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The pretransitional equilibrium properties of isotropic liquids in the proximity of the isotropic-nematic phase
transition are well known and successfully modeled. Much less is known about the dynamic behavior, and in
particular about the pretransitional viscosity. In this work we combine two techniques [dynamic light scattering
(DLS) and electric birefringence spectroscopy (EBS)] offering complementary insights into both static and
dynamic pretransitional behavior of the homologous nCB family (n-alkyl cyanobiphenyl). EBS explores the
single molecule flipping dynamics retarded by a paranematic potential barrier and enables extracting the
associated transport coefficient, which is found to be of Arrhenius type in the whole temperature range
explored. DLS reflects the collective dynamics of correlated domains and depends on the viscous damping of
the orientational order. Such a viscosity displays Arrhenius behavior only sufficiently far from the transition
temperature, with deviations growing as a power law of the appropriate reduced temperature with exponents

around 0.1.
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I. INTRODUCTION

The isotropic to nematic (IN) phase transition in liquid
crystals (LC) is a weak first order transition where a discon-
tinuous change of the order parameter is preceded on the
high temperature side by pretransitional fluctuations of the
orientational order [1,2]. As the IN transition temperature Ty
is approached from the isotropic phase, the correlation length
for the local orientational order grows, leading to hyperbolic
divergence of the susceptibilities as measured through scat-
tered light intensity [2—8], and magnetic [5,9] and electric
susceptibilities [5,10-13]. The divergences are terminated by
the occurrence of the first order transition at Ty;, where the
correlation length reaches values up to a few hundred A [2].
Apart from minor deviations from hyperbolic behavior near
the transition [3-5,8,9,14], the static properties of the IN
pretransitional state are well described by the classic mean
field theory proposed by Landau and deGennes [1,2], valid
for temperatures that satisfy the Ginzburg criterion.

As local orientational ordering develops, its associated
dynamics slows down. While the basic scaling of the pretran-
sitional static behavior is well established [2], much less
clear is the temperature dependence of viscosities and, in
general, of transport coefficients of LC. Indeed, in literature
examples can be found of both critical [9,15] and noncritical
[3,9-11,15-19] behavior. Such findings, as far as we know,
have not been clearly theoretically justified. In fact, the be-
havior of viscosities and transport coefficients even for the
case of simple fluids is hard to model [20,21].

This paper focuses on the static and dynamic properties of
the nematogenic compounds nCB (n-alkyl cyanobiphenyl)
measured in the isotropic phase near the IN transition by two
distinct experimental techniques, electric birefringence spec-
troscopy (EBS) and dynamic light scattering (DLS), provid-
ing distinct insides into the system properties. The birefrin-
gence induced in the isotropic phase by electric fields at
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various frequencies comes from electric polarization and
alignment of correlated domains. Accordingly, its cutoff at
high frequency reflects the difficulty for each single mol-
ecule to follow the fast changes of the field and, hence, for
the domain to be polarized. On the other hand, the intensity
of the scattered light measures the local mean square fluc-
tuation of the dielectric constant brought about by the fluc-
tuations in orientational ordering. The correlation time deter-
mined by DLS is a measure of the fluctuation lifetime.
Therefore, from the dynamic response of EBS and DLS we
can determine the associated transport coefficients. The cut-
off frequency of the electric birefringence spectra enables
determining the transport coefficient associated with the
single molecule dynamics. The viscosity extracted from the
correlation time is instead related to the dynamics of forma-
tion of the domain. We obtain that the two transport coeffi-
cients behave differently: single molecule dynamics is hin-
dered by a noncritical viscosity and by a paranematic
potential barrier, while the transport coefficient determining
the lifetime and orientational dynamics of paranematic fluc-
tuations displays instead an unmistakable precritical charac-
ter.

II. EXPERIMENTAL
A. Materials

We use LC of the family of n-alkyl cyanobiphenyl
(Merck), whose molecules have a permanent electric dipole
along the axis, two rigid phenyl rings and an alkyl chain of
length n. Depending on this length the liquid crystal exhibits
different phase behavior, as is shown in Fig. 1. Apart from
the even-odd effect of the critical temperatures [1] we also
observe that not all the phases are present on each liquid
crystal. As the length of the flexible aliphatic chain is in-
creased the tendency for microphase separation leading to
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FIG. 1. Schematic Phase diagram of the nCB family.

the layered smectic structure is enhanced, while the overall
molecular rigidity and hence the tendency to orientational
ordering is reduced. In the case of 10CB the IN phase tran-
sition is absent and the transition from isotropic to smectic is
direct.

