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The use of a time resolved Raman microprobe to study the electric
field induced Fréedericksz transition in the alkyl cyanobiphenyl
homologues

by K. M. BOOTHY and H. J. COLES*

Liquid Crystal Group, Physics Department, Manchester University,
Oxford Road, Manchester, M13 9PL, England

(Received 18 November 1991; accepted 23 January 1993)

The bond selectivity of the Raman technique is exploited with a time resolved
Raman microprobe to determine the effective splay viscosity coefficients and elastic
constants in the nematic phase of the 4-n-alkyl-4-cyanobiphenyl homologues 5, 6, 7
and 8CB. The Raman effect, using the signal associated with the core and the flexible
alkyl chains, was used to probe the Fréedericksz transition in the limit of small
deformations. The data for the cores show good agreement with data published
elsewhere. Odd—even effects were found and, in the case of 8CB, pretransitional
effects due to the lower temperature S, phase were observed. The viscosity data for
the flexible alkyl chains, at a reduced temperature of 3°C, yield values for the
apparent viscosity coefficients that are approximately half that of their respective
rigid cores. This is considered to be indicative of the influence of the molecular
flexibility on the effective director field. The data illustrate the usefulness of the
technique for studying microscopic volumes of multicomponent systems.

1. Introduction

Raman spectroscopy is a technique that has seen a considerable revival of interest in
the past 30 years following the advent of the laser and the original technique of
spontaneous Raman scattering has been extended over the years so that, for example,
there are now techniques for enhancing weak signals in the processes of resonance [1]
and surface enhanced [2] Raman. Laser light may be amplified and tuned using the
non-linear process of stimulated Raman scattering [3,4]. Parallel improvements in
data acquisition have led to the development of intensified diode arrays which allow the
capture of an entire spectrum in milliseconds, and have further opened up ways of
rejecting background noise due to fluorescence [5]. The use of Raman spectroscopy as
a microanalytical tool was pioneered by the National Bureau of Standards in the
U.S.A. and the Centre Nationale de la Recherche at Lille in France [6,7]. In essence,
the conventional illuminating and collecting optics are replaced by an adapted
microscope assembly that gives a spatial resolution of microns. The small spot size and
high power densities achievable illustrate a further advantage of the microprobe
technique since it enables samples of micron dimensions to be studied, thus making it a
suitable technique for the study of liquid crystal films which are only ten or so microns
thick. One of us [8] recently reported a polarized Raman microprobe apparatus, which
also enabled dynamic information to be recorded on the microsecond timescale with
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the rejection of stray fluorescent signals. Herein we describe briefly an apparatus that
maintains the advantages of the time resolved Raman microprobe system but with
improved sensitivity.

A knowledge of the viscosity coefficients and elastic constants of nematic liquid
crystals is of vital importance in their characterization since these control, for example,
the operating parameters if the material is to be used in a device. There are a number of
established methods for determining these, individually, on a macroscopic scale: quasi-
elastic light scattering [97] Zvetkow shear viscometry [10] and Fréedericksz transition
measurement [11], etc. Here the polarized time resolved Raman microprobe [12] is
used to evaluate these parameters in microscopic volume samples using the bond
selectivity of the technique to monitor signals associated with different sections of the
molecule as they respond to an applied external field, i.e. in a Fréedericksz transition.
These signals, which arise in the present work from molecular modes of vibration,
probe a macroscopic nematic director and indeed may be used to measure {P,)> and
{P,> order parameters [13-17]. By using the site selectivity of the polarized Raman
technique and the improved sensitivity of the time resolved microprobe we examine
whether signals arising from different molecular sites give rise to different electrooptic
signals. Thus is should be possible to monitor effects due to molecular flexibility. We
have studied the nematogenic atkylcyanobiphenyls and it should be stressed that all
data have been extracted in the limit of small deformations under the applied field in
line with the Pieranski et al. [ 18] analysis which we use. A comparison is then made
between this detailed data and that already determined theoretically and experiment-
ally by well-known macroscopic techniques to evaluate the usefulness of the present
method. Since the data for the alkylcyanobiphenyls are well documented their study
gives us a particularly clear test of the new technique.

