
This article was downloaded by: [Tomsk State University of Control Systems
and Radio]
On: 23 February 2013, At: 07:03
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
Near a Weak First Order
Smectic A-Nematic Phase
Transition
Ronald Y. Dong a , E. Tomchuk a & E. Bock b
a Department of Physics, The Unviersity of Winnipeg,
Winnipeg, Mantioba, Canada
b Parker Chemsitry Laboratory, The university of
Manitoba, Winnipeg, Manitoba, Canada
Version of record first published: 21 Mar 2007.

To cite this article: Ronald Y. Dong , E. Tomchuk & E. Bock (1974): Proton Spin-lattice
Relaxation Near a Weak First Order Smectic A-Nematic Phase Transition, Molecular
Crystals and Liquid Crystals, 29:1, 117-126

To link to this article:  http://dx.doi.org/10.1080/15421407408083191

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

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/15421407408083191
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


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.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

7:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



Mol. Cryst. Liq. Cryst., 1974, Vol. 29, pp. 117-126 
@ Gordon and Breach Science Publishers, Ltd. 
Printed in Holland 

Proton Spin-lattice Relaxation Near a 
Weak First Order Smectic A-Nematic 
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The proton spin-lattice relaxation time T ,  in the nematic and smectic A phases of the liquid 
crystal N-p-cyanobenzylidene-p-n-octyloxyaniline was measured at  several Larmor frequencies 
in the range of 5 to 30 MHz. By extrapolating to infinite Larmor frequency in the plots of 
TI' versus the reciprocal of the square root of Larmor frequency, the relaxation rates due 
presumably to molecular diffusion were obtained at  various temperatures. An activation energy 
for molecular diffusion in the mesophases was determined to be 3.4 Kcal/mole from these extra- 
polated values. At a low Larmor frequency (e.g. 5.5 MHz), the observed relaxation rate just 
above the smectic A-nematic (SN) transition can be attributed to the following relaxation 
mechanisms: molecular diffusion, long range nematic director fluctuations and short range 
smectic order fluctuations. The calculated relaxation rate due to the short range smectic order 
fluctuations in the nematic phase was found to depend critically on temperature with a critical 
temperature close to the SN transition temperature. 

I NTR ODU CTlO N 

In a smectic A phase, rod-like molecules are stacked in a layered structure 
with their long axes preferentially aligned perpendicular to the planes of the 
layers. de Gennes' has defined an order parameter for this phase as a com- 
plex quantity Y(r), the modulus of which determines the density of the layers 
and the phase of which determines the position of the layers. A smectic A- 
nematic (SN) transition is characterized by a change in the translational order, 

117 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

7:
03

 2
3 

Fe
br

ua
ry

 2
01

3 



118 R. Y. DONG, E. TOMCHUK AND E. BOCK 

viz. from a phase with both an orientational order and a one dimensional 
smectic order to one of orientational order only. That the SN transition at 
temperature TSN may be of second order was noted by Kobayashi2 and 
McMillan., de Gennes' further drew an analogy between the normal state 
diamagnetic susceptibility near a superconducting transition and the nematic 
bend ( K 3 )  and twist (K,) elastic constants near a SN transition. These pre- 
dictions have immediately prompted many experimental inve~tigations.~-~ 
McMillan4 has also found that the compound N-p-cyanobenzylidene-p-n- 
octyl~xyaniline~ (CBOOA) shows no detectable latent heat at T,, and there- 
fore presumably exhibits a second order SN transition. Recent experiments 
with this compound,8 however, show that the transition at TSN is first order. 
This agrees with the calculations of Halperin et a/.,' which indicate that 
the SN transition should at least be weakly first order in all compounds. We 
report in this paper a proton spin-lattice relaxation time (TI )  study as a 
function of Larmor frequency (wJ27c) and temperature in the nematic and 
smectic A phases of CBOOA. This work was undertaken because of the 
possible second order phase transition at TSN and because of the recent TI 
calculations above and below a second order SN transition by Brochard. '' 
Above a SN transition, according to Brochard, certain fluctuations in the 
nematic director fluctuations become restricted as the lower temperature 
smectic A phase is approached. This is revealed in TI through the singularity 
in the temperature dependence of the nematic bend and twist elastic con- 
stants and of the effective rotational viscosity y e .  Brochard's TI calculations 
just above TSN, however, do not take into account the short range fluctuations 
in the amplitude (lYI) of the density wave. In the nematic phase, the short 
range smectic order (]'PI) relaxes in a finite lifetime q,, as given by" 

