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Current Research Programme
Information processing at the molecular level

Figure 1.
interaction between a tweezer-type molecule
(shown in purple) and an aromatic polyimide chain

Computational modelling of the

Just as the information contained in a book is embodied in a linear sequence of
letters, so the information needed for all living systems to function and reproduce is
embodied in a linear sequence of chemical units — monomer residues — which make
up the polymer chains of DNA and RNA. The digital information coded within the
nucleic acids is read and acted upon by other molecules through the recognition of
specific monomer sequences - the biological equivalent of reading a string of binary
numbers from a magnetic tape. Our recent research has shown that information-
processing at the molecular scale is not restricted to biological macromolecules, but
can also be achieved, in principle, with entirely synthetic polymer systems. These
new systems (copolymers based on aromatic polyimides) are unrelated to the
nucleic acids and are vastly more stable. Figure 1 shows a computational model in
which a tweezer-type molecule (in purple) binds to a specific, sequence of nine
aromatic rings linked by ether, sulfone, biphenyl, and di-imide units within a
designed copolyimide chain which folds tightly around the tweezer. We have
obtained strong experimental evidence for this type of binding interaction from both
solution NMR and from single-crystal X-ray studies in the solid state. The binding
forces involved here are mainly associated with 1-1r stacking interactions between
the electron-rich tweezer arms and the electron-poor imide units in the polymer
chain, but hydrogen bonding, identified in X-ray studies of model oligomer systems

also plays a significant role. Sequence-selectivity in binding is achieved through the introduction of minor variations in the
environment of the di-imide tweezer-binding site. Such selectivity has been demonstrated by "H NMR studies in which
single resonances associated with specific sequences show very different responses to the presence of the tweezer-
molecule. Striking changes in chemical shift are observed for "bound" sequences, but little effect is seen for more sterically-

hindered sequences.

Current research in this area is aimed at
understanding the emergence of fractal-
based NMR spectra from complexes of
random-sequence binary copolyimides
with aromatic probe-molecules such as
pyrene and perylene. Work with Dr Grau-
Crespo has shown that the mathematical
fractal underlying these spectra is the
fourth-quarter Cantor set, and a graphical
construction of this set is shown at right,
indicating how it can be used to predict the
'H NMR spectrum of a random, binary
copolymer in the presence of complexing
pyrene molecules.

The construction involves dividing a line of
unit length into four equal parts, discarding
the fourth quarter, and repeating these
operations on the remaining three
segments. lterating the contruction an
infinite number of times generates the final
set. This type of analysis not only enables
the pattern of chemical shifts to be
predicted, but also their relative
intensities. Moreover, it allows all
resonances in the spectrum to be
definitively assigned, as shown, to specific
monomer-sequences or groups of
sequences.
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Second iteration

Third iteration, showing the 3-digit codes
corresponding to each segment. Allowed
sequences in copolymer 1 generate only
the codes shown in red (see Table 1)

Third iteration showing only the allowed
segments, representing shielding factors T

Simulated 'H NMR spectrum using
values of T from Equation 1 as
complexation shifts and sequence-
probabilities as integrals
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