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DISPERSION OF EZ3CTRIC DICHROISM FOR MACROMOLECULES 

AND PARTICLES I N  SUSPENSION 

B .R. Jennings and A.R.Foweraker 
Physics Department, 
Brunel University, 

Uxbridge, U.K. 

The wavelength dependence of the opt ica l  absorption of sol ids ,  

liquids and solutions has long been recognised as  an indicator of 

e lectronic  t rans i t ions  and hence the associated electronic  s t ruc ture  of 

these materials. With so l ids  and highly ordered systems, a useful  

extension is the study of the absorption a t  a given wavelength @) as a 

function of the s t a t e  of polar isat ion of incident,  l i n e a r l y  polarised 

l igh t .  Such 'dichroism' data enable one t o  locate  the pr incipal  

direct ions of the t rans i t ion  moments in the c rys ta l  should a s ingle  

absorbing chromophore be the so le  or ig in  of the effect .  This may be done 

by evaluating the pr incipal  components Cii w i t h  i = 1, 2 or 3 of the 

extinction coeff ic ient  tensor which describes the system. For cyl indrical ly  

symmetric par t ic les ,  €,, = C22. Dispersion data  of dichroism is thus of 

double value. 

Dichroic s tudies  on solutions and suspensions a r e  more d i f f i c u l t .  

I n  these systems, uncharged par t ic les  or molecules adopt a random array. 

Only if some degree of or ientat ional  order is imposed on the  opt ica l ly  

anisotropic par t ic les  w i l l  dichroism be observed. O f  l a t e ,  i n t e r e s t  has 

grown in both the  flow 

suspensions of col loids  and macromolecules. In t h i s  communication we 

1 2 and the e l e c t r i c a l l y  induced dichroism of d i l u t e  
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JENNINGS AND FOWERAKER 

present data from a p r e l h i n a q  study on an aqueous suspension of copper 

phthalocyanine crystallltes. By determining both €33 and 

these par t ic les  the presence was revealed o f  a cer ta in  energy t rans i t ion  

which was not apparent a t  comparable resolution from a conventional 

absorption spectrum of the par t ic les  i n  random array. In  addition, the 

direct ions of the relevant t ra i ls i t ion moments within the c r y s t a l l i t e s  

were evaluated. 

(= 6 22) f o r  

For a suspension of concentration (c)  held i n  a c e l l  of length ( I )  

which transmits l i g h t  o f  in tens i ty  It from an incident in tens i ty  I* ,  the 

extinction coeff ic ient  (6) is  defined as 

= I* exp ( - € c  I ) 

Recent publications from t h i s  research group have indicated how 

theoret ical ly  3 and e ~ p e r i m e n t a l l y ~ ’ ~  the coeff ic ients  € u ,  C33 and € may 

be obtained with ease f o r  d i l u t e  suspensions o f  r i g i d  rod-like par t ic les  

when in suspension. The parameterCU is  the extinction coeff ic ient  f o r  

unpolarised l i g h t  on a suspension of randomly arrayed par t ic les .  The 

coeff ic ients  € 33 and 

f o r  a polar isat ion s t a t e  p a r a l l e l  t o  ( 6 

the major rod axis  respectively. 

direct ion and magnitude of the t rans i t ion  moment can be obtained by 

compounding € and 

isotropic  par t ic les ,  anisotropic par t ic les  in random orientat ion,  o r  

completely oriented par t ic les  which have a t rans i t ion  moment directed a t  

54’ 44‘ to  t h e i r  major axis . Otherwise dichroism is observed and the 

predominance of €33 over el l  indicates tha t  the major contributory 

t rans i t ion  moment a t  any wavelength of observation is closer to  the major  

axis (i .e.  the 3 axis) than t h i s  angle. 

a re  f o r  l i g h t  which i s  both incident and detected 

) and perpendicular to ( €ll) 33 
For a s ingle  chromophore origin,  the 

An absence of dichroism can a r i s e  from opt ica l ly  33 

6 
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DISPERSION OF ELECTRIC DICHROISM 
Copper phthalocyanine forms blue, rod-like c r y s t a l l i t e s  which can be 

dispersed in water. The sample used here was kindly supplied by D r .  D. Horn 

of B.A.S.F. Ludwigshafen, Germany. 

studied over the v i s i b l e  wavelength range of 500<k (nm) c 750. Pulsed 

e l e c t r i c  f i e l d s  of up t o  1OkVcm-’ and of 1 ms duration were used. From 

saturat ion data i n  the high strength f i e l d s ,  €33 and €ll were obtained in 

the manner indicated elsewhere . 

