ELSEVIE

Thermochimica Acta 346 (2000) 33-36

thermochimica
acta

www.elsevier.com/locate/tca

Cucurbituril as host molecule for the complexation of aliphatic
alcohols, acids and nitriles in aqueous solution

H.-J. Buschrnann*, K. Jansen, E. Schollmeyer

Deutsches Textilforschungszentrum Nord-West e.V., Adlerstr. 1, D-47798 Krefeld, Germany

Received 30 September 1999; received in revised form 17 November 1999; accepted 19 November 1999

Abstract

The complex formation between the macrocyclic ligand cucurbituril and aliphatic alcohols, acids and nitriles has been
studied using calorimetric titrations. The polar groups and the number of methylene groups of the guest molecules studied do
not influence the stability of the complexes formed. Changes in solvation of the ligand cucurbituril are responsible for the high
stability constants. During the complex formation, two solvent molecules are liberated. © 2000 Elsevier Science B.V. All

rights reserved.
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1. Introduction

During the last two decades, the area of Supramo-
lecular Chemistry established itself as a new important
field in chemistry [1-3]. The selective complex for-
mation between host and guest molecules has been
studied in detail. The most prominent host molecules
upto now are cyclodextrins, crown ethers, cryptands
and calixarenes.

Another macrocyclic host molecule is cucurbituril,
see Fig. 1. This ligand was first synthesized in 1905
[4]. However, the chemical structure of the molecule
was reported at least 76 years later [5]. The name
cucurbituril was suggested by Mock due to the tedious
name derived from the IUPAC rules for the nomen-
clature [6]. Cucurbituril is a rigid molecule and pos-
sesses a hydrophobic cavity. At each entrance to the
cavity, six polar carbonyl groups are located. These
conditions are ideal for the complexation of positively
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charged organic molecules with hydrophobic groups.
So the complexation of a large number of different
ammonium ions by cucurbituril was examined first [7—
11]. However, cucurbituril is also able to bind alkali
and alkaline earth cations [12—14]. Some experimental
results are known about the complex formation with
dye molecules [15] and other neutral aromatic sub-
stances [16]. Further results and thermodynamic data
for the complexation of uncharged organic molecules
by the ligand cucurbituril have not been published
upto now. Compared with other macrocyclic ligands,
the knowledge about the complexation behavior of
cucurbituril is rather small. Thus, we like to report
results for the complexation of some aliphatic com-
pounds by cucurbituril.

2. Experimental
The macrocyclic ligand cucurbituril was synthe-

sized from urea, glyoxal and formaldehyde as reported
in the literature [4]. The ligand was purified by dis-

0040-6031/00/$ — see front matter © 2000 Elsevier Science B.V. All rights reserved.

PII: S0040-6031(99)00407-4



34 H.-J. Buschmann et al. / Thermochimica Acta 346 (2000) 33-36

0
O )\\ O\
N
A" N/\S\N

Fig. 1. Structure of cucurbituril.

solution in concentrated hydrochloric acid and by
precipitation after dilution with water. The elemental
analysis of cucurbituril gave the following results: C,
35.58%; H, 4.48%; N, 27.97% (expected C, 43.38%;
H, 3.64%; N, 33.72%). The determined values are in
agreement with those already reported [5,6,12]. The
differences between the theoretical and experimental
values of the elemental analysis are caused by strongly
bound water molecules [17]. The '"H NMR spectrum
in D,O/DCIl contains only three signals of equal
intensity (0 5.75, 6 5.70, o 4.46) showing the high
symmetry of cucurbituril.

All aliphatic alcohols, carboxylic acids and nitriles
were commercial samples (Fluka) and were used
without further purification. Due to the low solubility
of cucurbituril in aqueous solution, an aqueous solu-
tion of formic acid (50 vol %, Merck) was used as
solvent.

The stability constants and thermodynamic values
were determined by calorimetric titrations using a
Tronac Model 458 calorimeter. During a calorimetric
titration, a solution of the ligand (0.05-0.08 mol/l)
was added to a solution of the guest molecule (3—
6-10> mol/l). After corrections of all non-chemical
heat effects, the heat Q, produced during titration was
related to the reaction enthalpy AH by the following
equation:

0 = AnAH

with the number of moles An of the complex formed.
An depends upon the stability of the complex formed.
The mathematical treatment of the experimental data

has already been described in detail [18-20]. The
reliability of the results obtained from calorimetric
titrations compared with that from potentiometric and
conductometric titrations has been demonstrated [21].
"H NMR spectra of pentanoic acid in the absence
and presence of equimolar amounts of cucurbituril
were recorded using a mixture of D,O/DCl
(20 vol %). As internal standard, the sodium salt of
trimethylsilyl tetradeuteropropionic acid were used.