B. The EBS experiment

In this experiment, we measure the birefringence An=n,
—n, induced by an electric field on the isotropic phase of the
LC. n; and n | are, respectively, the refractive index parallel
(Il) or perpendicular (L) to the electric field. The sample is
kept in a cell of 200 ul of capacity that contains a pair of
parallel electrodes 1 mm apart. A sinusoidal electric pulse of
angular frequency w in the range from 628X 10% to 1900
X 10° rad/s is applied, the upper frequency limit (300 MHz)
being set by inductive loops at the cell. A linearly polarized
monochromatic beam emitted by a He-Ne laser source
crosses the cell of optical path length of 1 cm where the
electric field is perpendicular to the beam and at 45 degrees
from the incident polarization. After the cell, the beam en-
counters (i) a quarter wave plate with fast axis parallel to the
incident polarization and (ii) an analyzer at 90-a degrees
from it, where « is a small angle enabling to enhance the
signal, detect the sign of the birefringence and compensate
the residual birefringence of the cell window [22]. Details
about the experimental setup are described elsewhere [23].

The intensity detected after the analyzer depends on the
induced birefringence. Experiments were performed in the
low field “Kerr regime,” where the induced birefringence An
is proportional to the square of the applied field, as verified
in the whole frequency range explored (see Fig. 2). The Kerr
constant K defined as the low field electrooptical susceptibil-
ity is

An

K=—5,
\E>

(1)
where N and E| are, respectively, the laser beam wavelength
and the amplitude of the electric field. If we apply a sinu-
soidal electric pulse, the Kerr constant is composed by a dc
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FIG. 2. Electrically induced birefringence An of 6CB measured
at different frequencies as a function of the square of the electric
field E,,. The continuous lines show the proportionality between An
and Eé.

component K4 and an ac component at frequency 2w. In a
LC, the ac component is dominated by the dynamics of the
paranematic fluctuations, while the dc component is related
to the amplitude of the local dielectric anisotropy at fre-
quency w. EBS measures the dc component of the induced
birefringence as a function of the frequency of the applied
electric field [22].

In Fig. 3 we present an example of the Kerr constant K.
measured as a function of the frequency at four different
temperatures for SCB. All EBS spectra can be well fitted by
the real part of a Debye function (lines in Fig. 3)

Ky- K.,

K, =Ko+ ——7,
dc(w) 1+ ((IJTEB)2

()

where K, and K|, are, respectively, the high and low fre-
quency asymptotic values of the Kerr constant and 7zp is the
inverse of the characteristic frequency of the relaxation
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FIG. 3. DC component of the Kerr constant K. of 8CB mea-
sured as a function of the frequency w of the external electric field

at different temperatures. Lines: best fit with the Debye equation
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FIG. 4. Time dependence of the autocorrelation function G, yy
of the scattered light intensity in VH configuration of 5CB at dif-
ferent temperatures. Lines: best fit with a monoexponential
function.

curve. Fitting Eq. (2) to the experimental spectra at different
temperatures allows to obtain the temperature dependence of
both the susceptibilities (K, and K. and the dynamic re-
sponse time (7gp).

Actually, in analogy with predicted dielectric spectra
anomalies [24,25], deviations of Kerr spectra from the
Debye-type behavior have been proposed in literature
[26,27], but those departures are generally very small and not
detectable within our experimental uncertainties.

