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PREFACE

This volume represents a collection of selected papers from a
symposium of the Division of Colloid and Surface Chemistry held dur-
ing the national meeting of the American Chemical Society in Chicago,
August 1977.

A variety of experimental techniques has been used in these
studies including dynamic calorimetry, equilibrium calorimetry,
Raman spectroscopy, NMR, depolarized fluorescence, acoustical/opti-
cal effects, EPR, and photochemical methods. The range of systems
studied is similarly broad, including both lyotropic and thermo-
tropic materials ranging from biological systems through synthetic
organic liquid crystals.

The variety of study modes ranges from applied studies to
highly theoretical treatments.

Historically, the amount of research in the area of liquid
crystals has fluctuated widely, with peaks of activity around 1900
"and in the 1930's. For the period that began in 1960 liquid crystal
research appears to have peaked and has now settled down to be a
stable field with many investigators involved but lacking both the
periods of rapid acceleration and deceleration of effort that char-
acterized it earlier.

Julian F. Johnson

Institute of Materials Science
University of Connecticut
Storrs, Conn. 06268

Roger S. Porter

Polymer Science & Engineering
University of Massachusetts
Amherst, Mass. 01002
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RAMAN SPECTROSCOPIC AND CALORIMETRIC INVESTIGATION OF THE MULTIPLE

SMECTIC PHASE MATERIAL TBBA

J. M. Schnur and J. P. Sheridan
Naval Research Laboratory

Washington, D. C. 20375

INTRODUCTION

Smectic mesophase formation and structure have been the sub-
ject of vigorous scientific inquiry in recent years.l-6 Among
those phases investigated most intensively, the B and H phases
are thought to possess the highest degree of local three—dim—
ensional order. As determined by X-ray crystallography
both phases exhibit long-range two dimensional pseudo-hexagonal
order within each layer; in addition there appears to be some de-
gree of correlation between planes.1’5 In the H phase the director
lies at an angle to the smectic planes, while in the B phase it is
normal to the planes. The nature of the degrees of freedom avail-
able and the intermolecular ordering in these phases has been shg
subject of a number of theoretical and experimental studies.

Since terephthal-bis-butylaniline (TBBA) exhibits a smectic H
phase as well as at least eight other phases (see schematic below),
it has been extensivel; studied by various experimental techniaues
including X-ray,4 psC,10 neutron scatterlng,ll infraredl

and RamanlO,13-14 spectroscopy This paper provides new informa-
tion on the nature of the various smectic phases observed in TBBA.
We present new spectroscopic and thermodynamic data about TBBA,
and two of its deuterated isotopes, obtained in its various solid
and smectic phases. Both the Raman and calorimetric techniques
have provided new insights into the nature of these smectic phases
and the mechanisms of the transition.
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Changes in the Raman spectra have been observed between a num-
ber of the phases, the most dramatic differences being seen be-
tween the solid and H phases. Specifically, there is clear evi-
dence that substantial "melting'" of the butyl hydrocarbon end-
groups occurs upon entering the H phase. There are also changes
in other spectral regions which suggest that one or two of the
aromatic rings begin to rotate with respect to each other in the H
phase. These points are consistent with the NMR,9 and neutron
scatteringll studies which support the model of the alkyl end
groups being fairly mobile and liquid-like in the H-phase, and
the possible existence of a correlated motion of the molecules
around their long axes, which also can explain the pseudo-hexa-
gonal symmetry observed in the X-rayl experiments. Furthermore,
the Raman data suggest that phase VI lies intermediate in struc-
ture between the smectic H phase and the solid phase VIII while
phase VII is very similar on a local scale to the molecular struc-g4
ture of phase VIII.

In addition, while the spectroscopic data obtained upon heat-
ing a v1r%in crystal compared quite well with previously published
results,13 it was found that recycling the samples produced un-
usual and, at first, not easily reproducible results.

Specifically, a sharp low frequency band (~20 cm~1) appeared
in some cases but not in others, and the solid-smectic H phase
transition temperature appeared to vary. Consequently a compre-
hensive DSC study of the effects of thermal history on TBBA was
initiated. This study demonstrated that there are three solid
phases, one that exists below -43°C, the other two existing above
that temperature. One of these phases may be metastable with re-
spect to the other or the effect may be a kinetic one. As a re-
sult of this study, we have learned how to control the sample his-
tory so as to yield consistent regroduc1b1e results. Recently,
Raman spectra have been published 4 which did not seem to agree
with our previously reported results.l13 By appropriately varying
sample history and quenching we can now reproduce both Dvorjetski's
work and our earlier spectra.

1 L4
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EXPERIMENTAL
Raman

The experimental arrangement consisted of a Spex 14018 double
monochromator with an RCA 31034 cooled photomultiplier tube and a
photon counting system. The spectra were enhanced by the use of
zero suppression and scale expansion techniques. The excitation
source was a Coherent Krypton 500K laser providing 80 mW of 75258
radiation at the sample. This near infrared line of the Krypton
laser provided the best spectra, since it minimized both photo-
degradation of the sample and background fluorescence. The samples
were contained in 1 mm glass capillary tubes. The laser beam was
focused upon the sample to approximately a 50 um diameter, and 90°
scattering from the illuminated region was then sampled. Both the
exciting and scattered radiation were scrambled to minimize the
spurious birefringent contributions possible in anisotropic meso-
morphic systems. The temperature was continuously monitored and
was accurate to within 4 0.5°C; fluctuations were less than +0.2°C.

