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(Received 1 February 1997; In final form 15 July 1997)

The Raman spectra of Terepthalylidene-bis-p-n-declyaniline (TBDA), have been recorded as
a function of temperature in the temperature range from 55.0°C (solid) to 199.0°C (isotropic
liquid) in the 1100-1200cm ™" and 15201650 cm ' regions. The precise values of peak posi-
tions, integrated intensities and linewidths of some selected Raman bands have been obtained
by deconvoluting the bands. The changes in the molecular alignment and its effect on inter/intra
molecular interactions at two particular phase transitions viz., solid —smectic G (K—Sg) and
smectic /-Smectic C (S;—S¢) have been discussed on the basis of variation in the Raman
spectral parameters with temperature. From detailed considerations, it is inferred that the
increased orientational/vibrational freedom of long alkyl chain on the core is responsible
for major spectral changes at the K~ Sg transition while the changes in the intramolecular
interactions of the core part with increased fluidity, is responsible for spectral anomalies at the
S;- S¢ transition.

Keywords: Liquid crystals; Laser Raman spectroscopy; molecular dynamics; S;- S¢ transition

1. INTRODUCTION

Raman spectroscopy has proved to be an important technique to investigate
the phase transitions in view of the fact that variation of certain physical
quantities affect the polarizability tensor and results in changes in the
measurable parameters of certain vibrational modes of the system. The
measurement and analysis of linewidths and peak positions yield informa-
tion about the structure and dynamics of the system undergoing phase
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transition. However, the analysis of the integrated intensity is no less
important and may provide the crucial information about the fluctuation of
appropriate physical quantities undergoing changes during transition.

Raman spectroscopic technique has extensively been applied to study the
phase transitions in liquid crystals [1 —3]. In almost all these studics, major
attention has been focused to analyze either the lattice mode region [1-6]
or the conformationally sensitive alkyl chain mode region (200—900cm™ ")
[6—10]. Lattice mode region shows abrupt changes in intensity of certain
modes with increasing temperature [1 —6] which is associated with decrease
in intermolecular interactions as well as positional ordering. Abrupt changes
in intensity also occur in the alkyl chain mode region [6—10] and it has been
ascribed to the fact that at higher temperatures the increased freedom
between different molecular layers allows orientational and translational
motions of the long alkyl tail along their molecular long axis. Although
Raman spectra of TBBA [12-13]} have been reported in different smectic
and nematic phases in the 15501650 cm ™' region (associated with the core
part of the TBBA molecule), but any detailed discussion of the spectral
changes associated with the core part of the molecule is lacking.

It is therefore worthwhile to correlate the changes in the spectral features
associated with the core part of the molecule as a function of temperature
with inter/intra molecular interactions and the resulting dynamics of the
core. In the present study we have also attempted to discuss systematically
the effect of increased amplitude of vibrations of the long alkyl chain on the
core and the structural phase transitions.

2. EXPERIMENTAL DETAILS

TBDA was synthesized by the standard procedure [14-15] and recrystal-
lized from an absolute ethanol-benzene mixture repeatedly until the ob-
served transition temperatures were found constant. Special precautions
were taken to prevent atmospheric hydrolysis as the compounds of this
homologous series are prone to decomposition due to prolonged heating at
high temperatures. The transition temperatures were obtained using DSC
and Polarizing microscope equipped with a hot stage and found to be in
excellent agreement with literature values [15].

The samples for Raman studies were contained in a 0.5mm diameter
capillary tube, sealed and placed in an evacuated chamber inside a high
temperature cell. The temperature was continuously monitored and
measured accurately within +0.2°C with a Copper-Constanton thermo-
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couple placed in close contact with the sample. The Raman spectra were
recorded at different temperatures, starting from 55.0°C (solid phase) to
199°C (isotropic phase) in the 1100—1220cm™' and 1520-1675cm !
regions on a Spex Ramalog 1403 double monochromator equipped with
RCA-31034 photomultiplier tube and CCD detector using 488.0 nm line of
Ar™-laser as an excitation source. In order to avoid laser heating of the
sample, very low laser power (2030 mW) was employed. Slit combination
of 200—400—400 — 200 y, scanning increment of 0.3cm™ ' and integration
time of 0.5 sec were found suitable to record the spectra with reasonably good
signal to noise ratio. The mentioned Raman modes are comparatively isolat-
ed and sharp and the uncertainty in their peak positions is within + 0.1cm™ .
We had made 3-4 measurements near phase transition with very high
reproducibility of data (uncertainty in peak positions within £0.20cm™'
while band areas and linewidth (FWHM) are accurate to +2%).

