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In the following paper, we show how the pH dependent
hydrophobic characteristics of poly(methacrylic acid) (PMA)
may be used to develop a reversible supramolecular complex
between a cyclodextrin and an atropisomeric aromatic group
bound as a label to the PMA. The system is monitored by a
chiral optical signal which is sensitive not only to the pH at the
time of measurement but also to both the pH and time history
of the sample.
The complexes between cyclodextrins1 and naphthalene

derivatives cause a large induced circular dichroism (ICD) effect
associated with the naphthalene chromophore perturbed by the
asymmetric cyclodextrin internal cavity.2 However an aqueous
solution of polymethacrylic acid (PMA), 0.6% of whose mono-
mer units were esterified with 4-bromomethyl-1,1′-binaphthyl3
(1) showed no circular dichroism signal on addition of even
large excesses ofγ-cyclodextrin. When the pH is raised above
6, however, the expected induced circular dichroism (ICD)
appears signaling the incorporation of the aromatic chromophore
in the cyclodextrin cavity. The binding constant for this com-
plex is 1250 L/M at pH 10.4 This ICD instantly disappears on
reducing the pH below near to 6 and reappears when the pH is
raised above this point.5,6 Figure 1 exhibits this interplay be-
tween the pH and the ICD and, to be discussed below, the pH

dependencies of the inherent viscosity of the polymer solution
and the fluorescence intensity of the binaphthyl residues in1.
At any pH in which the ICD is observed (Figure 1), the

circular dichroism signal grows slowly with time. This is shown
in the difference between spectra a and b in Figure 2. Figure
2 also includes the circular dichroism spectrum (c) which
remains after breaking the complex between the cyclodextrin
and the binaphthyl group by lowering the pH. The conclusion
that circular dichroism (c) in Figure 2 is associated with a partial
resolution of one of the enantiomers of the binaphthyl atrop-
isomer is confirmed by the slow growth of this signal, which
with a half-life of 17 h at 20°C is in line with that expected for
the resolution of the twisted enantiomers.7 This is further
confirmed by the shape and intensity of the circular dichroism
(c) which fits for an approximate 5% enantiomeric excess of
the (S)-binaphthyl enantiomer.8 The circular dichroism arising
from the resolution is designated the twist circular dichorism
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Figure 1. Induced circular dichroism (ICD), inherent viscosity (ηinh)
and fluorescence intensity (If) as a function of pH for1. See text and
ref 7. All solutions for ICD and If contain 0.01 M in monomer residues
of 1; for the ICD and one of the If measurements, 0.0018 M cyclo-
dextrin. The pH values were obtained by neutralization of the PMA
without addition of salt. Concentration forη was 0.04 M in monomer
residues of1.
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(TCD) to distinguish it from the ICD discussed above. At low
pH, the TCD slowly (see below) decays to zero since the chiral
influence of the cyclodextrin is removed, although this decay
of the TCD can be immediately reversed by allowing the
cyclodextrin complex to reform at higher pH. By change of
pH above and below about 6, one can therefore cause the ICD
to appear and disappear, respectively, with the intensity of the
TCD (added to the ICD above pH 6 but appearing alone below
pH 6) depending on the pH and time history of the sample.
The partial resolution allows the study of the racemization

kinetics of the binaphthyl label in1. Figure 3 shows that the
racemization rate at low pH in the dissolved polyelectrolyte1
is far slower than for high pH9 where it is similar to the
racemization rate of a water-soluble model. The racemization
kinetics of 1,1′-binaphthyl are known to be only mildly sensitive
to the polarity of the solvent10 and, as shown in the present
work (Figure 3), in glycerol, which is 1400 times the viscosity
of water, also only mildly sensitive to the viscosity of the
medium. Yet the poly(methacrylic acid) chain, under the
conditions where the cyclodextrin is expelled from the binaph-
thyl label, forces an unprecedented large restriction on the

motions responsible for the racemization revealing an unusually
closely coupled relationship between backbone chain and label
presumably driven by the hydrophobic forces.11

Fluorescence measurements of aromatic molecules which
show large intensity changes in response to change from non-
aqueous to aqueous environments have shown that PMA at low
degrees of ionization has a tendency to encapsulate hydrophobic
labels protecting them from contact with the aqueous environ-
ment, but these capsules are disrupted as the PMA ionization
exceeds a critical value.12,13 Apparently for the binaphthyl
group, this local effect is powerful enough to draw the aromatic
probe out of the cyclodextrin. This is surprising considering
that the overall chain conformation is neither collapsed nor
excluding water. Further detail is revealed by the data in Figure
1. While the dependence on pH of the solution viscosity of1,
characterizing the dimension of the PMA coil (Figure 1), is
related to the overall chain properties, the ICD, fluorescence,
and racemization rate dependence on pH track the environment
around the binaphthyl group. The results show that the
expansion of the chain, revealed by the increase of the viscosity,
occurs at a lower pH than transfer of the binaphthyl label to
the cyclodextrin (appearance of the ICD). This is reasonable
since the portion of the chain forming the capsule about the
binaphthyl group may be expected to resist exposure to water
to higher degrees of ionization than that necessary to expand
the bulk of the PMA. The fluorescence data taken in both the
presence and absence of the cyclodextrin (Figure 1) beautifully
support this picture. They show that in the absence of the
cyclodextrin a higher pH is necessary to release the aromatic
group from the PMA capsule to a purely aqueous environment
(reduction in the fluorescence intensity). In the presence of the
cyclodextrin, the fluorescence data closely parallel the pH
necessary for the transfer from the hydrophobic PMA cavity
into the cyclodextrin cavity shown from the ICD data.
Other water-soluble polymers with hydrophobic properties

which undergo temperature-induced phase transitions14may be
expected to exhibit similar changes of shielding and exposure
of aromatic labels to aqueous environments and therefore to
reversible complexation with cyclodextrin. In the special case
of polyelectrolytes, since illumination may lead to pH changes,15

a new approach to optical switching may be possible.16,17
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Figure 2. Circular dichorism spectra for the labeled poly(methacrylic
acid)1: in the presence ofγ-cyclodextrin at pH) 10 at (a) time) 0;
(b) at time) 120 h; (c) after reduction of the pH to 5.4 following
spectrum b.

Figure 3. First-order plots of racemization of1 at pH 4.2 (acetate
buffer, [K+] ) 0.072 M) and 9.2 (phosphate buffer, [K+] ) 0.072 M)
and for BNA in water and glycerol.
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