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A mode coupling theory description of the short- and long-time dynamics
of nematogens in the isotropic phase
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Optical heterodyne-detected optical Kerr effect �OHD-OKE� experimental data are pre-
sented on nematogens 4-�trans-4�-n-octylcyclohexyl�isothiocyanatobenzene �8-CHBT�, and
4-�4�-pentyl-cyclohexyl�-benzonitrile �5-PCH� in the isotropic phase. The 8-CHBT and 5-PCH data
and previously published data on 4�-pentyl-4-biphenylcarbonitrile �5-CB� are analyzed using a
modification of a schematic mode coupling theory �MCT� that has been successful in describing the
dynamics of supercooled liquids. At long time, the OHD-OKE data �orientational relaxation� are
well described with the standard Landau-de Gennes �LdG� theory. The data decay as a single
exponential. The decay time diverges as the isotropic to nematic phase transition is approached from
above. Previously there has been no theory that can describe the complex dynamics that occur at
times short compared to the LdG exponential decay. Earlier, it has been noted that the short-time
nematogen dynamics, which consist of several power laws, have a functional form identical to that
observed for the short time behavior of the orientational relaxation of supercooled liquids. The
temperature-dependent orientational dynamics of supercooled liquids have recently been
successfully described using a schematic mode coupling theory. The schematic MCT theory that fits
the supercooled liquid data does not reproduce the nematogen data within experimental error. The
similarities of the nematogen data to the supercooled liquid data are the motivation for applying a
modification of the successful MCT theory to nematogen dynamics in the isotropic phase. The
results presented below show that the new schematic MCT theory does an excellent job of
reproducing the nematogen isotropic phase OHD-OKE data on all time scales and at all

temperatures. © 2006 American Institute of Physics. �DOI: 10.1063/1.2145679�
I. INTRODUCTION

The orientational relaxation dynamics of nematogens in
the isotropic phase differ from those of conventional liquids
but have been shown experimentally to be very similar to
those of fragile supercooled liquids.1 However, there are
some significant differences between the dynamics of nem-
atogens and fragile supercooled liquids because of the partial
nematic ordering that exists in the isotropic phase of nem-
atogens. Above but near the nematic-isotropic �NI� phase
transition, nematogen orientational dynamics are strongly in-
fluenced by local structures �pseudonematic domains� that
exist in the isotropic phase.2,3 Using both time and frequency
domain methods, considerable experimental work has exam-
ined the relatively long time scale orientational relaxation
that is associated with the randomization of the pseudone-
matic domains.4–12 Near the NI phase transition, the isotropic
phase is nematically ordered on a distance scale defined by a
correlation length, �.2,3 As the NI phase transition is ap-
proached from above, � grows, becoming infinite in the nem-
atic phase. On the time scales of many nanoseconds to hun-
dreds of nanoseconds, depending on the temperature, the
local order randomizes, giving rise to exponential decays of
time domain optical Kerr effect experiments4,12

The long-time-scale relaxation of the local structures is
a�Electronic mail: fayer@stanford.edu
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described by Landau-de Gennes �LdG� theory, which was
formulated to describe the NI phase transition and the dy-
namics and nematiclike local order above the phase
transition.2 The NI phase-transition is weakly first order, and
it has a noticeable effect on properties of the liquid near the
phase transition temperature, TNI. LdG theory predicts the
temperature dependence of the long-time exponential decay
in the isotropic phase, which has a sharply increasing decay
time as the transition temperature is approached. LdG theory
has been confirmed many times experimentally using tech-
niques such as optical Kerr effect,4,5,12 depolarized light
scattering,6 dynamic light scattering,7 magnetic8 and electric
birefringence,9 and dielectric relaxation10,11 The influence of
the pseudonematic domains on the long time scale dynamics
continues up to �50 °K above the NI phase-transition
temperature.12 LdG theory gives the correlation length as

