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ULTRASONIC INVESTIGATIONS OF INCLUSION COMPLEXES
OF «-CYCLODEXTRIN WITH AMPHIPHIL SUBSTANCES
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Velocity and attenuation measurements of ultrasonic waves in water solutions of
e-cyclodextrin containing different amphiphil substances: sodium octyl sulfate (SOSO0),
sodium decyl sulfate (SDeS), decylpyridinium bromide (DePyB) and sodium caprinate (SCp)
were made. The occurrence of an ultrasonic relaxation process connected with the formation
of inclusion complexes of a-cyclodextrin with SDeS, DePyB, SCp was established.

1. Introduction

The inclusion complexes are complexes of different substances with macrocyclic
ligands. Both ionic and non-ionic substances, which are fitted to the cavity of
a macrocyclic organic compound, may be included. Investigations of the inclusion
complex give basic information about non-covalence molecular interactions, which
are especially important in biological systems. The inclusion complexes with mac-
rocyclic ligands are used among others as models of enzymes and biocatalysts.

The ultrasonic investigations of the inclusion complexes aim at the study of the
mechanism of the complexation through the investigations of kinetics and ther-
modynamics of this process [1]. It enables to determine selective properties of ions and
included molecules as well as the ligands forming those complexes.

In literature, one can find only ultrasonic investigations of inclusion complexes of
the crown ethers: 15CS and 18C6 with the cations: Li*, Na*, K*, NH}, Ag*, Sr*+,
Ba**, Pb**, Hg** in different solvents like water, ethanol, dimethylformamide,
methanol, dimethoxyethane and others [2—9].
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In this article the first results of ultrasonic investigations of the inclusion complexes
of a-cyclodextrin (x-CD) with amphiphil substances: sodium octyl sulfate (SOS),
sodium decyl sulfate (SDeS), decylpyridinium bromide (DePyB) and sodium caprinate
(SCp) are presented.

2. Experimental part

The ultrasonic velocity and the attenuation coefficient a//2 measurements in the
water solutions of the a-cyclodextrin with the following detergents: sodium octyl
sulfate (SOS), sodium decyl sulfate (SDeS), decylpyridinium bromide (DePyB) and
sodium caprinate (SCp) were made in the range of frequency 1—150 MHz at
temperature 25°C. The concentration of each component of the solutions was equal to
0.04 M. The measurements for 0.04 M solution of cyclodextrin were also made.

The measurements were made by means of the resonator [10— 12] and pulse [1, 13]
methods in the frequency range 1—10 MHz and 10— 150 MHz, respectively. The
measurement errors were about 5% for the former method and below 1% for the latter
one. The detailed description of equipment used for the resonator method is presented
in [11, 12]. For the pulse method we used a sin wave generator combined with a pulse
generator and a modulator as a source of the electrical pulse signal. This signal
supplied an ultrasonic wide-band probe emitting ultrasonic waves into a tested liquid.
The second probe converted received acoustic waves into the electrical signal that was
measured on an oscilloscope. The second probe was joined with an arm of
cathetometer for accurate measurements of distance between the probes.

Results of the measurements are presented graphically in Figs. 1 —10. Theoretical
curves are fitted to the experimental results by means of computer calculation
programs. These curves present the known theoretical equations as follows:
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where a is the ultrasonic attenuation, / the measured frequency, fr; the relaxation
frequency, 4, the relaxation amplitude, B the contribution to sound attenuation from
any other processes that may be occurring at higher frequencies beyond our frequency
range. u = (x— Bf?) A represents the excess attenuation per wavelength 1 (1= c/f cis
the ultrasonic velocity), the maximum excess attenuation per wavelength. n is the
number of relaxation prooesses

3. Discussion of results and conclusions

As one can see in Fig. 1 and 2, changes of the attenuation coefficients, a/f% and p,
with frequency indicate the occurrence of one relaxation process (n=1) with
a relaxation frequency of 16.7 MHz in the water solution of a-CD. Especially in Fig. 2,
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Fig. 1. Plot of the ultrasonic attenuation coefficient «/f? vs. the frequency f for 0.04 M water solution of
a-cyclodextrin.
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Fig. 2. Plot of the excess ultrasonic attenuation per wavelength u vs. the frequency ffor 0.04 M water solution
of a-cyclodextrin.

one can see that because the coefficient u as a function of frequency f has a regular,
gaussian shape typical of single relaxation processes [14, 15]. This result is inconsistent
with the data published in ref. [16], in which the occurrence of two relaxation processes
was suggested.
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ultrasonic attenuation coefficient a/f? vs. the frequency f for 0.04 M water solution of

a-cyclodextrin with sodium octyl sulfate (SOS).

a-CD+50S in water (004 M)
t =25°C

e = 259%10°°

fr= 202 MHz

1 1 T ot il o el B 1 1 AR R | L

1 10 100 f [MHz]

