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Abstract—In the nematic phase of p-methoxy benzylidene p-n-butylaniline,
an increase in the proton spin-lattice relaxation time was observed over a
small temperature range above 21°C. It is proposed that this indicates that
additional anisotropic fluctuations, associated with the onset of a biaxial
phase, contribute to the proton spin-lattice relaxation in the region of 21°C.
A low frequency collective mode, wg ~ 50 sec!, relaxes the dipolar reservoir
in the nematic phase. In the isotropic phase at wy/2r = 15 MHz translation
diffusion is the dominant relaxation mechanism.

1. Introduction

An NMR transient study of the liquid crystal p-methoxy benzylidene
p-n-butylaniline,® MBBA, which is nematic at room temperature,
is reported. In nematic liquid crystals, the relaxation of nuclear
spins has been attributed mainly to thermal fluctuations in the
orientational order®-8) and to translational diffusion.®® 1In a
typical liquid crystal, the translational diffusion is fast (r;wr <€ 1;
7, = translational diffusion jump time; w; =nuclear Larmor
frequency) in both the isotropic and nematic phases. On the other
hand, there are several modes of molecular reorientation in the
nematic phase. The noncooperative rotational diffusion of individual
molecule is certainly slow (riumping > 7'2). However, the short
range collective reorientation is fast since it causes some line narrow-
ing.®) In addition, the long-range collective orientational order
fluctuations have a wide frequency spectrum including ‘slow’
motions. On going to the isotropic phase, there is some persistence

t Research supported by the National Research Council of Canada.
i Present address: Division of Physics, National Research Council of Canada,
Ottawa, Ontario, Canada.

213



Downloaded by [Tomsk State University of Control Systems and Radio] at 07:58 23 February 2013

214 MOLECULAR CRYSTALS AND LIQUID CRYSTALS

of the collective modes but the noncooperative rotational diffusion
of the molecule becomes fast (i.e., Tyympiing < 7's)-

In several thermotropic materials, short range orientational order
effects®-8%) influence the spin relaxation above the nematic—isotropic
transition temperature; e.g., in the liquid crystal p-azoxyanisole
(PAA) the proton spins were found®-) to relax to some extent by
this mechanism even at 15° above 7T,. In MBBA, because of a
relatively large diffusive relaxation rate, the orientational order
fluctuations contribute insignificantly to the nuclear spin relaxation
rate in the isotropic phase. An interesting anomaly of the spin
relaxation in the laboratory frame was observed in the nematic
phase. It is proposed that this anomaly may reflect the development
of the biaxial order.

2. Experimental

The liquid crystal MBBA sample of commercial origin (Vari-Light
Corporation, Cincinnati) was degassed in a vacuum by the freeze-
melt method. Recent measurements® of proton 7', at 33°C gave
lower values than the ones reported in this paper. This difference
may be due to a small amount of water in sample.

Proton 7', measurements (accuracy is +59%, or better) were per-
formed with a 15 MHz coherent spectrometer while proton 7',
measurements were carried out with a 30 MHz coherent spectro-
meter. The temperature was kept within +0.1°C and the tempera-
ture gradient across the sample was about 0.2 °C/cm.

3. Results and Discussion

The nematic-isotropic transition is first order, but weak. Short
range orientational order effects above 7', were observed in PAA®-8.9
and MBBA.(1 Nuclear spin relaxation by short range order
fluctuations in the isotropic phase ofliquid crystals has been expressed
in terms of the fluctuations in the local anisotropy.® The free
energy 11:12:13) in the isotropic phase has a form corresponding to a
second-order transition at 7'*, plus terms which impose a first order
phase transition at slightly higher temperature, T,. Landau’s mean
field theory“4) of second order phase transition was, therefore, used
in a temperature range not too close to 7', to give the temperature
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dependence of the coherence length ¢ which is a measure of local
order in the isotropic phase. At 7', £ is roughly ten times the length
of the molecule,®) i.e., ~200A. The spectral density in the short
correlation time limit is given by
J{w) oc Eoc (T -T*)712,

Thus, in the isotropic phase T, and T, should be proportional to
(T - T*)U2 in the region where ¢ is non-zero, if the resonance fre-
quency wy, is small compared to the frequency of the fluctuations in
the local anisotropy.®

The proton 7', data were taken in MBBA at w./27r = 15 MHz as a
function of temperature (Fig. 1). The nematic-isotropic transition
temperature, 7', of our sample was ~46.5°C and no discontinuity
in the value of 7', at 7', was observed. In the isotropic phase, the
experimental T, values below T ~70°C show the temperature
dependence (7' - 7*)12 with T* =T,~-1°C except in the region
below T =T,+10°C. This plot is obviously fortuitous, as the
frequency of fluctuations (1/7) in the local anisotropy in MBBA near
the 7', is only about 1 MHz.®Y This is much smaller than the
frequency of observation wr. In the present case wp > l/r, the
orientational modes have the spectral density similar to that in the
nematic phase. Hence 7, has a frequency dependence but does not
depend critically on temperature. However, because of the low T,
value in MBBA, even near the clear point the translational diffusion
is a very effective relaxation mechanism in the isotropic phase: 7'
values within the entire studied isotropic liquid phase indicate a
thermally activated relaxation process with an apparent activation
energy of 4.6 Kcal/mole (Fig. 2). Although the valueislow compared
to 8 Kcal/mole in PAA, it suggests that nuclear spins are relaxed
predominantly by translational diffusion. To validate this assertion,
measurements of self-diffusion constants in this phase should be made
and the activation energy of diffusion compared with the above value.

