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MAGNETICALLY-INDUCED ORIENTATION DEVELOPMENT 
IN THERMOTROPIC LIQUID CRYSTAL POLYMERS 

Introduction 

R.C. Moore, M.M. Denn, and G. Marrucci 
Department of Chemical Engineering 

University of California 
and 

Center for Advanced Materials 
Lawrence Berkeley Laboratory 
Berkeley, California 94720 

. A recent study of the development of orientation in flow of liquid 
crystal polymers (LCPs) showed that the polymer can relax to a li.ss ordered 
state if held at melt temperature for a sufficiently long time. In this 
study, we examine the kinetics of orientation relaxation by use of a mag
netic field to orient the LCPs. The advantage of this method is that a 
uniform and controllable torque is exerted on the sample which can be 
turned on and off quickly. 

Experimental 

Samples of a copolymer of 80% HBA and 20% PET, and a terpolymer of 50% 
RNA, 25% HQ, and 25% TA, were heated to above the melt temperature in a 
magnetic field. Two superconducting magnets were used to generate the 
field; in one the field was variable up to a field of 2.5 T, and in the 
other the field was fixed at 6.3 T. The oven containing the sample con
sisted of a quartz tube wound with nichrome heating wire. The exterior of 
the oven was insulated and cooled with a water jacket to prevent quenching 
of the magnet. The oven temperature was monitored with a Cu-Cn thermo
couple placed directly below the sample. 

The samples were allowed to sit in the field for per:iods of up to an 
hour, and then to relax out of the field for up to 20 minutes at melt 
temperature. Upon cooling, X-ray diffraction photographs of the sample 
were taken, from which the orientation was estimated. Two assumptions were 
made in this estimation: that the intensity in the equatorial spots is 
constant, and that there is no contribution to the equatorial intensity 
from a single, perfectly aligned 2molecule. With these assumptions the 
Herrmanns order parameter, f=(3<cos a>-l)/2, can be calculated from 

f
a max 2 

2 cos asinada 
<cos a> _ ~o_______________ _ 

a 
f max sinada 

o 

3 
1 - cos a 

max 
3(1 - cosa ) 

max 

a max is the maximum angle of azimuthal spread of the equatorial intensity 
distribution. These assumptions, each of which leads to a lOW' estimate of 
f, will be discussed in detail in the context of a more precise model in a 
subsequent paper. 

The torque per unit volume acting on a magnetization M is given by2: 

H is the field st rength; n is the nematic di rector; and Xa is the dif
ference between XII and Xl' which are the magnetic susceptibilities of the 
polymer when aligned parallel and perpendicular to the field, respectively. 
Xa of the terpolymer was measured in a Gouy balance by stacking the 
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ext ruded, oriented pellets parallel and perpendicular to the di rection of 
the magnetic field. XII and Xl were calculated from these susceptibilities 
and from the measured orientation of the pellet with the assumption that 
the ~~sceptibilities are additive. The value of Xa arrived at in this way, 
3xl0 in cgs units, is comparable t~ that measured for the low molecular 
weight liquid crystal p-azoxyanisole. We have not yet measured Xa for the 
copolymer; the susceptibility for random orientation of the copolymer is 
about 50 times lower than that for the terpolymer. 

Resul ts and Discussion 

Orientation of the LCPs is achieved in the magnetic field in less than 
one minute and does not change after longer times. The degree of orien
tation depends on the strength of the field, as shown for the HBA/PET 
copolymer in Fig. 1. There is a threshold magnetic field below which the 
LCP does not orient; for HBA/PET, this threshold is about .4 T. 

When the LCP is withdrawn from the field but maintained at 
temperature, the orientation relaxes to a disordered sta'te in a period of 
time that depends on the time the polymer has spent in the field. This 
dependence is shown in Fig. 1 for the HBA/PETcopolymer, with a field 
strength of 6.3 To The maximum relaxation time observed was about 15 
minutes. At lower field strengths, 2 T and below, relaxation occurs in 
less than one minute. 

The existence of a threshold magnetic field may be the result of a 
compet'ition between the ordering effect of the magnetic field and the 
disordering effect of thermal motion. Such a competition could arise if 
the domains of the LCP move independently of each other. A balance between 
these forces is given for domains of characteristic length scale a by the 
following expression: 

2 2 
X "H • a ~ kT/a a t 

where Ht is the threshold magnetic field; thus, 

a - (kT/X .H2)1/3 
a 

Using characteristic numbers for Xa ' Ht , and kT, the domain radius a is 
calOllated to be approximately 0.3 to 1 micron. The volume of a domain of 
this size is in 3 the range of those observed in the same polymer by 
Zachariades et al. using electron and optical microscopy. 

The rapid relaxation of the orientation induced at low field st rengths 
suggests that the LCP structure is elastic. At the highest field strength, 
it appears that the initial structure deforms sufficiently to allow creep 
to OCOlr, as the relaxation time increases from less than one minute to up 
to 15 minutes. 
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Fig. 1 Orientation vs. 
field strength for 80% 
HBA/20 PET. The degree 
of orientation is inde
pendent of the time 
spent in the field. 

Fig. 2 Relaxation of 
orientation in 80% HBA/ 
20% PET. The abscissa 
is the time the polymer 
spent in the 6.3T mag
netic field. The ordi
nate is the time the 
polymer subsequently 
spent at temperature 
out of the field. 

-3-



This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 



t .4. '-':'..k 

LAWRENCE BERKELEY LABORATORY 
TECHNICAL INFORMATION DEPARTMENT 

UNIVERSITY OF CALIFORNIA 
BERKELEY, CALIFORNIA 94720 

',~ '.~ 