C. The DLS experiment

Light scattered at 90 degrees from a He-Ne laser beam
(wavelength 632.8 nm) and scattering vector ¢=2.1
X 10" m~! is collected by a single mode fiber coupling sys-
tem. From the data we extract the average scattered intensity
Iyy.yy in polarized (VV) and depolarized (VH) configurations
and the time autocorrelation function G, of the intensity of
both polarized and depolarized scattered light (G, yy and
G,.yy, respectively) at various temperatures. The incident
beam is vertically polarized and we collect the scattered light
either through a vertical polarizer (VV geometry) or through
a horizontal polarizer (VH geometry). G, is expressed by
[28]

Goyy,vu(t) = [ag%(vv,vm(f) + 110y v A3)

where « is an instrumental coherence factor whose maxi-
mum value, nearly attained in single mode collection, is 1
and gyyyvg) is the normalized autocorrelation function of
the scattered field. A fiber beam splitter and cross correlation
enable to reliably extract correlation functions down to a
retardation time of 25 ns, a limit set by the electronics of the
BI9000 correlator board used in the experiment.

Within our experimental uncertainties the correlation
function of the nCB liquid crystal at both VV and VH con-
figurations is monoexponential (see Fig. 4),
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FIG. 5. (a) Inverse of the low frequency value of the birefrin-
gence 1/K, and (b) characteristic times 7z measured as a function
of the temperature for the nCB family. Lines: best linear fit from
which the divergence temperature Tpy is obtained.

givv,vm(t) = e 1Cmvvvn) @

Tyy.yy 1s the characteristic time of the decay in the DLS
experiment in VV or VH configuration.

II1. STATIC BEHAVIOR
A. Electric birefringence

In Fig. 5 the inverse of the low frequency value K, of the
birefringence and the characteristic time 7zg of the EBS
spectrum are plotted as a function of the temperature for the
nCB studied. The values of the Kerr constant are in line with
those reported in literature [12,29]. As clearly shown in the
figure, 1/K, linearly depends on temperature and thus can be
described by 1/K,>(T—T") where T" is a pseudotransition
temperature which would correspond to a singular point if
the isotropic phase would not incur the first order IN transi-
tion. 7" is generally located about one degree below the ac-
tual transition temperature Ty;. This behavior is well known
and can be accounted for within the frame of mean field
analyses.

In the Landau-de Gennes mean field approach the free
energy density F is expanded as

F= %As2 - %Bs3 + A]-‘Cs4 + e, (5)

where s= %(3 cos? #—1) is the scalar nematic order parameter
and @ is the angle between the molecular axis and the refer-
ence direction. The temperature dependence is brought into
the model through A(T)=a(T-T"), where a is a constant
independent of the temperature [1,2]. The first order charac-
ter of the transition is ensured by a cubic term in the expan-
sion.

011707-3



JIMENEZ et al.

PHYSICAL REVIEW E 74, 011707 (2006)

TABLE I. Transition temperature Ty; (°C), divergence temperature 7" (°C) and activation energy AH for
the nCBs obtained from EBS, polarized (VV) and depolarized (VH) DLS. W is the nematic potential ex-
tracted as described in the text. AH(7), AH(g;y,), and AH(g)) are, respectively, the activation energies for the
shear viscosity, for the dielectric constant in isotropic phase and for the parallel dielectric constant in the
nematic phase found in literature [18,31,32]. All energy data are in kJ/mol, and their uncertainties are of the

order of 15%.

e * s

nCB Tt Tgp T,, Ty, AHgg AHyy AHyy AH(p) W AH(g) AH(ey,)
5 359 349 335 333 59 40 34 31 28

6 304 292 289 290 51 41 39 32 19

7 426 411 416 416 54 40 53 30 24 46 26

8 405 399 394 395 60 52 46 30 30 48 29
10 495 464 31 28 3

To account for the effect of external electric fields, the
Landau-de Gennes expansion is modified by adding a poten-
tial energy density W accounting for the average orientation
of the permanent molecular dipole moment w in the electric
field [1],

NAF?h**E;}

W(s) =— s,
3Vk,T

(6)
where N, is the Avogadro number, F is the reaction field
factor, £ is the cavity field factor, V is the molar volume, and
kg is the Boltzmann constant. In Eq. (6) we assumed the
molecular permanent dipole u to be aligned along the mo-
lecular axis and we neglected induced dipole moments. In

the isotropic phase the energy is minimized by
heoAe*E]
5= 028 0 (7)
3a(T-T)

where &, is the vacuum permittivity and A& is the dielectric
anisotropy of a perfectly aligned LC (i.e., s=1) given by [30]

N hF?u?
Ae=g—g, = 2B (8)
V80kBT
Ae¥=Ae(s=1), 9)

g).1 is the dielectric constant when the electric field is ap-
plied parallel or perpendicular to the nematic director. Since
the birefringence An is proportional to s [23]:

3cos? -1
An= Anx<%> =An’s,

where An* is the birefringence of a perfectly aligned LC, we
can combine equations and obtain

Ane hEZA goAeX
3a(T-T")

(10)

(11)

In Table I we present Ty; and Tgp as obtained from the
fitting of the data in Fig. 5(a) with Eq. (11). The transition
temperatures are in agreement with that found in literature,
including the already well documented even-odd effect [1].

