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Measurement of Coherence-Length Anisotropy in the Isotropic Phase of Nematics
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IBM Zurich Research Laboratory, 8803 Rusch/ikon, Smi7ze&Eand

(Heceived 6 October 1975)

A phase-sensitive, differential, light-scattering method is used to measure the shape of
correlated regions in the isotropic phase of nematics. In MBBA (p-methoxybenzylidene p-
n-butylaniline) these regions are elongated along the xnolecular-axis direction and the crit-
ical behavior is close to that predicted by mean-field theory; de Gennes's parameter I.~/A
is positive. In the isotropic phase of the smectic OBBA (p-octoxybenzylidene p-n-bntylan-
iline) the correlated regions are flat and cannot be described by a constant 1-2.

Fluctuations of short-range orientational order
in the isotropic phase of liquid crystals give rise
to a strong depolarized Rayleigh component in
light scattering. ' Previous measurements of pre-
transitional behavior on MBBA (p-methoxybenzy-
lidene p-n-butylaniline) indicate an overall in-
crease in scattering intensity, ' an angular depen-
dence from which a correlation length $, was ob-
tained, ' and a critical slowing down. ' In prin-
ciple, the angular and polarization dependence of
the scattering intensity can also reveal a possible
anisotropy in $, i.e., the shape of the correlated
regions. ' Measurement methods used up to now

have not been sufficiently sensitive to extract this
information and only an upper bound to the shape
parameter I,/A of de Gennes' is known for MBBA.'
The first determination of the shape of correlated
regions in the isotropic phase is reported here.
It was performed on MBBA using a new precise
differential light-scattering method based on the
difference between I~~ and I» for 90' scattering. '
[V (II) denotes perpendicular (parallel) polariza-
tion relative the the scattering plane. ] This al-
lowed an independent determination of the critical
exponent v. Preliminary results are also report-
ed for OBBA (p-octoxybenzylidene p-n-butylani-
line) which has an isotropic-smectic-A transi-
tion.

The ratio

R —= '(I„-I„)/ '(I „—+ 2I „), —8 = SO', (1)

gives shape information. This is simply seen by
substituting in Eq. (1) the Landau-de Gennes ex-
pression for the scattered intensity. ' To order
q' one obtains R =I,q'/L4, where q = (4~n sin-,'&)/
A. and 8 = 90 . This property, however, is inde-
pendent of the Landau model. It will be shown be-
low on the basis of symmetry alone that R is pro-
portional to the difference of the square of the
two correlation lengths that characterize the
problem. A positive value of R corresponds to

correlations elongated in the direction of high
molecular polarizability, i.e. , in the direction
of the long molecular axis.

The measurement of R was performed by mod-
ulation of the incident polarization and phase-sen-
sitive detection of the scattered light. The meth-
od offers the double advantage of being self-cali-
brating and of allowing easy multiple-scattering
corrections. A stable 5-mW He-Ne laser beam
(Fig. 1) is sent through a polarizer and a care-
fully adjusted A./4 plate to obtain circular polari-
zation. A second antiref lection-coated X/4 plate
is rotated uniformly at frequency 0 to produce
linear polarization at 2Q. This beam is focused
on the sample and the transmitted intensity is
monitored for detrimental in-phase fluctuations
at 20 by a distant photodiode. Dust on the rotat-
ing plate produces all harmonics of 0 and to elim-
inate this effect the system is enclosed and slight-
ly overpressured with filtered air. With this pre-
caution, fluctuations in the transmitted intensity
are smaller than 5 X10 ' times the fully modulat-
ed signal obtained with a polarizer in front of the
photodiode. Moreover, the fluctuations vary
slowly in sign, so that the average intensity sta-
bility is even greater over the duration of a mea-
surement. The essentials of the detection arm
consist of a translatable pinhole (8,) that deter-
mines 8 and the acceptance angle, an analyzer
(A) that can be accurately and reproducibly placed
in the V or II position, and an aperture (S,) which
determines the length of the scattering region.
The discriminated photocounts are accumulated
in a multichannel analyzer (MCA) operating in the
multiscaler mode and triggered at Q. After a
large number of sweeps, the data are transferred
to a computer terminal and analyzed in the follow-
ing way: (i) The strongly modulated signal ob-
tained with the analyzer in position V is fitted by
a constant plus a sine wave at 2Q. This yields
the depolarization ratio R~= I„v/I„v and the ph—ase
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FIG. 1. The experimental system.

