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DISPERSION OF ELECTRIC DICHROISM FOR MACROMOLECULES
AND PARTICLES IN SUSPENSION
B.R.Jennings and A.R.Foweraker
Physics Department,

Brunel University,
Uxbridge, U.K.

The wavelength dependence of the optical absorption of solids,
liquids and solutions has long been recognised as an indicator of
electronic transitions and hence the assoclated electronic structure of
these materials. With solids and highly ordered systems, a useful
extension is the study of the absorption at a given wavelength (\) as a
function of the state of polarisation of incident, linearly polarised
light. Such 'dichroism' data enable one to locate the principal
directions of the transitlon moments in the crystal should & single
absorbing chromophore be the sole origin of the effect. This may be done
by evaluating the principal components eii with i =1, 2 or 3 of the
extinction coefficient tensor which describes the system. For cylindrically
symmetric particles, 611 = 622. Dispersion data of dichroism is thus of
double value.

Dichroic studies on solutions and suspensions are more difficult.

In these gsystems, uncharged particles or molecules adopt a random array.
Only if some degree of orientational order is imposed on the optically
anisotropic particles will dichroism be observed. Of late, interest has
grown in both the flow1 and the electrically2 induced dichroism of dilute

suspensions of colloids and macromolecules. In this communication we

371
Copyright© 1974 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part may be reprodiced
or transmitted in any form or by any means, electronic or mechanical, including photocopying, microfilming, and
recording, or by any information storage and retrieval system, without permission in writing from the publisher.



04:28 30 January 2011

Downl oaded At:

JENNINGS AND FOWERAKER
present data from a preliminary study on an aqueous suspension of copper

phthalocyanine crystallites. By determining both €,, and € for

33 11 22)

these particles the presence was revealed of a certain energy transition

=e

which was not apparent at comparable resolution from a conventional
absorption spectrum of the particles in random array. In addition, the
directions of the relevant transition moments within the erystallites
were evaluated.

For a suspension of concentration (c) held in a cell of length (I)
which transmits light of intensity It from an incident intensity I*, the

extinction coefficient (€) is defined as

It=I*em)(—Ccl)

Recent publications from this research group have indicated how

4y5

’c.heoreticaa.lly3 and experimentally the coefficients€_ , €,, and €

w v33 11 18y
be obtained with ease for dilute suspensions of rigid rod-like particles
when in suspension. The parameteri:u is the extlinction coefficient for
unpolarised light on a suspension of randomly arrayed particles. The
coefficients 633 and 611 are for light which is both incident and detected
for a polarisation state parallel to (633) and perpendicular to (611)
the major rod axis respectively. For a single chromophore origin, the
direction and magnitude of the transition moment can be obtained by
compound ing 633 and 611. An abgence of dichrolsm can arise from optically
igsotropic particles, anisotropic particles in random orientation, or
completely oriented particles which have a transition moment directed at
549 44" to their major axisé. Otherwise dichrolsm is observed and the
predominance of 633 over'e11 indicates that the major contributory
transition moment at any wavelength of observation is closer to the major

axis (i.e. the 3 axis) than this angle.
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Copper phthalocyanine forms blue, rod-like crystallites which can be

dispersed in water. The sample used here was kindly supplied by Dr. D. Horn
of B.A.S.F. Ludwigshafen, Germany. Suspension of some 3 x ‘10—6g.m1-1 was
studied over the visible wavelength range of 500<\ (nm)< 750. Pulsed
electric fields of up to 1Ochm-1 and of 1 ms duration were used. From

saturation data in the high strength fields, and 611 were obtained in

€33
the manner indicated elsewherea .

An absorption spectrum in the absence of any electrically induced

orientation is given in terms of Cu in figure 1. Although the resolution

600 700

Wavelength(nm)
FIG. 1. engt

Wavelength dependence of the extinction coefficients Cu, 633 andC.H,
represented by e, o, and x respectively, for an aqueous dispersion of

copper phthalocyanine.
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1s not high, two distinct peaks are seen at wavelengths of 720 nm and
640nm., These are well known and are attributed to m + 1% transitions due
to electron displacement towards the periphery of the molecules7. On the
same plot, the wavelength dependence of 633 and 611, obtained from the
electrically induced dichroism, is shown. In each case, the same two pesks
are apparent. An additional factor is also evident. At a wavelength of
approximately 625nm there is a crossover of the curves for 633 and 611.
There must therefore be an absorption peak centred on a wavelength below
625nm, for which the corresponding trangition moment is more closely
agsociated with a transverse rather than the major particle axis.

By working from the long wavelength slde of the curve fox'cu.(Fig.1)
and treating each curve as being composed of three absorption peaks, each
with a gaussian spread in energles, we have been able to reconstruct the
experimental curves and characterlze each of the three underlying peaks in
amplitude, spread and position., The three absorptlons appear at
wavelengths of 710, 645 and 580 nm, Full details of the fitting procedure
will be presented elsewhere. Using the peak amplitude values, the
directions of the relevant transition moments were calculated using the

equation3 following,

a= tan” [(2€,,/6,)1)
Here a is the angle between the apparent transition moment direction for
the crystallites and their long axes, assuming this to be the direction
of the electric dlpole moment. Current work is being undertaken in an
attempt to relate this transition moment direction to the structure of
the individual molecules through a knowledge of the orientations and
stacking of these molecules within the crystallites. Such information may
be available through X-ray data.

We have recently shown in this laboratory that electric dichroic
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experiments can be made in a simply modified spectrophotometer.

Furthermore, using pulsed electric fields, molecular relaxation times can
be evaluated from the transient behaviour of the observed absorption
changes. In the present case, a relaxation time of some 0.96ms was
indicated, corresponding to a rod length8 of about 0.13m for the
crystallites. This was the magnitude indicated by electron microscopy.

We therefore conclude that, from suitable electric dichroic rather
than simple optical absorption measurements, dilute suspensions of
macroparticles can be studied and the particle sizes, and the directions
of their electronic transition moments can be determined. In certain cases
the presence of additlonal peaks may be inferred from the data which were
not obvious from conventional absorption spectra on the solution of the

randomly oriented particles.
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