The pretransitional behavior of K, can be intuitively un-
derstood as follows. The electric field coupling of the single

molecules is always smaller than the molecular field that
keeps the orientational order. Hence, the only effect of the
electric field is the flipping of the molecule that does not
oppose the molecular field. The torque added up for all the
molecules inside the correlated domain becomes large
enough to induce an orientation of the whole domain along
the field, leading to an enhanced electro-optical susceptibil-
ity. Far from the transition, the domains are very small and
thermal agitation hinders the orientation, hence there is not
an observable birefringence. As temperature decreases, the
domains become larger and hence their ability to orient,
yielding to an increase of the birefringence. The divergence
of the birefringence goes in parallel with the divergence of
the correlation length.

The K., data range between 10" and 10~'! m/V? are in
agreement with those previously reported [33], and despite
they are very noisy, have a decreasing tendency with tem-
perature. K,/K.~30+10, which roughly agrees with the

gI—&L

value 20 extracted from literature values [34].

nz—nz

The Htralnsition from isotropic to smectic 10CB takes place
at 3.6 degrees higher than the divergence temperature T
(while in the other cases the difference was around 1 degree).
That means that the correlation length before the transition is
much smaller than in the other nCB studied and hence the
Kerr constant values K|, are smaller than the data of the other
nCB studied.

B. Scattered light

In Fig. 6 we plot the ratio of the temperature and scattered
intensity (Iyy and Iyy) obtained by fitting Eq. (4) to the data
of the correlation function G,(7) in the VV and VH configu-
rations, respectively. Analogously to what was found with
the Kerr constant, 7/1yy, yy depends linearly on 7, vanishing
at an extrapolated T*VV and T*VH whose values closely match
those found from the EBS experiment (see Table T).

The intensity scattered in the isotropic phase by a LC in
the proximity of Ty; depends on the magnitude and size of
local fluctuation of the dielectric constants, and thus light
scattering is the most direct technique to detect the growth of
the short-ranged orientational order. As we approach the
critical temperature, the correlation length increases and thus
the intensity of the scattered light. An explanation of this
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FIG. 6. (a) Ratio of the temperature and the intensity of the
scattered light (a) 7/1yy and (b) T/Iy; measured as a function of the
temperature. The lines represent the best linear fit to the high tem-
perature data.

phenomenon can be found in the frame of the Landau-de
Gennes model [35]. Using the Gaussian approximation [that
is, considering only the s* term in Eq. (5)] it is obtained that
in VV and VH configurations, the scattered intensities are,
respectively [35],

kel
Voa(r-T)

3
IVH:ZIVV' (12)

Hence, a plot of T/1yy, vy should scale linearly with 7— T" as
shown in Fig. 6.

If we observe carefully the static results at temperatures
just above the transition, it can be seen that the light scatter-
ing intensity deviates from the (7—7")~! behavior. These de-
viations have been already studied [3-5] and justified since
near the transition the fluctuation becomes important and the
associated free energy expansion, from which the probability
of the fluctuation is calculated, cannot be cut at the second
order term. It has been also shown that including cubic and
quartic terms is enough to account for the whole experimen-
tal set of data of the susceptibilities [3-5]. Actually, accord-
ing to our measurements, such deviations are certainly
present, but are smaller than those found in literature. At the
contrary, in EBS measurements the deviations, if present, are
very small and not appreciable given our experimental un-
certainties.

Because of the short correlation lengths of 10CB, the
combination of weak scattering intensities and short correla-
tion times makes impossible to perform DLS measurements
on this compound.
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FIG. 7. Arrhenius plot of the viscosity 7gp extracted from EBS
data for the nCB family studied. Line: linear fit curves.