2. Theory

The change in the intensity of Raman scattered light from a thin nematic film (of
thickness d) as a function of director orientation, n is shown schematically in figure 1.
Initially the director is aligned parallel to the polarization direction of the incident light
by using suitably treated surfaces to give a planar alignment. This gives a relatively
strong Raman signal. As n moves away from the linear polarization direction of the
incoming laser beam the Raman signal decreases. As depicted, n remains in the
polarization plane of the incident beam and moves towards a homeotropic alignment
in response to an applied low frequency electric field E. In the limit of small distortions
the intensity of the scattered light may be represented as [19]

I=(Ag+A;+A))— (A, +24,)y3, (1)

where Ay, A; and A, are constants related to the molecular tensor components. The
theory of Pieranski et al. [ 18] relates the reorientation angle, i, as a function of time, to
the physical parameters of the nematic system and the relative magnitude of the applied
AC field. For the splay configuration and small distortions this may be written as

¥ (o0)

Yin= 3 26 A ) 2
1 +[lﬁ,2(200) _ l]exp {—ﬂs::.y; (V?*— V;")t}

where ;,(c0) is the maximum angle reached after time ¢t = oo at the centre of the cell, £2
is the time average [ 18] of the fluctuations of the orientation in the undisturbed state at
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Figure 1. A schematic showing the effect of the director orientation, n on scattered Raman
intensity. The E field is applied as shown and the nematic has Ae/0. The height of the
Raman arrows are indicative of light intensity changes (not to scale). The initial planar
alignment (for E=0, t <0) is obtained by rubbed surface alignment agents in a sample cell
of thickness d.

1=0(.e. £ =Y 2(t=0))), Ac is the anisotropy of the dielectric permittivity, #,,,, is the
splay viscosity coefficient, d is the cell thickness, Vis the applied voltage and V, is the
critical voltage for the Fréedericksz transition (n.b. both are rms voltages).

Combining equations (1) and (2) the variation in scattered Raman intensity with
time after a voltage V has been applied, and within the limit of small deformations, is of
the form

B
I(t)=A_1+Cexp(——St)’ 3)
where A, B and C may be considered as constants for each given voltage and
2g0A¢
§=—(2-V2). @)
r’splaydz

Further, k,,, the splay elastic constant, and V, are related through

_ ki
Vo= 7t\/<'°30A3> ' ©

Thus by fitting equation (3) to the time dependence of the Raman signal, in the limit of
small deformations (cf. equation (2)), on application of a low voltage V and by
measuring V, both #,,,,, and k,; may be determined, assuming A¢ is known.

3. Experimental
A schematic of the experimental apparatus is shown in figure 2 and its calibration
and performance are described in detail elsewhere [12]. The main features are as
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follows: the sample is held in a thermostatically controlled temperature jacket (AT =
+0-1°C) and illuminated with light from a Coherent Innova 90 Ar* laser which is
intensity modulated at 1 kHz. The laser filter removes stray plasma lines from the input
beam. The illuminating and collection optics are x 50 infinity-corrected microscope
objectives. The resultant small spot size (& 3 ym) allows for study on a micron scale and
the large numerical aperture (0-6) ensures efficient collection of the incoherently
scattered Raman shifted light. The notch filter removes the unshifted Rayleigh
scattered light and the residue of the incident laser beam. The spectrometer is a Spex
1402 double monochromator incorporating a polarization scrambler. The lock-in
amplifier (LIA) acts as an efficient noise rejection system and may be used to reject
fluorescence [8,20]. The VELA (Versatile Laboratory Instrument) digital memory
device accumulates the data. This is driven by a BBC microcomputer, which also
controls the application of the electric field to the sample. A time delay between
consecutive AC electric field pulses was introduced to ensure that the alignment
returned to its original planar state between pulses. The data acquisition system has a
resolution of 100 us per point.

The liquid crystals used in this study were the 4-n-alkyl-4'-cyanobiphenyl (nCB)
homologues with n=5, 6, 7 and 8 which all have nematic phases greater than 2°C wide.
This ensured that post transitional phenomena in the nematic phase due to the isotropic
phase would not dominate the results obtained. In the case of 8CB there is also an S,
phase at lower temperatures which allows pretransitional effects to be studied in the
nematic phase as the S, phase is approached. The materials were provided by BDH
(now Merck UK) and used without further purification. Nematic to isotropic transition
temperatures were determined to +0-1°C using a microscope and hotstage.