��T� = �0�T*/�T − T*��1/2, �1�

where �0 is molecular length scale �typically 7–8 Å�, and T*

is a temperature 0.5–1.0 K lower than TNI.
3 �The approach

toward the critical temperature from above causes the appar-
ent divergence of the relaxation time, but before T* is
reached a weakly first-order transition occurs at TNI. Hence it
is T* rather than TNI that appears in the denominator of Eq.
�1�.� At high temperatures, the size of the domains becomes

similar to the molecular volume, and LdG theory ceases to
apply.12
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On time scales short compared to the time for pseudone-
matic domain randomization, and on distance scales short
compared to �, nematogens exist in an environment with
nematiclike order. Dynamics on short time scales �less than a
few nanoseconds� are not described by the LdG theory. A
number of studies have investigated orientational relaxation
dynamics in the short-time regime.1,12–22

Previously reported optical heterodyne-detected optical
Kerr effect �OHD-OKE� experiments on time scales from a
few hundred femtoseconds to �1 �s revealed power-law de-
cays at short times and the LdG exponential decay at long
times1,18–21 The OHD-OKE experiment measures the time
derivative of the polarizability-polarizability correlation
function,.23–26 which is equivalent to the orientational corre-
lation function except on �1 ps time scales where there may
be collision-induced contributions. The data were fit for
times �2 ps with a phenomenological fitting function con-
sisting of two power laws times an exponential decay reflect-
ing the LdG decay18–20 This phenomenological fitting func-
tion was identical in form to the function used to describe the
orientational relaxation dynamics measured with OHD-OKE
experiments on supercooled liquids1 It was shown that five
supercooled liquids and four nematogens in the isotropic
phase displayed the identical functional form of the experi-
mental decays over a wide range of times and of tempera-
tures, although the values of the exponents in the power laws
are different for the two classes of fluids.1

In this paper OKE data on two additional nematogens,
4-�trans-4�-n-octylcyclohexyl�isothiocyanatobenzene �8-
CHBT�, and 4-�4�-pentyl-cyclohexyl�-benzonitrile �5-PCH�
are presented along with experimental results on one of the
previously reported nematogens 4�-pentyl-4-biphenyl-
carbonitrile �5-CB�. The new data on 8-CHBT and 5-PCH
display the same time and temperature-dependent behavior
as found for the four previously studied nematogens. This
behavior is briefly reviewed. A schematic mode coupling
theory is presented and shown to be capable of reproducing
the data. The agreement between theory and experiment is
excellent from very short times ��500 fs� through the LdG
decay �hundreds of nanoseconds� over a wide range of tem-
peratures, from well above the NI transition down to tem-
peratures very close to TNI. The theory is a modification of a
recent schematic mode coupling theory that has been used
successfully to describe OHD-OKE experiments on super-
cooled liquids.27,28 In the recent schematic MCT model used
to describe the OHD-OKE data for supercooled liquids, two
correlation functions are involved, one for the density and
one for the experimental observable. The correlation function
that represents the observable, the orientation �polarizability-
polarizability� correlation function, is coupled to the density
correlator. This schematic mode coupling theory was able to
reproduce experimental data over a wide range of times and
temperatures27,28 including temperatures below the MCT
critical temperature, TC.28 However, we found that this MCT
model could not reproduce the time dependence of the OHD-
OKE data on nematogens in the isotropic phase. In addition,
it did not display the divergence of the long-time exponential

decay time constant �see Fig. 1 below�, that is, it is not in
accord with the behavior as T* is approached from above that

Downloaded 02 Feb 2006 to 171.64.123.99. Redistribution subject to
is successfully described by the LdG theory. The schematic
MCT presented below includes additional terms in the orien-
tation correlation function to specifically account for the
LdG long-time behavior.

II. THE NEMATOGEN OHD-OKE DATA

OHD-OKE spectroscopy29–32 was used to measure the
orientational dynamics of the nematogens 8-CHBT, 5-PCH,
and previously 5-CB.18–20 A sample of the data will be pre-
sented below. In the OHD-OKE experiment, a pump pulse
creates a time-dependent optical anisotropy that is monitored
via a heterodyne detected probe pulse with a variable time
delay. The OHD-OKE experiment measures the time deriva-
tive of the polarizability-polarizability �orientational� corre-
lation function. The Fourier transform of the OHD-OKE sig-
nal is directly related to data obtained from depolarized light
scattering,23–26,33 but the time domain OHD-OKE experiment
can provide a better signal-to-noise ratio over a broader
range of times for experiments conducted on very fast to
moderate time scales.