where 5 is the coherence length of the short range smectic order (or the size of 
the cybotactic groups). It will be shown how one may use the proton TI to 
study the short range smectic order fluctuations just above T SN in CBOOA by 
subtracting the relaxation rate due to other mechanisms, such as translational 
diffusion, from l/Tl. A determination of the critical exponents of K,, K ,  
and ye  may be possible from the 3"' measurements above TSN when either the 
director fluctuations become limited or the short range smectic density wave 
fluctuations are effective. 

EX P E R I M E NTA L 

The liquid crystal CBOOA was obtained from Eastman Kodak. The sample 
was used without further purification and sealed in a vacuum by the freeze- 
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PROTON SPIN-LATTICE RELAXATION 119 

melt method. The transition temperatures from isotropic to nematic, ne- 
matic to smectic A,  and solid to smectic A were measured with a polarizing 
microscope equipped with a Mettler FP52 hot stage as 380.7, 355.8 and 
346.2"K respectively. TSN is reported* to be > 3564°K in purified CBOOA 
samples. 

The proton TI measurements were made with a Bruker B-KR 3228 
variable frequency pulsed spectrometer using 180" - t - 90" pulse se- 
quences. The accuracy in our TI measurements is better than 5 %. The tem- 
peratures of the sample were maintained by an air flow with a temperature 
gradient across the sample of the order of 0.5" C .  

RESULTS AND DISCUSSION 

The proton T, were measured at 5.5,6.5,8, 14 and 30 MHz in the smectic A 
and nematic phases of CBOOA. The data are presented in Figures 1 and 2. 
The proton TI in the smectic A phase measured by cooling from the nematic 
phase was found to be higher than that obtained by heating from the solid 
phase. It is believed that the cooling curve for TI (indicated by dashed lines) 

0' &(-J 360 370 380 
T ( O K )  

FIGURE 1 Proton spin-lattice relaxation time T ,  versus temperature. x , A and denote 
measurements at 5.5, 8 and 30 MHz respectively. 0 denotes measurements at 30 MHz while 
the sample was rotated through the magic angle. Dashed and solid lines in the smectic A phase 
represent cooling and heating curves respectively. 
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120 R. Y .  DONG, E. TOMCHlJK AND E. BOCK 

o'6r------ 

0 - w  
T ( O K )  

FIGURE 2 Proton spin-lattice relaxation time T,  versus temperature. x and 0 denote 
measurements at 6.5 and 14 MHz respectively. Dashed and solid lines in the smectic A phase 
represent cooling and heating curves respectively. 

in the smectic A phase would be more appropriate for data analysis, as the 
long molecular axes of rod-like molecules are " frozen-in" along the external 
magnetic field by cooling through the nematic phase to form a single domain 
sample of smectic A phase. We found this to be true even at the lowest field 
( -  1.3 k Gauss) used in the present study. This was checked by observing the 
broadening of  the free induction signal after the sample was rotated through 
the magic angle (- 54") to eliminate the dipolar broadening. TI was also 
measured at the magic angle at the above Larmor frequencies, but only the 
30 MHz data are presented in Figure 1. It is therefore seen that the proton TI 
depends on the angle of rotation of the sample in the smectic A phase of 
CBOOA. It is also of interest to note that at all the Larmor frequencies studied 
the TI measured by cooling shows no apparent discontinuity at 7'". This is in 
contradiction with the calculations of Brochard" in which TI was shown to 
depend critically on temperature both above and below a second order SN 
transition at TSN if the Larmor frequency is sufficiently low (i.e. wJ271 + 
IT - T',J/T- lo5 MHz). The difficulty in using proton TI to study order 
fluctuations (both short range and/or long range) in liquid crystals is that 
other relaxation mechanisms, such as molecular diffusion, also contribute 
significantly to the observed relaxation rate. It is now evident that diffusion" 
definitely contributes to the proton spin-lattice relaxation in liquid crystals. 
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PROTON SPIN-LATTICE RELAXATION 121 

The activation energy for diffusion can be easily obtained in the isotropic 
phase of liquid crystals by measuring the diffusion coefficient, but little or no 
information on diffusion is available in the liquid crystalline phases. Con- 
sequently, it is not a straightforward matter to interpret proton Tl data in 
these mesophases. 

