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STUDY OF THE PROPERTIES OF CYCLODEXTRINS AS STATIONARY
PHASES IN GAS CHROMATOGRAPHY

E. SMOLKOVA®, H. KRALOVA, S. KRYSL and L. FELTL
Department of Analytical Chemistry, Charles University, Prague (C=echoslovakia}

SUMMARY

The formation and properties of inclusion compounds of «- and f-cyclodextrin
were studied in a gas—solid chromatographic system. Substances of various structural
types and geometries (hydrocarbons, hydrocarben halogeno derivatives, alcohols,
aromatic compounds) were used as sorbates. The results of chromatographic measure-
ments are correlated with polarizability and polarity data for the sorbate molecules,
and interpreted in terms of the possible interactions involved.

INTRODUCTION

Much attention has recently been paid to the specific properties of cyclodex-
trins, both from the point of view of theory and from that of practical application’™.
It has been found that chromatographic methods can also vield interesting informa-
tior: on their properties’.

Cyclodextrins (CDs) are cyclic oligosaccharides which can be obtained on a
laboratory scale by enzymatic degradation of starch. The most abundant products
are a-, #- and y-cyclodextrins, formed by six, seven and eight glucose units, respective-
ly. The cyclodextrin structure has a special arrangement of the fuactional groups,
which has a marked effect on the differences in the properties of x-, f- and y-cyclodex-
trin. The secondary hydroxyl groups are locaiized on one side of the ring, whereas the
primary oneas are on the opposite side. The inside of the ring contains only circular
configurations of hydrogen atoms and glycoside oxygen atoms and is therefore apolar
compared with water. The holes in the CD molecules are somewhat conical and are
wider at the side of the secondary hydroxyl groups tharn on the side of the primary
groups. The primary hydroxyl groups can rotate and thus partially block the cavities,
while the secondary hydroxyl groups cannot rotate®. The glucose units assume the
chair conformation. Intramolecular hydrogen bonding occurs between the secondary
hvdroxyl groups of the glucose units and makes the cyclodextrin ring more rigid. a-,
B- and y-cyclodextrins form cavities with a size of 5-8 A, enabling inclusion of mole-
<cules with appropriate dimensions. In contrast to classical clathrates, the inclusion
compounds formed are capable of existence even in agueous solutions.

In view of the interesting properties of these substances, we studied the be-
haviour of o- and B-cyclodextrins as stationary phases in gas—solid chromatography
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(GSC), and compared the results with those of previous work on inclusion com-
pounds®13_

EXPERIMENTAL

Stationary phases consisting of 109 (w/w) «-CD or §-CD deposited on Chro-
mosorb W (60-80 mesh) were prepared. The cyclodextrin was deposited from a
dimethylformamide solution and the phases were packed into glass columns (120 cm

x 3mm I.D.).

The sorbates were selected so that organic molecules of various structural types
and geometries were included (hydrocarbons, hydrocarbon halogeno derivatives, al-
cohols, ethers and aromatic hydrocarbons). All measurements were carried out on a
Hewlett-Packard 5700A gas chromatograph equipped with a flame ionization detec-
tor.

The samples were injected with Hamilton microsyringes.

RESULTS AND DISCUSSION

Measurements with a wide range of sorbates were performed at temperatures
from 50 to 80°C. The retention data obtained (adjusted retention times, 7z, and
capacity factors, &’) are summarized in Table I, together with the physical charac-
teristics with which the data were correlated.

To evaluate the interactions occurring, the dependence of the retention data on
the sorbate polarizability was studied, as a measure of the effect of dispersion forces
operating inside the cyclodextrin ring. However, the effect of surface forces during
inclusion cannot be completely excluded, as the sorbate molecules are in equilibrium
not only with respect to the interior of the cyclodextrin ring, but also with respect to
its surface. The inclusion process proceeds through the outer surface of the CD into
its cavity; therefore, the retention time can also be determined by the time required
for deposition on the surface before the interaction in the CD cavity. Hence the
retention times can be characterized as the ratio of the effects of dispersion and
surface forces.

Inclusion can sometimes be related to the boiling pomts. However, the guest
structure can be considered as the chief criterion, together with the relative sizes of the
guest molecule and of the CD cavity; the stability of the inclusion compounds often
changes with increasing size of the sorbate molecule.

n-Alkane—CD interaction

The dependence of the logarithm of the adjusted retention times of aliphatic
hydrocarbons on their polarizability is linear both for «- and §-CD (Fig. 1). The slope
of the straight lines does not change with changing temperature indicating a con-
stant interaction mechanism.

