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not yet in the position to measure the symmetri-
cal case, since the cross section is too low. A
detailed discussion of our theoretical approach
and a summary of all our experimental results
to date are being prepared for publication.

The character of our measurements aims
towards a thorough comparison with theory.
From each ab initio calculation the theoretician
should be able to extract differential and angular-
correlation cross sections. Comparison of these
data with experiments may be regarded as a test
of the theory of higher order than the compari-
son with total cross sections. In addition,* mea-
surements of this kind can be expected to pro-
vide new information on the momentum distribu-
tion and on the self-consistent field of the atomic
electrons.

The authors acknowledge with pleasure the fi-
nancial support of the Deutsche Forschungsge-

meinschaft, the experimental contributions of
Dipl. Phys. K. H. Hesselbacher, and the helpful
discussions with Professor A. E. Glassgold,
New York University, and Dr. A. Temkin, God-
dard Space Flight Center in Maryland.
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DEPENDENCE OF PITCH ON COMPOSITION IN CHOLESTERIC LIQUID CRYSTALS
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Two-component cholesteric liquid crystal films have been observed to exhibit a re-
markable structural dependence on composition. There is evidence that the relationship
of color and temperature in these films is connected with this dependence.

Dispersive scattering, and other anomalous
optical properties of cholesteric liquid crystal
films, can be explained in terms of Bragg-like
scattering® from regions of local order which
have an internal helical structure.? The basic
optical parameters which characterize these
films are the index of refraction n, and the pitch
p of the helical arrangement. It is well known
that the pitch is sensitive to temperature,® shear,*
and organic vapors.® It is the purpose of this
Letter to report the unusual effect of chemical
composition on pitch in two-component mixtures.

The liquid crystal sample was mounted on a
spectrometer stage. A monochromator was used
as a source and a photodiode as a detector. The
pitch was determined by measuring the angle of
incidence ¢; and the angle of reflection ¢ as a
function of scattered wavelength A, according to

sing. sing
A =2np cosé{sin"( " Z> +sin'1< s)}.(l)

n

This formula was derived by Fergason on the
basis of a model of regions of local order imbed-
ed in a material with refractive index n. These
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regions exhibit Bragg-like scattering in the opti-
cal regime. The appropriate geometry and defi-
nition of symbols are shown in Fig. 1.

The liquid crystal ingredients, all of which
were crystalline at room temperature, were
first weighed and dissolved in petroleum ether.
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FIG. 1. Details of scattering geometry.
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The mixture was deposited on a substrate, and
after solvent evaporation, the films adopted the
focal conic texture. The films were then dis-
turbed by a cover slip displacement; the result-
ing films exhibited the bright colors characteris-
tic of the Grandjean plane texture. All measure-
ments were taken with disturbed films at room
temperature.

In all three systems studied, cholesteryl chlo-
ride was one constituent. The symbol 3 is used
to designate the molar percentage of cholesteryl
chloride in the mixture. The other component
was a carboxylic ester of the form C97H450CO-
(CH») 1, CHg varying from cholesteryl nonanoate
(L ="7) to cholesteryl laurate (L =10). All chemi-
cals were obtained from K &K Laboratories.

All systems studied had the same qualitative
behavior regarding dependence of pitch and thus
observed colors on 3. Results are shown in Fig.
2. The pitch is very sensitive to composition
for compositions substantially different from
those which yield a minimum pitch. The value of
B which corresponds to minimum pitch (8,) in-
creases monotonically with increasing ester
chain length. It is interesting that this minimum
pitch is essentially independent of chain length.
An important qualitative feature of these mater-
ials is that the slope of pitch versus temperature
changes sign at 8,. For 8<B,, 8p/8T <0 and for
B>B,, 9p/8T>0. We believe that this was first
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FIG. 2. Pitch versus chemical composition.

observed by B. Mechlowitz of our laboratories.
Furthermore, whenever 8p/88 was large, 8p/aT
was large. In particular, mixtures around 3,
were conspiciously insensitive to temperature.
This kind of temperature insensitivity has been
reported by Fergason.®? Another qualitative fea-
ture of these systems is that the influence of cer-
tain solvent vapors on pitch also changes sign at
Bo- An example is the exposure of films to
CHCl,;. For B<B, CHCl; vapor causes a shift
toward the blue. For 8>f8, the same vapor caus-
es a shift toward the red. The strong dependence
of pitch on g8 in certain regions was so interest-
ing that it was decided to study one system in
more detail. Thus, the cholesteryl chloride—-
cholesteryl nonanoate mixture was measured in
0.2% increments in the range 23.0 <8 <26.4, and
these results are shown in Fig. 3. Although the
dependence of p on 8 is strong in this region,

the behavior is monotonic and reproducible, Evi-
dently, in this narrow range, small changes in
composition have a profound effect on the struc-
ture.

Since the permanent electric dipole moments
of the different esters are essentially the same,
we attribute the observed dependence of pitch on
ester chain length to geometric factors. Elec-
tric-field—induced cholesteric-nematic phase-
transformation studies®” indicate that the long-
chain ester plays the dominant cohesive role in
holding the cholesteric state together. This
same work also shows that the ability of the es-
ter to maintain the cholesteric structure against
the competition of the electric field is weakened
at higher temperatures. Therefore, although
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FIG. 3. An expanded view of pitch versus composi-
tion in a region of strong dependence in the cholesteryl
chloride—cholesteryl nonanoate system.
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we offer no explanation for the shape of the
curves in Fig. 2, we are able to interpret the re-
versal of the sign of at 8,. If temperature reduc-
es the effectiveness of the ester, then increas-
ing temperature has the effect of increasing .
From Fig. 2 it is clear that for 8 <j3,, increas-
ing B decreases A; i.e., films should shift toward
blue upon heating. In the region 8>8,, increas-
ing B increases A; i.e., films should shift toward
red with heat. These shifts are, in fact, those
that we observed. Furthermore, the inversion
of solvent effect on pitch suggests that exposure
to solvent effectively changes 8 (in the case of
CHC], it increases B). Figure 2 shows that the
effect of a change in 8 on color inverts at 3,,.

The nonmonotonic behavior of color versus
composition, combined with the sign inversion
of color change with temperature and color
change in response to organic vapor, suggests
that pitch may not be the best choice of a funda-
mental parameter in phenomenological theo-
ries.®"!° Both ingredients of the liquid crystal
mixtures have large permanent electric dipoles,
the orientation of which relative to the molecular
axis is quite different in the two molecules. We

believe this must be taken into account. It is
possible that the pitch is not an independent vari-
able and is in fact determined uniquely by some
combinations of other hidden variables but no
such microscopic theory exists as yet.

The authors wish to thank James Becker for
many interesting discussions and Bela Mechlo-
witz for technical support.
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The absorption of light by free continuum polarons is treated in the framework of the
Landau-Pekar approach which for this problem is not restricted to strong coupling but
gives at least the qualitative behavior for intermediate coupling (o~ 3 to 6). The ab-
sorption curve consists of a relatively narrow zero-phonon peak and a broad sideband
showing a multiphonon structure. The zero- and one-phonon contributions and the low-
energy part of the two-phonon contribution have been evaluated numerically.

In the continuum polaron theory, the adiabatic
strong-coupling method developed by Landau and
Pekar! leads to two kinds of internal excited
states: the “Franck-Condon”-like (FC) states
and the “relaxed excited states.” In the former,
the polarization remains adapted to the initial
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electronic configuration whereas in the latter,
the ionic polarization of the lattice is adapted to
the final electronic configuration.

The purpose of this Letter is to explain how
these two types of internal excited states which
we studied in previous work?#® could be revealed



