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Nanosecond time scale dynamics of pseudo-nematic domains in 
the isotropic phase of liquid crystals 
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The slow reorientational dynamics of isotropic methoxybenzylidene-butylaniline (MBBA) were measured, using a transient 
grating optical Kerr effect experiment, over a wide temperature range (49.4 °-119.7 ° C). The range of validity of the Landau-de 
Gennes theory for hydrodynamic relaxation in ordered fluids is determined. The results are compared to previous experiments 
on pentylcyanobiphenyl (5CB). Both liquid crystals conform to the Landau-de Gennes theory until the pseudo-nematic domain 
correlation length falls below three molecular lengths. 

1. Introduction 

Landau-de Gennes (LdG) theory, as applied to 
nematic liquid crystals in their isotropic phase, gives 
the temperature dependence of the correlation length, 
~( T) = ?.o [ T * /  ( T -  T*) ] 1/2. ~( T) describes the size 
of pseudo-nematic domains that exist in the iso- 
tropic phase near the phase transition. Co is the mo- 
lecular length, and T* is a temperature slightly below 
the nematic-isotropic phase transition temperature, 
Tni. At T* the domain size becomes infinite [1,2]. 
The LdG theory has been successfully used to de- 
scribe phenomena in liquid crystals near the phase 
transition, including magnetic [3 ] and electric bi- 
refringence [4,5 ], scattered light intensity [3,6 ], dy- 
namic light scattering [ 3,6 ], optical Kerr effect [ 5,7- 
10] and nuclear spin lattice relaxation [ 11,12 ]. 
Magnetic and electric birefringence experiments have 
been performed over a wide temperature range, and 
show a deviation from LdG theory 15 °-20 ° C above 
the phase transition [ 13 ]. 

The reorientational dynamics of normal liquids can 
be described by Debye-Stokes-Einstein (DSE) hy- 
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drodynamic equation [ 14,15 ] r=  Vefre/kT, where Veff 
is the effective volume of the molecule [ 16,17 ], r/is 
the viscosity, and k is the Boltzmann constant. A 
modified Debye-Stokes-Einstein equation, accord- 
ing to LdG theory, is used to describe the orienta- 
tional relaxation of pseudo-nematic domains, i.e. 
z= Veffq/k(T-T*)L For liquid crystals 7 has been 
shown to be ~ l, indicating the validity of the ap- 
plication of mean field theory [ 1 ]. 

As the temperature is increased, one would expect 
the domain size to become small enough that the iso- 
tropic phase of a liquid crystal would no longer ex- 
hibit LdG behavior and would finally behave as a 
normal liquid. In this paper, experiments are pre- 
sented that show the temperature where deviation 
from LdG theory begins to occur for MBBA. Prior 
measurements of MBBA orientational relaxation did 
not observe the deviation from LdG theory due to 
the limited temperature range studied [ 9,18 ]. Prior 
measurements over a broad temperature range on the 
liquid crystal 5CB by Deeg et al. [ 19] observed de- 
viations from the LdG theory at temperatures well 
above Tni. Both liquid crystals began to deviate from 
the predictions of LdG theory when the correlation 
length dropped to a value of ~ 2.7~. 
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2. Experimental procedures 

The MBBA was obtained from American Tokyo 
Kassei. The MBBA was used without further puri- 
fication. The sample was filtered through a 0.2 gm 
Gelman Acrodisc CR filter that had been rinsed with 
500 ml of ethanol using a peristaltic pump and dried 
in an oven at ~ 120°C. The sample was filtered into 
a 1 mm path length Type 37 cell from Wilmad which 
had its seams glass blown to insure their integrity. 
The MBBA was degassed with several freeze (liquid 
nitrogen )- thaw cycles on a vacuum line. The glass 
cell was then sealed under vacuum. The sample was 
temperature controlled to within 0.1 °C by placing 
the cell in a heated aluminum holder that was reg- 
ulated using a temperature controller. The temper- 
ature was independently measured using a platinum 
resistance thermometer from Omega. The phase 
transition of the MBBA (determined by observing 
the clearing temperature) was T,i = 46.9 ° C. MBBA 
hydrolyzes at elevated temperatures. Water adds 
across the C=N linkage between the two rings in 
MBBA. This contamination leads to a drop in the 
clearing temperature. The measurements on MBBA 
reported in the literature have been on samples of  
greatly varying clearing temperature, indicating the 
great range of purities used. This experiment was ini- 
tially attempted with MBBA from Aldrich. Aldrich 
sells MBBA (98%) as a resolving agent, not as a liq- 
uid crystal. The clearing temperature for the Aldrich 
MBBA was 42.5°C, indicating it was impure. The 
high clearing temperature of the samples used in these 
experiments is indicative of the high purity of the 
MBBA. 

The laser system for the transient grating optical 
Kerr effect experiment is a mode-locked and Q- 
switched Nd:YAG laser running at a repetition rate 
of 1 kHz. A single IR ( 1064 nm) pulse is selected out 
of  the Q-switched pulse train with a LiNbO3 Pockels 
Cell. A small portion (10%) of the 1064 nm IR sin- 
gle pulse is doubled in a CD*A crystal to produce 532 
nm green pulses. The undoubled IR is split off from 
the green and is used as the grating excitation pulses. 
The green pulse is sent down a variable length op- 
tical delay line, providing up to 16 ns of delay. A po- 
larization grating was used to eliminate acoustic wave 
generation in the sample [ 20 ]. The IR is split into 
two beams whose polarizations are set perpendicular 

to each other. These pulses cross in space and time, 
setting up a grating where the polarization varies from 
circular to linear and back to circular along the grat- 
ing wave vector direction [21]. The green probe 
beam is incident at the Bragg angle and diffracts off 
of the induced grating. The diffracted light is sent 
through a detector polarizer set perpendicular to the 
incident green beam and into a cooled photomulti- 
plier tube. One of the IR excitation beams is chopped 
at half the laser frequency. The output of the photo 
tube is measured using a lock-in amplifier. The out- 
put of the lock-in is digitized and stored on com- 
puter. The delay line is also computer controlled, 
which permits averaging of multiple delay line scans. 

