NEWS AND VIEWS

symmetry with a three-fold rotation axis.
All dipolar-like features (including the
dipolar f responses) sum to zero in such a
system. So how does a finite 8 remain?
The answer is-far from intuitive, but this
observation in TATB, and in the new
molecule reported in this issue, has been
rationalized by Zyss® in terms of the
octupolar response of the molecule (see
part b of the box).

By wrestling with group theory analysis
Zyss showed that in general the f tensor
may contain contributions from odd-order
multipoles. Thus in molecules of particu-
lar symmetries (for example trigonal or
tetrahedral) significant octupolar con-
tributions to the § tensor can arise. The
octupolar part of the § tensor has many
more independent components than the
dipolar part (which vanishes anyway in
octupolar molecules). When taken collec-
tively, these components effectively pack
more nonlinearity into a single molecule.
Thus the use of octupolar geometries may
allow a larger molecular nonlinearity per
unit volume; a nonlinearity less sensitive
to material orientation (a higher dimen-
sionality of nonlinearity exists); and all
without the possible detrimental effects of
dipole moment.

The ruthenium complex reported in this
issue clearly benefits from the additivity
principle and has chirality built in to
ensure octupolar crystallinity. The value
of the off-resonance octupolar £ is indeed
very large (in fact it exceeds the predicted
tensor component sum by a factor of two)

and the question now is how to make use
of it. Crystals may show the highest bulk
nonlinearity, but their processibility is
limited; and Langmuir-Blodgett assembly
is still not favoured by those looking for
simple mass production. The preferred
choice may be to incorporate the molecule
into a polymer and perform some kind of
‘poling’. Usually, this means dragging
dipolar molecules into alignment by ap-
plying an electric field. In the absence of a
dipole, conventional poling methods are
ruled out, but collaborators of the CNET
group may have the solution'’. Termed
‘orientational hole burning’, the method
relies on selective absorption by, and
thus effective bleaching of, just those mol-
ecules in a specific orientational range,
preventing total cancellation of the bulk
nonlinearity. The orientational distribu-
tion of molecular s, now being asymmet-
ric, allows for the bulk second-order
effects.

Such an orientation scheme could be
applied equally to polar molecules as to
the new octupolar species. However,
there must be question marks attached to
the added complexity of the process and to
the need for a resonant interaction with
the material. Many of the more highly
nonlinear molecules are also somewhat
unstable to photo-induced degradation.
The use of metal centres, as in the ruthe-
nium complex, may ameliorate these
problems, but by how much is unclear.
The problem of ‘locking in’ the orienta-
tion is a further point to be addressed,

although there might be useful parallels in
the observation of photo-induced excita-
tion and trans-to-cis isomerization seen in
azo-dyes'"12,

The key advance from which these
developments have grown rests on the
connection that Zyss made between the
rather abstract areas of tensor analysis and
group theory as applied to optical non-
linearities and the realization that mol-
ecules could be designed which show
octupolar nonlinearities. The potential
advantages are self-evident. What re-
mains to be seen is whether other workers
in the field are willing, or able, to move up
from dipoles to octupoles in their search
forimproved nonlinear materials. a
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From dipolestooc

a, p-NA is a model chromophore for second-order nonlinear
optics. The general scheme is donor; m-conjugated group;
acceptor. The single dominant component of 3 lies along the
dipolar axis and its magnitude depends on the magnitude of
Ay, the difference between ground and excited-state dipole
moments. TATB is a trigonal symmetric version of p-NA having a
complete net absence of dipole moment. The dipolar or
vectorial part of the 3 tensor vanishes but the symmetry is not
high enough to prevent the presence of a finite octupolar
tensor component. b, An octupole can be generated by
successive translations and inversion of signs of point charges.
Thus a dipole, more familiarly viewed as two equal and opposite
charges separated by a certain distance, can be generated by
a simple replication along a vector of a single point charge
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followed by a reversal of the sign of the new charge. After a
further two operations of this type a cube is generated. This has
2" (n being the number of operations) or 8 point charges and is
thus an octupole. To see how this three-dimensional object
maps onto the two-dimensional TATB molecule, ohe must
project the cube along one of the body diagonals, whereupon A
and B coincide and cancel. The octupole is a non-dipolar yet
non-centrosymmetric structure and thus satisfies the require-
ments for a non-zero {3 tensor. The full treatment of multipolar
groups shows that structures possessing multipolar groups of
higher order than n = 3 will not possess a finite p. Interestingly,
and indeed non-intuitively, this applies to structures with
five-fold symmetry (n =

+

5) which are, nevertheless, non-
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