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A spectroscopic technique for the determination of optical polarization spectra is described 
where the anisotropic sample serves as its own polarizer. The molecular alignment of solute 
molecules is converted from a helical cholesteric to a uniaxial nematic structure by means of an 
electric field. The variation in  the absorption of incident tinpolarized light by an aligned solute 
in the two states provides the polarization of the optical transition of interest. 

Optical polarization studies are extremely important in the investigation of 
the symmetry and vibrationally induced mixing of excited molecular states 
as well as being sensitive to low intensity optical transitions of polarization 
opposite to more intense overlying bands. The primary requirement for 
direct polarization measurements is that the molecules be at least partly 
oriented. The chromophores of interest may be oriented in a host crystal,'.' 
in strong electric  field^,^,^ in stretched polymer  film^,'^^*^ and in liquid 
 crystal^.^*^ Relative polarization directions can be found by the method of 
photoselection which is achieved by irradiating the molecules under in- 
vestigation, embedded in a rigid glass, with polarized 

All of the above techniques employ the use of polarizing optics. Recently, 
however, it has been reported that unpolarized light may be employed where 
the anisotropic sample serves as its own p o l a r i ~ e r . ' ~ ~ ' ~  

In this letter we describe the measurement of polarization spectra, without 
the use of polarized light, for ordered solutes in cholesteric liquid crystalline 
mesophases, directly from the difference in the absorption spectra for the 
solute in two different molecular orientations. 
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3 20 F. D. SAEVA AND G. R. OLlN 

Anisotropic solute molecules become oriented in liquid crystalline meso- 
phases such that they align their long molecular axis parallel to the long 
molecular axis of the rod-shaped liquid crystal molecules. It has been sug- 
gested that dispersion forces are primarily responsible for solute alignment, 
in cases where specific interactions such as hydrogen bonding, and per- 
manent electric dipole moments are of minor In this study 
anthracene was used to demonstrate the spectroscopic method because it 
possesses both long axis in-plane and short axis in-plane polarized electronic 
transitions in a readily accessible region of the spectrum.'9v20 

Anthracene (1.5 mg) was dissolved in 160 mg. of a 60/40 (wt %) mixture of 
cholesteryl chloride (CC)/cholesteryl nonanoate (CN) which forms a right- 
handed helical super-cooled cholesteric mesophase at rodm temperature 

0.81 I I I I 

300 325 350 375 400 
1 (nm) 

FIGURE 1 
chloride/cholesteryl nonanoate. 

Anisotropic absorption spectrum of anthracene in 60/40 (wt nl0) cholesteryl 
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POLARIZATION SPECTRA 321 

with a helical pitch of 0.74 pm. The overall liquid crystal composition pos- 
sesses a positive dielectric anisotropy and readily undergoes the cholesteric + 

uniaxial nematic phase transition upon the application of an electric field.” 
The liquid crystal composition was placed between SnO coated quartz 
discs (1” x 1/16”) using a 1 mil mylar@ spacer. The disturbed (Grandjean) 
texture was obtained by a small displacement of the two discs and the ab- 
sorption spectrum for anthracene recorded between 300-450 nm on a 
Cary 15 spectrophotometer without any polarizing optics. A dc electric field 
( -  100V/mil) was then applied across the liquid crystal film to induce the 
cholesteric-nematic phase transition producing the uniaxial nematic meso- 
phase and the absorption for anthracene was recorded again. The difference 
in the absorption spectra provides directly the effective polarization spec- 
trum for (see Figure 1) anthracene. The direction of light propagation is 
normal to the substrate. 

The molecular organization in both the “Grandjean” texture and the 
uniaxial phase is schematically described below: 

APPLIED 
ELECTRIC FIELD 

____+ ’ INDUCED PHASE 
c TRANSITION 

SIDE VIEW 
)c 

DIRECTION OF LIGHT 
PROPAGATION 

TOP VIEW @ 
’GRANDJEAN’ TEXTURE HOMEOTROPIC TEXTURE 

( UNIAXIAL) 

In the Grandjean texture the long molecular axis of anthracene is oriented 
normal and isotropically about the helix axis when sample thickness is 
larger than the pitch of the cholesteric mesophase. Optical transitions 
longitudinally (x) polarized, i.e. 31 1, 323,342 nm bands will show maximum 
absorption in this texture. The transversely (y) polarized bands at 350 and 
378 nm will show slightly less than maximum absorption due to the pos- 
sibility of molecular rotation about the long axis in which the short-axis 
in-plane transitions may lie along the direction of light propagation as well 
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I 1 I I 
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FIGURE 2 
cholesteryl nonanoate. 

Circular dichroism spectrum of anthracene in 60/40 (wt x) cholesteryl chloride/ 
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Optical transition (nm) Polarization direction 

31 1 X 

i 
~~ 

323 
342 
350 
378 

as normal to it. In the electric field induced uniaxial phase, however, anthra- 
cene is aligned preferentially such that its long molecular axis lies parallel to 
the direction of applied electric field as well as the direction of light propaga- 
tion. In this alignment the short axis in-plane polarized transitions will 
show maximum absorption. In contrast the long axis polarized bands will 
exhibit minimum absorption in this case. The polarization information 
provided in Figure 1 is entirely consistent with that obtained from the liquid 
crystal induced circular dichroism (LCICD) measurements (see Figure 2) 
in the same cholesteric matrix as used throughout this study.22 The spectro- 
scopic technique has been applied to many other molecules, e.g., azo, anil, 
and quinone dyes, and experimental observations were consistent with the 
previous discussion. 

Cholesteric liquid crystals behave like a uniaxial crystal where the optic 
axis corresponds to the helix axis. In the Grandjean texture then light is 
propagating down the optic axis as is the case in the homeotropic state. As a 
consequence, one need not correct or account for the polarization properties 
of the spectrophotometer photomultiplier in this method as is required by 
many other polarization techniques.' 

In summary, we describe a simple method for determining linear di- 
chroism spectra for solutes in cholesteric mesophases by the use of conven- 
tional spectrophotometers without the use of polarizing optics. The detailed 
interpretation of the polarization spectra for unknown molecules depends, 
as do all the previous mentioned direct polarization methods, on the align- 
ment within the liquid crystal. 
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