This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Molecular dynamics in the liquid crystal 40.6 A nuclear magnetic

relaxation study
K. Venu?; G. Ravindranath?; V. S. S. Sastry®
2 School of Physics, University of Hyderabad, Hyderabad, India

To cite this Article Venu, K. , Ravindranath, G. and Sastry, V. S. S.(1990) 'Molecular dynamics in the liquid crystal 40.6 A
nuclear magnetic relaxation study’, Liquid Crystals, 8: 1, 81 — 94

To link to this Article: DOI: 10.1080/02678299008047332
URL: http://dx.doi.org/10.1080/02678299008047332

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/02678299008047332
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13:59 26 January 2011

Downl oaded At:

Liouip CrYSTALS, 1990, VoL. 8, No. 1, 81-94

Molecular dynamics in the liquid crystal 40.6

A nuclear magnetic relaxation study
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School of Physics, University of Hyderabad, Hyderabad 500 134, India

(Received 12 April 1989, accepted 3 October 1989)

A nuclear spin lattice relaxation study of the liquid crystal butoxybenzylidene
hexylaniline (40.6) has been carried out as a function of Larmor frequency (4 to
30 MHz) and temperature covering all its mesophases (N, S, and Sg), with a view
to obtain information on different dynamic processes at the molecular level. These
studies are also supplemented by a nuclear dipolar relaxation study as well as
anisotropy of these relaxation rates with respect to the static magnetic field. The
analysis of this data in nematic and smectic A phases based on a composite model,
including the contributions from self diffusion (SD), order director fluctuations
(ODF), and molecular reorientations (R), indicate that the nuclear spin relaxation
is effectively mediated by diffusion and reorientation processes at frequencies
above 10 MHz while at lower frequencies ODF also seem to contribute appre-
ciably. The relative contribution from these mechanisms at different temperatures
covering nematic and S, phases are evaluated, and relevant dynamic parameters
are calculated. The onset of the Sy phase is marked by sudden increase in T, and
subsequent frequency independence of this data at lower temperatures. The dipolar
relaxation data show a dramatic decrease at this transition temperature. These
observations are attributed to a sudden slowing down of diffusion in the Sg phase.

1. Introduction

This paper reports the results of our N.M.R. studies on the liquid crystal butoxy-
benzylidene hexylaniline (40.6) carried out as a function of temperature covering all
mesophases and Larmor frequency (4 to 30 MHz). It is now established that the spin
lattice relaxation rate (7,"') in nematic phase reflects essentially three types of mol-
ecular mechanisms [1], viz. fluctuations of order director (ODF), molecular self
diffusion (SD), and molecular reorientations (R). Each of these mechanisms leads, in
principle, to a predictable frequency dispersion of the T,”', and typical experimental
data are normally a combination of all these three contributions to a first approxima-
tion. Investigation of the detailed frequency dispersion and of temperature variation
of relaxation process to characterize these individual processes in a given liquid crystal
1s often an interesting and useful exercise. Typical Larmor frequencies that might be
needed to do this study fruitfully cover a wide range, say from a few kHz to hundreds
of MHz. However, there are systems in which even a limited range of study has been
found to be sufficient to throw light on the dynamic processes [2, 3]. In particular, in
butoxybenzylidene octylaniline (40.8), proton 7, measurements over a moderate
range of frequency could indicate [2] that the relaxation was predominantly due to
ODF. In this context, the present study aims at an investigation of related compound
(40.6), over a similar frequency range.

The frequency dispersion, anisotropy with respect to the static field and tempera-
ture dependence of the T, rates in 40.6 indicate that the relaxation is diffusion
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mediated in the higher frequency region while discernible contribution is present from
ODF mechanism for Larmor frequencies below 10 MHz. By analysing the data with an
appropriate composite model, the relative contributions of these mechanisms were esti-
mated as a function of temperature in different phases and the appropriate parameters
of molecular motions along with activation energies were evaluated. The earlier work
aiming at an understanding of the critical behavior near the nematic (N) to smectic
A (S,) transition using detailed E.S.R. investigations was due to Zager et al. [4].