3. RESULTS AND DISCUSSIONS

The molecular structure and transition temperatures of TBDA are given
below:

g
Cn“2n+l_@N

. 73°C 120°C 148.4°C 153.4°C 188.3°C 190.2°C
Solid >S(; SF S] SC « ‘SA I,
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TBDA molecule can be considered as made up of two distinct parts; one,
core consisting of three benzene rings strongly bonded by Schiff base
linkages (— C(H)=N—) and the other, saturated long alkyl chains of zig
zag structure {16 —17] attached to both ends of the core. The Raman spectra
of TBDA recorded in the 1100-1220cm™ " and 1520-1675cm ™ ! regions at
seven different temperatures covering all the liquid crystal phases are shown
in Figure 1. A tentative assignment of all the peaks in the above regions has
been made on the basis of their depolarization ratios, expected group
frequencies and reported assignment of similar Schiff base compounds [18]
and is given in Table I. It is seen from Figure 1 that the bands are slightly
overlapped in the wings. In order to obtain precise values of integrated
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FIGURE 1 Raman spectra in the 1100-1220, and 1520-1675cm ™' regions at different
temperatures; (a) 62°C, (b) 90°C, (c) 145°C, (d) 150°C, (e) 163°C, (f) 190°C, (g) 199°C, and (h)
one representative deconvoluted spectrum in the 1520—1675cm™ ! region at 62°C given as an
inset.

intensity, linewidth and peak position, the peaks have been deconvoluted by
fitting the spectra in the 1100-1220cm™"' and 1520-1675cm ™" regions to
two and three Lorentzian profiles, respectively, at every temperature. The
representative deconvoluted spectra for the 1520—1675cm™! region at
62.0°C are also given along with other recorded spectra in Figure 1. The
percent contribution of the individual bands to their respective overlap
spectral region has been calculated and taken as a measure of integrated
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TABLE I Assignment and depolarization ratios of Raman bands of TBDA in the 1100-
1200cm ™ 'and 15201650 cm™ ' spectral regions

Band position Assignment Dep. ratio

1165cm™! (s) Aromatic C—H in-plane bending mode (vo,) 0.28

1195¢cm™! (sm) Aromatic C—N stretching mode (v4_n) 0.35

1417cm™! (m) Semicircle stretching of C—C aromatic 0.43
benzene ring (v195)

1503 cm™ ! (m) Semicircle stretching of C—C aromatic 0.48
benzene ring (v9,)

1563¢cm ™! (sm) Quadrant stretching of benzene ring (vg,’) 0.34

1594cm™! (vs) Quadrant stretching of benzene ring (vg,) 0.30

1625cm™" (sm) C==N stretching mode vc_n 0.33

vs — very strong, s — strong, sm — strong medium, m — medium.

intensity. The values of integrated intensities, linewidths, and peak positions
obtained for all the bands at different temperatures are given in Table II. It
is to be mentioned here that integrated intensity measurement with respect
to an internal standard is avoided because doping may change the
characteristics of the sample. Again, as stated earlier, in the present study
we are interested in analyzing the structural disorder of the core at different
transition temperatures which is normally considered as a rigid part of the
molecule. Therefore five prominent Raman bands (1165cm™", 1195cm™ !,
1563cm™ ', 1594cm™! and 1625cm™') associated with the core of the
TBDA molecule have been chosen on the basis of their assignment (see
Tab. 1), so that the relevance of any spectral changes to the behaviour of the
core can easily be seen.

