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An anomalous effect owing to electric fields has been found in the nematic phase of a liquid crystal

exhibiting positive dielectric and negative conductivity anisotropies. The preferred direction for the long
axes of the molecules is perpendicular to a dc or very low-frequency ac electric field but parallel to a
field for frequencies of a few thousand Hz. A sizable change in the average value of the dielectric loss

was observed at the nematic-liquid transition temperature. This is explained by assuming that the

nematic phase, which is believed to be a doubly-hydrogen-bonded dimer, contains a small percentage of
monomer or dimer with one hydrogen bond broken. A small change in the percentage of normal dimer

at the transition temperature could account for the change in loss. The effect of magnetic fields up to
68000 G on the molecular alignment in the smectic C phase is discussed.

The liquid crystal P-n-nonyloxybenzoic acid '

(NOBA) exhibits a smectic C phase (94-117 'C) and
anematic phase (117-143 C). Measurements of
the dielectric loss at microwave frequencies have
been made in NOBA in the presence of magnetic
fields up to 68 kG. The experimental techniques
mere similar to those reported earlier, ' except the
temperature bath mas replaced with a copper block

which was uniformly wound with heater wire. The
samples of NOBA were purified by recrystallization
and chromatogr aphic methods.

Figure 1 shows the temperature dependence of
the dielectric loss at a microwave frequency of
24. 5 GHz. An external magnetic field of 10 kG is
applied parallel and perpendicular to the polarized
microwave electric field. A magnetic field of 68 kG
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FIG. 1. Temperature dependence
of the dielectric loss at a frequency
of 24. 5 GHz in magnetic fieMs of
10 and 68 kG parallel and perpendic-
ular to the microwave electric
field in p-n-nonyloxybenzoic acid.
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was also used for the smectic C phase. All mea-
surements of the loss in the smectic phase were
made by cooling from the nematic phase in the pres-
ence of the field. Increasing the field above 10 kG
in the nematic phase did not change the results. In
fact a field of 2 or 3 kG gave results comparable
to the 10-kG field.

The effect of the magnetic fieM in the smectic
phase is a little difficult to understand. Since the
maximum value of the dielectric loss in the nematic
phase is o serve wb d when the preferred direction of
the long axes of the molecules is perpendicular to
the microwave electric field, it is reasonable to
assume that this is also true for the smectic phase.
With this assumption, the 68-kGfieldis a ilittle more
effective in ordering the long axeses of the molecules
when app ie pl d erpendicular to the microwave field.

re a liedF the case where the magnetic fields are applieFor e case w

parallel to the microwave field, the 10-kG fie p-
to be more effective in the smectic C phase

tes thebecause the lowest value of the loss indica es
hig tu g o ohi hest uegree o ohi t d g of ordering for this orientation.
The drop in the loss in the transition r g'' '

n re ion fog the
8-kG f' ld indicated good alignment of the mole-

cules in this region, but it might also mean tha e
planes w ic areh h e associated with the smectic
structure become entangled, and a small change in
tilt angle (angle between long molecular axis and
normal to e p aneth 1 ) may account for the difference.
The increase in absorption in the transition region
for the 10-kG field indicates a little more freedom,
and an ordering may take place which is more fa-

Results em-vorable when considering the planes. Res
ploying a 40-kG field were comparable to those for
68 kG. It should be pointed out that the changes re-
ferred to here were very small, and the only reason
they were a e o ebl t be observed is that relative rnea-
surements of the transmitted power were being made
as the temperature was changing. Any suggestions
concerning the behavior of the sample in the smectic
C phase when the magnetic field is applied parallel
to the microwave field must be made with a great
deal of caution. The absorption was very low and
the space in the magnetic field was limited. This
allowed for multiple reflections of the microwave
beam and added to the uncertainty of the measure-
ments.

Attempts were made to change the molecular
alignment in the smectic phase employing high mag-
netic fields. The sample was first cooled from the
nematic p ase oh t 110 C in the presence of a 68-kG

ve electric field.field erpendicular to the microwave electric fie
The field was turned off, then applied par
microwave electric field. A field of 10 kG produced
a change o approximf roximately 60%%ug of the difference in
dielectric loss between the parallel and perpendic-
ular orien a ions wit t' 'th respect to the microwave elec-
tric field. A 40-kG field produced approximately a
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I"IG. 2. Dielectric loss in p-n-nonyloxybenzoxc acxd
at a microwave frequency of 24. 5 GHz as a function of
an externally applied electric field. The individual
curves are for various frequencie' s of the electric field
applied parallel to a 2000-6 magnetic fieM. The tem-
perature was 125'C.