IV. DYNAMIC BEHAVIOR
A. Shear viscosity from EBS

The measured characteristic times 7gzp [see Fig. 5(b)] are
of the same order than those found in literature [29,33], but
precision of our measurements permits, for the first time, to
determine its temperature dependence. We observe that 7gp
increases but it does not diverge approaching the transition
temperature and so no evidence of critical slowing down is
shown. 7gp displays remarkable pairing of SCB and 6CB
data, and of 7CB and 8CB data, possibly reminiscent of the
standard odd-even effect.

As the frequency of the electric field increases, the ability
of the molecules to orient along the field decreases, in turn
yielding a decreased Ang.. Therefore, the characteristic time
7gg 18 related to the flipping time necessary to orient the
permanent dipole of the molecule along the external electric
field.

In a very first approximation, neglecting the molecular
fields effects, we can apply the Debye friction model for the
orientation relaxation time of spheres [36]:

TeB  7JEB

1 kpT
o B~ (13)

where 7gg is the viscosity extracted from EBS. Accordingly,
in this simplified view, 7gp is obtained by the following pro-
portionality relation:

Meg & Tl - (14)

Quite generally, viscosities exhibit activated dynamics be-
havior as described by the following Arrhenius equation

7= exp(AH/kpT), (15)

where 7, is independent of the temperature and AH is the
activation energy. In analogy, we can represent our 7gg data
in the Arrhenius plot as in Fig. 7. The linearity in the data
indicates that the molecular flipping in the pretransitional
regime is an activated process, whose activation energy
AHgg is given in Table 1.
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FIG. 8. Characteristic time (a) 7y and (b) 7yy measured as a
function of the temperature for the nCBs studied.

As evident by inspecting the data in Table I, AHgg is
systematically larger than the activation energies obtained
through other experimental techniques such as rheology, di-
electric spectroscopy and DLS.

B. Orientational viscosity from DLS

1. Role of viscosity in the DLS

Figure 8 shows the characteristic time 7y yy of the cor-
relation function G,(r). Experimentally, the values are
around one order of magnitude larger than 7zg in agreement
with a supramolecular dynamics. The values of the charac-
teristic time 7yy are very similar to those found in Refs.
[15,19], where the rate I" of the fluctuations is obtained from
light scattering spectra.

The equation of motion for the orientational order param-
eter can be described by the Onsager relations for the
coupled flows of the tensorial order parameter O,z and the
shear rate Uaps

1
Qup=Eap~ 387/ 0up: (16)
. 1{ v, (r,1) dvg(r.t
vaﬁ<r,t)=—< valnl) | P05 )) (17)
2\ dxg x,

being &, the elements of the dielectric tensor, J,4 the Dirac
delta, v, the @ component of the velocity and x, the a Car-
tesian coordinate. The Onsager relations for such coupled
hydrodynamic flows are [35]

O-O(,B(F’t) = nvaﬁ(;’t) + ZMQHB(;’I)’ (18)
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(I)aﬂ(;st) = /*l’vaﬁ‘(;s t) + VQaB(;’t)’ (19)

where o,4(7,1) is the a8 component of the hydrodynamic
stress tensor and ®,4(r,1)=—AQ,4(r,1) is the force conju-
gate to the order parameter. 7 is the shear viscosity, u is the
transport coefficient associated to the momentum transfer be-
tween collective rotation and translation, and v is the trans-
port coefficient characterizing the dissipation of the order
parameter fluctuations (orientational viscosity). v express the
fast collision that lead to a slow decay of the order parameter
fluctuation in a purely dissipative process.

In the VV configuration, the scattered light measures the
mean square fluctuations that are not coupled to the shear
fluxes [(Qiy(q,w)) if we set the wave number Zllg] and the
intensity spectrum has a Lorentzian shape,

2r

2 2
Flg.) (0% (0.0 = (0% (4.0 5. (20)
where the “Litster width” T" [9] is given by
F=A(D)/v=a(T-T)Iv. (21)

In the VH configuration,

= Q2 g0’ + (@ g, e, (22)

where ¢ is the scattering angle. The coupling between the
shear rate and the order fluctuations leads to the second ad-
dend in Eq. (22). It has the shape:

(07.(9,0))(w* + beg®)
(0> =Thg*)? + *(I + cq?)?
My Ml
®* + F% ®*+ F%

(Q2(q.0) =

= <Q§z(q,0)>( ) (23)
where b=17/p, c=b(1-2u*/vy), p is the mass density, M,
~blc, My=~blc—1,T;=Tb/c, and I'y=cq>.