and frequency of the reference signal. (ii) The
signal obtained with the analyzer in position H is
fitted using the reference information and R is
extracted [Eq. (1)j. Thus, the MCA is used as a
sophisticated phase-sensitive detector. The mea-
surement error is obtained from the experimen-
tal statistical spread in the photocounts. It is im-
portant that the MCA be triggered at 0 rather
than 20 to prevent 0 contributions in the scat-
tered light appearing at 20. Accurate positions
of S, and of the analyzer in B were determined by
repeated measurements at a given temperature
and changing these variables. The sample was
placed in a therma. lly stabilized oven (+ 0.02'C).
The MBBA' was filtered twice through 0.22- IJ,m
Millipore filters into a 1 x1-cm' cell. The clear-
ing temperature T~ measured under equilibrium
conditions at the beam Position in the sample was
40.22'C. In effect this point is already in the two-
phase region and the actual clearing occurs about
0.1'C above T~. The low value of T~ is due to ag-
ing. The OBBA was obtained from Hoffmann-La
Roche and not treated further; after a few days
it gave T~=80.1 C.

The ratios R and R„measured in MBBA are
shown in Fig. 2. The error bars correspond to
95% confidence limits. R in MBBA is positive,
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FIG. 2. (a) The modulation ratio R in MBBA; (b) the
depolarization ratio +.

meaning that the correlated regions are elongat-
ed. In OBBA R is negative, meaning that the cor-
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FIG. 3. Line a, two-parameter fit to the corrected
modulation ratio in MBBA (v = 0.5); line b, three-para-
meter fit (v=0.57 + 0.09).

related- regions are flat. The raw data from Fig.
2(a) were corrected for multiple scattering using
the departure of R„ from its expected value of 4.
It is easy to verify that for depolarized scatter-
ing a second scattering event scrambles the po-
larization almost entirely (to better than 97%).
Therefore, multiple scattering adds a practically
equal contribution 6 to all polarization compo-
nents while it attenuates them by an equal factor
y. Hence, if J is the expected intensity in the ab-
sence of multiple scattering and if I is the mea-
sured intensity, one writes lvv=y(J„„+ &) and
similarly for VB and HH. In the absence of scat-
tering due to particulate impurities, J„„/J~~
=0.75. Such impurities reduce this ratio, in par-
ticular at high temperatures. Since the observed
ratio is higher than 4 even far above T~, it is rea-
sonable to assume negligible contribution from
particulate impurities, and this is confirmed by
visual observation.

The corrected values of R have been fitted with
de Gennes's theory R = (L,q2/Sa)(T —T,) ', where
A —= a(T- T,), as shown by the straight line (line
a) in Fig. 3. One finds L,/a=(0. 653+0.036) x10 "
cm' C with T~- T,=0.98+0.07 C. The range of
error is the 95% confidence limit calculated for
this two-parameter fit, taking into account the
error bars on the data points. The measured
point closest to T~ (at T~+0.05'C) was omitted
from all fits as it deteriorated them strongly. At
that temperature, the material had already sepa-
rated into two phases. Using the most recent de-

termination of L,/a in MBBA, ' (0.97+0.06) x10 "
cm' C, and the present value of L,/a, one calcu-
lates the two correlation lengths that character-
ize the problem, $„2 = (L, + 2L,)/A and g,2 =(L,
+-,'L,)/A. ' One finds $„=119(T-T,) "' A and g,
= 104(T —T,) '~' A. The coherence-length anisot-
ropy in MBBA is thus rather small (-15'%%up) which
explains why it could not be detected in previous
measurements. In particular, our value of L2/a
is mell below the upper bound given by Stinson
and Litster. '

