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Measurements of electric permittivities and elastic constants for various terminally
cyano substituted nematics and their mixtures with terminally dialky! substituted nem-
atogens are reported. The mixtures showed a considerably reduced ratio of the bend to
splay elastic constants (ki3/k1,) compared with the pure pcyano substituted nematics.
Also the large diversity in k33/k1 observed for the p-cyano substituted nematics was
found to converge upon dilution. It is suggested that these results can be attributed to the
reduced anti-parallel local ordering observed in the mixtures.

INTRODUCTION

The operation of liquid crystal display devices depends upon the mod-
ulation of ambient light by a liquid crystal layer which can be de-
formed by an electric field. This distortion and consequently the char-
acteristics of the device are determined by the device construction and
the physical properties of the liquid crystal. In particular, the elastic
constants and the electric permittivities of the liquid crystal are impor-
tant, and measurements of these are reported in this paper. Elastic con-
stants and permittivities are also necessary for testing models and der-
iving empirical trends. These give an insight into the intermolecular
interactions responsible for the anisotropic alignment and local molec-
ular structure in the liquid crystal phase.

It is well known that nematogens with strong polar end groups tend
to exhibit anti-parallel local ordering,"** whereas nematogens without
a polar end group do not show such an association. This anti-parallel
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local ordering is known to affect the permittivities and the X-ray scat-
tering; we have now extended the range of observations to include elas-
tic constants by studying mixtures of p-cyano substituted nematogens
with p-dialkyl substituted nematogens.

MATERIALS

The liquid crystals used were of the general type:

R — — X

where R and X are terminal groups of the central core of the molecule.
R is a normal alkyl chain, and X can be CN (p-cyano nematic) or R (p-
dialkyl nematic).

Table I shows the molecular structures of the p-cyano nematogens
studied, and the p-dialkyl nematogens used were:

cm@coo-@ GHys  Me37
Gy < HKOXO)- b Bicks2

TABLE 1

P-Cyano nematogens investigated

Material {a}
nCB o> <oy
nPCH S OROS
nBCO £ oy
S/7*PYR @ o
3/5/7tPDX <y
5CDe (nyo- o)

*AOm%bn=5 60mPbhn=7
t30m%n=3 40m%bn=5 30m%bhn=7
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EXPERIMENTAL METHOD

The splay and bend elastic constants (k1; and k33) and the two permit-
tivity components (e, ;) were determined from the detailed analysis of
the capacitance-voltage characteristics of a nematic layer with initial
homogeneous alignment, and zero tilt and twist, distorted by an elec-
tric field applied normal to the layer.* The low voltage capacitance to-
gether with the empty capacitance gave e, repeatable to within 0.5%,
and ¢, was estimated from the high field data using a 1/V extrapola-
tion.’ The capacitance-voltage data, e, and the estimated ¢, value were
fitted to the continuum theory by a non-linear least squares fitting pro-
gram to determine the “best fit” values of the three parameters
(k33 — ku) /kn, threshold voltage (V.), and v = (ey — €1) /es. This
gave ki3, k1 and ¢ to within 5%, 2%, and 1%, respectively. To achieve
this accuracy, an automatic system was used to measure the change in
capacitance to within 0.01% and the voltage to 10™ V. Equilibrium
readings were ensured by stepping the voltage and having a sequence
of pauses totalling 2 hours just above V.. The quality of the alignment
was checked by observation of the threshold sharpness of the capaci-
tance/voltage curve and it was found that the increase in the reduced
capacitance as the the bias voltage was increased to just below thresh-
old [C(V{!) — C./(Cy — C1)] was less than 0.03%. Thirty data points
in the voltage range V. to 2V, were used and these gave residuals (the
deviations between the fitted curve and experimental data points) of
less than 10™ ¥V, which represents the resolution of the voltage meas-
urements. The measurements were made in the temperature range
from 0°C to 100°C with the temperature stabilized to within 0.1°C.