To observe the full range of the dynamics several sets of
experiments were performed with different pulse lengths and
delays. For times t�30 ns, a mode-locked 5 kHz Ti:Sap-
phire laser/regenerative amplifier system was used ��
=800 nm� for both pump and probe. As has been described
in detail previously, the pulse length was adjusted from 100
fs to 100 ps as the time scale of the measurement increased
to improve the signal-to-noise ratio. The longer pulses pro-
duce a greater amplitude signal for the longer time portions
of the data. The shortest pulses were used for times 100 fs to
a few tens of picoseconds. For longer times, a few picosec-
onds to 600 ps, the pulses were lengthened to 1 ps. For
intermediate times, a 100 ps pulse was used with a long
delay line to obtain data from 100 ps to 30 ns. For even
longer times, a cw diode laser was used as the probe, and a
fast digitizer �1 ns per point� recorded the data. The scans
taken over various time ranges overlapped substantially, per-
mitting the data sets to be merged by adjusting only their

FIG. 1. The temperature dependent Landau-de Gennes relaxation times,
�LdG, for the long time exponential portion of the OHD-OKE 5-CB data vs
temperature. The solid line through the points is a fit using the LdG theory,
Eq. �2�. The inset shows the linear relation predicted by LdG theory.
relative amplitudes. Additional experimental details have
been published.19,34
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The nematogens were purchased from Aldrich and used
without further purification except for filtration through a
0.2 �m disk filter to reduce scattered light. The samples
were sealed under vacuum in 1 cm glass cuvettes. The cu-
vettes were held in a constant flow cryostat where the tem-
perature was controlled to ±0.1 K.

As an example of the efficacy of the LdG theory for the
long time scale orientational relaxation of nematogens in the
isotropic phase, OHD-OKE data for 5-CB are shown in Fig.
1.18 The decays are exponential and the decay time constant,
�LdG, is given by

�LdG =
Veff��T�

kB�T − T*�
, �2�

where Veff is the effective volume of the nematogen, ��T� is
the temperature dependent viscosity, and kB is Boltzmann’s
constant. The main body of Fig. 1 shows a plot of �LdG vs T.
The solid line through the data points is obtained from Eq.
�2� using Veff and T* as fitting parameters and literature val-
ues of the viscosity.35 The inset shows a plot of � /�LdG vs T.
As predicted by the LdG theory, the points should fall on a
line and extrapolate to T*.

Figure 2 displays OHD-OKE data of 5-CB at 312 K on a
log plot over a full range of times covering approximately
six decades.18 For t� �10 ns, the data decay as a single
exponential as described by the LdG theory. However, at
shorter times, the data are nonexponential. Just prior to the
LdG exponential decay is a power-law decay. At still shorter
times there is another power-law decay, and for times less
than �2 ps there is a steep rise. Employing the terminology
used to describe the analogous decays found for supercooled
liquids,28,31,32 the short-time power law is called the interme-
diate power law and the longer-time power law is the von
Schweidler power law.1,20,31,36 These short-time nonexponen-
tial portions of the decay are not described by LdG theory.

FIG. 2. OHD-OKE 5-CB data in the isotropic phase displayed on a log plot.
A fit to the data using the phenomenological fitting function, Eq. �3�, is also
shown for t�2 ps. The longest time component is an exponential decay
described by the Landau-de Gennes theory with a decay constant of 96 ns.
Prior to the exponential decay is the von Schweidler power law, t−0.05. At
shorter time ���3 ps� is the intermediate power law. The lines below the
data are aids to the eyes. The very short time decay ��3 ps� is not described
by Eq. �3�.
The form of the data for t�2 ps can be described by the
phenomenological function1,21,32
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F�t� = �pt−1+c + dtb−1�exp�− t/�LdG� . �3�

The OHD-OKE data are the derivative of the correlation
function. c and b are the exponents in the correlation func-
tion. The dashed line through the data, which is difficult to
discern, is the fit to the data using Eq. �3� for t�2 ps. It was
found that six nematogens and five supercooled liquids stud-
ied all have this same functional form.1,37 �For supercooled
liquid systems the decay constant of the exponential decay is
called �	, because the longest time scale relaxation is called
the 	-relaxation30,36� However, the exponents c and b are
different for supercooled liquids and the nematogens.20

