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The relation between the longitudinal susceptibility x and the order parameter temperature dependence
measured experimentally has been established for uniaxial nematics within the framework of the Landau-
de Gennes theory. The absolute values of x for the nematic phase, with MBBA as an example, have
been obtained from experimental data for the first time and the critical behaviour of x has been studied.
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. INTRODUCTION
The order parameter of a uniaxial nematic is the symmetric tensor’

where n,  are the director ii components, § = (3 cos® 6 — 1)/2, 8 is the angle
made by the long molecular axis with ii and the brackets (. . .) denote the ensemble
average. The nematic response on the field & conjugated thermodynamically to
the modulus S is characterized by the longitudinal susceptibility?

*T (g) T;h—0 (2)

The data on the value of x and its temperature dependence in the nematic phase
are necessary to select liquid-crystalline compounds with the maximum response
as well as to answer a number of important physical questions.!

However any experimental data on x in the nematic phase are absent up to now.
The direct determination of x in a nematic from the measurement of the bire-
fringence An ~ § in a magnetic or electric field is impossible, since the change
3(An) in the field H||fi due to the suppression of transverse thermal fluctuations
of the local director i (¥) depends linearly on H (or |E|)! while to determine x the

1 Presented at the 13th International Liquid Crystal Conference, Vancouver, July 22-27, 1990.
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change 8(An) ~ H? is necessary. In sufficiently weak fields the linear effect is two
order stronger than the quadratic one.?

The other approach to determine x is based on the Landau-de Gennes theory,
when the thermodynamical potential density A® of a nematic is supposed to be
the power function of the invariants Sp$2 ~ 52 and SpS$® ~ S$3 and can be presented
by the following series

N

1
AD = 5(1252 + > 1an5n. (3)

n>2

Here o, = oT — T*), where T* is the absolute stability limit of the isotropic
phase and the rest coefficients «, are assumed to be temperature independent
within the sufficiently narrow range of the nematic phase. The peculiarity of real
nematics is that the mutually consistent description of the values of various physical
parameters and their temperature behaviour is possible only when many terms in
Equation (3) are taken into account.*> Moreover the parameters a; < 0, ay < 0
os > 0 and «, > 0 are strongly correlated between themselves and all the expansion
terms beginning from «,S* turn to be of the same order in the vicinity of the
nematic-isotropic liquid (N-I) transition. Taking into account the additional ex-
pansion terms makes this description pure empirical.

On the other hand, to describe the same set of experimental data the signs and
values of the expansion coefficients in Equation (3) have to depend essentially on
the number of the terms taken into account.® In this case the result of the expres-
sion of x by the expansion coefficients with using the relation?

x = (8°®/a5?)s 4)

becomes uncertain. Here the equilibrium value S, is the solution of the equation
o®/3S = 0, which surely includes a finite number of the terms in Equation (3).

In this paper a new approach is proposed to determine the nematic longitudinal
susceptibility x allowing to express it by the temperature dependence of the modulus
S. The theoretical part of the approach is presented in the second section. The
third section includes the analysis of the critical behaviour of x in the nematic
phase of MBBA and the comparison with the results of independent measurements
of the other parameters having singularities near the N-I transition tempera-
ture T,.

II. NEMATIC LONGITUDINAL SUSCEPTIBILITY AND TEMPERATURE
DEPENDENCE OF THE ORDER PARAMETER

To go further it is important to considerate the character of the temperature de-
pendence.ay(7T) in Equation (3). This coefficient is the inverse susceptibility x;'
of the isotropic phase and its temperature dependence can be cleared up from the
experiments on the critical behaviour of various physical parameters.* All known
data show that for nematics having not the low temperature smectic phases the
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dependence o, ~ (T — T*) is valid within the wide temperature region T > T,
except for the narrow range about a fraction of degree near T,. So the thermo-
dynamical potential density of a uniaxial nematic in the field # conjugated to the
modulus § can be written in the form

AD = —ofT — T*)S2 + D, % o,S" — hS, (5)

N[

where a,, # a,(7T). The equation of state
o(T — T*S + D o,8" ' ~h =0 (6)

is the functional relation f(x, y, z) = 0 of the variablesx = S,y = handz = T.
So with using the next known identities’

GGG @@ o

the relation can be obtained from Equation (6)

A 1 AY
(@) = as(a'f); ®

the form of which depends neither on the expansion terms number N in Equations
(3) and (6) nor on the concrete values n taken into account. In the limit # — 0 the
value of S in Equation (8) transfers to the equilibrium value §, being the solution
to Equation (6) at A = 0 and describing the experimental dependence S(7) when
the sufficient number of the expansion terms in Equation (3) is taken into account.
Indeed for a set of real nematics>®® the experimental dependence S(T) can be
described using Equation (3) within the whole nematic range with the corresponding
number of the terms being taken into account for each compound.