At higher temperatures the spectra were obtained by running
several samples in different but overlapping spectral regions. TBBA
and two of its isotopes were studied in all observed phases except
the isotropic. The structures of these materials are described
elsewhere.l0 It was found that the material with the deuterated
centers (TBBA-DC) was of highest initial purity, and consequently
provided the best spectra at highest temperatures. TBBA and TBBA
deuterated tails (TBBA-DT) were obtained as a gift from Jean
Charvolin, Laboratoire des Solides, Universite de Paris, Orsay,
France and TBBA-DC was a gift from Sol. Meiboom, Bell Laboratories,
Murray Hill, New Jersey.

Calorimetry

A Perkin-Elmer scanning microcalorimeter model #DSC-2 was used
to obtain the calorimetric data. The machine was calibrated for
use to 100°K. The samples were placed in hermetically sealed alum-
inum containers in a rigorously dry argon atmosphere. Scanning
rates varied between 1.25°/mm and 5°/mm.

RESULTS

Spectroscopic

The most dramatic differences between the H and solid phase
occur in the 300 cm~-1 and 1500 cm~l region. 1In order to attribute
these changes to molecular conformations and motions, TBBA-DT
(deuterated tail) and TBBA-DC (deuterated centers) were studied,
Figure 1 shows the Raman spectra for TBBA, TBBA-DC, and TBBA-DT,
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FIGURE 1 - Raman Spectra of TBBA, TBBA-DC, and TBBA-DT in the
200-450, 1150-1200, and 1500-1650 cm~l regions.
Spectral resolution is 3 cm~1.

at 30°C for the 200 em~1-450 em-1, 1150 em~1-1200 cm~1, 1500 em~1-
1650 cm~l regions. The deuteration of the tails has apparently
reversed order of the peaks in the 250-300 cm~—l region, the

smaller of the two appears to have shifted from ~285 em™ 1 to

~245 cm~l. The more intense band at ~418 cm—l has also shifted
slightly lower in frequency. The shift upon deuteration, the loca-
tion of the non-deuterated band, coupled with the Raman studies of
alkanes, 18 alkylbenzenes,l9 and alkoxy azoxybenzenes20 strongly
suggest that the 285 cm—l band is associated with a group motion of
the butyl side groups, most probably the all trans accordian band.

Previous work on Schiff bases21 has indicated that the bands
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in the 1550 cm~1-1650 em~1 region are associated with the R-C = N
H

linkage. Upon deuteration of the centers TBBA-DC - the bands ob-
served in this region (both solid apd H phase) shift downward
approximately 30 cm—1l thus conf1rm1ng that these bands provide in-
formation on the central portion of the TBBA molecule.

Raman spectra for TBBA solid and H phases in the 200-600,
1100-1250, and 1500-1700 cm~l region are shown in Figure 2. The
most dramatic spectral change is observed in the 1500-1700 cm—1
region. In the solid phase only a trace of a band exists at
about 1560 cm~1l. Upon entering the H phase this band dramatically
increases a factor of 40 when compared to the 1170 em—1 band. The
1170 cm~1 band does not change appreciably as a function of temper-
ature. Figure 3 shows a plot of the intensity of the 1560 cm—1
band relative to the 1170 cm~1 band as a function of temperature
through the solid-smectic H phase transition region. There is no
evidence of pretransition effects and the sharpness of the inten-
sity change at the phase transition temperature is indicative of a
highly cooperative event.

Another important set of spectral changes occur in the 280-
350 cm~l region. The band at 285 cm—l in the solid phase decreases
in a more or less sigmoidal fashion upon nearing and entering the
smectic H phase. Simultaneously a group of bands at somewhat
higher frequencies (310-350 cm~1) begins to. increase in intensity
in the phase transition region and becomes quite dominant in the H
phase. The temperature dependence of the relative intensities
(compared to the 1170 cm—-1 band) of the 285 cm~l band and the en-
velope of bands at 310-350 cm—l1 is shown in Fig. 4. As can be
seen from the figure, the intensity changes are less sharp at the
phase transition temperature than that displayed by the 1560 cm~1l
band and there is evidence of some pretransition changes. However
both curves display the sigmoidal behavior expected from a cooper-
ative first-order phase change. Upon heating through the smectic
phases C and A and on into the nematic phase only small increases
in the relative intesities of the 310-350 cm~l envelope occur
accompanied by a slight decrease in intensity of the 285 cm™ 1 band.
Similarly, there is little or no change in the relative intensity
of the 1560cm™ ~ as a function of phase upon heating.

However, upon cooling the sample, we observed some further
interesting changes in these spectral regions. Figure 5(a) and (b)
show the spectra obtained in the 200-450 cm~l region for Phases
VI and VII respectively. 1In Phase VI it appears that the 285 cm—1
has regained considerable intensity while some of the higher fre-
quency bands (notably at ~315 em~l) persist. 1In Phase VIII most
of the 310-350 cm~l envelope has disappeared and the 285 cm~1 is
even stronger. Furthermore, the strong quasi-elastic scatter
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FIGURE 2 - Raman spectra of TBBA solid and H phase in the
200-600, 1100-1250, and 1500-1700 cm~1 region.
Spectral resolution is 3 cm™+.
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