Hence, in the VV configuration the normalized autocorre-
lation function of the scattered field g;yy in the time domain
is well described by a monoexponential decay,

g1v(q,1) = e (24)

while in the VH case we expect
grvn(q.D) < G+ & (Me 1 = Mpe),  (25)

where &, and &, are normalization constants. The observation
of more than one exponential function (or Lorentzian func-
tion in the frequency domain) is not possible in our experi-
mental conditions, as I'; =1 and the third addend in Eq. (25)
decays too fast to be observed. Hence we force the simplifi-
cation

grym(gn) = el (26)

where I'’ is some average value between I" and I'y. In the VH
configuration we obtain a systematically smaller value for all
nCB at all temperature of the characteristic time (7yy/ Ty

~1.14+0.04), from which we can estimate (F' ~ F+TF1) that

011707-6



OPTICAL AND ELECTRO-OPTICAL DERIVATION OF...

4,6 - a)

- [ 4
7CB 8CB 5CB o 6CB
4,8 e

&
v
f J

-5,0 4

In v, (arb. units)

v
T T T T T T
3,15 3,18 3,21 3,24 327 3,30
464 b)

) 7CB  8CB 5CB 6CBo
o @)
S 484
O
—_
&
T 5,04
>
S
£
5.2+ T T T T T T
3,15 3,18 321 324 327 330

1000/T (K)

FIG. 9. Arrhenius plot of the orientational viscosities vyy and
vyy as obtained from DLS experiments in both (a) VV and (b) VH
configurations. Lines correspond to the high temperature Arrhenius
law.

2u?/vy=~0.22+0.04, similar to the values reported in the
literature [9,15].

2. Experimental values of the orientational viscosity

Comparing Eq. (4) with Egs. (24) and (26) one can derive
a relation between the decay time 7yy vy and the orienta-
tional viscosity vyy vy

Vyy.vH
= 27
TVyV,VH 2a(T - Tk) (27)

where vyy=v and vyy=v. Hence, we can extract the orien-
tational viscosity vyy yy from the measured values of the
time decay in the DLS (VV and VH) experiment. Namely,
from Eq. (12) and Eq. (21) it is straightforward to see that

TTyyyu

Vyy,va * (28)

Iyy v
In this way vyy vy is extracted combining static and dynamic
light scattering data, which were simultaneously taken in
each experimental condition. This is why we prefer to extract
Iyy vy directly from G, rather than through the more standard
procedure of averaging of multiple speckle detection.

The viscosity vy, and vyy extracted from DLS measure-
ments are shown in an Arrhenius plot in Fig. 9. Clearly, the
viscosity deviates from Arrhenius behavior near to the tran-
sition. Note that such divergence occurs for every nCB and
hence cannot be due to the small deviations of the scattered
intensity from the mean field hyperbolic behavior (see Fig.
6), which is not always observed. This is the case of 6CB
(VH), where the deviation from linearity of T/Iyy is nearly
absent. Indeed, if we substitute T/Iyy vy in Eq. (28) by the
linear fitting in Fig. 6, the divergence would still be there.
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FIG. 10. Critical viscosity vy yy,yy as a function of the reduced
temperature % extracted from the low temperature DLS data of
Fig. 9. (a) Data from VV and (b) data from VH experiments. Lines
correspond to a power law with the exponent z,~0.1.

We can express the viscosities in Fig. 9 as a product of a
noncritical Arrhenius viscosity v, yy.yy and a critical vis-

COSItY Verit v, vas
Yy = Veie vw.vi(T) Vage vvve(T). (29)

As a consequence, the activation energy (AHyy, AHyy) for
each nCB (see Table I) can be extracted only from the high
temperature data, by fitting with an Arrhenius law.