Argon ion
laser
Spectrometer
BBC
| Polarization
OR E scrambler
VELA D
LIA
Laser .
filter ) Video
White
iight )
Half wave an Spatial — |
plate ‘ s L filter
BS » p Notch BS
Modulator Microprobe filter

Figure 2. A schematic of the time resolved Raman microprobe apparatus. Symbols are BS,
beam steerers; S, sample; p, polarizers.
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The nematic materials were aligned in a planar texture using rubbed polyimide
surfaces in cells whose sample thickness d was determined to an accuracy of +0-1 um
using interference techniques. The thickness was typically 14 um. The cells included
ITO electrodes so that electric fields could be applied across the sample in the direction
of the incident laser beam, and in the quiescent state n was aligned parallel to the input
laser light polarization direction.

The dominant bands relating to the rigid core section of the alkyl cyanobiphenyls
[21] are due to the C=N stretch (CN) centred at 2224 cm ™!, the C-C breathing of the
aromatic rings (CC) at 1606 cm ~ !, the C-C stretch of the biphenyl (CCB) at 1285cm ™!
and the C-H in-plane deformation (CH) at 1185 cm ~!. The scattered Raman intensity,
as a function of time for different applied field strengths, was accumulated for each of
these bands at one reduced temperature for each homologue. One band, due to
deformation of a specific bond, was then selected (see later) as a representative for a full
temperature dependent study of k,, and #,,,,. The alkyl chains (ALK) have their
strongest band in the spectrum at 826 cm ™!, This was therefore used for a limited study
of these parameters derived from the signal due to the alkyl chains. Following in outline
the technique described previously [18] the recorded time dependent decrease of the
Raman signal, in response to the applied field, was computer fitted to the analytical
expression of equation (3) to determine S, the inverse response time. A typical response
curve is given in figure 3. For a given voltage the constants 4 and B may be extracted
from the data. Values of § and C are then suggested and an iterative computer fit
carried out to maximize goodness of fit [12]. Curve fitting was deemed to be
satisfactory when the consistency of S was within (-1 per cent via the iterative process
and 3 per cent for any two consecutive data fits. This goodness of fit can be clearly seen
in the comparison between data and the curve fit to equation (3) in figure 3. Thus S (and
A, B, and C) were determined for each applied voltage V. From linear plots of S versus
V2, Heprays Ve and hence k,; were determined. In principle C could be used, in
conjunction with i 2(c0) to determine ¢2. However, the uncertainties in these numbers
close to V, preclude a sensible calculation of ¢ being made. The values of Ag used in the
calculations were those determined by Bradshaw and Raynes [11]. In order to ensure
that the analytical expression was valid, i.e. in the limit of small deformations, the

t

1

Intensity

T

O 02 04 06 08 1.0 12 1.4
t/s

Figure 3. A typical transient Raman signal for 5CB at 24-6°C with an applied voltage (at t =0)
of 1-1V,,, and sine wave frequency of 1 kHz. The solid line is the fit of equation (3) to the
experimental data.
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applied voltages were always less than or equal to twice the critical voltage [22], in
which case good fits to equations (3) and (4) were always obtained. Outside of this
voltage range the data could not be fitted to these equations and this marks the upper
limit of applicability of the theory. In earlier work [23] we showed that both the field-
on and field-off response times could be determined. It was shown that the field-off
response time was independent of V. In the present work we have concentrated on the
field driven response times because this also enables V, to be determined, at infinite
response times, and hence k,, from the dependency of S on V2.

4. Results
4.1. The core bands

Following the experimental procedures which we have outlined the inverse
response times, S, at a fixed temperature, were measured as a function of voltage, V, .,
for each of the core bands, (see figure 4). Each band, gives therefore, a separate probe of
the voltage induced Fréedricksz transition. From figure 4 it is clear that, over the
voltage range used, equation (4) fits the data well for each band. These data were then
used to determine the apparent splay viscosities, critical voltages and splay elastic
constants for the independent measurements on each of the core bands of 6, 7 and 8CB
at the reduced temperatures indicated (see tables 1(a)c)). Similar data for S5CB are
presented elsewhere [12]. The estimated errors in 7,y,,, are due in part to limitations in
the fitting program which gives a maximum uncertainty of 3 per cent. The larger
uncertainties in V, (and therefore k) are due to the very small relative signal changes
associated with the small deformation criterion, and hence difficulties in accumulating
and extrapolating analysable data very close to V.. The straight line dependencies were
determined from the data using a least-squares fitting routine [ 12]. We did not force fit
the data to the same V, for the core bands. The small variation in ¥, for each of the core
bands which is reflected in the accuracy quoted in tables 1 and 2, illustrates the
consistency of the measurements since we would expect the rigid core bands to give
exactly the same V,. Force fitting the data to the same or a mean ¥, would induce an
additional error of ~2 per cent in 7,,,,. Within the quoted errors, each independently

