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Forced Rayleigh scattering studies of tracer diffusion in a nematic liquid
crystal: The relevance of complementary gratings

Daniel R. Spiegel,a) Alexis L. Thompson, and Wesley C. Campbell
Department of Physics, Trinity University, San Antonio, Texas 78212-7200

~Received 29 September 2000; accepted 27 November 2000!

We have employed forced Rayleigh scattering~FRS! to study the diffusion of an azo tracer molecule
~methyl red! through a nematic liquid crystal~5CB!. This system was first investigated in an
important study by Haraet al. @Jpn. J. Appl. Phys.23, 1420~1984!#. Since that time, it has become
clear that the presence of complementary ground-state and photoproduct FRS gratings can result in
nonexponential profiles, and that complementary-grating effects are significant even when ‘‘minor’’
deviations from exponential decay are observed. We have investigated the methyl red/5CB system
in order to evaluate the possible effects of complementary gratings. In the isotropic phase, we find
that the presence of complementary gratings results in a nonmonotonic FRS signal, which
significantly changes the values inferred for the isotropic diffusion coefficients. As a result, the
previously reported discontinuity at the nematic/isotropic transition temperature (TNI) is not present
in the new data. On the other hand, in the nematic phase, the new experiments largely confirm the
previous observations of single-exponential FRS decay and the non-Arrhenius temperature
dependence of the nematic diffusion coefficients close toTNI . Finally, we have also observed that
the decrease in the diffusion anisotropy with increasing temperature can be correlated with the 5CB
nematic order parameterS(T) over the full nematic temperature range. ©2001 American Institute
of Physics. @DOI: 10.1063/1.1342036#
iq-
ce
o

na

he
hin
ive
od

b
is
at
e
g
nt
u
eo

uc

if
g

n

C
im
te
in

da-

s
flu-

de-
can

for
on

ni-

’’
rod-

es-
ese
uid
en-
me
ate

re
s
es,
the
ic–
INTRODUCTION

Many of the most fascinating properties of nematic l
uid crystals~NLCs! derive from the simultaneous presen
of flow and a nonzero orientational order parameter: a m
ecule within the NLC mesophase will undergo translatio
diffusion while maintaining ~on average! a preferred
orientation.1 It is thus rather unfortunate that some of t
most fundamental aspects of translational diffusion wit
NLCs are still not well understood, in spite of the impress
array of experimental, simulation, and theoretical meth
that have been brought to bear on the problem.2–16 On the
experimental side, reports on NLC diffusion coefficients o
tained by different methods have displayed significant d
crepancies, and even results reported by different labor
ries employing the same method often display mark
disagreement.4,7 The lack of consistency was severe enou
to be termed an ‘‘experimental dilemma’’ in a rece
review.7 These difficulties have largely prevented a rigoro
comparison of experimental results with fundamental th
ries proposed for NLC molecular diffusion,17–20 and it is
clear that experimental accuracies must be improved if s
comparisons are to be realized.

One very useful experimental method for studies of d
fusion in liquid crystals is forced Rayleigh scatterin
~FRS!,21–31 which was first employed for tracer diffusion i
NLCs by Hervetet al. in 1978.21 FRS is a transient grating
method that is particularly well suited for studies of NL
dynamics for three reasons. First, FRS permits real-t
measurements of diffusion in the specific direction selec
by the grating wave vector, which readily enables direct
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vestigations of the diffusion anisotropy. Second, the fun
mental length scale of the FRS experiment~i.e., the grating
spacing, which is typically on the order of several micron!
matches the intrinsic length scale at which mesomorphic
ids exhibit many of their most interesting properties.1 Fi-
nally, FRS allows measurements at a spatial resolution
termined by the diameter of the laser beams, which
easily be reduced to;10d ~whered is the grating spacing! if
desired.32,33