2. [Experimental details

T, measurements were made on a home made pulsed N.M.R. spectrometer at
different Larmor frequencies (4, 6-5, 10, 20, 25 and 30 MHz), using either the inversion
recovery sequence or the saturation burst sequence [5]. The typical error in T,
measurement is within 5 per cent. The temperature was controlled using a gas flow
thermostat with a stability better than 100 m degrees. The dipolar relaxation times
(T,p) were measured using Jeener—Brokaert sequence [6] and are accurate to within
10 per cent.

The purified sample was obtained from elsewheret and details of preparatlon were
reporled earlier [7] The hqund crystal has the following phase sequence: X
Sy Sa N 1. The sample was sealed in vacuum after removing
oxygen using standard procedure. All the measurements were made while cooling the
sample from high temperature, and in the range 30 to 90°C. While making measure-
ments in the smectic phases the sample was initially heated to the isotropic phase and
was cooled very slowly to the required phase in the presence of a moderately strong
magnetic field (10kG). To minimize the temperature gradient across the sample,
measurements were made with the sample immersed in a proton free liquid.

3. T,-process in liquid crystals
The spin lattice relaxation rate in liquid crystals can be adequately expressed
as [8]

Tn_' = TlE)i)F + T1§1|) + TI;lla (l)

in the region away from critical effects. The terms on the right hand side of this
equation represent, respectively, contributions to the relaxation rate due to the ODF,
SD and R mechanisms.

In a nematic phase, the orientational order (S) reaches essentially a constant value,
and the important fluctuations then are orientations of this order (ODF) represented
by

N(r,t) = Ny + ON(r, 1) 2)

where N, is the average direction of the local orientations. These fluctuations can be
described by an elastic free energy density due to the three deformations (splay, bend
and twist represented by the constants k,, k, and k; respectively). Describing these
fluctuations in the language of ‘g-modes’ with wave vector dependent life times, the
contributions to the relevant spectral densities at different frequencies, as seen by the
nuclear spin can be calculated [8). OQut of the possible limiting cases arising due to the

+ We thank Professor J. H. Freed of Cornell University for kindly providing the sample used
in the present work.
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comparison of the Larmor frequency (f) with the characteristic frequencies in the
system, a physically realizable situation in most cases corresponds to f being much
smaller than all important frequencies in the system. In such circumstances, the
relaxation rate in nematic phase has the dispersion given by

Tiopr = Aw™"? (0 = 2xf). &)

The layer formation in the S, phase can be represented by a complex order
parameter (r), the modulus of which determines the density of the layers and the
phase determines the relative position. The layer formation in the smectic phase does
not allow bend and twist distortions (hence k, and k; diverge in the S, phase) and as
the transition temperature, Ty,, is approached from a higher value, cybotactic
clusters form forcing a divergence of k, and k. Thus T is expected to show a critical
behaviour as [9]

Tiopr € (T — Tya)'s é4)

where x is an appropriate exponent.

The effect of the layer formation on T, process and the dispersion of relaxation
rates for different limiting cases can be considered in detail [10, 11].

In case the diffusion mechanism is overwhelmingly effective in coupling the spins
to the lattice, the frequency dispersion caused by the ODF as well as the pretransitional
behaviour near Ty, as indicated above, are normally suppressed. Diffusion is theoret-
ically investigated based on Torrey’s theory for liquids [12, 13] and subsequent
extensions to liquid crystals. Zumer et al. [14] and Vilfan et al. [15] have extended this
theory by considering the diffusion of elongated cylindrical shape molecules with a
chosen distribution of spins on the cylindrical surface in a perfectly oriented system.
It can be argued that the relaxation rate in nematics, then, is expressible as

2 0
Tsh = g0 o (0, 2 2L, ©
Here, 5 is the spin density, y is the gyromagnetic ratio, {r} ) is the mean square
molecular jump length perpendicular to the long molecular axis, 4 is the diameter of
the cylindrical molecule, D and D are the microscopic self diffusion constants of
perfectly ordered phase in the directions parallel and perpendicular to the long
molecular axis, and t, is the correlation time associated with the diffusion in the

direction perpendicular to the molecular axis which is given by

Dy
D0’ (6)

T

The function Q above is dimensionless and can be evaluated only numerically. A
similar expression for the S, phase can be obtained [15] with an additional parameter
{/d in the argument of Q (/ is the length of the molecule). The angular dependence of
T, can also be included in the above function Q.