In nematic liquid crystals, if the long range orientational order (director) 
fluctuations are responsible for the spin relaxation Tl has been shown to 
follow the characteristic frequency dependence', 

1 
-= A(T)w, ljZ + R,(T) 
Tl 

where A(T) is weakly temperature dependent and R,(T) is the spin-lattice 
relaxation rate due to all other relaxation mechanisms, such as diffusion. 
Above a second order SN transition and at a Larmor frequency smaller than 
7; ', the director fluctuations still give a spin-lattice relaxation rate given by 
Eq. (1) except that A(T) has the following critical behavior" owing to the 
singularity in K, ,  K ,  and ye  

A (T)  cc (T - z y ' 2  (2) 

where the critical temperature T,  is TSN. If the SN transition is weakly first 
order, T, will be slightly below qN. Since the singularity in K ,  , K,, and y e  
occur very close to &N,8914 one expects Tl to behave critically within -3" 
above the phase transition provided the long range director fluctuations 
are only observed. Below TsN, Tl has a nematic type behavior in the limit 
of large Larmor frequency. When the Larmor frequency is small Tl is 
calculated to be frequency independent and follows the relationship' 

T' K (r, - T ) l ' 3  (3) 

Indeed our experiments show that TI is frequency independent in the low 
temperature end of the smectic A phase at oJ2.n < 8 MHz (Figures 1 and 2). 
R,(T), according to Eq. (l), can be obtained at various temperatures in the 
nematic and smectic A phases by extrapolating to infinite Larmor frequency 
in the plots of l/Tl versus ( w J 2 7 ~ ) - ~ / ~  (Figure 3). As discussed above, Eq. (1) 
holds in the smectic A phase at large frequency (i.e., 2 8 MHz in CBOOA) 
and hence the extrapolation remains valid. In Figure 4, a semi-log plot of 
( T1),, which is the reciprocal of R,, versusl/T is shown to give an activation 
energy E,  = 3.4 Kcal/mole. If R, arises mainly from molecular diffusion, a 
value of the activation energy for diffusion is therefore determined in the 
mesophases of CBOOA. The above E, value assigned tentatively to mole- 
cular diffusion is lower than the E ,  values for diffusion in the isotropic phase 
of nernatic~,'~ and is non-zero in contrast with the earlier measurements of 
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- 

\ 
Tc 'SN 

26 2.7 2.8 2.9 
lo3 T - ~ P K - ~  

FIGURE 4 Plot of (Tl)o (see text) versus reciprocal temperature. 

denote measure- 
ments by cooling from the nematic phase at 345", 350" and 355°K respectively. A, A, 0 and x 
denote measurements at  360", 364", 370" and 375°K respectively. The plot at 379°K is not 
shown for the sake of clarity. 
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PROTON SPIN-LATTICE RELAXATION 123 

temperature independent diffusion coefficients in the mesophases of liquid 
crystals by neutron scattering.I6 It is not understood why Ro shows no appar- 
ent discontinuity at TSN since there is a change in the translational order at 
this temperature. It may be that Ro is mainly ascribed to fast two dimensional 
diffusion within smectic layers below and not far above TSN. 

Knowing Ro(7'), one can calculate the relaxation rate 1/T; due to the long 
range orientational order fluctuations and the short range smectic density 
wave fluctuations by writing 

A plot of 1/T; versus temperature at various wL is shown in Figure 5. At 
30 MHz, 1/T; is temperature independent within experimental error in the 
entire nematic phase and increases gradually near and below TSN. Similar 
behavior is observed at 14,s and 6.5 MHz except that 1/T; tends to increase 
farther above TSN at lower frequency. At high Larmor frequency, the spin 
relaxation rate is insensitive to the local fluctuations in the short range smectic 
order. The temperature independent T; in the nematic phase is therefore 
consistent with relaxation by the long range orientation order fluctuations as 
described by A(7') in Eq. (1). At 5.5 MHz, 1/T; remains almost constant in the 
smectic A phase but increases in the nematic phase as the temperature is 

2- 

I _  

6 
In 
Y .- 
I- 
\ - 

I -  

0 

T ( O K )  

FIGURE 5 
5.5, 6.5, 8, 14 and 30 MHz respectively. 