3. Results and discussion 

The orientational relaxation decay constants of 
MBBA were measured from 49.4°-119.7 °C. At very 
short times (femtosecond to several nanosecond) the 
decays are caused by librational relaxation and the 
dynamics of the internal structure of the pseudo-ne- 
matic domains [ 19 ]. Here we are interested in the 
long time behavior that is caused by the orienta- 
tional relaxation of the domains themselves. It is this 
relaxation that is described by the LdG theory. Typ- 
ical transient grating data is shown in fig. 1. As the 
transient grating experiment is a non-linear experi- 
ment, the signal is related to the square of the ori- 
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Fig. 1. Typical transient grating data set, taken at 85.6 ° C, with a 
single-exponential fit. The insert shows the residuals of the fit. 
The decay time is 3.45 ns. The data is fit for times (> 1.5 ns) 
long compared to the short time non-exponential behavior asso- 
ciated with librational relaxation and local structure relaxation 
[19]. 
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Fig. 2. Single parameter fit of  z versus r / / ( T - T * ) ,  showing the 
LdG modified hydrodynamic behavior near the phase transition. 
The fit shown is done on the temperature range 49.4°-70.0°C. 
T*=46.9°C.  

entational anisotropy [20,22,23 ]. Thus, the data was 
fit for times after the signal became a single expo- 
nential, to a squared exponential. The faster effects 
( <2  ns) in MBBA will be the subject of  a future pa- 
per [24]. 

The decay times for the lower temperatures are 
plotted versus r//(T-T*) in fig. 2. The viscosity of  
MBBA has been reported by Martinoty et al. [25 ]. 
T* was determined using the approximation, 
(Tni-T*)/Tni~2XlO -3, from formula by de 
Gennes [ 1 ] followed by a slight variation in the fit. 
T ° was found to be 319.6 K. At high enough tem- 
perature, the data must deviate from the LdG the- 
pry. Therefore, it is important to fit the data to the 
LdG theory only over a low temperature range in 
which the theory is clearly applicable. The slope of 
the line plotted in fig. 2 was fit for 49.4°--,60.0°C, 
49.4 ° --, 70.0° C, and 49.4 ° --*80.3 °C. All these ranges 
of  fits give the same slope to within 1%. These fits 
provide an accurate determination of the LdG curve. 

All of the data (full temperature range) and the 
LdG curve obtained from fig. 2 are plotted as rate 
versus temperature in fig. 3. It can be clearly seen 
that the fit deviates by ~ 90°C. At this temperature 
the correlation length is somewhat less than 3~o. The 
data are also plotted as In(t/r/)  versus I n ( T -  T*) in 
fig. 4. At the lower temperatures, the data are clearly 
fit by a straight line that corresponds to y= 1. The 
deviations at higher temperatures cannot be ac- 
counted for by a change in 7. An accurate value of 
y was obtained from the fit ( < 7 0 ° C )  in fig. 2. The 
value of 7 is 1.01 + 0.01. Light scattering and optical 
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Fig. 3. Plot of  the rate versus temperature showing the deviation 
from LdG theory at ~90°C .  The fit is from the values in fig. 1. 
The fit was done on the data from 49 .4°-70 .0°C where LdG the- 
pry applies. 
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Fig. 4. Plot of In(r/r /)  versus I n ( T - T * ) .  This plot shows that 
7= 1.01 + 0.01, confirming the applicability of  a mean field theory. 

Kerr effect experiments previously done on MBBA 
only covered a small temperature range [ 9,18 ]. These 
studies also gave a value of y= 1. Because of  the large 
temperature range covered here, this is probably the 
most accurate determination of the exponent 7 and 
supports the applicability of  mean field theory over 
a broad range of temperatures. 

Deeg et al. also used transient grating experiments 
to examine the behavior of  the liquid crystal 5CB 
(pentylcyanobiphenyl). The 5CB data were fit to the 
LdG theory and were shown to deviate when the cor- 
relation length became somewhat less than 3?,o. The 
range of applicability of  the LdG theory was vir- 
tually identical for 5CB and MBBA. 

When the isotropic phase correlation length falls 
below 3 molecular lengths, the nematic liquid crys- 
tals start making a transition from an ordered liquid 
to a simple liquid. It is remarkable that the orien- 
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tational dynamics follow the LdG theory to less than 

3~o. This demonstrates the profound effect that local 
ordering in a liquid can have on l iquid state dynam- 

ics [ 19 ]. Static variables only display LdG behavior 
for correlation lengths greater than 4.5~o-5.5~o ( 10 ° 
to 15 ° above Tc) [ 13 ]. The transi t ion to a simple 
liquid will occur over a broad temperature range. If  

a sufficiently high temperature could be reached, the 
orientational relaxation would display the normal  
DSE behavior of a simple liquid. For temperatures 
at which ~< 3~o but  below the onset temperature for 
DSE behavior, the liquids will display dynamics that 
do not follow the LdG theory but are, none-the-less, 
strongly influenced by the details of  the local l iquid 
structure. In this range of temperatures, thermal 
fluctuations are not sufficient to totally overcome in- 

termolecular interactions that affect orientational 
dynamics. Convent ional  liquids having strong ani- 
sotropic intermolecular interactions that result in 
significant local structures can also display orienta- 

t ional dynamics that significantly deviate from the 
expectations of hydrodynamic theory [ 26 ]. 
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