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Magnetic measurements of the twist viscosity in 24 nematic liquid crystals as a function of tem-
perature show that the activation energy is 5.5 + 0.5 x 10% K; it does not depend strongly on
the nematic-to-isotropic transition temperature or on any other obvious parameter.

INTRODUCTION

Rotating field torque experiments'~* were made on 24 doped and undoped
commercial nematic liquid crystal compounds and mixtures to measure the
twist viscosity y,/p(cm?/sec) from the crystallization temperature to the
nematic-to-isotropic transition temperature. When molecules rotate at
frequency w(rad/sec) about a normal to their long axis, the torque about this
normal on a vessel containing a unit mass of sample is

L= (y/p)ow 1)

Molecules rotate in synchronism with a d.c. magnetic field H (Oe) which
spins at o if the following expression is satisfied,

(AxSH?/2) > (wy,/p) (2)

where § is the order parameter and Ay(cgs/g) is the difference between the
susceptibilities along the long and short molecular axes. When molecules
rotate at the same frequency as the field, they lag H by an angle « because of

T This work was supported in part by the National Science Foundation under Grant GH-
33633.
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their twist viscosity; « is contained in the expression defining torque equili-
brium where
2y,w

sin o == ————prSHZ

(3)
The origin of Ay in nematics is their benzene ring type structure; long mole-
cular axes lie in the plane of these rings which have respective inplane and
normal susceptibilities of —37 x 107% and —91 x 107 cgs/mole.>!

EXPERIMENTAL

In these experiments the field was produced by a U-shaped electromagnet
with 6-inch diameter poles and tapered pole caps spaced for a 13 inch working
gap. The magnet could be rotated, up to 1 rev/sec, either clockwise or
counterclockwise on an 8-inch diameter thrust-bearing through gears and a
belt which was driven by a 0 to +600 rev/sec, 1/50 h.p. variable-speed motor.
Electrical power to the magnet coils was supplied at constant current through
carbon brushes and a pair of 10-inch diameter copper slip-rings mounted on
the magnet.

Samples were contained in either glass or gelatin capsules, 0.5 cm diameter
by 1 cm long; these were suspended from an automatic recording torque
magnetometer® having 1073 dyne-cm sensitivity. All measurements were
made in air on commercial materials with no additional purification.

As shown by Eq. (1), at 2n/15 rad/sec a 10™* dyne-cm sensitivity was
sufficient for detecting a change in y,/p of 0.005 cm?/sec for a 0.5 g sample. In
practice there were additional sources of torque if the rotation axis of the
magnet did not coincide with the center line of the suspension and sample or
any ferromagnetic impurities contained therein; the resulting torques in-
creased with field and were generally periodic in 2w so that their contributions
could be reduced by filtering the magnetometer output. At fields as high as
10 kOe, y,/p(T) values were reproducible to within 59 for different runs in
the range from 0.1 to 5.0 cm?/sec.

A heating coil wound on a 1 cm diameter glass tube, surrounded the sample
and suspension, and this was in turn enclosed in a glass Dewar so that the
temperature could be changed smoothly as the sample was cooled. Tem-
perature was measured using 0.001-inch diameter copper-constantin ther-
mocouple wire which extended into the sample; the wires were twisted to
reduce inductive pick-up and brought.out through the magnetometer head.

RESULTS

For EBBA, [N-(p-Ethoxybenzylidene)-p-p-butylaniline], a plot of AxSH?/2
and wy,/p against T is shown in Figure 1 with AyS measured at 6 kOe by a
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FIGURE 1 The temperature dependence of (v,/p)w and AxSH?/2 for EBBA.

gradient force method and wy,/p at 2x/15 rad/sec and 6 kOe measured with
the torque magnetometer. To show regions in which Eq. (2) is satisfied we plot
both AySH?/2 and wy, /p for two values of wand H. We assume a logarithmic
behavior for y,/p against T to show that for a AyS of 1.4 x 1077 cgs/g, the
upper limit of y,/p that we can measure is 5.9 cm?/sec when a 6 kOe field
rotates at 27/15 rad/sec. Just below T, where S goes rapidly to zero this method
breaks down since Eq. (2) can no longer be satisfied; as a consequence of this,
L/w becomes less than y,/p and goes to zero at the nematic-to-isotropic
transition temperature 7.

Experimental plots of L/w against T at 6 kOe and 2x/15 rad/sec have been
made with L/w expressed as y,/p. In Figure 2 these dataare plotted on a
logarithmic scale for y,/p and we find a linear dependence against inverse
temperature for T more than 5° below T,; above these temperatures the falloff
is presumingly due to small values of S which prevent molecules from rotating
as fast as the field.
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FIGURE 2 Plots of y,/p on a logarithmic scale against inverse temperature using data taken
at 6 kOe and 2=n/15 rad/sec.

DISCUSSION

We can express twist viscosity as a function of temperature by the equation
1/p = Ae®T “

where the activation energy B is 5.5 £+ 0.5 x 10® K and does not depend
strongly on T, or on any other obvious parameter; this value agrees with
previous measurements reported on 3 materials.*

Table I lists the materials we have measured and their following properties:
T. (the temperature at which L goes to zero), values of y,/p(T.) and B that are
determined from the curves in Figure 2.
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