
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 23 February 2013, At: 07:58
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

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Proton Spin-Lattice Relaxation in the Nematic
Liquid Crystal MBBA
Ronald Y. Dong b , W. F. Forbes a & M. M. Pintar a
a Departments of statistics and Physics, University of Waterloo, Waterloo, Ontario,
Canada
b Division of Physics, National Research Council of Canada, Ottawa, Ontario, Canada
Version of record first published: 21 Mar 2007.

To cite this article: Ronald Y. Dong , W. F. Forbes & M. M. Pintar (1972): Proton Spin-Lattice Relaxation in the Nematic
Liquid Crystal MBBA, Molecular Crystals and Liquid Crystals, 16:3, 213-221

To link to this article:  http://dx.doi.org/10.1080/15421407208083247

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial or
systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in
any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the
contents will be complete or accurate or up to date. The accuracy of any instructions, formulae, and drug
doses should be independently verified with primary sources. The publisher shall not be liable for any
loss, actions, claims, proceedings, demand, or costs or damages whatsoever or howsoever caused arising
directly or indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407208083247
http://www.tandfonline.com/page/terms-and-conditions


Molecu.lur Crystals and Liquid Crystals. 1972. Vol. 16, pp. 213-221 
Copyright @ 1972 Gordon and Breach Science Publishers 
Printed in Great Britain 

Proton S p i n- Latt  ice Re1 axat io n 
in the  Nematic Liquid Crystal MBBAt 
RONALD Y. DONGf, W. F. FORBES and M. M. PINTAR 
Departments of Statistics and Physics 
University of Waterloo 
Waterloo, Ontario, Canada 

Received February 15, 1971; in revisedform July 7, 1971 

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, WS -50 sec-', relaxes the dipolar reservoir 
in the nematic phase. In the isotropic phase a t  w L / 2 n  = 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, (1)  MBBA, which is nematic a t  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. (a *s )  I n  a 
typical liquid crystal, the translational diffusion is fast ( 7 d f J J L  < 1 ; 
Td = translational diffusion jump time ; WL = 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 s1ow (7tumbling > T2). However, the short 
range collective reorientation is fast since i t  causes some line narrow- 
ing. (s) 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 
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of the collective modes but the noncooperative rotational diffusion 
of the niolecrile becomes fast (i.e., T ~ ~ ~ , ~ ~ ~ , , ~  < T 2 ) .  

In  several thermotropic materials, short range orientational order 
effects@-8.9) influence the spin relaxation above the nematic-ijotropic 
transition temperature ; e.g., in the liquid crystal p-azouyanisole 
(PAA) the proton spins were to relax to some extent by 
this mechanism even at 15" above T,. In MBBA, because of u 
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 ofcommercial origin (Vari-Light 

Corporation, Cincinnati) was degassed in a vacuum by the freeze- 
melt method. Recent measurements(1o) of proton T ,  a t  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 T, measurements (accuracy is * 5 %  or better) were per- 
formed with a 15MHz coherent spectrometer while proton TI,, 
measurements were carried out with a 30MHz coherent apcctro- 
meter. The temperature was kept within 5 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 T ,  were observed in PL4A(6-8-9) 
and MBRA.('1) Nuclear spin relaxation by short range order 
fluctuations in the isotropic phase of liquid crystals has been expressed 
in terms of the fluctuations in the local anisotropy.(E) The free 
energy(11.12013) in the isotropic phase has a form corresponding to a 
second-order transition at T*,  plus terms which impose a first order 
phase transition at  slightly higher temperature, T,. Landau's mean 
field theory(14) of second order phase transition was, therefore, used 
in a temperature range not too close to T,, to give the temperature 
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dependence of the coherence length f which is a measure of local 
order in the isotropic phase. At T,, f is roughly ten times the length 
of the molecule,(15) i.e., -200A. The spectral density in the short 
correlation time limit is given by 

Thus, in the isotropic phase T ,  and T ,  should be proportional to  
(T - T * ) 1 / 2  in the region where 5 is non-zero, if the resonance fre- 
quency W L  is small compared to the frequency of the fluctuations in 
the local anisotropy.@) 

The proton T ,  data were taken in MBBA a t  w ~ / 2 r  = 15 MHz as a 
function of temperature (Fig. 1). The nematic-isotropic transition 
temperature, yc, of o m  sample was - 46.5 "C and no discontinuity 
in the value of T I  at T, was observed. 117 the isotropic phase, the 
experimental T ,  values below T -70°C show the temperature 
dependence (T - T':k)"2 with T* = T,  - 1 "C except in the region 
below T = T c +  10°C. This plot is obviously fortuitous, as the 
frequency of fluctuations ( l / ~ )  in tlie local anisotropy in MBBA near 
the T, is only about 1 hIHz.(l') This is much smaller than the 
frequency of observation wL. In  the present case W L  > I/., the 
orientational modes have the spectral density similar to  tha t  in the 
nematic phase. Hence T ,  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: T, 
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 value is low compared 
to  8 Kcal/mole in PAA, i t  suggests that  nuclear spins are relaxed 
predominantly by translational diffnsioii. 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 