However, contributions to the relaxation due to the diffusion in the typical
frequency range commonly in the N.M.R. experiments is found to be quite satisfac-
torily accounted for, by the Torrey’s theory itself, but for a scale factor of 1-4[14, 15].
In such a case the relaxation rate can be expressed as

1

TI_Sll) = ﬁTl_i‘IORREY- @)
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In addition to these two mechanisms, represented by equations (3) and (7),
considerable contribution to 7' often comes from reorientational motions. The
rotations of the molecules around their long axes, fast isotropic reorientational
motions of aliphatic chains, and orientational fluctuations of the molecular axes are,
in principle, to be accounted for by the superposition of lorentzian distributions, but
the experimental time scales employed restrict their contribution to a temperature
dependent constant, independent of frequency.

Thus the total relaxation rate can be expressed as

1

-1 _
™ =13

Tirorrey + Aw™'? + B, (8

where Bis a frequency independent term with contributions from rotational motions.
Details of calculations of contribution from diffusion based on Torrey’s model are
available [12].

4. Results
Variation of T, as a function of temperature in the present system is shown in
figure 1 at two frequencies (10 and 30 MHz). Salient features of this data are:
pretransitional behaviour near T}, discontinuous jump of T, at T}y, decrease of T,
with decrease in temperature in the nematic phase, no appreciable change in T, near
Tya, considerable decrease of T, with temperature in a smaller temperature region
covering the S, phase, pretransitional behaviour near T, large jumpin T, at T,z and

500 |
10430 MHz 30 MHz

400 | ”"."‘"\\
300 | 10 MHz o
[ )
Lo 10MHz

Spin-lattice retaxation time/mS

200 | 4
100 | Sg Sa N 1
1 1 1 i 1 ]
30 40 50 60 70 80 90

Temperature/°c

Figure 1. Spin lattice relaxation time (T;) as a function of temperature (T) in 40.6 at two
frequencies (10 and 30 MHz). Solid lines are drawn to provide guide to the eye. Vertical
lines show the transition tempreatures from one phase to another.



13:59 26 January 2011

Downl oaded At:

Molecular dynamics in 40.6 via NMR 85

110

90 | (-—-—'.—-—-

10+
30 40 50 60 70 80
Temperature/°C

Figure 2. Dipole relaxation time (T)p) as a function of temperature in 40.6. Solid line is
drawn to provide guide to the eye.
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Figure 3. Dipolar relaxation rate (T|p') as a function of angle (a) between the magnetic field
and the director in S, phase of 40.6. Solid line is the best fit curve to equation (12).
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decrease of T, with decrease of temperature in S; phase without showing any fre-
quency dependence. The variation of T,, with temperature is shown in figure 2.
Variation of T, with the angle (A) between the magnetic field and the director in S,
phase is shown in figure 3.

It is observed that the frequency dependence of T, in this compound is not
consistent with equation (3) indicating the necessity to include contribution from
mechanisms other than the ODF. In order to calculate T, due to diffusion from
equation (7), T,™' can be expressed as [12]

Tibowsey = $WHIU + 1) 71— §(a ) )

Here I is the spin of the nucleus. The function ¢(«, x) can be evaluated knowing

_
T4

wdz 12
X = [._l)—:l .

The mean squared flight distance used in the diffusion model is represented by (r*>
above, and the diffusion coefficient D is related to mean time between flights, t, as

_
D = =, (10)

and

Torrey’s model, meant for isotropic diffusion, is also a good approximation for
anisotropic phases (nematic and smectic A), as far as frequency dispersion data
covering the normal N.M.R. frequency range are concerned (but for a scaling factor
1-4 as indicated in equation (7)). Typical choices made for various parameters to use
this model for nematic phase are D = DY, D}/DY = 2, <r*> = () [14] It is
further assumed that the two mean residence times 7, and 7, are equal and can be
substituted in Torrey’s model for 7, i.e. T = 1, = 1,. The anisotropy in the diffusion
as chosen by the above ratio is typical for a nematic phase, and this ratio does not
affect the dispersion data to any appreciable extent [14, 15].

