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The viscosity coefficients m,, m, and m; of 4-n-pentyl-4'-cyanobiphenyl (5CB), 4-n-
octyl-4'-cyanobiphenyl (8CB), 4-n-pentyloxy-4'-cyanobiphenyl (SOCB), and 4-n-oc-
tyloxy-4'-cyanobiphenyl (80CB) have been determined over their nematic phases.
Using literature data for the temperature dependence of the order parameter S, given
for 5CB and 8CB, a relation between the anisotropy of viscosity coefficients and
parameter S is discussed. Two models; first the Imura-Okano model, and the second,
assuming a dependence between the term (n;/n,, — 1) and the order parameter, are
analysed. For the second assumption much higher values of the correlation coefficients
have been obtained. On the base of our own and Skarp’s data for 5CB, it has been
proved that the assumption of a; = 0 made for the elongated molecules is correct.
Following this some anomalies observed for 8CB are discussed. The linear dependence
obtained between the viscosity coefficients and the order parameter is analogous to
the equations obtained by the author for the anisotropy of other transport properties,
i.e. diffusivity of impurities and heat conduction, for the same liquid crystals.

INTRODUCTION

Despite the fact that the anisotropy of viscosity for nematic liquid
crystals was stated by Migsowicz! over forty years ago the experi-
mental data that would allow the problem to be solved completely
are still insufficient. Relatively complete studies have been carried
out for the compound 4-methoxybenzylidene-4'-n-butylaniline
{(MBBA). The earliest results of investigations obtained for this com-
pound were published by Gahwiller? but later they were questioned
by Summerford et al.,? de Jeu* and Kneppe and Schneider.> However,
the results published by these latter authors are not in full accordance

+Presented at the Tenth International Liquid Crystal Conference, York, July 15-
21, 1984.
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with each other. Also different results have been obtained by Kashkin
and Cumakova.®

Only two of the mentioned papers give the temperature depend-
ence of three viscosity coefficients. The other studies do not go be-
yond measuring the coefficients at one temperature only. Investi-
gations of the cyanobiphenyl group of compounds have been carried
out by Sharp,” Leger® and Kneppe et al.® The hydrodynamic descrip-
tion of liquid crystals has been developed by Ericsen!®!! and Les-
lie.!213.14 The general approach in this case is similar to that adopted
for deriving the constitutive equations for isotropic liquid. It consists
of formulating and developing the balance equations of nematic liquid
crystals.

EXPERIMENTAL

The investigations have been carried out for four substances of the
cyanobiphenyl homologues. The temperature range examined cor-
responds to the nematic phase temperatures. The following com-
pounds and temperatures have been examined:

4-n-pentyl-4'-cyanobiphenyl (SCB)

22°C 34°C
S N IL

4-n-octyl-4'-cyanobiphenyl (8CB)

21°C 32,5°C 40°C
S SM N IL

4-n-pentyloxy-4'-cyanobiphenyl (5OCB)

47°C 66,3°C
S N IL

4-n-octyloxy-4’-cyanobiphenyl (80CB)

54°C 66,5°C 79,8°C
S > SM N IL

The compounds used were synthesized in the Institute of Organic
Chemistry and Technology, Warsaw Technical University.
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For determining the three viscosity coefficients proposed by Mie-
sowicz, a slot viscosimeter was used. The complete device is shown
in Figure 1. The measuring slot has a rectangular cross-section 7 X
0.3 mm and a length of 60 mm. The whole apparatus is shown in
Figure 2.

The viscosimeter was calibrated using different standard liquids.
The measurements of the viscosity coefficients were carried out for
different positions of the electromagnet with respect to the measuring
slot. The magnetic field intensity was 0.4T.

In case of molecules aligned perpendicular to the flow vector (7,
;) the flow-forcing overpressure was around 10 Pa while in case of
parallel orientation (r),) the corresponding overpressure values were
of the order of 0.7 kPa. The accuracy of the pressure measurements
was *0.05 Pa and the thermostatic temperature control gave a 0.1°C
stability.

RESULTS

The results of measurements are shown in Figures 3, 4, 5 and 6. They
are also presented in the diagram on a semilog scale. The diagram

i
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™ ;:3 $ »~ 3 ; ,
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FIGURE 1. The slot viscosimeter where: 1-brass plate; 2-teflon washer; 3-glass plate;
4-teflon washer; 5-measuring slot; 7-thermocouple packing; 8a,8b-the overpressure
system joint; 9a,9b-thermostatic liquid inlet and outlet; 10-cover of the thermostatic

liquid tank; 11-hole screw plug of the examined liquid inlet; 12-seal; 13-measuring
scale marks. (Dimensions in mm).
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FIGURE 2. Test stand for measuring the viscosity coefficients n,, n, and ;. 1-slot
viscosimeter; 2-electromagnet; 3-electromagnet rotation device; 4-thermostat; 5-De-
war flask; 6-milivoltmeter connected with a thermocouple; 7-manostat; 8-manometer;
9-power supply for the electromagnet; 10-teslometer.
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FIGURE 3. Temperature dependence of the viscosity coefficients for S CB.
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FIGURE 4. Temperature dependence of the viscosity coefficients for 8 CB.

shows the dependence of viscosity plotted against the dimensionless
temperature parameter, Figure 7.

Certain anomalies have been observed for the curve m, = f(T) of
8 CB. Some authors® have even reported an intersection of this curve
with that for m;. Such a phenomenon has not been observed in the
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FIGURE 5. Temperature dependence of the viscosity coefficients for SOCB.
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FIGURE 6. Temperature dependence of the viscosity coefficients for 8OCB.

present work. The anomaly may be connected with the possibility of
the existence of smectic structures above the temperature of the smectic-
nematic phase transition.