A. Effect of Long Alkyl Chain on the Core
at the Solid-smectic G Transition

The variation of integrated intensity, linewidth and peak position of the
1165, 1195, 1563, 1594 and 1625cm™ ! bands with temperature is presented
in Figures 2, 3 and 4 respectively. These figures reveal that the first anomaly
in the integrated intensity, linewidth and peak position profiles occurs for all
the Raman bands at 73°C, which has already been reported {15] as the
K-S transition temperature in TBDA. The K-S phase transition is an
example of a transition between two well defined three dimensional
structures, the only difference being that Sg is a highly viscous liquid crystal
phase. Although the alkyl chain part of the molecule attains higher degree
of orientational freedom and more vibrational freedom at melting involv-
ing a phase transition from crystalline to crystal like smectic phase
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FIGURE 2 Variation of integrated intensity, taken as percent contribution of the individual
band to its respective spectral region; (a) 1165cm™!, (b) 1195cm™', (c) 1563cm™ ', (d)
1594cm™ "}, (e) 1625ecm™ ! bands.

(K-S transition here), the core part of the molecule is still expected to be
rigid with very small orientational freedom. The smectic G phase has a
pseudo-hexagonal packing, with a local herringbone structure [16—17]. The
time scale involved is 10~ !! s leading to an effectively hexagonal symmetry for
S phase [16]. In this phase, even though translational freedom between
molecules is almost nil [16], the lateral gap, that exists between each pseudo-
hexagonally packed cluster [17] may facilitate the long alkyl chains to move
more freely thereby producing alkyl tail strain on the core (specially
peripheral benzene rings) affecting its characteristic Raman modes. The
abnormality shown by some core connected Raman bands at the K-S
transition may be due to this relatively free movement of the alkyl chains in
S¢ phase.
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FIGURE 3 Vanation of the linewidth (full width at half maximum) of Raman bands with
temperature; (a) 1165cm™"', (b) 1195cm™", (¢) 1563cm™', (d) 1594cm™’, (¢) 1625cm™’
bands.

A careful examination of Figure 4 reveals that at the K—Sg transition the
peak position of the 1195cm ™! band (v,_y) shifts by ~5cm™' towards
lower frequency indicating a decrease in the energy of the ¢ — N == bond
(loosening of bond). Increased orientational freedom of the long alkyl chain
due to decrease in intermolecular interactions may put strain on the whole
core part and thus soften the ¢ — N=bond. However, the integrated
intensity of this mode does not show any abrupt change (see Fig. 2)
indicating no appreciable charge distortion around the ¢ —N== bond at
this phase transition. The 1625cm™' band (vc—n) shows an abrupt
decrease in integrated intensity near the K—Sg; transition (Fig. 2) which
indicates that the m-electron cloud over — C==N-— bond might have been
distorted slightly due to strain exerted by the long alkyl chain on melting.
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FIGURE 4 Variation of the peak position of Raman bands with temperature; (a) 1165cm™ ",
(b) 1195em™", (c) 1563cm™ !, (d) 1594cm™ !, (¢) 1625cm™! bands.

However, the peak position of the vc—n does not show any appreciable
shift (see Fig. 3) owing to the fact that the total energy of the bond remains
unchanged. The three benzene modes vo, (1165cm™ "), vg-(1563cm™ ') and
vg(1594cm™!) also show some abnormality near K — Sg transition in terms
of frequency shifts towards lower side indicating softening of these modes.
However, the vg, mode shows a jump in integrated intensity (see Fig. 2)
indicating a possibility of charge drift from —C=N-— towards benzene
ring side. When we look at the linewidth data, it is seen from Figure 3 that
linewidths of all the above mentioned bands show sudden jump at the
K — S transition. This may be due to the effect of increased orientational/
vibrational freedom of long alkyl chains at the transition, especially on the
peripheral benzene rings as well as on the ¢ — N — and — C= N —
bonds. Due to this effect, the individual frequencies of the v,__ N, vc—n~ and
the benzene ring modes differ from their original values, which in turn,
broaden the linewidths of respective modes at the K — S transition. Hence,
it can be concluded that all these changes observed in the core connected
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Raman modes at the K — S transition are due to the effect of increased
orientational/vibrational freedom of the long alkyl chain upon the core part
of the molecule.

B. Smectic /-Smectic C Transition
and the Evidence of Core Disorder

S;— Sc transition is first order in nature [14—15] and is an example of
transformation of an ordered tilted structure with hexagonal packing of
molecules within the layers to a disordered tilted structure in smectic-smectic
transitions. The two dimensional liquid like structure of S phase possesses
a short range correlation between the molecular positions within the layer
over a certain distance (known as a cluster). Because of the fluid character,
neither the distance between the centers of the clusters is related to the local
spacing nor are the intermolecular interactions correlated [17]. The
intermolecular interactions being weak in this phase (S¢), the appreciable
effects observed in the Raman modes during this transition are expected to
arise from intramolecular dynamics. Taking these aspects into considera-
tion, the possibility of intramolecular rotation around the molecular long
axis along a flexible single bond inside the core can not be ruled out. This is,
in fact, evident from the variation of linewidths and integrated intensities of
some modes with temperature, during this transition.