-6 Suspension of some 3 x 10 g.ml-’ was 

3 

An absorption spectrum in the absence of any e l e c t r i c a l l y  induced 

or ientat ion is given i n  terms of BU in f igure 1. Although the resolution 

1 I I 1 I I I I 1 I I 

600 70 0 
Wavelength (nm) 

FIG. 1 0  
Wavelength dependence of the extinction coeff ic ients  BU, e33 and € 11, 

represented by 0 ,  0 ,  and x respectively,  f o r  an aqueous dispersion of 

copper phthalocyanine . 
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is not high, two d i s t i nc t  peaks are seen a t  wavelengths of 720 m and 

6 m .  These a re  well known and are  a t t r ibuted to n +n* t ransi t ions due 

to electron displacement towards the periphery of the molecules . On the 

same plot,  the wavelength dependence of ej3 and ell,  obtained from the 

e lec t r ica l ly  induced dichroism, i s  shown. In each case, the same two peaks 

are apparent. An additional factor is also evident. A t  a wavelength of 

approximately 625nm there is  a crossover o f  the curves for  e33 and el,. 
There must therefore be an absorption peak centred on a wavelength below 

625nm, for  which the corresponding t ransi t ion moment is more closely 

associated with a transverse rather than the major par t ic le  axis. 

7 

By working from the long wavelength side o f  the curve for  tZU (Fig.1) 

and t reat ing each curve as being composed of three absorption peaks, each 

with a gaussian spread in energies, we have been able to reconstruct the 

experimental curves and characterize each of the three underlying peaks in 

amplitude, spread and position. The three absorptions appear a t  

wavelengths of 710, 645 and 580 nm. Full de ta i l s  o f  the f i t t i n g  procedure 

w i l l  be presented elsewhere. Using the peak amplitude values, the 

directions of the relevant t ransi t ion moments were calculated using the 

equation following, 3 

a = tan-’ [ ( 2  e1,~93)+1 

Here a is  the angle between the apparent t ransi t ion moment direction for  

the c rys ta l l i t es  and the i r  long axes, assuming th i s  to be the direction 

of the e lec t r ic  dipole moment. Current work is belng undertaken in an 

attempt to re l a t e  t h i s  t ransi t ion moment direction t o  the structure of 

the individual molecules through a knowledge of the orientations and 

stacking of these molecules within the crystal l i tes .  Such information may 

be available through X-ray data, 

We have recently shown in th is  laboratory that e lec t r ic  dichroic 
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DISPERSION OF ELECTRIC DICHROISM 

experiments can be made in a simply modified spectrophotometer. 

Furthermore, using pulsed e l e c t r i c  f i e l d s ,  molecular relaxation times can 

be evaluated from the t ransient  behaviour of the observed absorption 

changes. In the present case, a relaxation time of some 0.96ms was 

indicated, corresponding t o  a rod length 

c rys ta l l i t es .  This was the  magnitude indicated by electron microscopy. 

8 of about 0.13).xm f o r  the 

We therefore conclude that ,  from sui table  e l e c t r i c  dichroic ra ther  

than simple opt ical  absorption measurements, d i l u t e  suspensions of 

macroparticles can be studied and the p a r t i c l e  s izes ,  and the direct ions 

of t h e i r  e lectronic  t rans i t ion  moments car1 be determined. In cer ta in  cases 

the presence of additional peaks may be inferred from the data  which were 

not obvious from conventional absorption spectra on the solution of  the 

randomly oriented par t ic les .  
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