A close examination of line a of Fig. 3 suggests
that a slightly different slope might give a better
fit for MBBA. On the other hand, in QBBA,
where critical scattering is also observed, the
results cannot possibly be fitted with a constant

It is thus relevant to obtain an expression for
R independent of the Landau theory. The depo-
larized Rayleigh winy intensity is I~+&,»G;,»
x m,.n,.m~n„where G is a correlation tensor and
m and n are the polarization vectors of the inci-
dent and scattered fields, respectively. ' Here

G, ,»(q) = (2X) '(Q o.;,'a» exp[ iq (-r, -rg]),
a b

where n' is the traceless part of the molecular
polarizability of molecule a at position r„q is
the momentum exchanged in scattering, and the
sum extends over all pairs in a volume contain-
ing 'X molecules. In a liquid, G(q) has cylindri-
cal symmetry about q. Taking for convenience q
parallel to the third axis, G has six distinct com-
ponents, i.e., G», G», G«, G«, G„, and G» (in
abbreviated subscript notation). From cylindri-
cal symmetry G«= ~(G» —G»), whereas from
tracelessness in the first pair of indices G»

G 3 and Gz2 G3 Gzz This leaves three
independent components. However, if G is ex-
panded up to second order in q, the isotropy of
the tensor (Q, ~n'o. '(r, —r,)(r,—r,)) leads to the
additional relation G44= «Gzz+ 2G33 Hence, cor-
relations small with respect to q

' are described
in all generality by two independent parameters
(which in de Gennes's model are related to L,/A
and L,/A). Keeping q in the third direction, and
with a judicious choice of axis, one obtains for
90' scattering I~~ —,

' G»+ -,
'

G33 and I„z~ «G»

the correlation function G;;(q) allowed by symme-
try is proportional to [1+$,2(q,2+q„2) + $„2q ] ',
where (i, j, k) is any permutation of (1, 2, 3).
Hence, to order q',

(2)

It is thus apparent that R determines the differ-
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ence of the squares of the correlation lengths in
two directions. With the appropriate $„and $,
the Landau result is, of course, recovered.

A three-parameter fit of the corrected values
of R for MBBA by the function C(T- T,) '" gives
v=0. 57+0.09 and T~- T =1.27+0.36'C. Again
the range of errors is the 95% confidence limit.
This fit is shown in Fig. 3 as line b. The multi-
ple-scattering correction does not affect the best
value of v and only increases T,. Examination of
Fig. 3 suggests that the departure of v from 0.5
might be significant. However in view of the er-
ror bar it is difficult to ascertain a real depar-
ture from mean-field theory. " The peculiar be-
havior in OBBA suggests further study of the
coupling between nematic and smectic ordering
in the isotropic phase. The coupling leads to a
departure from the simple phenomenological theo-
ry already observed for the scattered intensity
and the linewidth, "but our results indicate that
$„'- $,' is for OBBA a much more sensitive quan-
tity than the scattered intensity itself.

In conclusion, the first measurement of L,/a
in the isotropic phase of a liquid crystal has been
obtained. The sensitive method described here is
expected to find applications in the study of liquid
crystals, homologous series, and other depolar-
ized scattering studies.
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Vortex Velocity in Turbulent He II Counterflow*
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We have used the ion-vortex interaction to measure the drift velocity of the vorticity
present in turbulent counterflow, and find that it moves in the direction of normal-fluid
flow. The result is in direct conflict with a central assumption of the presently accepted
model of the turbulent state.

Recent work on turbulence in He II counterflow
has shown that the model first proposed by Vinen'
to account for second-sound attenuation is also
able to give a reasonable description of critical
velocities, ' ion trapping, ' and noise on second-
sound signals. 4 The principal assumptions of
this model are (l) the superfluid state consists

of an homogeneous, isotropic, tangled mass of
vortex lines. (2) The vorticity is geometrically
similar at all times and therefore may be char-
acterized by L„ the length of line per unit vol-
ume. (3) The state is maintained by a dynamic
balance between growth and annihilation proc-
esses; dimensional arguments then serve to pre-
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