12

Sis

V2 Ve

{a)



11: 49 26 January 2011

Downl oaded At:

Raman study of the Fréedericksz transition 683

-
'.'w s
b
4
L)
0
0 5 10 15 20
V2 V2
(b)
30
20
3
10
0
0 1 2 3 4 5
V2V

ms

(©

Figure 4. TInverse response time § versus applied rms voltage squared at shifted temperatures
(Ta—T) 0f9-9°C, 13-4°C and 6-6°C, respectively, for each of the core bonds of the 6, 7 and
8CB homologues, (a) 6CB, (b) 7CB, (c) 8CB. @ CCB, B, CH; U, C=N; O, C-C.

measured core band for each individual homologue shows good self-agreement and so
we have also given the mean core-values in these tables. Similar agreement was found
for the core bands of 5CB [12]. Consequently following the agreement between core
band signals it was appropriate to select a single band as representative of the core
response to the applied electric field and use this to study the temperature dependence
of the apparent viscosity coefficients and elastic constants in more detail. The C=N
stretch at 2224 cm ~ ! was chosen for further study. This is a bond, which incorporates
the strong dipole moment whose interaction with E accounts for most of the torque
when the field is first applied. It is reasonable to expect this bond to reorient at the same
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rate as the director during the electric field induced Fréedericksz transition. This bond
is also closely linked to the first phenyl ring and was the second most Raman active
band of the four core bands. Thus it was suitably intense while showing results that
represented the mean of the data for the core bands. The uncertainty in V, is reflected in
the errors quoted in k.

Table 1. Experimental data for the four independently measured core bands of the 6, 7 and 8CB
homologues shifted temperatures (Ty—T) of (a) 9-9°C, (b) 13-4°C and (c) 6-6°C,
respectively. Core mean data represent average values characterizing the continuum
properties.

Band  7,,,,/cP VJV  ky/10712N

CN 131+11 0641009 48407
cC 134+12  0-6910-06 49+04
CCB 133+12 0621014 38409
CH 130+11 0594016 35409
Core mean 132+11 0:63+011 40407

(a) 6CB.

Band Haplay/CP V./V k. J/107**N

CN 121+11  0-81+0-08 66107
CC 134+12 1-01+028 g2+11
CCB 120+11 0751008 57+11
CH 125+11 0824011 68109
Core mean 125+10 0-85+0-10 86110

(b) 7CB.

Band Haplay/ P V./V ky; /107 12N

CN 97+9 095+013 76111
CC 9448 1004012 83+10
CCB 9749 0901015 68+12
CH 95+8  092+013 7110

Core mean 9648 094+013 79410

(c) 8CB.

Table 2. V, data for the C=N band of the cyanobiphenyl homologues.

6CB 7CB 8CB
(Ta—T)I°C /v (Ta=T)C VWV (Ta—T)°C /v
98 0641013 134 0814010 66 095+0-16
79 070+012 114 0-84+0-12 56 0-89+014
58 0674010 91 0874016 46 0831017
37 0:65+0-14 7-4 0-81+0:15 35 0-88+013
17 069 +009 54 075+017 25 0-81+0-12



11: 49 26 January 2011

Downl oaded At:

Raman study of the Fréedericksz transition 685

"_g p
= |
X o0 s e e s S S
< et { ® |
|
b | -
f
6 |- | ] T
! o
I' s} 1
4} " | .
! a2
' P
|
2+ } —
|
]
{
0 K} t i 1 i i) 1 L L 1 L L 1
2 8 4 0
TuT/°C

Figure5. The variation of k,, as a function of shifted temperature for (a) SCB (@) and 7CB (O),
(b) 6CB (R) and 8CB (1) as determined using the Raman microprobe. The dashed line
shows T,y for 8CB.