Contributions from diffusion in the nematic phase are thus calculated by analysing
the frequency dispersion at various temperatures based on equations (7) and (9), using
7 as the variable parameter to achieve the best fit. The other numerical data sub-
stituted in the equation are: n = 5 x 102 spinsfcm®, (2> = (*) = d* = 25A2.
Anisotropy of the relaxation data with respect to the angle a is another departure
from the Torrey’s model, though such studies are not readily possible in the nematic
phase. Application of this procedure to the S, phase requires recognition of the fact
that there are now two distinct resident times t, and t, and the Torrey’s model is a
very good approximation for frequency dispersion in this case provided, (i) magnetic
field is parallel to the director, and (i) wt, > 0-3. The experimental data in the S,
phase has been analysed keeping these requirements in view, with 7, as the variable
parameter. Further, the anisotropy of T, with respect to a is also studied at two
different frequencies (10 and 30 MHz) in the S, and Sy phases. Figure 4 shows T
variation as a function of A at 10 MHz in the S, and Sy phases. 30 MHz data also
shows a similar variation.
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Figure 4. Relative variation of spin lattice relaxation rate T,"'(a)/T,"'(0), as a function of
angle (a) between the magnetic field and the director in the S, and Sy phases 40.6 as
measured at 10 MHz. Solid line is to provide guide to the eye.

It may be noted that even this analysis based on diffusion does not fit the
dispersion data adequately at any of the temperatures (covering the N and S, phases).
Apparently, there is a contribution both from ODF and SD to the observed frequency
dispersion, apart from a possible role for reorientations leading to frequency indepen-
dent term. It is clear from the above discussion that the diffusion mechanism in these
anisotropic phases is best represented by Torrey’s model at relatively higher Larmor
frequencies, whereas ODF should be dominant at lower frequencies. Keeping this in
view, the data in the frequency range 10 to 30 MHz are first analysed using Torrey’s
model. The fit at all the temperatures for this frequency interval is very good and this
indicates that SD and R mechanisms are sufficient to account for T, rate at Larmor
frequencies higher than 10 MHz. Extrapolating these contributions for frequencies
down to 4 MHz, the ODF contribution is recovered as the difference between the
observed and expected rates. The results of such an analysis at a typical temperature
in the nematic phase is shown in figure 5. The diffusion data recovered from the
experiment permits us to calculate the D at each temperature in both these phases
and the variation of this coefficient with temperature is shown in figure 6. Assuming
a thermally activated diffusion mechanism based on Arrhenius model, the data in
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Figure 5. Variation of spin lattice relaxation rate (7} ') as a function of square root of Larmor
frequency (f) in nematic phase of 40.6. Contributions to relaxation time from self
diffusion (Tj3)), reorientations (T3') and ODF (T,ghe) as a function of frequency,
obtained from the analysis as explained in the text are also shown in this figure.
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Figure 6. Arrhenius plot of the macroscopic self diffusion coefficient in the direction perpen-
dicular to the long molecular axis (D) ) in the nematic and smectic A phases of 40.6. The
solid lines are the best fit curves.

figure 6 can be used to calculate the activation energy for diffusion in both these
phases, as 3-6 + 0-5cal/mole (nematic phase), and 28-2 + 1kcal/mole (S, phase).
The relaxation rate due to reorientations in all these mesophases is also tem-
perature dependent. There are three types of reorientations one should consider for
these type of molecules [16]. They are (i) reorientations of the molecules along their
long molecular axes (ii) reorientations of the molecules along their short molecular
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axis and (iii) the isotropic reorientation of the aliphatic end chains. In liquid crystals,
reorientations around long molecular axis are normally very fast and hence their
contribution to the relaxation process ( Tz, ) is considered to be very small. In the N
and S, phases even the isotropic reorientation of end chains is very fast and hence
their contribution to T, process (T}g]) is considered to be negligible. In fact, only the
reorientations around the short molecular axis are normally taken into account in
nematic and smectic A phases [16], and their contribution (T)g§) is written as

Tirs = 5¢C'ts, (11)

in wrg <€ 1 limit. ¢ have represents the anisotropy of these motions and 15 is the
correlation time associated with the reorientation around short axis. Here the con-
stant C’ is given by

C = %y‘hzﬁguk(ﬂf — 1)%r, (12)

where u, is the relative weight of protons belonging to kth group, / = 1,r, = 2-44A
and u, = 8/31 for benzene ringand/ = 0,r, = 1-78 A, and u, = 22/31 for CH, and
CH, groups.

