. With increasing number of the methylene groups the reaction

entropies become more and more negative (Fig. 2). All reaction entropies for the

complex formation with β-CD are positive. Thus, these reactions are only favoured

by entropic contributions.

The following reaction steps are expected to take place during the complex for-

mation:

• partial or complete desolvation of the guest molecule,

• partial or complete elimination of water molecules from the cyclodextrin cav-

ity,

• reduction of the conformational freedom of the host and guest molecules,

• change of the number of particles due to complex formation (one guest mole-

cule and one host molecule form one complex) and

• interactions between the host and guest molecules.
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Attemps to calculate all these individual contributions to the measurable overall

thermodynamic parameters have been reported [26, 27]. These reaction steps influ-

ence both the reaction enthalpy and entropy. The water molecules inside the cavity of

the cyclodextrins are not energetically comparable with water molecules in the bulk

phase. Inside the cavity of the cyclodextrins these water molecules are not able to

form hydrogen bonds as in the bulk phase. Thus, the water molecules inside the cav-

ity are named as ‘high-energy water’ by Saenger [28]. The release of these water mol-

ecules from the cavity should result in favourable enthalpic contributions to the reac-

tion enthalpy. This effect is only observed in case of the complex formation with the

α-CD ligands. The decrease of the reaction entropies is caused by the reduction of the

conformation freedom of the included guest molecules.

Obviously no ‘high-energy water’ is included in the cavity of the β-CD´s. As a

result the values of the reaction enthalpies are close to zero. The positive values of the

reaction entropies are caused by the release from water molecules from the cavity of

the β-CD´s. However, the conformational freedom of the complexed molecules is re-

duced and therefore the values of the reaction enthalpies are nearly independent of

the chain length of the aliphatic alcohols.

These explanations are supported by the number of water molecules included in-

side the cavities of α- and β-CD. Inside the cavity of α-CD only two [28] and inside
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Fig. 2 Stability constants (logK) and thermodynamic parameters ∆H and T∆S for the
complexation of aliphatic alcohols by α- (▲) and β-cyclodextrin (·) in aqueous
solution at 25°C as a function of the number of carbon atoms n of the aliphatic
alcohols



the cavity of β-CD nine water molecules [28] are included. Obviously these water

molecules are responsible for the different behaviour of α- and β-CD and their par-

tially methylated derivatives. The presence of some methylene groups at the core of

the cyclodextrins has no influence upon the complex formation.
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