In this paper we wish to consider a possible means
significant improvements in the accuracy of FRS studies
NLC systems. While mass-diffusion FRS signals were i
tially modeled as simple exponential functions,21 it was later
realized that a FRS signal results, in general, from adiffer-
enceof two exponential decays due to ‘‘complementary
out-of-phase modulations in the ground-state and photop
uct populations.34,35 A series of recent papers36–38 have out-
lined the changes in the interpretation of FRS profiles nec
sitated by the presence of complementary gratings. Th
developments have led us to reexamine a pertinent liq
crystal system, first studied with FRS before the complem
tary grating model was set forth, that has displayed so
surprising results. Specifically, we use FRS to investig
the azo dye molecule methyl red~MR, 2-@4-
~dimethylamino!phenylazo#benzoic acid! diffusing though a
cyanobiphenyl NLC ~5CB, 4-n-pentyl-48-cyanobiphenyl!.
The first FRS investigations on the MR/5CB system we
carried out in an important study by Hara and co-worker22

in 1984. This early work showed several intriguing featur
including a non-Arrhenius temperature dependence in
nematic-phase diffusion coefficients near the nemat
isotropic transition temperature (TNI), and an unexpected
2 © 2001 American Institute of Physics
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discontinuity~a positive jump! in the diffusion coefficient at
TNI . A considerably larger positive jump atTNI was reported
for MR in MBBA in the same publication, and later pape
showed positive jumps atTNI for MR in a number of other
mesomorphic solvents, including othernCB compounds (n
56 – 9), 4O.8, and 8OCB.39–42 To explain the nematic
isotropic discontinuity, it was proposed41 that tracer diffusion
through the nematic phase could be envisioned a
‘‘dressed’’ process, in which the mobility of the tracer w
reduced due to local distortions in the nematic continu
generated by the tracer movement, in a manner somew
analogous to polaron motion in the solid state. The data s
mitted in the current report, interpreted in the context of
complementary grating model, largely confirm the importa
observation by Haraet al. of non-Arrhenius diffusion in the
5CB nematic phase; however, in the 5CB isotropic phase
observe a distinctly nonexponential decay, which sign
cantly changes the values obtained for the isotropic diffus
coefficients. We will discuss the implications of these fin
ings.

FRS is a tracer diffusion technique, in the sense tha
measures the self-velocity correlations of detected di
‘‘tracer’’ dye molecules within a host solvent. MR has be
frequently chosen as a tracer dye in liquid crystal syste
due to its convenient photochromic properties and the s
larity between its structure and that of liquid crystal mo
ecules containing a two-phenyl-ring core.21,22,25,32,39–44How-
ever, here we make noa priori assumptions that trace
diffusion of MR will mimic exactly the self-diffusion of the
5CB solvent molecules, since the chemical properties of
and 5CB are certainly different. Indeed, using FRS, Urba
et al.32 and, more recently, Ohta and co-workers45 have re-
ported that MR-tracer diffusion is considerably slower th
the self-diffusion of the liquid crystalline solvent molecul
in nematic MBBA. It has been argued that, in NLCs, t
self-diffusion of the solvent molecules and the tracer dif
sion of a probe molecule of similar size will, in genera
show the same basic features, but the anisotropy will be
duced for the latter.4 Keeping this caveat in mind, it none
theless remains clear that tracer diffusion is a very help
tool for improving the understanding of NLC dynamics. FR
tracer diffusion, in particular, provides a very direct expe
mental probe of the anisotropic micron-scale dynamics
NLC fluids, which remains an area with many open qu
tions.

EXPERIMENTAL PROCEDURES

MR and 5CB were purchased from Aldrich and EM I
dustries, respectively, and were used as received. MR/5
solutions were prepared for FRS studies at a concentratio
0.1 wt %. The nematic–isotropic transition temperature
the 0.1% solution was found to be~34.260.2! °C, which was
not ~within uncertainty! different from the measured trans
tion temperature for the neat 5CB. The MR/5CB NL
samples were prepared by confining the mesophase bet
two clean microscope slides. The slides were separate
34-gauge copper wire strands, resulting in samples wit
nominal thickness of 150mm. For studies of the temperatur
dependence of the diffusion coefficient in the nematic pha
a

at
b-
e
t

e
-
n
-

it
e

s
i-

R
h

-

e-

l

-
f
-

B
of
r

en
by
a

e,

the slides were first treated with an aqueous solution of po
~vinyl alcohol! ~PVA! following standard procedures,46 and
then rubbed with soft paper along a specific direction
achieve planar alignment. The use of rubbed PVA coati
resulted in nearly single-domain nematic samples: at m
only a few small disclinations were observed, and the
could be easily avoided when choosing the small s
~roughly 4 mm2! to be examined with the FRS apparatus. F
studies of the isotropic phase at temperatures greater
36 °C, the slides were cleaned but not coated with PVA. T
MR/5CB solution was sealed within the cell using a silico
adhesive.