The T, of the benzene-ring protons in nematic liquid crystals
(e.g., PAA) is caused largely by the modulation of the dipolar
interaction by orientational order fluctuations. The expression for
T, isgiven by ®:4)

1 S2 kT
7= wp? % (K0t D wil?+ B(T)

where wp is a measure for the strength of the dipolar interaction. The
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Figure 1. MBBA proton spin-lattice relaxation time T, vs. temperature at
wg/2m =15 MHz.



Downloaded by [Tomsk State University of Control Systems and Radio] at 07:58 23 February 2013

SPIN-LATTICE RELAXATION IN MBBA 217

o7}
MBBA
o6l ISOTROPIC PHASE

O5

o2

O : | 1 | | |
28 29 30 3

a3 ek
T * 10 (°K )

Figure 2. Semilogarithmic plot of proton T, vs. inverse temperature in the
isotropic phase of MBBA at wy /27 = 15 MHz.
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order parameter is S = (3 cos?f-1); @ is the angle between the
molecular axis and the optical axis. The brackets indicate the time
average, T' is the absolute temperature, £ the Boltzmann constant,
wy, the Larmor frequency, D the diffusion constant, K the Frank
elastic deformation constant, and 7 the viscosity. B(T") is the
frequency independent contribution.®)

The orientational order fluctuation could be identified by its
characteristic frequency dependence w72 This relaxation rate, R
(ordered), is estimated in MBBA from the order fluctuation rate in
PAA using the above (T',)"! expression and the fact that 5 for
MBBA is about 15 times that of PAA.0% The magnitude is found
to be only about 129, of the observed total relaxation rate just above
T, in MBBA. This makes the analysis in MBBA difficult in the
isotropic phase. Even below T, this rate is estimated to contribute
only some 409, of the observed rate.

In the nematic phase, 7', increases with temperature. The
temperature dependence of 7', is weak except near 21°C, where 7,
increases considerably. The weak temperature dependence of T,
is as expected.®4+" However, the increase in 7', at ~21°C, in-
dicates that a change in the dominant spin relaxation mechanism
has occurred. In addition, the EPR experiments?’ in MBBA show
that there is a definite discontinuity in the effective order parameter
at ~22°C, as the molecular rotation passes from weakly to strongly
hindered motion. This change may be explained by Freiser’s
proposal® of a uniaxial-biaxial phase transition. In addition to the
long range orientational order fluctuations, one should observe the
onset of short range local fluctuations near 21 °C. Such short range
order fluctuations are expected to arise from the fluctuation of the
second order parameter, describing the Dbiaxial phase at lower
temperature. This suggestion is based on the recent demonstration
by Haas®® that MBBA is a biaxial liquid erystal. The analysis of
T, data is, however, prevented by the lack of knowledge of the
translational diffusion in MBBA.

The reciprocal of 7', is plotted vs. H, at T = 40°C and 22.5°C,
as shown in Fig. 3. For H,, > 9G, the rate 7;,! becomes H, in-
dependent. Thus 7T';! = R, + R,, where R, and R, are the field
independent and field dependent components respectively. The
rate R, represents the contributions from orientational order fluctua-
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tions and translational diffusion in their white spectral region. This
rate is in the weak collision limit; ie., 7, < T, A slow collective
mode, 2 which relaxes the dipolar reservoir, generates the rate R,.
This relaxation is almost in the strong collision limits; ie., 7,> T
when H, ~H;. The inverse of R, is T}, which is equal to the
dipolar relaxation time at H, = H.

Figure 3. The reciprocal of proton T, vs. the spin-locking field H, at
wr/27 =30 MHz.
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In Fig. 4, T}, is plotted against H,? for both temperatures.D
At 40°C, Hy ~1.7G, while at 22.5°C, H, ~2.3G. Considering
that only a very small fraction of the local field is changed,®" the
correlation time for the slow collective mode is estimated from
Fig. 4, at H, ~H, to be 20 msec.
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Figure 4. Proton Ty, vs. H\?, the square of the spin-locking field (see text).

4. Conclusions

It is proposed that the increase in proton 7', values near 21°C,
perceived in the nematic phase of MBBA, indicates that additional
anisotropic fluctuations, associated with the onset of a hiaxial phase,
are contributing to the proton spin relaxation in the region of
21°C. As noted in the liquid crystal PAA, a low frequency mode,
with ws ~50sec™?, relaxes the dipolar reservoir in the nematic
phase of MBBA. At 15 MHz in the isotropic phase the translational
diffusion is the predominant relaxation mechanism. Since in the
structurally similar liquid crystal PAA just above T, the hydro-
dynamic term Aw}/? is® about 0.1sec™!, in MBBA the diffusion
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relaxation rate would have to be 0.4 sec™! or less near 7', for any
study of the orientational order fluctuations in the isotropic phase.
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