3. Results and discussion

The results for the complexation of aliphatic alco-
hols, acids and nitriles in aqueous solution by cucur-
bituril are summarized in Table 1. The stability
constants and thermodynamic data for the complexa-
tion of all guest molecules are of the same order of
magnitude. There are no strong interactions between
guest and host molecule. As a result the measured
reaction enthalpies were small. Thus, the complex
formation is obviously favored by entropic contribu-
tions. These results are in agreement with the theory
based on hydrophobic interactions [22].

Several individual processes contribute to the reac-
tion entropy:

changes of the solvation of cucurbituril,
changes of the solvation of the guest molecules,

Table 1

Stability constants (log K, K in 1/mol) and thermodynamic
parameters AH and TAS (kJ/mol) for the complex formation of
aliphatic alcohols, acids and nitriles with cucurbituril in aqueous
formic acid (50 vol %) at 25°C

Guest molecule log K —AH TAS

Ethanol 2.64+0.08 2.0+0.7 13.0+£1.2
1-Propanol 2.61£0.11 2.0+0.9 12.9+1.5
1-Butanol 2.53+0.04 2.940.5 11.5+0.7
1-Pentanol 2.734+0.02 1.6£0.1 13.94+0.2
1-Hexanol 2.71£0.03 3.0+0.6 12.440.8
1-Heptanol 2.64+0.09 0.71+0.3 14.34£0.8
1-Propionic acid 2.77£0.08 1.420.6 14.3£1.0
1-Pentanoic acid 2.70+0.07 1.9+0.4 13.4+0.8
1-Hexanoic acid 2.77£0.04 1.1+0.5 14.6£0.8
1-Heptanoic acid 2.77+0.03 1.5+0.6 14.3£0.7
1-Octanoic acid 2.75+0.03 0.91+0.3 14.7£0.5
1-Nonanoic acid 2.7940.11 1.3£0.3 14.6+0.4
1-Propane nitrile 2.31£0.06 3.5+0.8 9.7£1.1
1-Hexane nitrile 2.5740.09 2.6+0.5 12.0+1.0
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changes in the ligands internal entropy due to
conformational changes,

changes in the internal entropy of the guest
molecule due to complex formation,

variation of the number of particles during the
complexation and changes in translational entropy.

Since cucurbituril is a very rigid molecule, no
conformational changes are expected during complex
formation. The most important terms contributing to
the reaction entropy are the changes of the solvation of
the ligand and guest molecule.

The number of methylene groups of the guest
molecules has no influence upon the measured ther-
modynamic values. This observation indicates that the
solvation of the guest molecules has no important
influence on the reaction entropies. The dominant
contribution to the reaction entropy obviously is the
change of solvation of cucurbituril during the complex
formation. From thermogravimetric studies it is
known that eight water molecules are bound by
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cucurbituril. Two or three water molecules are more
strongly bound compared with the rest [17].

The entropy change for the melting of ice is
TASusion=06.6 kJ/mol at 298.15 K [23]. Using this
value, it is possible to calculate the number of water
molecules n liberated during the complex formation:

_TAS
B TAS fusion

The values of the reaction entropies given in Table 1
indicate the liberation of two water molecules. Thus,
the changes in solvation play an important role for the
formation of complexes between cucurbituril and
aliphatic alcohols, acids and nitriles.

Amines, diamines, and other compounds containing
amino groups form much stronger complexes with
cucurbituril than aliphatic alcohols and other guest
molecules examined [7-11]. The complexes with all
amines are stabilized by strong ion—dipole interactions
between the carbonyl groups of cucurbituril and the
protonated amino groups. From 'H NMR measure-
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Fig. 2. "H NMR spectra of pentanoic acid: (a) and in the presence of cucurbituril; (b) in D,O/DCI with the sodium salt of trimethylsilyl

tetradeuteropropionic acid as internal standard.
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ments, it is known that these guest molecules are
located within the cavity of cucurbituril.

The interpretation of the thermodynamic data for
the complexation of aliphatic alcohols, acids and
nitriles in aqueous solution is only valid if inclusion
complexes are formed. Thus, no hydrophobic inter-
actions between host and guest molecules are possible,
if the guest molecule is not located inside the cavity of
the host molecule.

In Fig. 2, the "H NMR spectra of a solution contain-
ing pentanoic acid and a mixture of pentanoic acid
with cucurbituril is given. Due to the formation of an
inclusion complex between cucurbituril and this acid
the signals of the methyl and methylene groups are
shifted. The observed line broadening further indi-
cates a relative fast exchange between the complexed
an uncomplexed pentanoic acid [24]. These results
clearly demonstrate the formation of inclusion com-
plexes between the guest molecules examined and
cucurbituril.
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