The comparison between OHD-OKE data taken on su-
percooled liquids and on nematogens in the isotropic phase
shows that there are striking similarities but with some major
and systematic differences. Recently, OHD-OKE data on su-
percooled liquids has been reproduced by a schematic mode
coupling theory model over a wide range of times and
temperatures.27,28 The MCT model was able to reproduce the
appearance of the boson peak at and below TC.28 However, it
was found that this same model could not accurately repro-
duce the time and temperature dependence of the nematogen
data. The similarities in the supercooled liquid data and the
nematogen isotropic phase data suggest the possibility that a
modified version of the successful MCT model might be
found that would properly describe the nematogen data.

III. SCHEMATIC MCT MODEL FOR NEMATOGENS
IN THE ISOTROPIC PHASE

The characteristics of the experimental data suggest that
a comprehensive theory should contain the physics of
Landau-de Gennes theory for the long-time relaxation and
that of schematic models of mode coupling theory for inter-
mediate and short-time relaxation. In the following discus-
sion, we show that it is possible to formulate a schematic
model that combines these two. The derivation below is heu-
ristic and represents an educated guess about the structure of
a schematic model that might ultimately be derivable from a
more rigorous fundamental theory.

Let 
�t� be the autocorrelation function of the aniso-
tropy of the polarizability. Its time derivative is directly re-
lated to the observable in the experiment. A very general
form for the kinetic equation of this autocorrelation function
is the following memory function equation,


̇�t� = − �
0

t

dt�M�t − t��
�t�� , �4�

where M�t� is the memory function associated with 
�t�.
A schematic mode coupling model for the memory func-

tion �such as the Götze-Sperl theory27 for OKE susceptibili-
ties of molecular liquids, the work of Franosch et al.38 for
light scattering, and the model of Sjögren39 for the diffusion
of impurities in a dense fluid� expresses the memory function
as

MMCT�t� = �2K�t� , �5�
where � is the characteristic frequency, K�0�=1, and the
time dependence of K�t� is expressed in terms of its memory
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function m�t� in the following way.

K̇�t� = − �K�t� − �2�
0

t

dt�m�t − t��K�t�� , �6�

where � is the damping constant. The standard assumption
about m�t� in schematic mode coupling theory is

m�t� = �
�t�
1�t� , �7�

where k is the coupling constant and 
1�t� is the solution of
an F12 schematic model for what is usually referred to as the
density correlator. These equations define the customary
schematic mode coupling theory for the autocorrelation func-
tion of an observable that is coupled to a mode coupling
transition.

The Landau-de Gennes theory of the isotropic-nematic
transition describes the relaxation of the order parameter for
molecular orientations on a long time scale. It is reasonable
to assume that the anisotropy of the polarizability is propor-
tional to �at least for long times or low frequencies� the order
parameter that is calculated in Landau-de Gennes theory. For
small fluctuations at equilibrium, at temperatures above that
of the isotropic-nematic transition, the theory predicts expo-
nential decay of the correlation function as discussed above.


̇�t� = − �
�t� . �8�

The relaxation time �−1��−1=�LdG� diverges as �T−T*�−1 as
the critical temperature T* of the isotropic-nematic transition
is approached from above. Equation �8� is of the form of the
very general Eq. �4�, where the memory function is of the
form

MLdG�t� = ���t� . �9�

Other formulas, with more slowly varying functions replac-
ing the Dirac delta function are possible, but given the slow
decay of the correlation function, use of the Dirac delta func-
tion is adequate for our purposes here.

A simple way to get a combined theory is just to assume
that the total memory function of the correlator of interest is
the sum of the mode coupling memory function and the
Landau-de Gennes memory function.

M�t� = MMCT�t� + MLdG�t� . �10�

This is a conjecture, but it is reasonable because the two
theories describe very different effects that dominate on dif-
ferent time scales.

The conjecture leads to the following sets of differential
equations. To make the notation similar to what has been
used previously, replace 
�t� by 
2�t�, K�t� by K2�t�, � by

�2�t�, � by �2, and m by m2�t�.