Plot of 1/T; (see text) versus temperature. +, A, 0 ,  x and 0 denote data at 
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124 R. Y. DONG, E. TOMCHUK AND E. BOCK 

lowered towards the SN transition. It has a temperature dependence opposite 
to that described by Eq. (2). Thus it is likely that restriction in certain director 
fluctuations due to the short range smectic ordering is not detected in the 
present TI study. However, the peculiar behavior in 1/T; at low frequency 
near 7'" must be caused by short range fluctuations in the smectic density 
wave. It therefore appears that an alternative to its intramolecular effects as 
calculated by Brochard [see Eq. (211 is to consider as a spin relaxation mech- 
anism the modulation of intermolecular dipolar interactions by such one 
dimensional density wave fluctuations above TSN . 

To study the intermolecular effects of short range smectic order fluctu- 
ations on the spin-lattice relaxation rate (l/Ty), one has to further subtract 
from l/Tl the rate due to the long range orientational order fluctuations of 
the nematic phase. In other words, one needs a value for A ( 7 ' ) ~ i ' ' ~  at 
5.5 MHz. This value is calculated to be 1.52 sec-' in the entire range of 
nematic phase using the fact that in the nematic phase, 1/T1 at 30 MHz arises 
mainly from the term A(T)oE in Eq. (1). Hence the values of T; above TSN 
are obtained as follows, 

1.52 sec-' 
1 1  
T;' TI 
_ -  --- 

and are given in Table I. Knowing that T,  is approximately equal to TSN in 
CBOOA,* a log-log plot of T;' versus (T - T,) was first made to give an 
approximate slope of 3/4. A plot of ( T34/3  versus T is presented in Figure 6. 
A linear curve is seen in a temperature range of about 12" above TSN. Hence 
the spin-lattice relaxation time due to the short range smectic order fluctu- 

TABLE I 
Analysis of the proton TI  measurements at 5.5 MHz 

("K) ( x lo-'  sec) 

356 300 
358 300 
359 310 
360 318 
362 330 
363 335 
364 340 
365 345 
366 349 
368 358 f 10 
370 367 

(sec-') (sec-') (sec-') (sec4j3) 

3.33 1.91 0.39 
3.33 1.94 0.42 
3.23 1.86 0.34 
3.14 1.79 0.27 
3.03 1.73 0.21 
2.99 1.70 0.18 
2.94 1.69 0.17 
2.90 1.66 0.14 
2.87 I .66 0.14 
2.79 1.64 0.12 
2.72 1.60 0.08 

3.5 
3.2 
4.2 
5.6 
8.0 
9.8 

10.6 
13.7 
13.7 
16.3 40 
29 
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PROTON SPIN-LATTICE RELAXATION 125 

T ( O K )  

FIGURE 6 Plot of (7‘i)4’3 versus temperature at 5.5 MHz. 

ations in the nematic phase of CBOOA as determined experimentally follows 
a critical temperature behavior as given by 

T; oc (T - Q3’4 (6) 

with T,  z TSN. At present, the intermolecular effects on Ti as a result of short 
range smectic order fluctuations have not been calculated theoretically. 
These effects must reflect the lifetime T, of the smectic order above TSN. Thus 
if a suitable theory is available, Eq. (6) will provide an indirect determination 
of the critical exponent for ye using the known critical exponents of K ,  and 
K 3 .  * y e  has been predicted to diverge as t1/2,11 and recently verified in 
CBOOA by two  group^.'^ To test whether the assumptions and approxi- 
mations used in the above analysis of the proton TI data are valid, the 
Brochard’s TI calculation must be extended to include modulation of inter- 
molecular dipolar interactions by the one dimensional density wave fluctu- 
ations. It also remains to be seen why the proton TI above a weak first order 
SN transition of CBOOA does not show the intramolecular effects of Pincus 
as a result of short range smectic order fluctuations. It is interesting to note 
that the restriction of certain director fluctuations has been observed in the 
isotropic phase of a smectic A liquid crystal diethylazoxybenzoate by means 
of the proton TI measurements” at a low Larmor frequency. 

In conclusion, we have shown how one may study the influence of short 
range smectic order fluctuations on the intermolecular dipolar interactions 
near a weak first order SN transition using the proton spin-lattice relaxation 
time measurements at several Larmor frequencies. 
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