PERMITTIVITY RESULTS

For p-cyano nematics, measurements of € = (ey + 2e1)/3 show virtu-
ally zero temperature dependence near Tni and a discontinuity d¢, of a
few percent of €, across the nematic to isotropic transition.*”® The
same behavior was found for mixtures containing only p-cyano nemat-
ogens; this is illustrated in Figures 1 and 2 which show € and the iso-
tropic permittivity (e;s) of the cyanobiphenyl mixture E7, of 3PCH, and
of a 3PCH/5CDe mixture. Conversely, for the p-dialkyl nematics, € is
continuous with e at Tni,” and both € and s show a significant
temperature dependence which approximates to the classical Debye 1/T
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FIGURE 1 Permittivity of cyanobiphenyl mixture E7.
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FIGURE 2 Permittivities of 3PCH and its mixtures.
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value'®; this is illustrated in Figure 3 which shows the isotropic permit-
tivity of Me37.

When a p-dialkyl nematogen was added to a p-cyano nematic, it was
found that the magnitude of the discontinuity 8¢ at Tn1 decreased rap-
idly and the temperature dependence of € increased and approached
the classical 1/T dependence. This is illustrated in the plot of € and e
as a function of reduced temperature for various 3BCO/Me37 mix-
tures (Figure 4), which shows that 8¢ decreased from ~4% € for pure
3BCO to 0.5% € at 30 molar % Me37 concentration. Similar effects
have been found when other p-dialkyl nematogens are added to p-
cyano nematics. Figure 2 shows that € is significantly smaller and de/
dT is larger for the 3PCH/BiCH52 and 3PCH/Me37 mixtures com-
pared with the pure 3PCH and the 3PCH/5CDe mixture.

ELASTIC CONSTANT RESULTS

Elastic constant measurements of mixtures containing only p-cyano
nematogens showed an approximately additive variation in kis/k1i;
this is illustrated in Figure 5 which shows k33/k1; for mixtures of 7CB
and 3BCO. However, when p-dialkyl nematogens were added to p-
cyano nematics, kis/ky; was found to decrease rapidly. This can be
seen in Figure 5 which shows ks33/k1; as a function of Me37 concentra-
tion for 3BCO and 3PCH, illustrating that small amounts of Me37 sig-
nificantly decrease kis/ki1. The large decreases in kis/ky; produced by
the addition of 30 molar % Me37 to various p-cyano nematics are pre-
sented in Table II, and the results show that in these mixtures the di-
versity in kis/ki; between the various p-cyano nematics is much re-
duced; also k33/k11 for an homologous series converge. Similar trends

[ T T T
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Me 37
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0 10 0 T_TNI(°C)30

FIGURE 3 Isotropic Permittivity of Me37.
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FIGURE 5 ks3/kn of various mixtures.
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TABLE 11

k33/kyy for P-Cyano nematics and their mixtures with 30 molar % Me37.

ks/kn
70 m% CN
p-Cyano nematic (CN) 100% CN 30 m% Me37
2/4 CB(1:1) - 0.94
5CB 1.46 0.93
6 CB 1.30 0.81
7CB 1.14 0.84
8 CB —_ 0.78
9 CB — 0.82
5/7 CB* 1.38 0.90
3 PCH 2.20 1.42
5 PCH 1.77 1.20
7 PCH 1.50 1.13
3 BCO 2.89 1.54
5 BCO 2.35 1.45
7 BCO 1.71 1.38
3/5/7 PDX 135 0.96
5/7 PYR 1.03 0.89
5 CDe 1.47 1.16

® Eutectic Mixture El
Reduced temperature (7/Tw) = 0.96

were found when other p-dialkyl nematogens, with or without the ester
linkage, were added to p-cyano nematics; Figure 6 shows that kii/k1
for the mixtures of 3PCH/Me37 and 3PCH/BiCHS2 are comparable,
and are much less than the ratios found for 3PCH and for the
3PCH/5CDe mixture.