In a FRS experiment, two interfering pump beams a
used to produce a periodic fringe pattern within a sam
containing a small concentration of a photochromic dye. A
sorption of the pump-beam photons creates a modulatio
the photoproduct and~hence! the ground-state dye popula
tion. The maxima in the ground-state population profile a
coincident with the minima in the complementary phot
product distribution. The decay of the induced modulati
patterns due to diffusion can be monitored with a Brag
diffracted probe beam. Since the ground-state and ph
product molecules do not diffuse at identical rates, the int
sity of a Bragg-diffracted homodyne-detected probe be
will decay with time according to

V~ t !5~A1 exp@2r 1t#2A2 exp@2r 2t# !2, ~1!

where theAi and ther i represent the amplitudes and dec
constants, respectively, associated with the ground-state
photoproduct gratings. The negative sign arises becaus
the 180° spatial phase shift between the two gratings. Ne
single-exponential decay is a special case of Eq.~1!, and it
should be kept in mind that, according to Eq.~1!, highly
nonexponential~indeed, nonmonotonic! profiles are possible
for anarbitrarily small difference between the rate constan
r i if the difference between the amplitudesAi is also small.37

Equation~1! is strictly correct only for pure phase grating
In the more general case of ‘‘mixed’’ amplitude/phase gr
ings, the decay of a Bragg-diffracted probe is given by34,38

V~ t !5uA1 exp@2r 1t#2eiDfA2 exp@2r 2t#u2, ~2!

whereDf is the difference between the optical phase sh
of the electric fields diffracted from the two gratings. Th
phase differenceDf will be nonzero whenever a portion o
the probe beam is absorbed within the sample.47

Azobenzene derivatives~such as MR! undergo a
trans⇒cis isomerization when excited by photons within th
visible/UV absorption band. The FRS grating contrast is p
vided by the difference in the~complex! index of refraction
between thetrans and thecis species. The FRS apparatu
employed for the current studies utilizes a 488 nm pu
beam and a 633 nm probe beam incident at powers of
mW ~total! and 5 mW, respectively. Since this apparatus h
been described in previous reports,36,37 the discussion here is
limited to several new features relevant to studies of NLC
The liquid-crystal sample holder consists of a machined a
minum retainer mounted to a rotation stage, which allows
director to be oriented parallel or perpendicular to the ho
zontal grating wave vectorq. An 8 mm diam hole cut
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FIG. 1. FRS signals obtained in MR/5CB samples atq255.503107 cm22. Profiles are displayed with the director oriented perpendicular~'! and parallel~i!
to the grating wave vector in the nematic phase at 33.9 °C, along with a profile in the isotropic~‘‘iso’’ ! phase at 35.6 °C.~a! Full profiles, with horizontal and
vertical offsets added for clarity. To avoid detector saturation, the perpendicular and parallel nematic signals were attenuated by 75% and 30%, repectively,
using neutral density filters placed between the sample and the detector.~b! The signal obtained at an increased oscilloscope sensitivity~1 mV/division!, with
no additional changes. Horizontal and vertical offsets have been added for clarity. It is apparent that the isotropic profile is nonmonotonic.~c! Logarithm of
the signals shown in parts~a! and ~b!. Vertical offsets have been added to the logarithmic profiles for clarity. The smaller-size data points were obta
the higher oscilloscope sensitivity.
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through the holder and the rotation stage allows passag
the laser beams. The stage is attached to a copper b
soldered to copper pipes to permit water-flow temperat
control~Neslab RTE-111!. The sample temperature was ca
brated in a separate run using a thermocouple junc
mounted between two microscope slides and placed at
position usually occupied by the sample. The precision of
temperature control was limited to about60.2 °C due to
fluctuations in room temperature. The pump beam polar
tion was vertical~to about61°!. Following Haraet al.,22 the
polarization of the probe beam was rotated~using a 633 nm
half-wave plate! so that the probe polarization was alwa
parallel to the nematic director, and a spatial filter and
dichroic polarizer with its transmission axis aligned para
to the incident probe-beam polarization were placed betw
the sample and the detector to reduce the detection of s
tered light. The probe-beam polarization was vertical in
isotropic phase. Pump beam exposure times~2–7 ms! were
controlled using a shutter. Signals were acquired and a
aged for 50–300 single shots on a digital storage osc
scope~DSO!. Reports in the literature37,48 have clearly dem-
onstrated the need for the proper separation of
heterodyne and homodyne baseline components for acc
FRS results. For the present studies, the heterodyne bas
contribution~i.e., the cross-term arising from the mixing o
light diffracted from the pump-induced gratings with lig
scattered from stationary defects! was eliminated by passin
one of the pump beams through a 488 nm half-wave pl
which, when rotated through 90°, introduced a 180° s
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between the phase of the probe light diffracted from the g
ings and the phase of the probe light scattered from stat
ary defects. The sum of the two FRS profiles acquired bef
and after this phase shift is then a pure homodyne sign48