J ( w )  cc f cc (T - T*)-"2. 

where W D  is ci measure for the  strength of the dipolar interaction. The 
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MBBA 

WL -= 15 MHz 
27r 

TC 

NEMATIC 
PHASE 

I I I 1 I I I I 
20 40 60 80 

T ("C) 

Figure 1. MBBA proton spin-lattice relaxation time T, vs. temperature a.t 
w,5/27r = 15 MHz. 
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i I I I I I 
2.8 2.9 3.0 3.1 

I 
T - x ( O K - ' )  

Figure 2. 
isotropic phase of MBBA a t  w ~ / 2 ~  = 15 MHz. 

Semilogarithmic plot of proton T, vs. inverse temperature in the 
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order parameter is S = 4 (3 cos2 19 - 1 ) ; 19 is the angle between tho 
molecular axis and the optical axis. The brackets indicate the time 
average, T is the absolute temperature, k the Boltzmann constant, 
UL the Larmor frequency, D the diffusion constant, Zi Lhe Frank 
elastic deformation constant, and 7 the viscosity. R ( T )  is tlic 
frequeiicy independent contribution. ( 4 )  

The orientational order fluctuation could be identified by its 
characteristic frequency dependence This relaxation rate, R 
(ordered), is estimated in MBBA from the order fluctuation riite in 
PAA using the above (T1)-l expression and the fact that  71 for 
MBBA is about 15 times that of PAA.(lR1 The magnitude is found 
t o  be only about 12% of the observed total relaxation rate just above 
T, in MBBA. This makes the analysis in MBBA difficult in thc 
isotropic phase. Even below T,, this rate is estimated to contribute 
only some 40% of the observed rate. 

I n  the nematic phase, T, increases with temperature. Thc 
temperature dependence of T, is weak except near 21 "C, where 7', 
increases considerably. The weak temperature dependence of T, 
is as e x p e ~ t e d . ( ~ . ~ - ~ )  However, the increase in T, a t  -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 parametrr 
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  addit ion to thc 
long range orientational order fluctuations, one should observe the 
onset of short range local fluctuations near 21 "C. Such short rang! 
order fluctuations are expected to arise from the fluctuation of the 
second order parameter, describing the biaxial phase at lower. 
temperature. This suggestion is based on the recent demonstration 
by Haas(19) that MBBA is a biaxial liquid crystal. The analysis o f  
T, data is, however, prevented by the lack of knowledge of the 
translational diffusion in MBEA. 

The reciprocal of T,, is plotted vs. H I  a t  T = 40 "C and  22.5 "C, 
as shown in Fig. 3 .  For H,, > 9G, the rate Tlpl becomes N, in- 
dependent. Thus T,' = R,+R,, where R,  and R, are the field 
independent and field dependent components respectively. The 
rate R, represents the contributions from orientational order fluctria- 
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tions and translational diffusion in their white spectral regioll. This 
rate is in the weak collision limit; i.e., T~ < T,. A slow collective 
rnode,(Z0) which relaxes the dipolar reservoir, generat,es the rate R,. 
This relaxation is almost in the strong collision limits; i.e., T, > T, 
when H ,  - H L .  The inverse of R, is Ti,,, which is equal to  the  
dipolar relaxation time at H ,  = H L .  

- -  uL - 30MHz 21T 

22 5°C 

- " 0 
40 " C  

I I 1 I 
2 4 6 a 10 1; 

H I  (GI 

Fib'ure 3. The reciprocal of proton T,, vs. the spin-locking field H ,  at 
w , 5 / 2 ~  = 30 MHz. 
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In Fig. 4, Ti, is plotted against H 1 2  for both temper:ttures.(") 
At  40"C, H L  -1 .7  G, while at 22.5"C, H L  -2 .8  G. Considering 
that only a very small fraction of t h e  local field is t h c  
correlation time for the slow collective mode is estimated frorn 
Fig. 4, at H ,  - H L ,  to be 20 msec. 

Figure 4. Proton TiP vs. H,2, the square of the spin-locking fieltl (see t e x t ) .  

4. Conclusions 

It is proposed that the increase in proton il', values near 21 "C, 
perceived in the nematic phase of MBBA, indicates that ai:lditionid 
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 us -50 sec-l, 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 j u s t  above T, the hyclro- 
dynamic term A W ~ ' ~  is(9) about 0.1 sec-l, in MBBA the tliffusion 
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relaxation rate would have to be 0.4 sec-' or less near 2', for i ~ ~ y  
study of the orientational order fluctuations in the isotrollic phase. 
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