DISCUSSION

Permittivity"” and X-ray®’ studies indicate that there is a structural dif-
ference between p-cyano and p-dialkyl nematics. X-ray measurements
of the layer spacings of p-dialkyl materials show a repeat distance ap-
proximately equal to a molecular length. However, for p-cyano mate-
rials, the repeat distance tends to be greater than the molecular length,
and is typically equal to one molecular length plus one tail length; this
has been attributed to anti-parallel ordering of the molecules such that
their cores and p-cyano groups overlap. Further evidence for the anti-
parallel local ordering of the molecules of p-cyano nematics is found in
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FIGURE 6 ks33/ku of 3PCH and its mixtures.
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permittivity measurements. Chandrasekhar calculated that the discon-
tinuity 8 at Tn1 observed in p-cyano nematics could be explained if the
molecules were anti-parallel aligned.! Also the small temperature de-
pendence of € and s found near T1 in p-cyano nematics can be attrib-
uted to the anti-parallel local ordering of the molecules changing close
to T and compensating for the Debye 1/7 dependence.'' Measure-
ments of the anisotropic and isotropic Kirkwood dipole correlation
factors,'? calculated from the molecular polarizabilities, dipole
moments, and permittivities of p-cyano nematogens yield values less
than one,'*''® which are also indicative of considerable anti-parallel
local ordering.

X-ray studies of mixtures containing only p-cyano nematogens indi-
cate that an interdigitated structure exists at all concentrations.'® These
results, together with the permittivity measurements described pre-
viously, suggest that the anti-parallel local ordering is maintained in
these mixtures, whereas, there is evidence of a structural change occur-
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ring when p-dialkyl nematogens are added to p-cyano nematics. These
mixtures often exhibit unusual phase diagrams'’ as illustrated in Fig-
ure 7 which shows the presence of an “injected” smectic A phase in the
mixtures of 7CB, 7PCH, and 7BCO with Me37, even though the pure
materials themselves do not exhibit smectic phases. X-ray studies of
“layer spacings” show that the repeat distance changes rapidly when a
p-dialkyl nematogen is added to a p-cyano nematogen;™'® this is illus-
trated in Figure 8 which shows the “layer spacings” for 9CB as a func-
tion of Me37 concentration. The results indicate that the molecular
structure changes from bilayer to monolayer with the addition of 30 to
40 molar % of Me37. The permittivity results described previously
show that the p-cyano nematic characteristics of a discontinuity of € of
a few percent and a low dé/dT near T are rapidly lost when a p-dialkyl
nematogen is added. In fact, mixtures with p-dialkyl nematogen con-
centrations greater than 40 molar % exhibit the more classical permit-
tivity properties of the p-dialkyl nematic. Thus both the X-ray and the
permittivity results imply that the addition of the p-dialkyl nematogen
reduces the anti-parallel local ordering of the p-cyano nematic.

70
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FIGURE 7 Phase diagram of 7CB, 7PCH, and 7BCO in Me37.
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FIGURE 8 X-ray “layer spacings” of 9CB/Me37 mixtures.

These results suggest that the large reduction in ksa/ky observed
when p-dialkyl nematogens are added to p-cyano nematics can be at-
tributed to a reduction in the anti-parallel local ordering. This explains
why similar large changes in k33 /k1 are not found in mixtures contain-
ing only p-cyano nematogens in which the anti-parallel local ordering
tends to be preserved. However, it has recently been suggested'® that
increased anti-parallel correlation decreases k33/k1,. The evidence for
this suggestion was the observation of a connection between kis/ki;
and the Kirkwood correlation factors of the isotropic phase of p-cyano
nematogens obtained using calculated molecular dipole moments.
Contrary to this conclusion, recent molecular dipole moment meas-
urements'’ have enabled a comparison to be made between isotropic
Kirkwood correlation factors and k33/k;, for most of the compounds
in Table II, and no systematic trend was observed. Also, as these meas-
urements were made using the isotropic phase, they are not necessarily
relevant to properties of the nematic phase.

CONCLUSIONS

X-ray studies and permittivity measurements indicate that the anti-
parallel local ordering characteristic of p-cyano nematics can be signif-
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icantly reduced by the addition of p-dialkyl nematogens. Measure-
ments of the elastic constants of such mixtures show a much reduced
kis/ k1 compared with the pure p-cyano nematics and this suggests that
the effect of the anti-parallel local ordering is to increase k33/k;,. These
results are important for device applications since the low k33/kn of
these p-cyano/p-dialkyl nematic mixtures makes them useful materials
for multiplexed twisted nematic displays.
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