Equations for the measurable correlation function 
2�t�:
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̇2�t� = − �
2�t� − �2
2�

0

t

dt�K2�t − t��
2�t�� ,

K̇2�t� = − �2K2�t� − �2
2�

0

t

dt�m2�t − t��K2�t�� , �11�

m2�t� = �
2�t�
1�t� .

The initial conditions are 
2�0�=1 and K2�0�=1. Equations
for the density correlation function 
1�t�:


̇1�t� = − �1
2�

0

t

dt�K1�t − t��
1�t�� ,

K̇1�t� = − �1K1�t� − �1
2�

0

t

dt�m1�t − t��K1�t�� , �12�

m1�t� = �1
1�t� + �2
1�t�2,

where �1 and �2 are the coupling constants in the memory
kernel for density correlator. The initial conditions are

1�0�=1 and K1�0�=1. These equations can be recast as
second-order differential equations.


̈1�t� = − �1
2
1�t� − �1
̇1�t� − �1

2�
0

t

dt�m1�t − t��
̇1�t� .

�13�

The initial conditions are 
1�0�=1 and 
̇1�0�=0.


̈2�t� = − ��2
2 + �2��
2�t� − ��2 + ��
̇2�t�

− �2
2�

0

t

dt�m2�t − t��
̇2�t��

− �2
2��

0

t

dt�m2�t − t��
2�t�� . �14�

The initial conditions are 
2�0�=1 and 
̇2�0�=−�.
Calculations employing Eqs. �13� and �14� will be used

in the next section to fit temperature dependent OHD-OKE
data on nematogens. Equation �13� is identical to the one
used in the analysis of supercooled liquid data. The differ-
ences between this schematic model and the one applied to
supercooled liquids are in Eq. �14�. If � is set equal to 0 in
Eq. �14� �or Eq. �11��, the supercooled liquid model is recov-
ered. Equation �14� is the orientational correlation function
coupled to the density correlation function with specific new
terms that account for the long-time portion of the data that
has previously been described by the LdG theory.

IV. COMPARISON OF THE SCHEMATIC MCT MODEL
FOR NEMATOGENS TO DATA

Here the theoretical results presented in the last section
will be compared to temperature-dependent OHE-OKE data
for nematogens in the isotropic phase. The data were fit us-
ing a downhill simplex algorithm. The calculated curves are

the time derivative of 
2�t� obtained from the joint solution
of Eqs. �13� and �14�. There are a large number of parameters
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in these equations. In the absence of the memory terms, each
equation is the equation for a damped harmonic oscillator
with frequencies �1 and �2, and the associated damping
constants �1 and �2. �1 and �2 are the amplitudes in the
memory kernel m1 for the F12 model that describes the den-
sity, and � is the coupling constant that reflects the strength
of the coupling between the orientational correlation func-
tion, 
2, and the density correlation function, 
1. In addition
there is the LdG decay constant, � with �−1=�LdG with �LdG

given in Eq. �2�.
To limit the number of parameters in the fitting, a variety

of tests were performed to determine the sensitivity of the
fits to various parameters. As can be seen in Fig. 2, the ex-
ponential decay can be observed for many factors of e. Let-
ting � float in a fit to the full time dependence produced
virtually the identical � values as were found if only the very
long-time portion of the curves were fit with a single expo-
nential decay. The variations were not systematic. Therefore,
the � value at each temperature was found by single expo-
nential fits, and in all of the other fitting, these � values were
fixed.

For supercooled liquids it has been argued that the oscil-
lator frequency � should be in the terahertz range.40 We
assume that the same is true for �1 and �2. We have fit the
data with many fixed values of �1 adjusting all the other
parameters �except for ��, and found that if the frequency is
too low the data cannot be fit. The same is true of �2. How-
ever, within a wide range of terahertz frequencies, the final
quality of the fits is unchanged if �1 and �2 are fixed at
temperature-independent values and all the other parameters
are adjusted at each temperature. Therefore, we have used
�1=�2=2 THz. The values of �1 and �2 do not have to be
equal, but the value of �1 determines the value of �1, and
the value of �2 determines the value of �2. The first example
given below is 5-CB. In preliminary fits of the data for 5-CB,
we found that the parameters �1 and �2 in the memory func-
tion of the density correlator and the damping constant �1