The 40-kG field was slightly more ef-
e tofective than 20 kG but its effect was comparable

that of the 68-kG field. The changes at 10 kG may
be due to a reorientation of the molecules in a cone
with the tilt angle remaining constant, but the
changes a at 40 kG and up may also involve the planes.

of the lossIf t assumed that the average value o e ossi isa
ted bin eth nematic phase can be represente y

—
( "+2e") Fig. 1 shows a sizable change m a-

~ ~ ~ ~ ~ era-sorption at the nematic-liquid transition temp
ture. i eaw '

An 'd a which was discussed earlier4 an
used to explain similar results for P-n-butyloxy-
benzoic acid assumes that the nematic phase,
which is believed to be predominately a dimer, con-
tains a small percentage of monomer or a dimer
with one hy rogenh d en bond broken. Work by Delodre
and Cabane also supports the idea that in the nemat-
ic phase it is not 100%%uq dimer with both hydrogen
bonds. In order to explain the abrupt change in loss
one has to further assume that the percentage o
monomer or imer wid with one broken bond must change
abruptly at the transition temperature. This would
allow for a small change in the average dipole mo-
ment and also a small change in the characteristic
relaxation time.

A ious alignment due to electric fields hasAnoma ous a '

hibit ne-been observed in nematic phases which ex i neg-
ative dielectric and positive conductivity anisotro-
pies ' negative dielectric and negative conduc-

9 ~ ~ ~ ~tivity anisotropies, ' and positive dielectric and
positive conductivity anisotropies. ' Positive means
a maximum value in a direction preferred by the
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long molecular axes in a completely ordered sam-
ple. Figure 2 shows the effect of electric fields on
the molecular alignment in the nematic phase of
NOBA. The experimental techniques employed
here were similar to those reported earlier. ' The
effect of the electric field on the molecular align-
ment is indicated by measurements of the dielectric
loss at a constant temperature of 125 C. A change
in the dielectric loss from that indicated by the low-
er dotted line in Fig. 2 to the upper dotted line cor-
responds to a change of the preferred direction for
the long molecular axes from parallel to perpendic-
ular to the microwave fieldas canbe seen from Fig. 1.

Figure 2 shows the effect of electric fields that
are applied parallel to an external magnetic field
of 2 kG. The magnetic field initially aligns the pre-
ferred direction for the long molecular axes par-
allel to the microwave electric field. As an exter-
nal dc field is increased, a value is reached such
that the absorption increases. This indicates that
the preferred direction of the long axes is perpen-
dicular to the electric field. Similar curves are
shown for ac electric fields. As the frequency is
increased the effect of the electric field in realign-
ing the molecules decreases. For a frequency of a
few thousand hertz, the preferred direction for the
long molecular axes is parallel to the field. This
implies that the dielectric anisotropy is positive
and that the effect at a few hundred hertz or less is
anomalous.

Measurements of the resistivity of NOBA, which
was the order of 10 Qcm, showed that the conduc-
tivity was approximately 1.3 times greater per-
pendicular to a direction preferred by the long mo-
lecular axes than in a parallel direction. The nega-
tive conductivity and positive dielectric anisotropies
can be used in conjunction with a model that was

discussed earlier. This model can be used to ex-
plain the behavior in NOBA. This is a crude model
but it does illustrate the counter action of the di-
electric and conductivity anisotropy. This model
assumes that a misaligned region will possess posi-
tive and negative space charges due to the conduc-
tivity anisotropy which can interact with the exter-
nal field. By interchanging the sign of the charges
in the model discussed earlier the counter action
of the two mechanisms can be explained for NOBA.
Including the work reported here, anomalous align-
ment has now been observed in nematic phases
with all possible combinations of the dielectric and
the conductivity anisotropies. In all cases the pre-
ferred alignment due to this new mechanism is such
that the direction of maximum conductivity is par-
allel to the electric field. This supports the idea
presented earlier. 9' In both cases when the con-
ductivity anisotropy was negative, the nematic
phase was followed by a smectic C phase as the
temperature was lowered. The structure for this
combination has been discussed by decries. "

When NOBA was cooled in a 5-KHz electric field
(5000 V/cm), the preferred direction for the long
axes of the molecules changed from parallel to the
field in the nematic to perpendicular in the smectic
phase. This implies that the dielectric anisotropy
changes sign. This is a small change and could be
associated with small changes in the percentage of
pure dimer at the transition. A mechanism report-
ed by Maier and Meier' and recently discussed by
Martin, Meier, and Saupe' may also be needed to
allow for a dispersion involving a small percentage
of monomer. This involves a rotation about an
axis perpendicular to the long molecular axis.
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