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Chiral discrimination has been shown at the air-water 
interface for the binding of terpenes to heptakis-6-0- 
(tert-butyldimethylsilyl)-/3-CD. 

The cyclodextrins are a class of cyclic-oligosac- 
charides possessing a relatively nonpolar molec- 
ular cavity which is capable of complexing a 
wide variety of organic molecules.' Their natu- 
ral chirality has led to them being widely used 
in enantiomeric separations,2 and in particular 
their interactions with terpenes has been exten- 
sively ~ t u d i e d . ~  A number of amphiphilic cyclo- 
dextrin derivatives have been synthesised; and 
their ability to form inclusion complexes at the 
air-water interface has been shown5 Heptakis- 
tert-butyldimethylsilyl-P-cyclodextrin (1) forms 
stable molecular monolayers at the air-water in- 
terface in which the wider secondary hydroxyl 
face is open to the aqueous phase, Ca2+ adsorp- 
tion and inclusion in the layer has been demon- 
strated.6 and 1 forms a 1 : 1 comnlex with Dvrene 

strong component arising from included and 
bound water  molecule^,^ which makes this mol- 
ecule a good choice for the study of chiral recog- 
nition of guest molecules. 

I 

J ( O B  i+)7 

Here we present the complexation study of 1 
with borneol, a strongly bound t e r ~ e n e , ~  and 
two pairs of enantiomers (R)-( -)-Carvone and 
(S)-( +)-Carvone; and (lR,2S,5R,)-( -)-Menthol 
and (lS.2R.5S)-(+bMenthol. 
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the surface potential arise from the different ori- 
entation of the enantiomers within the chiral 
cavity leading to different orthogonal dipole mo- 
ments. 

The surface potential values of the monolay- 
ers were measured under static conditions,8 with 
the terpenes injected into the subphase, under 
the experimental conditions used the surface po- 
tential is related to the orthogonal dipole mo- 
ment of the molecule and its bound water by 
Equation 1. 

A V =  12Flnp 

As the molecular areas occupied by the host 
alone and its complexes are identical, as given in 
Table I, and hence no guest molecules are adsor- 
ped between molecules of 1, we will only be 
concerned with the contribution arising from the 
dipoles of the included water molecules or the 
guest molecules replacing them. 

In Figure 1 are given the variations in AV as a 
function of the surface concentration of 1 when 
the subphase is composed of a) pure water, b) a 
l o p 4  M solution of Borneol, c) a 10 M solution 
of (+) Carvone and d) a 10p4M solution of ( - )  
Menthol. 

The curves show that there is a clear variation 
in AV as the guest molecules changes, thus the 
method is sufficiently sensitive to detect differ- 
ences in the orthogonal dipole moment arising 
effectively from the different orient<ition of the 
guest in the cavity and anv effects this may 

have on the hydration of the monolayer. The 
values for AV and the apparent dipole mo- 
ments are given in Table I. 

In Figure 2a are shown the variations in AV 
for the two Menthol enantiomers and in Figure 
2b the corresponding curves for the Carvone 
enantiomers. The apparent discrimination is 
much smaller for the Menthol enantiomers than 
for the Carvone enantiomers. 

Previous studies on the Menthol isomers have 
shown that there is only 5% chiral discrimina- 
tion in crystallisation experiments, and 'H NMR 
studies on the complexes with 02,06-dimethyl- 
P-cyclodextrin showed a small difference in the 
spectrum of methyl region for the two enanti- 
omers9 In a molecular modelling study we as- 
sumed that possible hydrogen bonds between 
the terpenes and the CD macrocycle would 
dominate in positioning the guest in the cavity, 
this leads to a probable hydrogen bond between 
the Menthol OH and an 0 4  glycosidic oxygen 
and a second between the Carvone CO and an 
OH2 hydroxyl. The two Menthol enantiomers 
will position essentially along the molecular axis 
with almost no difference in the orientation of 
the guest dipole, however for the two Carvone 
isomers there exists a large difference in the ori- 
entation of the olefin. in the case of the (-) iso- 
mer it is almost parallel to the molecular axis 
and for the (+) isomer it is probably at about 45" 
to the axis. As shown in Figure 3. These large 
differences in guest orientation are expected to 
be the major factor in the much larger difference 

7ARI.F I 
\Brious 'lerpenes 

hlolecular Areas, Surface Potential \alues and Orthogonal Dipoles >foments for ti-e Interfacial Complexes of 1 Lvith 

~ ~ ~ ~ 

AIOLECUIAR AREA (A') SURFACE POTENTIAL (mV) DIPOLE MOMENT (mD) 
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FIGURE 1 Surface potential as a function of number of mol- 
ecules of l present on subphases of a) (A) pure water; b) (*) 
Borneo]; c) (D) (+) Carvone; d) (0) (-) Menthol. 

in AV observed for Carvone a molecule having 
only one chiral centre as compared to Menthol a 
molecule having three chiral centres. 

In conclusion we have shown that monolayers 
composed of amphiphilic cyclodextrin mole- 
cules give rise to a chiral discrimination between 
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FIGURE 2A Variation in the surface potential of 1 in the pres- 
ence of (0) (-) Menthol; (*) (+) Menthol. 

included terpene molecules and that this dis- 
crimination is related to the molecular orienta- 
tion of the guest in the CD cavity. 

The surface potential of spread cyclodextrin 
monolayers was measured as previously de- 
scribed.*' The Keithley Instruments Electrometer 
(model 610C) was connected to two identical 
241Am air ionising a emitting electrodes sus- 
pended at about 2-3 mm above the reference 
(left cell) and the measuring cell (right cell) as 
previously described. The two cells are con- 
nected by a liquid bridge for electrical continu- 
ity. The measured difference in surface potential 
(AV) is that between the surface potential of the 
measuring cell (V,) and the monolayer free ref- 
erence cell (VR). In the presence of a cyclodextrin 
monolayer, the surface potential of the system is 
given by the following equation: 

AV = V(M) - V(R) 

The potential jump at the water-air interface, 
AV, induced by formation of a monolayer, is de- 
fined by the Helmholz equation as: 

v 
w z 
0 
2 4 2 0 0  
h > 
E 
v 

> 

l o o /  

0 
0 1 2 3 4 

l t ~ ' ~  Number o f  Uolecules per cmz 

FIGURE 28 Variation in the surface potential of 1 in the pres- 
ence of (0) (-Cawone); (D) (+) Carvone). 
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FIGURE 3 Xlodels of the C'anone (a) and LIenthol (b) enan- 
tiomers \ \here the  h \  iirogeii bonding group5 ha\e been 
aligned (See inlor piate I) 

where n = 1/A is the number of molecules, A 
the mean area per molecule and E, the permit- 
tivity in the vacuum. The quantity 8- is the ef- 
fective dipole moment in direction perpendicu- 
lar to the surface. 

The formation of monolayer brings about a 
change in surface potential which is propor- 
tional to the change of the vertical component of 
the dipole density of the spread molecule with 
respect to the pure water surface. In the case of 
cyclodextrin monolayer the local contributions 
of the hydrophobic and hydrophilic parts of the 
CDs will both influence onto the total surface 
potential. Hence, surface potential measure- 
ments can be used to predict the magnitude and 
the direction of potential changes which occur as 
a consequence of changes in the packing density 
of the cyclodextrins. 
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