4.2. The cyano stretch

Figure 5 shows the variation in k, ; with temperature for the semi-rigid core, or C=N
stretch, of the homologues. Similarly determined and previously unpublished elastic
constant data for SCB are included here. Before considering the data further it is useful
to note that the results agree well with those recorded by dynamic light scattering [9]
and electric and magnetic Fréedericksz transition techniques [11]. The present data,
derived from the C=N bond motion, for 5, 6 and 7CB agree on average to within 10 per
cent and for 8CB to within 2 per cent of the reported values in [9] and [11]. The V_ data
from which the values of k;, are determined are listed for comparison in table 2. The
present data show the expected decrease in the elastic constant as the nematic to
isotropic transition is approached. On the other hand as the temperature decreases the
elastic constants for 5, 6 and 7CB tend to increase slowly to a plateau whilst those for
8CB appdar to increase more strongly near the N-S, phase transition. The results for
the odd members (5 and 7) are very similar whilst those for the even members (6 and 8)
underline the differences recorded when there is a low-lying smectic phase [24]. These
results, which agree with previous data, illustrate the usefulness and sensitivity of the
present technique.
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The twist, y,, and splay, #,p,,, viscosities of a liquid crystal are linked through

nsplay =Y1— (a%/nb)’

where a4 is a Leslie coefficient and , is a Miesowicz viscosity. For nematic materials it
has been shown experimentally that ,,,, =7, provided that pretransitional effects are
not present [9,24]. Thus the results for 7,,,,, and y, are equivalent for 5, 6 and 7CB. In
the case of 8CB, 7, and y; show a divergence as the S, phase is approached on
decreasing the temperature. Since twist fluctuations are forbidden in the S, phase y,
diverges strongly. On the other hand 7., is finite in the S, phase. Thus the (a3/,,) term
becomes measurable at the N to S, phase transition since 7,y,, diverges less rapidly
than y, [9, 24]. Figure 6(a) shows the variation of the splay viscosity with temperature
determined for the C=N stretch from the S versus V2 data (see figure 4). In the light
scattering study [9,24] a comparison was carried out between the different measuring
techniques used for the determination of the viscosity coefficients. Generally,
reasonable agreement, with 7 per cent, was found between the light scattering data and
those determined by Zvetkow rotating field techniques [10,25]. Comparative data
from [9], are presented in figure 6 (b). In comparison, the data for 6 and 8CB are, on
average, within 4 per cent and 2 per cent, respectively, of the light scattering data, whilst
those of 5 and 7CB are some 20 per cent higher. It is difficult to explain these differences,

\ T T L T T

@

100

Mspiay fep

TwT/Ct

Figure 6. The variation of 1., as a function of shifted temperature for 5-8CB determined by
(a) the Raman microprobe and (b) electric field light scattering [9]. The dashed line shows
15, for 8CB. B, 6CB; O, 7CB; [, 8CB; @, 5CB.
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however, it is interesting to note the consistent behaviour of the even and odd members
of the series. This may point to a molecular origin for the differences between the light
scattering and Raman results. The former probes the overall average polarizability of
the whole molecule whilst the latter probes the change in polarizability associated only
with the C=N stretch. All data are calculated in the limit of small deformations. A
comparison of both data sets (see figures 6 (a) and (b) shows that, (i) the even members
have a consistently higher splay viscosity than the odd members, (ii) the shapes of the
viscosity curves are similar, implying the same type of Arrhenius behaviour, (iii) the
activation energies of the even members are higher than those of the odd members, and
(iv) in the case of 8CB, with the low-lying S, phase, the splay viscosity diverges as the
transition is approached. Thus the time resolved Raman microprobe technique
demonstrates the same data trends as the more conventional measuring techniques
independent of the homologue under study.

4.3. The alkyl chain bands

The strongest chain band is nearly two orders of magnitude less intense than the
most intense of the core bands and lies close to a ring breathing vibration.
Accumulation of data from this band was therefore difficult and extremely slow.
However, a preliminary study was carried out for each homologue at the same shifted
temperature (Ty — T =3°C) and data for apparent values of #,,,, and k,, extracted
using the same method as for the C=N stretch, i.e. from the dependence of S on V2 (see
figure 7). From the slope of this graph it is clear that, in the limit of small deformations,
the alkyl chain has a much faster response time than the rigid core. The threshold
voltage is, however, lower for the rigid core and these data combined suggest complex
initial deformation and dynamics are involved in the initial reorientation mechanisms
of nematic liquid crystals when subject to a Fréedericksz transition. We have recorded
similar data for the other homologues, 6, 7 and 8CB. A comparison of the alkyl chain

50 - —

40

30

Sst

20

0 5 10 15 20
V2V

Figure 7. Inverse response times versus applied rms voltage squared at a shifted temperature of
3°C for the rigid C=N stretch band ([J) and the alky! chain bands (O).
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Table 3. Apparent viscosity coefficient and elastic constant data for the alkyl chains of the four
homologues at a shifted temperature of 3°C.