In the ordered smectic phases, the rotation around short molecular axis freeze the
contribution to T, comes mostly from reorientation of tails [16] which can be written
as

422
(T ") = %%4 Te»
r
in the wt, < 1 limit, where w, is the corrrelation time associated with isotropic
reorientations of the end chains.
In the light of the above discussion the frequency independent portion obtained
from the above analysis is attributed to reorientations around the short molecular axis

T

-21.8

~219 o

in(Tq )/S'1

"'22,1 -
=)

291 293 295 297 299 301 3.03 3,05 307 309

...1'
1000/ TK
Figure 7. Arrhenius plot of the correlation time associated with reorientations (g = 15) in
the nematic and smectic A phases of 40.6. The solid lines are best fit curves.
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Figure 8. Variation of T, T}5p, Tiopr and T’ as function of temperature in the nematic
and smectic A phases of 40.6 at 4 MHz.
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Figure 9. Variation of spin lattice relaxation rate 7' as a function of square root of Larmor
frequency (f) in the smectic A phase of 40.6. Variation of T, Tix's Tiopr, 2S @
function of frequency is also shown in this figure.

in the N and S, phases and the data is accordingly fitted to equation (11) and (12)
assuming these reorientations to be isotropic (¢ = 1). The typical value of 15 thus
obtained is 3 x 107" s, which agrees with 15 values obtained earlier in similar type
of compounds [3, 16]. From the temperature dependence of g (figure 7) obtained by
repeating the analysis at other temperatures in the N and S, phases, the activation
energy associated with these rotations assuming them to be thermally activated, is
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Figure 10. Arrhenius plot of correlation time associated with reorientations (1 = 1¢) in
smectic-B phase of 40.6. The solid curve is the best fit line.

found to be 3-3 + 0-5kcal/mole and 7-3 + 0-5kcal/mole in the N and S, phases
respectively.

The T, data in the Sy phase is frequency independent and hence is entirely due to
reorientations in wt, < 1 limit. As discussed above, in this phase the most dominant-
ing mechanism is due to the isotropic reorientation of the end chains. The T, data in
this phase is now fitted to equation (13) to obtain the correlation time associated with
these motions (1.). The typical value of 1., thus obtained is 1-4 x 107" s which is of
the order of similar measurement in the ordered smectic phase of a similar compound
[16). From the temperature dependence of the . (figure 10) the corresponding acti-
vation energy is found to be 47 + 0-5kcal/mole in the N and S, phases respectively.

5. Discussion

It has been possible to estimate the relative contributions from the three mechan-
isms to the T process, at different temperatures, using the present study. The strong
deviation of the data at low frequencies from the diffusion model is a direct pointer
to the onset of ODF, which are expected to couple effectively at lower Larmor
frequencies. From this ODF contribution the typical value of A in equation (8) is
computed to be about 6000 s ~*?in nematic phase. Variation of different contributions
making up for the observed relaxation rates as a function of temperature at 4 MHz
is plotted in the figure 8.

The present study may be compared with a similar work on 40.8 [2]. Relaxation
data over a similar limited Larmor frequency range in that compound indicated the
dominance of ODF mechanism in the nematic range with a very fast self diffusion
(wt ~ 107?). The temperature dependence of T, in 40.8 also supports this explana-
tion indicating gradual expulsion of certain elastic distortions as Ty, is reached from
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above. In contrast, a closely related compound like 40.6 with a shorter end chain
length seems to have a much slower diffusion (wt ~ 1), thereby effectively mediating
the nuclear relaxation process in the higher frequency region. The observation of the
effect of ODF mechanism at lower frequencies, in a study which employed only
moderate frequency range, is rather a fortutious circumstance and hence permits one
to estimate all major contributions.

T, data in the present system shows a small (about 5 per cent) jump near Ty, at
all the frequencies (figure 1), and this is reproducible. From consideration of critical
fluctuations near Ty,, the gradual expulsion of bend and twist distortions, as the S,
phase is formed, would lead to anomalous increase in the T, value (equation (4)), as
observed in certain systems [12, 3]. However, a competing diffusion mechanism with
a strong temperature dependence in the opposite sense is normally found in systems,
obscuring the effect of ODF. The presence of a small but consistent jump near Ty,
in the present liquid crystal could then be attributed to the fact that very near Ty,,
the ODF contribution is reduced substantially enough to pull the resultant T, value
up perceptibly. This observation is consistent with the result that ODF mechanism
does contribute to T, in this phase, though effectively only at lower frequencies.