Fig. 4. Plot of the excess ultrasonic attenuation per wavelength u vs. the frequency ffor 0.04 M water solution

of a-cyclodextrin with sodium octyl sulfate (3uS).
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Most probably this ultrasonic relaxation process is connected with the water
molecule exchange in the hydration shell which accompanies conformation changes of
the polysaccharide molecule [16]. From other references it is known that cyclodextrins
exist in water solutions as dimmers [17]. The investigated process could be a result of
the reaction 2CD = (CD),. Lower relaxation frequency obtained from the measure-
ments for the water solution of a-CD than for that of f-cyclodextrin (f, ~ 20 MHz
[18]), confirms rather the first (from above mentioned) possibilities. This is connected
with the fact that the diameter of the cavity of a-CD-the cyclic polysaccharide
(CH,,0.),—d = 5.8 A, is smaller than that of f-cyclodextrin (CH,,0,),,d = 7.8 A.
The conformation changes and the exchange of water molecules joined to polysac-
charide through hydroxyl groups are faster in the polysaccharide molecule with the
grater cavity, since both the interactions between hydroxyl groups and interactions of
these groups with water molecules are weaker inside the larger cavity.

Figures 3 and 4 show the results of the ultrasonic measurements in the 0.04 M water
solution of -CD and SOS as functions a/f% (Fig. 3) and u (Fig. 4) versus frequency /. In
this case also one relaxation process occurs.

The numerical values of a/f?, u, f, and A for this solution are approximately equal
to those for the a-CD solution. Thus the addition of SOS to the a-CD solution does not
cause an essential change in the ultrasonic attenuation and, this suggests no interaction
between the a-CD and SOS molecules. Thus, as in previous case, the investigated
relaxation process is connected with the interaction of the a-CD molecules with the
surrounding water molecules.

The results of the measurements of «/f? and u for the a-CD solutions with SDeS,
DePyB and SCp are shown in Figs. 5-10, respectively. In all cases one can observe
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Fig. 5. Plot of the ultrasonic attenuation coefficient u/f vs. the frequency f for 0.04 M water solution of
e-cyclodextrin with sodium decyl sulfate (SDeS).
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Fig. 6. Plot of the excess ultrasonic attenuation per wavelength y vs. the frequency ffor 0.04 M water solution
of a-cyclodextrin with sodium decyl sulfate (SDeS).

a considerable increase of the attenuation coefficients, a/f? and u, and the widened
region of the dependence of u on frequency in comparison to the a-CD and
®-CD + SOS solutions. These differences indicate at least two relaxation processes
(n=2).InFigs. 6, 8 and 10 dashed lines mark the function u versus frequency obtained
from simulation calculations regarding the two relaxation processes (Eq. (2) for n=2).
From these calculations it results that the parameters . and f, for both relaxation
processes have similar values for the a-CD solutions with SDeS and DePyB and
different values for the a-CD solution with SCp. It is particular noticeable for the
second, high-frequency relaxation process.

In the low frequency range (4-8 MHz), the excess attenuation of the ultrasonic
waves may be connected with the process of formation and disintegration of the
inclusion complexes with the amphiphil substances: SDeS, DePyB and SCp. This
process must be considerable slower than those connected with the possible
conformation changes of the polysaccharide and the surfactants or the exchange of the
water molecules in the hydration shell of cyclodextrin and the surfactants. As
previously, the high-frequency relaxation (18-33 MHz) in the «-CD solutions with the
mentioned detergents is caused, most probably, by this second reason.

The results presented in [19, 20] proved that the hydrophobic interaction between
a guest molecule (its hydrophobic chain) and a host cavity (cyclodextrin) are dominant
in this kind of complexes.

Measurements of the surface tension [21] confirm this conclusion. The addition of
cyclodextrin to the solutions of SDeS, DePyB and SCp causes a significant increase of
the surface tension. That must be connected with blocking of the hydrophobic chains
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Fig. 7. Plot of the ultrasonic attenuation coefficient a/f? vs. the frequency f for 0.04 M water solution of
a-cyclodextrin with decylpyridinium bromide (DePyB).
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Fig. 8. Plot of the excess ultrasonic attenuation per wavelength p vs. the frequency ffor 0.04 M water solution
of a-cyclodextrin with decylpyridinium bromide (DePyB).
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Fig. 9. Plot of the ultrasonic attenuation coefTicient a/f? vs. the frequency f for 0.04 M water solution of
a-cyclodextrin with sodium caprinate (SCp).
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Fig. 10. Plot of the excess ultrasonic attenuation per wavelength u vs. the frequency f for 0.04 M water
solution of a-cyclodextrin with sodium caprinate (SCp).
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of these detergents by the cyclodextrin as a result of formation of inclusion complexes,
since mere cyclodextrin has practically no surface activity.

Acquisition of full information about the mechanism of the complexation
processes in the above described systems will need further investigations by mens the
acoustic as well as the other spectroscopic methods.
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