Finally using the variable ¢t = 1 — T/T,, where T, is the temperature of the
absolute stability limit of the nematic phase the expression of x by the magnitudes
measured experimentally can be obtained

1 9(In S)
aTy or

©

The parameter o can be found from the enthalpy discontinuity AH = aS?T,/2,
where S, = S(T.). Equation (9) is applicable to a wide set of systems, whose
thermodynamical potential in the field 4 has the form of Equation (5). For the
particular cases of the theory taking into account a finite number of the terms with
n > 2 in Equation (3) the substitution of the dependences S,(f) obtained from the
equation ¢®/9S = 0 to Equation (9) resuits in the same expressions for x(¢) as the
ones obtained from Equation (4).!:2:410
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ll. LONGITUDINAL SUSCEPTIBILITY OF THE NEMATIC PHASE OF MBBA

The value of x obtained using the experimental data on S in Equation (9) includes
the contribution from the transverse thermal fluctuations of the local director i
(%) due to the principle of conservation of the modulus for a nematic as a degenerate
system.!!!> However the negligible relative change 3(An)/An in strong fields due
to the suppression of the director fluctuations'* and Equation (9) show that the
main contribution to the value of x is made by the temperature dependence of
local orientational molecular ordering.

To obtain x using Equation (9) it is important to choose the physical magnitude
for the determination of the modulus S. Rotational braking of molecules around
their long axes and the biaxiality of the molecular second-rank tensor 4 result in
the macroscopic anisotropy

AM ~ (SAy + GAY'/2) (10)

of the corresponding magnitude to be determined not only by the component
§ = §,, but also by the biaxiality G = §,, — S,, of the microscopic tensor of
orientational molecular ordering

S; = (3cos? 0, — 1)/2, (i=x,9,2) (1)

where 0,, is the angle made by the i-th axis of the molecular frame with the director
. The designations used in Equation (10) are following

Ay = v, = (Yer + V)2, AY = v — vy (12)

With using the dielectric constant anisotropy Ae at optical frequencies as AM in
Equation (10) the biaxiality of the tensor S and the molecular polarizability 9 is
significantly less manifested than with using the diamagnetic susceptibility aniso-
tropy.!? Taking into account the local field anisotropy of a light wave results in the
right part in Equation (10) to be multiplied by the value (1 + o, + ;)" !, where
o, does not depend on the temperature and o, ~ § with the relations o, = 0.2 and
a,/oy = 0.1 being valid even for nematics with large local field anisotropy.!* More-
over the sum (o, + o,) can be vanished choosing the nematic refractive indices
within the corresponding spectral region, the ratio Avy'/Ay being lowered simul-
taneously.!* The temperature dependence of the nematic density can be taken into
account using

Ae/(E — 1) = const - S (13)

instead of Ae =n? — nZ, where & = (n? + 2n2)/3, n, , are the refractive indices
of a nematic.
In the present work MBBA was chosen for the investigation as an object with
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the known values of the refractive indices n, , (A = 589 nm) well approximated
by the expressions'®

il

n, = 1.5765 — 0.174 12 + 0.253 =,

(14)
1.6935 + 0.282 712 + 0.243 7,

i

ny

within the temperature region 0.06° < T, — T < 30°, where v = 1 — T/T,.and T,
= 318.46 K.1>'1¢ The local field anisotropy in MBBA is small'’ and doesn’t change
the dependence S(T) in Equation (13). It is known from the precision measurements
of the MBBA heat capacity'®? that T, is 0.1° above the lower boundary 7¢ ) of
the real two-phase region taken as T, in refractometric experiments.

The temperature dependence of the product xaT, calculated from Equations
(9), (13) and (14) with using T, = T, + 0.1° is shown in Figure. The change of x
is described by the dependence x ~ ¢t~ with the constant v = 0.68 within the
whole experimental temperature region 0.1° < T, — T =< 20°. On the other hand
according to the acoustic measurements in MBBA*2° the ratioy = a/z = 1/2 is
constant within the same temperature region, where a and z are the effective
exponents for the heat capacity and for the relaxation time 1 of the modulus $
fluctuations respectively. Using the effective values a = 0.32-0.35'%!° being con-
stant within given temperature region we obtain z = 0.64-0.70. It agrees with the

q1 QQ 25 L-T,C 5 10 20

T T T T T

Zg (XaT,)
4120

\
\
A

1 I

A

30 I—ng ) 15

The temperature dependence of the product xaT, (cf. Equation (9)) for the nematic phase of MBBA
calculated using Equations (13) and (14).
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value of v’ mentioned above and shows that for the nematic phase of MBBA the
kinetic coefficient v in the correlation®

T=XV (15)

hasn’t the own singularity near T,. Thus the results of independent investigations
of the dependences x(f) and 7(f) in the nematic phase of MBBA are in good
agreement between themselves within the framework of Equation (15).

IV. CONCLUSION

In conclusion a new possibility should be pointed out to obtain the quantitative
information about the susceptibility x being the important characteristic of liquid-
crystalline compounds. The nematic response x, on any physical perturbation
resulting in the change of the modulus S and being described by the term — K,hS
in the thermodynamical potential (cf. Equation (5)) is expressed by x as xo =
K x. The resonance influence on the intramolecular degrees of freedom can also
play the role of the external perturbation that results in changing the internal
molecular state, intermolecular interactions and the modulus § in the sample.
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