In the S, phase there are few other possible mechanisms responsible for relaxation
{10]. Smectic order fluctuations will normally give rise to the same frequency and
angular dependences of T, as those due to ODF in the nematic phase. Smectic
undulation waves result in a f ~' dependence of T,™'. Finally, diffusion induced ODF
yields a frequency dependence as that of the ODF mechanism. However the data in
S phase has very similar features compared to nematic phase and hence rule out the
above possibilities (figure 9). It is concluded that diffusion continues to effectively
mediate the relaxation processes in the S, phase also. The activation energy (28.2 kcal/
mole) in the S, phase, however, is greater than that in the N phase (3-6 kcal/mole)
pointing out to the hindrance for diffusion in the S, phase brought about by the
partial translational ordering (layer formation).

The observed anisotropy of T, ' in the S, phase is difficult to assign quantitatively.
It is expected that there should be very little anisotropy due to diffusion at the
observed diffusion rates (i.e. wt, ~ 0-1to 0-7) and T, ' is at best expected to decrease
with angle slightly, rather than show an increase. The ODF mechanism could be
partially responsible for this angular dependence. There is also contribution from
reorientational motion [1] which has qualitatively a similar angular dependence as
observed. However assignment of relative roles of these mechanisms to account for
the experimental data is rather difficult owing to the lack of precise information on
molecular details.

The jump in T, near T,; is due to the sudden slowing down of the diffusion,
consequent to the onset of translational order within the layer in the Sy phase. The
T, data do not show any frequency dependence in this phase within experimental error
and shows, on the other hand, a strong Arrhenius type temperature dependence. As
is discussed earlier this leaves the reorientations as the possible mechanism mainly
mediating the relaxation process in the limit wty <€ 1. The anisotropy of T; data in
this phase is very similar to the S, phase (figure 4). However, no attempt has been
made to make a comparison of these two results due to reasons already mentioned.

The dipolar relaxation process (Tp) is sensitive to spectral densities at very low
frequencies and the sudden freezing of molecular motions in the Sy phase leads to
efficient coupling of T, process with the lattice. The steep drop in T, (figure 2) near
T s can thus be understood. T3’ can be related to the correlation times of these slow
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motions, in the strong collision limit, as

o2 - p)
.

T (14)
where (1 — p) is a calculable geometric factor, of the order of unity [17]. While it is
difficult to know this factor exactly, an upper limit of the correlation time can still be
obtained to be 20ms. A translational diffusion in the S, phase with this typical
correlation time will have a coefficient in the range of 10~'? cm?/s.

The observed orientation dependence of T, in the S, phase (figure 3) is very much
different from that of 7T, in the same phase (figure 4). This means that the spectral
density function J,(2w) is not contributing appreciably to T, mechanism in the S,
phase [18]. In that case, if T, process is assumed to be due to the ODF mechanism,
dipolar relaxation rate, in the weak collision limit, can be written as [22]

To = GCoy(0) + CJ\(w) (15)

where C, and C, are constant and J,(0) and J,(w) are the spectral density functions
associated with ODF at zero and Larmor frequencies. In this limit, the angular
dependence of dipolar relaxation rate can be written as

To = ah(A) + b, (16)

where a and b are constants and A(A) = (C,/C)) fo(A) + fi(A) and f(A) =
18(cos’ A — cos® A) and f,(A) = (1/2)(1 — 3cos’A + 4cos* A). The experimental
data is fitted to equation (16), using least square method which yielded a value of
G,/C, = 1]65.

Figure 1 shows appreciable pretransitional behaviour of T, near T,z over a range
of about 2°C above the transition temperature at all the frequencies, and similar
effects are noticed in 40.8 also [2]. It may be noted that this transition is interpreted
based on melting theories of 2-dimensional solids [19, 20, 21, 22], and it is suggested
that there could be two transitions connected with this melting process, first transition
(T ,5) being associated with dislocation mediated melting while the other (at 7)
involving the order parameter of the transition. But since the Sy phase does not
represent a true 2-dimensional solid (due to finite correlation between layers), it is
argued that there may be a crossover between 2d and 3d melting behaviour resulting
in a first order transition (at T,p) with pretransitional effects [23]. This present
observation lends support te such possible interpretation, as is the case with 40.8. But
in 40.8, these effects were interpreted as due to further expulsion of the bend and twist
distortions in the S, phase as T,; is reached and is consistent with the picture that
ODF was the dominating mechanism for T process in that system. However such a
conjecture cannot be made unambiguously in the present case, as diffusion is found
to be primarily responsible for T, process in S, also. It may also be noted that the T,
process which is sensitive to the onset of any slow motions in the medium does not
show any pretransitional behaviour till the sudden drop at T,;.