are virtually independent of temperature. The small varia-
tions with temperature did not influence the trends for �2 and
�. Therefore, in the final fits, �1, �2, and �1 were fixed at
temperature-independent values obtained from the average
results of the preliminary fits. The coupling term � and the
damping constant for orientation �2 were found to be smooth
functions of temperature. The results of variation of � and
�2 with temperature will be presented and discussed later in
this section. For 5-CB �1=0.60 THz, �2=0.98 THz, and
�1=15.6 THz.

With �, �1, �2, �1, �2, and �1 fixed, as discussed above,
there are only two parameters, �2 and �, that were adjusted
at each temperature. Figure 3 displays temperature-
dependent data and calculations for 5-CB using the param-
eters given above and adjusting the parameters, �2 and � at
each temperature. The data sets have been offset along the
vertical axis for clarity. The fits start from 500 fs. OHD-OKE
data for times shorter than 500 fs are not considered because
they are obscured by the signal produced by the electronic
polarizability of the sample, which is so strong that even

with short pulses it overwhelms all other contributions to the
signal. The electronic polarizability signal becomes negli-
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gible for t�500 fs. Over six decades of time window �500 fs
to several hundred nanoseconds� and for all the temperatures,
the calculated curves fit the data nearly perfectly.

In the previously published work on the liquid-crystal
data the very short time portion of the data ���3 ps� is not
reproduced using the phenomenological function, Eq. �3�.1

The decay at the very short times is much steeper than the
intermediate power law as can be clearly seen in Fig. 2. In
more recent studies on liquid crystals,37 the very short time
behavior was modeled phenomenologically as a third power
law, t−s. The t−s term was added to Eq. �3� in the square
bracket along with the intermediate power law and the von
Schweidler power law. The modified Eq. �3� was able to
describe the liquid-crystal dynamics in the full time window.
The exponent s was found to vary somewhat with tempera-
ture and fall between 1.5 and 2.5. However, the time window
over which the very short time portion of the data can be
observed is insufficient to determine its functional form. In
MCT of supercooled liquids, the very short time portion of
the decay is a power law called the fast � process.30,36 Figure
4 displays the 5-CB data at two temperatures on expanded
time and amplitude scales along with the same fits that are
shown in Fig. 3. The data sets have been offset along the
vertical axis for clarity. It is clear from the figure that the
schematic MCT model presented in Sec. III does an excellent
job of reproducing the data even at the shortest observable
times. The quality of the fits at very short times is the same
at all temperatures and for the other samples discussed
below.

To further test the model, two additional nematogens,
8-CHBT and 5-PCH, were studied in the isotropic phase. The
fitting procedures are identical to those described above for
5-CB. The two microscopic frequencies �1 and �2 are fixed
to be 2 THz. The LdG decay constant � is fixed to �LdG

−1,
with �LdG found by a single exponential fit to the long-time
portion of the data at each temperature. The density memory

FIG. 3. The temperature-dependent 5-CB OHD-OKE data and the calcu-
lated curves using the solution to Eqs. �13� and �14�. The curves have been
offset along the vertical axis for clarity. The agreement between the calcu-
lations and data is excellent on all time scales and temperatures. The MCT
curves are calculated for �1=�2=2 THz, �1=0.60 THz, �2=0.98 THz, and
�1=15.6 THz, and using � and �2 as adjustable parameters. The fitting
results for � and �2 are given in Figs. 7 and 8.
vertices �1 and �2, and the density damping constant �1 are
also fixed, i.e., �1=0.60, and �2=1.0 for both samples, and
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�1=20.0 THz for 8-CHBT and �1=27.8 THz for 5-PCH.
Figures 5 and 6 display temperature-dependent data and cal-
culations for 8-CHBT and 5-PCH, respectively, using the
parameters given above and adjusting the parameters, �2 and
� at each temperature. The data sets have been offset along
the vertical axis for clarity. The calculated curves coincide
with the data so well that they are hardly discernible from the
data.