All data were acquired using this procedure.
One concern that arises with the MR/5CB system

volves the potential effects of the photoproductcis popula-
tion on the mesoscopic properties of the NLC: since thecis
state of MR is nonplanar, photoexcitation of a MR molecu
might be expected to lead to a local disruption of the nem
ordering.45,49–52 To investigate the possible unintended e
fects due to dye photoexcitation, we measured the FRS
constant as a function of the pump-beam intensity in
nematic phase at a temperature of 33.9 °C withq252.47
3108 cm22. Attenuation of the pump beam by up to a fact
of 14 did not result in a measurable change in the FRS
constants for diffusion parallel or perpendicular to the dire
tor, implying that even an order-of-magnitude change in
cis population does not measurably affect our diffusio
coefficient results.

RESULTS AND DISCUSSION

FRS profiles for diffusion parallel and perpendicular
the director in the nematic phase at 33.9 °C, along with
profile for the isotropic phase at 35.6 °C, are shown in Fig
The three profiles, acquired on the same day using the s
PVA-coated sample, appear qualitatively similar using
DSO sensitivity in which the entire profile is acquired@Fig.
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1~a!#. If the DSO sensitivity is increased, however, the is
topic profile is seen to contain a secondary maximum,
shown in Fig. 1~b!. The secondary peak is quite small~less
than 0.1% of the maximum signal!, but is observed consis
tently at all grating wave vectors and temperatures inve
gated in the isotropic phase. Evidently, the isotropic signa
an example of a ‘‘decay–grow–decay’’ type of profile@with
two times at which the derivativeV8(t) vanishes# that has
appeared frequently in the FRS literature,27,29,31,38,53,54in-
cluding at least one case of a smectic mesophase.25

The existence of profiles with zero, one, or two times
which the derivativeV8(t) is zero follows directly from Eqs.
~1! or ~2! above. Care must be exercised in fitting Eqs.~1! or
~2! to experimental profiles via nonlinear regression, sinc
has been shown that such fits are, in general,
unique.33,37,38 To avoid such problems, we adopted the a
proach recently suggested by Parket al.,38 who pointed out

that in many cases theaverageFRS rate constantr av5( 1
2)

3(r 11r 2) can be determined uniquely and without diffi
culty from nonexponential profiles by expressing the F
signal @Eq. ~2!# in the simple form

V~ t !'~at21bt1c!exp~22r avt !. ~3!

The constant coefficientsa, b, and c can be expressed i
terms of (r 22r 1), Df, and theAi . Equation~3! is obtained
from a Taylor series expansion of Eq.~2! about the timet0

5(r 22r 1)21@ ln(A2 /A1)1i Df#, and represents a useful a
proximation for nonmonotonic profiles whenever the fra
tional differences (A22A1)/A1 and (r 22r 1)/r 1 are not very
large ~as expected for azo dyes!,35,55 and Df!1 rad. Equa-
tion ~3! has four unknown parameters@one less than Eq.~2!#,
three of which appear linearly; thus, Eq.~3! is expected to be
far less susceptible to the problems with nonunique fits
ported using Eqs.~1! or ~2!.27,33,38,56For pure phase grating
~Df50!, in which caset0 is real and represents the time
which the signalV(t) is zero, Eq.~3! reduces to

V~ t !'a8~ t2t0!2 exp~22r avt !, ~4!

which contains three unknown parameters@one less than Eq
~1!#. In Fig. 2 it can be seen that the minimum in the isot
pic profile does not reach the baseline, which demonstr
that DfÞ0 due to a small amount of probe beam absorpt
within the long-wavelength tail of the visible MR absorptio
band. We therefore fit all isotropic profiles to Eq.~3! to ob-
tain r av. An example of a fit to Eq.~3! is also shown in
Fig. 2.