Figure 10 represents Vet vyl @S @ function of the re-
duced temperature €= % in a double logarithmic scale near
T", where T" has been taken in every case from the DLS data
in Table I. Although the data range is too narrow to extract
reliable critical exponents, it can be seen that the equation
Verie vv.ve * € <7 describes reasonably well the critical viscos-
ity with a critical exponent z,, ranging from 0.08 to 0.15 for
both the VV and VH configuration and for all the LC studied.

V. DISCUSSION
A. Characteristic times and activation energies of EBS

It is interesting to compare our EBS data with the dielec-
tric spectra found in literature, since both quantities are re-
lated to the polarizability of the system and in both cases the
observed dynamics reflects the single molecule kinetics. We
already noticed in commenting Table I that the activation
energies of EBS are larger than those extracted from DLS
and those reported in literature for viscosity and dielectric
constant. We show here that this anomaly of AHyg combines
with other intriguing differences between EBS and dielectric
spectroscopy, suggesting fundamental differences between
the two experiments.

In Fig. 11 we overplot our EBS data and dielectric data
taken from Bose ef al., Ref. [31], for 8CB. Although data are
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FIG. 11. (a) Normalized dielectric constant &’ (data from Ref.
[31]) and normalized Kerr constant K4, for 8CB at 41.5 C. Dashed
line is the best Debye fitting curve to the dielectric spectra. Solid
line is the prediction of the droplet model for the Kerr constant. (b)
Arrhenius plot of the characteristic frequency of the dielectric re-
laxation (w,, full symbols) in the isotropic and nematic phases (data
from Ref. [31]) and of EBS relaxation (wgg=1/7gg, open symbols,
data from Fig. 5). Data taken for 8CB.

overall similar, differences are evident. The normalized di-
electric spectrum &’ exhibits more than one characteristic
time, as it is shown by the deviation from the Debye curve
[dotted line in Fig. 11(a)] at high frequency, while the nor-
malized Kerr constant K, decays through a single relaxation
process (see Fig. 3). Also, EBS dynamics is systematically
slower and with an unmistakably larger activation energy.

It is worth to note that dielectric spectrum displayed in
Fig. 11(a) is just one example in the many offered by the
wide body of literature [17,32,37—44], all sharing non-Debye
behavior and characteristic frequency larger than our Kerr
measurements, besides some slight quantitative differences.

To picture the effect of paranematic fluctuations in EBS
and dielectric spectroscopy, and possibly spot their intrinsic
differences, it is useful to pursue the simple description of
fluctuations as given by the so-called droplet model of criti-
cal phenomena [45]. Accordingly, we envision the pretransi-
tional LC as an ensemble of nematic droplets, each described
as if suspended in the isotropic phase. The order parameter is
assumed to be the same within every droplet while the drop-
let directors are taken to be independent from each other. The
dielectric anisotropy of each droplet is characterized by g
and & ; together with the respective relaxation frequencies
o p and w, p. The angular distribution of the droplets fol-
lows the Boltzmann function f(6)= ¢~ "d?*sT where V,, is
the electric energy of the droplet in the external electric field
and @ is the angle between the director of the droplet and the
electric field. The total dielectric constant of the dispersion is
proportional to the average value of the dipole moment of
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the droplets. On the other hand, the electric birefringence of
the whole system is given by the average value of
[3 cos’(#)—1]/2. On the basis of this model, one can char-
acterize both the dielectric and the Kerr constants with the
same set of parameters. By fitting the dielectric spectra to a
double Debye, we extracted g p, £, p, 0 p, and w, p, from
which we constructed the expected behavior of the Kerr con-
stant [solid line in Fig. 11(a)]. In spite of the fact that the
experimental Debye shape of the Kerr constant is approxi-
mately reproduced, the large difference between the dielec-
tric and Kerr characteristic frequencies observed in Fig.
11(b) cannot be explained by this standard form of the drop-
let model.

A clue of how the paranematic state could be better por-
trayed to allow for the observed EBS behavior, is given by
the intriguing matching of the EBS characteristic frequency
and activation energy in the isotropic phase with those of the
parallel dielectric constant in the nematic phase [see Fig.
11(b) and Table I]. It is thus quite tempting to quantify the
difference in activation energies by introducing into the EBS
analysis the nematic retardation factor g, a measure of the
potential barrier W given by nematic molecular arrangement
[46]. Accordingly, AHgg=W+AH,, enabling us to use the
activation energy of the shear viscosity reported in literature
[18] to obtain the estimate of W reported in Table 1. We
obtain rather large values for W.

