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(Received for Publication October 3, 1983)

ABSTRACT. We work out some consequences of the
Ginsburg-Landau-de Gennes gradient term on the
properties of smectic liquid crystals. (i) Diseli-
nations in smectic C are very much like vortex
filaments in superfluids or magnetic fluxoids in
superconductors. (ii) A uniform distortion of the
phase factor lowers the C-A (or A-N) transition
point, and at any given temperature there should
occur a second order transition beyond a critical
distortion. (iii) Light scattering due to phase
fluctuations in smectic C should be strongly
temperature dependent. (iv) In smectic A of f1n1te
size the phase change under an imposted Uxnm
distortion can be of second order.

THE A-C TRANSITION

It is well established that the smectic C to smectic A
1 . .
transition is of second order. Near the transition point

T the free energy density of the smectic C phase is given

c
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Here o = @ (T - Tc) (in the mean field), B= a small positive
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quantity, nx = wcos ¢, ny = wsin ¢, nz = 1, w = angle
between the director and layer normal, ¢ = azimuthal angle
of the director, and Kii = elastic constants involved in
in-plane distortions.

For simplicity we shall assume K11 = K22 = K33 = K,

and that w and ¢ are independent of z. Energy minimization

{
results in the following differential equations:

]
o

X 7% - 09)? - ow - g0’ 2)
2 (9% 9} + 2wWw - V6 = O (3

We shall work out a few implications of this model.

Disclination structure. Eqn.(3) admits solutions of

the type
¢ = =NO N = integer, 6 = t:an_1 % .

These describe singularities in the in-plane director distor-

tions. They are exactly like the integral defects found in

the nematic schlieren texture.3’

However, in view of
eqn.(2) we find that the tilt angle w is affected by these

distortions and (for N = t1) it is described by

1 £ 2
T ot ¢ ) ;2— £(1 - £7)

]
(=]

(4)

2 2.k .
Here f = w/mo, g = r/Eo, r=(x" +y7)73 wy = tilt angle

at r e, Eo = coherence length = (-K/2a)? .

The above equation is exactly like the Ginsburg-
Pitaevskii5 equation for the structure of a superfluid
quantum vortex or a magnetic fluxoid in a type II super-

conductor.6 As we approach the centre of the singularity w
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continuously decreases to zero. Most of the decay takes
place in about a coherence length. This probably explains
the experimental observations of Lagerwall3 who found near
the centre of the singularity a region over which w is

significantly zero.

Critical distortion. We now consider an uniform in-

plane distortion V$ = q, say. Then the free energy density

(if gradient terms in w are negligible) is given by:

B 4

F = (a+—q) (5)

From (5) we can show that @ at any q (given by minimizing
F) is

1 |
w = @+ Ehey (6)

As q increases, w continuously decreases. Also since a is
negative (T < TC), we find the tilt angle w to be unfavou-

rable beyond a critical distortion wave vector
1
q, = (-20/K)7 (N

At this wave vector the system undergoes a second order

phase transition to the smectic A phase (w = 0).

This phenomenon is the analogue of the critical
current effect found in superconductors.6 Equivalently it
may be interpreted to mean that distortions V¢ = q lowers
the AC tramsition point. This effect is quite different from
the influence of a Vxn distortion on the AN transition.7
Firstly the imposed distortion is not tolerated by an other-
wise good smectic A and the distortion induced transitionms
is first order. Secondly the critical wave vector of a

1
-
V x n distortion varies as o and not as (c>z)’E found in the
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distortion induced AC transition (eqn.6). The only restric-
tion for this effect is that the sample thickness should be

much smaller than the coherence length.

Light scattering. At any temperature we have thermal

fluctuations in the azimuthal angle ¢. Equipartition
theorem yields
2 kgt
9> T T3 2 (8
d (Rw)q
These fluctuations scatter light strongly (as in nematics)
resulting in turbidity. The scattering cross-section is

given by

2 2
g v € <¢ >
a q

Here e is the dielectric anisotropy for light travelling
along the layer normal. To a good approximation e, = eng.

Hence
o v (9

As w is strongly temperature dependent, we find the scatte-
red intensity to be strongly dependent on temperature. In
this sense it behaves very differently from a nematic,

wherein one finds a nearly temperature independent scatte-

ring.

THE A-N TRANSITION

Near the A-N transition which can again be of second

order, the free energy density is given by7
et + B4 B (2 D > 12
F=ay + 2 y o+ > (az) + 3 (Vyu + 6ny)
K > 2 1 > 2
+5 (Tx ) + 3K, (Ven) (10)
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Here a, B and K,. have the same meanings as in (1). Both

B and D are pro;irtional to wz and are involved in the
distortions of the phase factor u. The distortions (9u/dz)
are V. n are the easiest to impose on the system. Distor-
tions represented by the D term refer to tilting of the
layers relative to the molecules. In many respects we find

similarities with smectic C,

Phase changes only. Since the phase distortion factor

(9u/3z) is coupled to the order parameter Y, it will
influence the magnitude of Y. This factor is particularly
large near the core of a smectic A edge dislocation and
hence as in smectic C we can expect a continuous decrease in
¥ as we go to the centre of the defect. Also for samples
smaller than the coherence length, beyond a critical uniform
(Bu/az)c the smectic A phase should undergo a phase trans-
formation to the N phase without any latent heat. It must
be remarked that such a distortion in smectic A usually
results in an undulation mode.9 But near the AN tramsition
it is unlikely since the critical (3u/3z) for this instabi-
lity (which is inversely proportion to B) becomes larger

and larger as we go near the AN transition point.

Director distortions only: finite size effect., In

the case of type I smectic A the penetration depth ) is
smaller than the coherence length Eo. In such situations,
if we have a sample of thickness § <A, then we find that the
imposed Vx n distortion completely penetrates the sample,
yet the order parameter § 1is non-zero. We shall work out
the critical V><K'required to destroy . If there are no

layer deformations (10) reduces to
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q2 lp.'Z
o2 8.4 o s 2 RO 52
F = oy + 7 Yo+ oM, (6 n,)" + 2(vx n) (1D
2 >
Here M, = (qOW) /D and 6nl is the vector deviation of the

local director away from the layer normal. In the present
problem both ¥ and Ggl are varying from point to point and
in an elementary discussion they can be replaced by their
averages J and gﬁl. Theq_ii in the preceding discussion

we must have a critical (6;;)c at which the system undergoes
a second order phase transition to the N phase., This criti~

cal value is given by

> 2.k
0)

>
én

c (—ZaMl/q

or

2_ /. 12

(xB, = 2 x> @GxDY, 2
Here (V)(K)z is the critical value for a first order
transition in an infinite sample. Thus the finite size has
a profound influence on not anly the critical value of
(v xB), which will be very large, but also on the order of
the phase transition. It must be remarked that very similar
effects were established long back by Ginsburg and Landau10

for superconductors.
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