From the analysis of the viscosity curves we can state that the
oxygen-free compounds 5 and 8CB are characterized by considerably
higher values of the viscosity coefficients in comparison with the two
alkyloxy compounds 5 and 8OCB.

COEFFICIENTS OF THE TANGENTIAL STRESS-TENSOR

The equations relating the measured viscosity coefficients with the
coefficients of the tangential stress-tensor (Leslie’s coefficients) have
the following form:

1

m = 5(“4 + as — ) (1)
1

N = 5(0‘3 + a; + ag) ()

m = 5014 (3)
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FIGURE 7. Viscosity coefficients for the nematic phase of the liquid crystal sub-

stances studied.
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and also according to the Parodi!® relationship:
a + a3 = g — 0 4)

Further, solution of the equation system is feasible if, in the case
of the oblong molecules of mesogen being considered, one assumes

a; =0 5

The assumption adopted can be verified on the grounds of the
results obtained by Skarp,® who has determined the values of a, and
a3 for SCB. These data are listed in the Table 1.

The values of a3, according to Skarp, vary within the range of —4.0
to —2.2 X 1073 Pa-s, thus being lower than the differences between
the a, coefficients obtained by Skarp and author of the present paper.
Considering this, they can be regarded as very close to the measure-
ment error. Certain precaution should, however, be maintained in
case of 8CB. The anomalies occurring in the v, values are clearly
visible in the curve og as a f(T). The temperature dependence of the
a coefficients are shown in Figure 8.

VERIFICATION OF THE IMURA-OKANO MODEL

Imura and Okano’® have worked out a model correlating the coef-
ficients of the stress-tensor and also viscosity coefficients m; with the
order parameter S. The authors have assumed that the widely applied
exponential Eyring’s function for the viscosity of a liquid also applies
to a certain limited temperature range (of the order <30°C) below
the point of the nematic-isotropic phase transition:

1
MNiso = 5“4 = Mo exP(E/kT) (6)

then:

1 3
M = Mo + (Za + 5_313) (7

1 1
N2 = Niso + ("(l - _B1S> (8)
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FIGURE 8. The temperature dependence of the a coefficients of the Leslie’s tan-
gential stress-tensor.
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1
N3 = MNigo — Eas (9)

where o and B, are constants little depending on temperature. Ac-
cording to the relationships (7) and (8) the following equation occurs:

m — M = 2BS (10)

Thus the temperature dependence of the difference m; — v, on
the S-parameter should form a straight line, since, as the authors
suggest, B, is practically independent of temperature.

The temperature dependence of the order parameter S has been
given in literature for SCB!7:18.19.20.21.22 3nd for 8CB.'7-2 It should be
emphasized, however, that there are remarkable differences between
the published data. In the current calculations the results published
by Horn!” have been adopted. The results are collected in the Table
II.

According to Eq. 10 the straight line should pass through the zero
point of coordinates. On the account of the measurement errors
inherent in the determination of An and S values, certain shift can
be observed i.e. column 2 in Table II. The correlation coefficents
are, however, satisfactorily high, which permits us to conclude that
the Imura-Okano model is totally applicable for relating the viscosity
coefficients with the order parameter S.

APPLICATION OF THE PHENOMENOLOGICAL ANALOGIES
FOR CORRELATING THE v, AND S COEFFICIENTS

The order parameter $ is normally determined from measurements
of either the diamagnetic constant or the electric polarisation ani-
sotropy in the sample examined. The measurements are carried out
first in the solid phase and then in the liquid crystal phase.?* The
following general relationship is then applied:

TABLE Il

Straight-line coefficients for the function An = f(S)

(1) Straight-line (2) Intersection
Compound (Pa.s x 10%) point An(S = 0) (3) Correlation coeff.
5CB Am = 80078 - 28 0.902

8CB AOm = 156.06 S - 8.1 0.903
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9~ a 11
S pr—y (11)

where af — a’ represents anisotropy of a solid (S = 1) and a; — a,
is the anisotropy of a liquid crystal (O<S<1).

Viscosity of a solid is, however, a term rather difficult to imagine
but relationships of this kind describing a correlation between m; and
S in a formal way are presented in literature.® Usually they have the
following form:

S — T\; — Miso (12)
MNi — Miso

where m,, is defined by the Eq. 6 whereas v is the viscosity of aligned
sample for § = 1.

The notion of m;, is a formal extrapolation of the function describ-
ing the temperature dependence of viscosity for an isotropic phase
into the temperature region in which a nematic phase occurs. A
similar exponential temperature dependence in the region of the ne-
matic phase can be formally adopted for m{. Thus the term ni/m,,
practically will not depend on temperature. Having transformed Eq.
12 we obtain the following expression:

D= AS (13)
TNiso

Analytical forms of the straight lines representing the relationships
for SCB and 8CB, i.e. the compounds for which the § coefficient
values have been found in literature are given in Table III. High
values of the correlation coefficients show a good agreement between
the relationship proposed and the experimental data. A slight devia-
tion, which can be observed in column 2, comes from the errors
inherent in carrying out the experiments performed to determine the
values of m; and S.

CONCLUSIONS

Verification of the Imura-Okano model indicates that it can be suc-
cessfully applied for correlating the viscosity coefficients of nematic
liquid crystals with the alignment parameter S. Nevertheless, as sug-
gested in the present paper, a way of relating these quantities based
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on the analogies with anisotropy of other physical parameters gives
a more accurate relationship. This fact has been proved by higher
values of the correlation coefficients obtained for the experimental
data.
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