nCB Nspray(ALK)/CP Nsp1ay(CN)/cP K (ALK)/107'2N K, ,(CN)/10"**N

5 2443 5345 76+12 41106
6 39+2 61+6 63+38 34+05
7 2615 69+6 44+24 43+07
8 2142 50+35 53+15 33405

and C=N data is given in table 3. From this table it can be seen that the apparent 7,
determined from the signal associated with the flexible alkyl chains is, on average,
consistently a factor of two times smaller than that associated with the C=N bond for all
four homologues. This is well outside of any experimental error. The elastic constants
on the other hand appear to be high for the alkyl chain derived signal. Without a
detailed temperature dependent study it is difficult to analyse the data further. It is clear
that the Raman technique, which is inherently site selective, gives rise to different
constants determined from signals associated with rigid (core) and flexible (alkyl chain)
molecular components for small field induced deformations.

5. Conclusions

In the present work a low noise, time resolved Raman microprobe has been used to
study the Fréedericksz transition for members of a homologous series of nematic
compounds aligned initially with a planar surface texture. The microprobe apparatus
records the Raman signal associated with a specific bond or deformation within the
molecule. It is intrinsically site selective and gives rise to a spectral line associated with a
particular part of the molecule, i.e. the semi-rigid core —C=N (see [12 (a), p. 150)] stretch,
C-C breathing mode, etc., or the flexible alkyl chain. The change in intensity of a
specific spectral line has then been studied, as a function of time, in response to an
applied external field. For all four nematogenic alkylcyanobiphenyl homologues we
have observed a remarkedly consistent response for Raman active sites associated with
the semi-rigid molecular core for each homologue. From the response times, in the limit
of small deformation, and from the threshold voltages we have determined values for
the effective splay elastic constants and viscosity coefficients. These data are self-
consistent and slightly higher than those recorded using currently accepted techniques
based on rigid rod polarizability ellipsoid models (i.c. optical or dielectric methods).
The core data show distinct odd—even effects and classical temperature dependencies.
In the case of 4-n-octyl-4’-cyanobiphenyl the viscosity data shows distinct pretran-
sitional behaviour as the lower lying smectic A phase is approached. Similarly the
elastic constant data demonstrate a more marked temperature dependence than 4-n-
hexyl-4'-cyanobiphenyl which does not have an S, to N phase transition. Thus, it is
clear that the Raman microprobe technique can be used reliably to study the properties
and behaviour of nematic liquid crystals at least with signals derived from the semi-
rigid core. In the case of the alkyl chain signals the results show significant trends and
features. The response times, in the limit of small deformations, are consistently faster,
by a factor of two, with respect to those associated with the semi-rigid core signals.
Following the Pieranski analysis this implies a lower apparent viscosity and, from the
threshold voltages, different apparent elastic constants for the alkyl chains and the rigid
aromatic core. Since the detection and treatment of data are the same irrespective of the
frequency of the recorded spectral line, the difference in response times, must be real.
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Also the data are consistent for all four homologues. Thus we are forced to conclude
that signals associated with rigid and flexible molecular sites which probe different
director averages give rise to different dynamic and static information. It is interesting
to note that the semi-rigid core and flexible alkyl chain data lead to higher and lower
values, respectively, of the apparent viscosity coefficients with respect to those recorded
by classical methods, that treat the molecule as a rigid sub-unit and assume a mean
field. We are left with the inescapable conclusion that, in the limit of smali
deformations, it is possible to record, using the time resolved Raman microprobe, on a
macroscopic scale, the effects of molecular flexibility in response to an applied external
field. This suggests the need for new theories based on flexible rather than rigid rod
models to explain dynamics of nematogenic systems.

Finally, it is worth stressing the advantages of the Raman microprobe technique. It
is chemically site selective and time resolved (down to 100 us). It uses micron sized
sample volumes as well as low laser powers, and has spatial resolution on the micron
length scale. Utilization of the phase sensitive detection method and notch filter system
allow virtually pure Raman spectra to be obtained. The present microprobe was a
relatively expensive spectrometer system and so the method might have less appeal at
first sight than more conventional macroscopic techniques. These will not, however,
have the inherent bond selectivity of the Raman technique. Further we are currently
developing a new low cost multilayer dielectric filter spectroscopic system [26] that will
enhance the sensitivity and precision whilst incorporating all the above advantages.
This will allow us to measure dynamic phenomena with much greater accuracy for the
rigid and flexible bands close to V, and thereby gain a better understanding of the
dynamics of nematic liquid crystals.
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