Turning to the nematic profiles, it is important to dete
mine if single-exponential fits are appropriate in this case
has been shown that,37 when the photoproduct and groun
state rate constants differ by a small amount, forcing
single-exponential fit to a monotonic FRS profile can le
to significant errors, since the semilog slo
r exp5(21

2)d(ln@V#)/dt does not represent a physically use
FRS rate constant unless the dimensionless curva
K2 /(K1)2 is zero within experimental error.K1 andK2 are

the first and second derivatives of (1
2)ln(V@t#) at t50 and can

be used to provide estimates of the first and second cu
lants, respectively, of the FRS decay.57 We applied second
order polynomial fits to multiple profiles to obtain averag
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of K2 /(K1)2 at two different temperatures with the direct
orientated either perpendicular or parallel to the grating w
vector. In each case, four signal profiles obtained at differ
grating wave vectors were each fit over the time interval
which V(t) varied from 90% down to 40% of its maximum
value.~The top 10% of the profile was not included in the
to allow time for the much faster thermal-grating decay.37!
At a temperature of 33.8 °C, we obtained, using61s uncer-
tainties,^K2 /(K1)2&'50.1360.09 and^K2 /(K1)2& i520.1
60.1. At a temperature of 25.9 °C, we measur
^K2 /(K1)2&'520.0860.08 and ^K2 /(K1)2& i50.003
60.07. Thus, the curvature ratio is zero within uncertain
which validates quantitatively the application of singl
exponential fits to the nematic data and implies that the se
log slope is equal~within uncertainty! to the rate constan
r av.37 All nematic rate constants were then obtained us
single-exponential fits over the time interval for whichV(t)
varied from 90% down to 2% of its maximum value.

Examples of rate constants obtained from sing
exponential fits to the nematic profiles, and from fits to E
~3! for the isotropic profiles, are shown as a function ofq2 in
Fig. 3. All diffusion coefficients in this report were obtaine
from the slope of such plots using four different values
q2. In Fig. 4 we show the diffusion coefficient as a functio
of temperature for diffusion parallel and perpendicular to
director in the nematic phase, along with the diffusion co
ficient in the isotropic phase. From sample-to-sample va
tions in the rate constants we estimate the maximum erro
the diffusion coefficient to be63% in the nematic phase an
66% in the isotropic phase. The temperature dependenc
arguably of the Arrhenius type for the isotropic phase and
the low-temperature (T,30 °C) region of the nematic phase
although certainly any assignment of an ‘‘Arrhenius’’ depe
dence over the rather narrow temperature regions stu
must be made with due caution. Table I reports the co
sponding isotropic activation energyDEiso and the nematic-
phase activation energiesDEi andDE' . There is no obvious
break in the temperature dependence at the nema
isotropic transition temperature:D i and D iso are essentially
continuous acrossTNI .

As the temperature approachesTNI in the nematic phase
the behavior is clearly non-Arrhenius. Although bothD i and
D' display a decreasing slope asT→TNI , the effect is more
dramatic for D i , so that the anisotropy ratioD i /D' de-
creases as the phase transition is approached. The vari
in D i /D' can be exhibited in a more direct fashion by plo
ting this ratio as a function of the nematic order parame
S(T). To obtain the latter, we useS(T) as derived by Sher-
rell and Crellin58 from their measurements of the anisotro
in the 5CB nematic-phase magnetic susceptibility, wh
were later recommended by Ahlers59 as the best available
values.D i /D' is plotted as a function ofS(T) for the full
nematic temperature range in the inset of Fig. 4. As expec
from first principles,18,19 the diffusion anisotropy measure
using FRS increases as the 5CB nematic order param
increases, although improved precision will certainly be n
essary before the correct quantitative relation between th
two quantities can be identified with confidence.