Only dispersion forces are operative with aliphatic hydrocarbons and thus the
large differences in retention on «- and g-CD can only be explained by the inclusion
process. In view of the smaller cavity of -CD, this process is even more marked than
with §-CD, as demonstrated by the retention data: the difference in retention for -
pentane between %- and 8-CD is 490 sec and the interaction of higher hydrocarbons is
so strong that they are completely retained in the «-CD cavity.
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Fig. 1. Dependence of log 7z on polarizability for n-alkanes on §-CD at 50°C (O), 60°C (@) and 80°C
{ <) and on -CD a: 80°C (+). 1 = z-Pentanc; 2 = n-hexaae; 3 = n-heptane.

Hydrocarbon halogeno derivative—CD interaction

With halogeno derivatives, the retention times obtained on «-CD are also
longer than on §-CD. This indicates that the forces operating inside the cyclodextrin
ring predominate during the interaction, since the dispersion forces act over a shorter
distance in the a-CD caviiy.

A comparison of the dependences of log 7 on the polarizability (Fig. 2) shows
marked differences, from which it can be assumed that, during inclusion of a halo-
geno derivative in «-CD, different primary interactions than with §-CD are encoun-
tered. The difference in the retention data for trichloroethylene and 1,2-dichloroethane
is especially large and is ever more marked when it is considered that their boiling
points are 40-60°C lower than those for the tetrahalogeno derivatives studied, whose
Tetention is substantially lower.

Cyclic compound—CD interaction

The log f; vs. polarizability dependence for cyclic compounds (Fig. 3) again
indicates a stronger interaction with #-CD. This difference is greatest for cyclohexane,
but comparison of the data for benzene and toluene is more interesting, as the reten-
tion order changes, demonstrating -again the presence of inclusion interactions.

Ether-CD interaction - .

The effect of the geometry of the sorbate is marked for diethyl ether and diiso-
propyl ether. As follows from Table I, the retention of the more volatile diethyl ether
is more than three-fold greater on x-CD and almost nine-fold greater on §-CD
compared with diisopropyl ether. The polarizability values of the two sorbates also
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Fig. 2. Dependence of log 1z on polarizability for the halogeno derivatives on -CD (O) and 2-CD ( x)
at 80°C. 1 = Tetrachloromethane: 2 = chloroform; 3 = trichlorethylene: 4 = 1.2-dichloroethane; 5 =

1.1.2.2-tetrachloroethane; 6 = tetrachloroethylene.

Fig. 3. Dependence of log 7; on polarizability for cyclic compounds on §-CD (O) and z-CD (x) at
80°C. 1 = Cyclohexane; 2 = benzene; 3 = toluene.

are not in accord with the retentions measured. This phenomenon can be explained
on the basis of the steric arrangement, where, in analogy with urea, the branched

ether is less strongly retained.

Alcohol-CD interaction
The dependence of log ¢ vs. polarizability for six alcohols interacting with a-
and B-CD is given in Fig. 4. In contrast to the previous sorbates, the retention data on
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Fig. 4. Dependence of log 1, on polarizability for unbranched (x, O) and branched (+. @) aliphatic
alcohols on 2-CD ( x . +)and on 8-CD (O, @) 2t 80°C. 1 = Methanol; 2 = cthanol; 3 = n-propanol; 4 =
isopropanol; 5 = isobutanol; 6 = benzyl alcohol.
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the two cyclodextrins are not very different. This can be explained by the effect of
surface hydroxyl groups, which markedly contribute to the retention of polar sub-
stances on the two cyclodextrins. In addition, the inclusicn process is also operative,
especially with «-CD, where the small cavity leads to tGz formation of stronger
coraplexes due to closer contact of alcohols with the cavity.

Matsui and Mochida®® arrived at the same conciusion and demonstrated a
greater stability for the a-CD inclusion compound with an unbranched aliphatic
alcohol by calculating the association constants for inclusion compounds of «- and -
CD with various alcohols in aqueous solution. The difference found between the
association constants again confirms the large effect of the volume of the guest mole-
culz on the stability of the CD-alcohol inclusion compound.

A significant contribution from surface forces teo the total alcohol retention is
evident from the dependence of the alcohol retention data on permittivity; the reten-
tion data of alkanes and cyclic compounds are unaffected by permittivity.

It follows from the results obtained that all the cases involve forees operative
inside the cyclodextrin ring. i.e., inclusion compounds are formed even if the cyclo-
dextrin host substance is in contact with the sorbates in the gaseous state.
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