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ABSTRACT:

The effect of high ac electric fields upon a liquid crystalline polymer solution, poly(n-hexyl isocyanate) in p-xyle-
ne, is examined. The results show that the solutions exhibit an increase in rheological properties proportional
to the strength of the field at concentrations well below those exhibiting liquid crystalline behavior. The effec-
ts of frequency and field strength are examined as a means to explain this previously unreported phenomenon.

ZUSAMMENFASSUNG:

Der Einfluss von hohen oszillierenden elektrischen Feldern auf eine Losung fliissigkristalliner Polymere (Poly(n-
hexylisocyanat) in p-Xylol) wird untersucht. Die Ergebnisse zeigen, dass bei den Lésungen ein Ansteigen der
rheologischen Eigenschaften proportional zur Feldstarke bei Konzentrationen deutlich unterhalb den Konzen-
trationen auftritt, die bei Flussigkristallen gemessen werden. Die Einfliisse der Frequenz und der Feldstarke wer-
den untersucht, um diese bisher unbeschriebenen Phanomene zu erklaren.

RESUME:

L'effet de puissants champs électriques alternatifs sur une solution de polymére cristal liquide, le poly(n-hexyl
isocyanate) dans du p-xylene, est examiné. Les résultats montrent que les solutions présentent une augmenta-
tion des propriétés rhéologiques proportionelle a la force du champ, a des concentrations bien inférieures a celles
correspondant au comportement cristal liquide. Les effets de la fréquence et de la force du champ sont étudiés

afin d’expliquer ce phénomeéne qui n’a jusqu’a présent jamais été reporté.

1 INTRODUCTION

The response of a liquid crystalline material to
an externally applied shear is a subject of con-
tinuous study over the last half century. Nume-
rous researchers have chosen to study the res-
ponses either theoretically or morphologically,
but most have studied the materialin eitherthe
fully liquid crystalline phase or the biphasic, in
which liquid crystalline droplets exist in an
isotropic matrix [1 - 6]. Concentration studies
have been preformed, butlittleis said aboutthe
behavior of the materials at concentrations
below the isotropic-nematic transition point (7,
8, 4). Likewise, studies of the electrorheological
(ER) response of these materials have dealt with
the material in either the biphasic or the nema-
tic state [g - 12], with little emphasis on the res-
ponse of the isotropic behavior. Yet it has been
observed [13 - 15] that not only do these phases
exhibit ER activity, but that the isotropic phase
does as well, at concentrations well below the
phase transition point. The rationale [16 - 18] for
these rheological effects cannot be used simp-

ly because the necessary secondary structures
do not exist.

Bjornstahl [19] was one of the first to show
the influence of an electric field on the viscosity
of the nematic phase of a thermotropic p-azoxy-
phenetol. More recently, Tse and Shine [11] repor-
ted incidences of lyotropic liquid crystalline solu-
tions being rheologically active in the presence
of electric fields. Their work on poly(n-hexyl
isocyanate) (PHIC) introduced a rather unique
situation in that it represented one of the first
cases where a homogeneous solution other than
a suspension was determined electrorheologi-
cally active. Other polymers, most notably poly-
y-benzyl-L-glutamate (PBLG) [20] and side chain
liquid crystals [21, 22] have also been utilized, yet
PHIC has distinct advantages with regard to its
high solubility in nonpolar solvents while
keeping the solution viscosity low [23].

In this paper we illustrate the response of a
lyotropic liquid crystalline polymer, poly(n-hexyl
isocyanate), isotropic solution not only to shear,
but also with concurrent applied electric field.
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2000 V/mm field strengths, respectively, indica-
ting a shear thinning behavior. Although not
shown, the power law exponents increase asym-
ptotically towards a value of one with increasing
field strength, i.e. the solution approaches
Newtonian behavior.

4 FREQUENCY EFFECT

Data presented in Fig. 4 shows the effect of a
change in field frequency on the shear stress of
the material. This comparison is made using the
2000 V/mm, 100 Hz data from Fig.1cand that at
1000Hz at the same field. Solid data points repre-
sentthedataat1ooHz while hollow points repre-
sent 1000Hz samples.

While the data at 1000 Hz fields shows the
same qualitative trends as those at 100 Hz, there
isasignificant difference quantitatively.In gene-
ral, the relative positions of the peak stresses
remain the same yet the corresponding shear
stresses are lower at the higher field frequency,
increasingly so as the shear rate is increased. As
anote, datataken at frequencies intermediate of
these frequencies show similar trends. Reduc-
tions in shear stress seen by changing the field
frequency from 100 to 1000 Hz are 15.4, 68.3 and
64.1% forthe 2.5,16.7,and 41.9 s Tshear rates, res-
pectively.

5 DISCUSSION

The most significant finding in these results is
that isotropic solutions, at concentrations well
below the nematic transition concentration,
exhibit electrorheological behavior. Heretofore,
it is to our knowledge that this observation has
previously gone unmentioned in the literature.
However, there is evidence that solutions at the
nematic transition concentration exhibit elec-
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trorheological behavior [30], with results similar
to those presented here.

The viscosity and shear stress of the isotro-
pic solutions increase proportionally to the
strength of an applied high electric field, while at
constantelectricfield strengths, these properties
decrease proportionally with the frequency of
the electric field. The rheological behavior of the
isotropic solutions is noted to approach that of
Newtonian as the electric field is increased, as
determined bythe changeinthe powerlawexpo-
nent, effectively moving the defined behavior
from Region Il to Region Il of the flow behavior
of liquid crystals denoted by Onogi et al. [31] and
Asada et al.[1]. This behavior is consistent with
that seen for side-chain liquid crystals [32].
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Figure 4 (right):

Shear stress-concentration
curves at a constant field
strength of 2000 V/mm

(m 2,557,100 Hz; 0 2.5 57,
1000 Hz; ® 16.7 577, 100 Hz;
016.757,1000 Hz; A 41.9 577,
100 Hz; A 41.9 577, 1000 Hz).
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