We may now compare the current work to a previo
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study by Haraet al.,22 who also carried out FRS studies o
0.1% MR-5CB samples confined between rubbed PV
treated slides. As in the current study, rate constants in
nematic phase were obtained using single-exponential
For comparison, the nematic activation energies and the
ues ofD i and D' at 25 °C obtained by Haraet al. are in-
cluded along with the results of the present work in Table
There is good agreement in the values of the diffusion co
ficients at 25 °C. On the other hand, Haraet al. obtained
activation energies for parallel and perpendicular diffus
coefficients that differed by about 80%, while the two ac
vation energies are nearly equal for the current invest
tions. It is worth noting, however, that the scatter in t
diffusion coefficient versus the temperature measuremen
Hara et al. is larger than that of the present study, and t
the average of the parallel and perpendicular activation
ergies reported previously is close to the average obtaine
the current study. Haraet al. carefully noted a decrease i
the slope ofD i as the temperature approachedTNI , and Fig.
6 of their paper shows a possible decrease in the slope oD'

in this temperature region. The present results largely c
firm these important observations~at a somewhat higher in
ternal precision!, and also show that the non-Arrhenius d
pendence can be correlated with the nematic or
parameter.

In their studies of the isotropic MR/5CB phase, Ha
et al. also fit the FRS profiles to single-exponential deca
The secondary peak shown in Fig. 1~b! of the current report
was apparently not detected, presumably because of its s
amplitude relative to the maximum signal level.~It should be
noted that there was no reason to expect a secondary m
mum when the Haraet al. work was carried out, since th
significance of complementary FRS gratings had not
been identified.34,35! The data of Haraet al. show ~in their
words! a ‘‘discontinuous jump’’ in the diffusion coefficien
at TNI , with D iso(TNI) exceedingD i(TNI) by ;30%. The
current studies treat the FRS signals in the context of
complementary grating model, yielding a smaller value
D iso at TNI that is ~within error! nearly continuous withD i ,
along with an isotropic activation energyDEiso equal to

FIG. 2. A FRS profile obtained in the isotropic phase at a temperatur
34.8 °C using a grating wave vector withq257.293107 cm22. For clarity,
only 25%~every fourth point! of the data have been plotted. A fit to Eq.~3!
~solid line! yields a5229 V/s2, b5248.9 V/s, c52.61 V, and
r av523.7 Hz. The residuals~with every fourth point plotted! are shown in
the inset.
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about two-thirds of the value obtained previously~see Table
I!. Thus, it is apparent that the unexpected discontinuity
TNI is not observed when the complementary grating cha
teristics of the FRS signals are accounted for. It is not s
prising that the isotropic diffusion coefficients obtained
the previous investigation are consistently larger than th
measured in the current study, since it is easily shown t
for nearly pure phase gratings, the rate constantr exp5
(21

2)d(ln@V#)/dt extracted by fitting a decay–grow–deca
FRS profile to a single exponential function will always b
larger than eitherr 1 or r 2 .37 The rather unremarkable tran
sition from nematic to isotropic diffusion evident in Fig.
implies that it is not necessary to invoke a hypothesis invo
ing ‘‘dressed’’ polaronlike tracer diffusion within the 5CB
nematic phase. As noted above, nematic/isotropic diffus
discontinuities have been reported in FRS studies for MR
other NLC systems.39–42 Although the current experimen
involves only 5CB, it is possible that the nematic/isotrop
discontinuities reported for these other systems could als
related to complementary grating effects. In any case, i

of

FIG. 3. Plots of the rate constant as a function of the square of the gra
wave vector. In the upper plot, the nematic rate constants, measured wit
director oriented parallel~i! and perpendicular~'! to the grating wave vec-
tor, were obtained from simple exponential fits. In the lower plot, the r
constants in the isotropic phase were obtained from fits to Eq.~3!.

FIG. 4. Tracer diffusion coefficients for MR in 5CB as a function of tem
perature in the nematic and isotropic phases. The inset shows the
D i /D' as a function of the 5CB nematic order parameterS(T) for the full
nematic temperature range.
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clear that complementary grating considerations are imp
tant for accurate FRS studies of dynamics within liquid cr
tals.

CONCLUSIONS

New FRS studies carried out using the complement
grating model to interpret data obtained at higher sensiti
confirm the non-Arrhenius behavior reported previously
MR in nematic 5CB. We have also found that the diffusi
anisotropy ratioD i /D' can be correlated with the nemat
order parameterS(T) over the full nematic temperatur
range. In the isotropic phase, we have observed a dec
grow–decay FRS profile, resulting in new values for the i
topic diffusion coefficient and its activation energy that a
significantly lower than the previous values; this, in tu
removes the previously reported diffusion anomaly at
nematic–isotropic phase transition. Our results highlight
importance of accounting for complementary grating effe
for accurate FRS measurements in liquid-crystal system
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