Figure 3 reveals that linewidths of all the five Raman bands at 1165, 1195,
1563, 1594 and 1625 cm™ ! exhibit small but noticeable change at the S;— S¢
transition. However, these changes are prominent and distinct for the vy_n
and vc —.n modes than those for the benzene ring modes. As it is known that
Raman linewidth is a cumulative effect of linewidths originating from the
temperature-independant vibrational dephasing and temperature-dependant
reorintational motion, there must be some rotational/orientational motion
occurring around the ¢ — N = or —C=N— bonds in the liquid like
phases which may be responsible for changes in the linewidths of these
modes at the S§;— S¢ transition. As the ¢ —N = bond is a single bond, the
reorientational motions are much easier around this bond. Taking this
aspect into consideration in our earlier study [19], we have calculated the
activation energy for the reorientational motion around the ¢—N—=—bond
from the estimated contribution of the orientational motion to the Raman
linewidth using standard methods [20-21]. We found that the temperature
corresponding to this activation energy is reasonably close to the S;— S¢
transition temperature in TBDA [19] which indicates that the S;—Sc
transition is linked with a rotation around the ¢ -—N= bond.
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Figure 2 shows that the integrated intensity of the v4_n mode suddenly
decreases at the S;— Sc transition temperature (154°C). This indicates
appreciable distortion of o-electron cloud over the ¢ —N= bond due to
rotation about this bond. The integrated intensity of the vc—_n mode
increases slightly (see Fig. 2) indicating that the m-electron cloud regained its
original value by accepting some electron density from the ¢ — N = bond.
The integrated intensity of the vg, mode decreases at this transition which
shows that the rotation along the ¢ — N = bond helps the peripheral
benzene rings to reorient along the flexible single bond causing slight
distortion in their m-electron cloud. However, the integrated intensity of the
vg, mode shows a jump in its value owing to the fact that vg, and vy, modes
are a pair of doubly degenerate mode and that decreases in integrated
intensity in one is associated with an increase in the other.

The rotation around the ¢ — N = bond can lead to a modified structure
of the core of the TBDA molecules in all its liquid like phases (S¢, Sg4,
isotropic etc.). Intermolecular interactions being comparatively weak and
lesser steric hindrance in liquid phase, the long alkyl chains may try to
stabilize themselves in the lowest energy configuration by reorienting the
peripheral benzene rings around a flexible single bond (¢ — N =) without
affecting its backbone geometry significantly. This process which affects the
Raman modes associated with the core indicates core disorder meaning
thereby that the core no longer retains its original rigid character. However,
this modified dynamics of the core still does not involve any serious
modification of the molecule as a whole at the transition because the peak
positions of all the core connected Raman bonds hardly show any anomaly
(Fig. 3) during this transition (S;— S¢), indicating that the total energy of
respective bonds involved in the vibration remains unchanged. Moreover,
this core disorder behaviour is aiso reflected in the form of a small but
noticeable jump in the Sz parameter (core order parameter) near the
Sc— S, phase transition which is weakly first order in nature [22-24], in
NMR study using anthracene-d,q as a spin probe [25].

On increasing temperature above 154°C, the integrated intensity of the
vg. mode (see Fig. 2) decreases steadily up to the isotropic phase due to the
induced rotation about the ¢ — N = bond with increased fluidity, whereas
the integrated intensity of the vg, mode increases gradually from solid to
isotropic phase. The reason is quite obvious as discussed above. The
integrated intensity of the ¢ — N mode increases slowly and attains a value
in the isotropic phase which is close to its value in the solid phase. However,
the linewidths of the v, _n and vc—n modes which show some peak like
characteristics near the Sc— S, transition (> 54°C) on their increasing trend
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of profiles are ascribed to the fact that the S;— S¢ transition is not a purely
first order type, rather it involves some second order characteristics [19].
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