All these observations would coherently add up in a
modified droplet model, where the droplet’s order parameter
Sp is not the same in every droplet, but rather follows a
statistical distribution. This assumption would intrinsically
yield relevant differences between EBS and dielectric spec-
troscopy, since droplets would contribute to the Kerr con-
stant proportionally to Sé while their contribution to the di-
electric constant is basically independent from Sp. Such a
weighting factor makes EBS dominated by the most ordered,
and thus dynamically slowest, paranematic correlated do-
mains. In this sense, and despite the paradoxical quality of
the sentence, EBS is a tool to measure the nematic properties
of the isotropic phase.

B. Critical behavior of v

The only precedent results about the divergence of the
orientational viscosity refer to ¢ [Eq. (23)], which was mea-
sured for MBBA (MethoxyBenzylidene ButylAniline),
where a qualitatively pretransitional enhancement is noticed
[9], and for 6CB, where a critical exponent 0.15 has been
obtained by using an optical beating spectroscopy technique
whose spectra are mainly governed by the second addend in
Eq. (22) [15]. More extended studies have been devoted to
simple fluids, where the critical behavior of the different
transport coefficients has been reported [21]. For example,
near the gas-liquid transition the shear viscosity and the ther-
mal conductivity present a weak pretransitional behavior
(critical exponents x,=0.041 and x,=0.6, respectively [47]).
In this context, the small values of the critical exponent we
find (zﬂ between 0.08 and 0.14) are in reasonable agreement
with those found in the literature [15,21,48,49].

As far as we know, there is no theoretical frame for the
dynamics of the pretransitional paranematic behavior. Hence,
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we can only make some analogies with the existing models.
The dynamics analyzed in simple fluids is described by dif-
ferent models, and renormalization group calculations can
lead to different dynamic critical exponents. In fact, the dy-
namic critical exponents depend on the type of stochastic
equation for the order parameter fluctuations. For example,
the gas-liquid transition is described by the model H [20,21].
In contrast, the most appropriate to our case is model A,
valid for purely dissipative dynamics of a nonconserved or-
der parameter. However, this model is suitable for second
order transitions, as the renormalization calculations are
based on the thermodynamic force obtained from the
Ginzburg-Landau-Wilson Hamiltonian, which is formally
different from the Landau-de Gennes expansion. In fact, the
theoretical value z,=0.44 is far from what we find.

VI. CONCLUSIONS

We have shown that EBS and DLS techniques enable to
obtain two different transport coefficients. With EBS we ac-
cess the dynamics of a single molecule orientation inside the
pretransitional domain. On the other hand, with DLS we ac-
cess the dynamics of the order parameter fluctuation. The
two transport coefficients present different qualitative and
quantitative behavior. The viscosity obtained from EBS fol-
lows an Arrhenius law with activation energies larger than
those of the shear viscosity and dielectric characteristic
times. In DLS, the viscosity data display activated dynamics
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only far from the transition, with activation energies similar
to those reported for the shear viscosity of the isotropic
phase. Near the transition, instead, the viscosity obtained
from DLS shows a clear pretransitional behavior with small
critical exponents. A theoretical description accounting for
the critical-like observed behavior is still missing.

The differences of EBS data with respect to dielectric
spectra suggest that these methods assess different features
of the pretransitional system despite the similarities between
the two techniques. This is because dielectric measurements
reflect an unbiased average on local molecular environments,
while the Kerr coefficient gathers larger contributions from
the more correlated region, which also contribute with the
slowest dynamics. This is apparent from a combination of
features of EBS spectra in the isotropic phase of LC, ap-
proximating corresponding features observed in the nematic
phase: (i) the frequency dependence is well represented by a
Debye relaxation, (ii) the activation energy is similar to the
activation energy of the parallel dielectric constant of nem-
atics, and (iii) the characteristic frequency matches that of
the parallel dielectric constant of nematics. EBS thus appears
as a tool offering insights into the local orientational ordering
of molecular fluids.
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