6. Conclusions
All the three important mechanisms (SD, ODF and R) are found to be contribut-
ing to the T, process in the frequency range 4 to 30 MHz in 40.6, and their relative
weightages are calculated as a function of temperature. While ODF is found to be
mediating the relaxation at low frequencies (< 10 MHz), diffusion is effect in the
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entire frequency range in nematic and S, phases. This is qualitatively different from
what is found in a related liquid crystal 40.8. The reorientations in the temperature
range studied are fast and provide a constant background in the dispersion study. The
T, process in the Sy phase is primarily characterized by reorientational motions, and
the slowing down of diffusion on the onset of the Sy phase is evident both from the
T, and the T, data. The estimates of the diffusion coefficients and of activation
energies of different molecular processes in the various mesophases quantify the above
picture of molecular dynamics.
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Research, New Delhi, for financial assistance.

References
[1] DonNgG, R. Y., 1983, Israel J. Chem., 23, 370.
[2] OWERs-BRADLEY, J. R., CALDER, I. D., KETTERSON, J. B., and HALPERIN, W. P., 1981,
Molec. Crystals lig. Crystals, 76, 175.
[3] REBEIRO, A. C., 1987, Molec. Crystals liq. Crystals, 151, 261.
[4] ZAGER, S. A., and FReeD, J. M., 1984, Chem. Phys. Lett., 109, 270.
[5] PooLE, C. P., and FaracH, H. A., 1971, Relaxation in Magnetic Resonance (Academic
Press).
[6] JEENER, T., and BROAKAERT, P., Phys. Rev., 157, 232.
[7) Murpny, 1. A., 1973, Molec. Crystals lig. Crystals, 22, 133.
[8] BLING, R., 1976, NMR Basic Principles and Progress, Vol. 13, edited by M. M. Pinter
(Springer-Verlag).
[9] BROCHARD, F., 1973, J. Phys., Paris, 343, 411.
[10] BLING, R., LuzAR, M., VILFAN, M., and BURGER, M., 1975, J. chem. Phys., 63, 3445,
[11] ViLFAN, M., KoGos, M., and BLING, R., 1987, J. chem. Phys., 86, 1055.
[12] Torrey, H. C., 1953, Phys. Rev., 92, 962.
[13] HARMON, J. F., and MULLER, B. N, 1969, Phys. Rev., 182, 400.
[14] ZuMER, S., and VILFAN, M., 1978, Phys. Rev. A, 17, 424.
[15] VILFAN, M., and ZUMER, S., 1980, Phys. Rev. A, 21, 172.
[16) BLINC, R., VILFAN, M., LUZAR, M., SELIGER, J., and ZAGAR, V., 1978, J. chem. Phys., 68,
303.
[17] AlLion, D. C., 1983, Methods of Solid State Physics, Vol. 21, edited by J. N. Mundy,
S. J. Rothman, K. J. Fluss and L. C. Smedskjaer (Academic Press), p. 439.
[18] DoNG, R. Y., and SANDEMAN, J., 1983, J. chem. Phys., 73, 4649.
[19] KosTtERLITZ, J. M., and THOULESs, D. T., 1973, J. Phys. C, 6, 1181.
[20] HuBerMAN, B. A., LuBLIN, D. M., and DONIACH, S., 1975, Solid State Commun., 17, 485.
[21] HaLPERIN, B. 1., and NELSON, D. V., 1978, Phys. Rev. Lett., 41, 121.
[22] NELsoN, D. V., and HaLPERIN, B. 1., 1979, Phys. Rev. B, 13, 2457.
[23] CALDER, I. D., SarMA, B. K., CHANG, B. Y., and KETTERSON, T. B, 1980, Phys. Rev. A,
22, 2133.