As discussed above, the data for the three liquid crystals
were fit by adjusting the translation-rotation coupling coeffi-
cient � and the orientational damping coefficient �2 at each
temperature. � is found to increase rapidly as T is decreased
toward T*. Plots of 1 /� versus the temperature, T, are shown
in Fig. 7. Also included in the figure are the linear fits shown
as the solid lines through the data points. The error bars are
approximately the size of the squares in the figure. The in-
tercepts at the abscissa indicate the temperatures at which �
goes to infinity. It is remarkable that, within experimental
error, the translation-rotation coupling, �, diverges at the
same temperature as T*, where the LdG correlation length �

FIG. 4. Two of the data curves and fits shown in Fig. 3 with expanded time
scale to emphasize the short time portion of the dynamics. The agreement
between the data and calculations holds from the shortest times that could be
measured in the experiments.

FIG. 5. The temperature-dependent 8-CHBT OHD-OKE data and calculated
curves using the solutions to Eqs. �13� and �14�. The curves have been offset
along the vertical axis for clarity. The MCT curves are calculated for �1

=� =2 THz, � =0.60 THz, � =1.0 THz, and � =20.0 THz, and using �
2 1 2 1

and �2 as adjustable parameters. The fitting results for � and �2 are given in
Figs. 7 and 8.
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diverges �Eq. �1��. An important point to emphasize is that
the results presented above for the temperature dependence
of � are independent of the choice of �1 and �2, and
whether other parameters, �1, �2, and �1 were fixed or al-
lowed to vary. In a previous schematic MCT analysis of
supercooled liquid OHD-OKE data, Götze and Sperl,27 re-
ported that � followed an Arrhenius law exp�T0 /T� with
T0=1000 K for supercooled salol. When the MCT schematic
model of Götze and Sperl,39 Eqs. �4�–�7�, was used to de-

FIG. 6. The temperature-dependent 5-PCH OHD-OKE data and the calcu-
lated curves using the solutions to Eqs. �13� and �14�. The curves have been
offset along the vertical axis for clarity. The MCT curves are calculated for
�1=�2=2 THz, �1=0.60 THz, �2=1.0 THz, and �1=27.8 THz, and using
� and �2 as adjustable parameters. The resulted values for � and �2 are
given in Figs. 7 and 8.

FIG. 7. The temperature dependence of the translation-rotation coupling
parameter � �plotted as 1/��. The values of � are obtained from the fits in

Figs. 3, 5, and 6. Within experimental error � diverges at the LdG tempera-
ture, T*.
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scribe the short time and low-temperature behaviors of su-
percooled liquid dynamics,28 the results indicated that in-
creasing translation-rotation coupling is responsible for the
appearance of the boson peak as the temperature approaches
and drops below TC. However, neither of the studies on su-
percooled liquids indicated a divergence in �.

The fact that � appears to grow without limit as T* is
approached suggests that the divergence is associated with
the diverging orientational correlation length in the isotropic
phase as the isotropic-nematic transition is approached.
Schematic mode coupling models represent simple math-
ematical models for more complete kinetic theories that
make the mode coupling approximations. In principle, pa-
rameters such as � in schematic models are related to well-
defined parameters in the more detailed kinetic theory. In
situations for which these theories have been developed to
date �see e.g., Ref. 35�, these latter parameters can be ex-
pressed in terms of the static correlation functions of the
fluid. It would not be at all surprising if the strength of the
coupling between translation and rotation in a mode coupling
theory for nematogens in the isotropic phase might contain
the orientational correlation function that has a diverging
correlation length. This is a plausible explanation of the ap-
parent divergence of �.

The temperature dependences of the orientational damp-
ing constants �2 for the three nematogens have similar be-
havior to that of the coupling constant �. Plots of 1 /�2 vs T,
are shown in Fig. 8 with the error bars included. The errors
were determined by the values of �2 that give worse fits to

FIG. 8. The temperature dependence of the orientation damping constant �2

�plotted as 1/�2�. The values of �2 are obtained from the fits in Figs. 3, 5,
and 6. Within experimental error �2 diverges at the LdG temperature, T*.
the data by visual inspection. The points are the center of the
error bars. �2 increases rapidly and tends to diverge as T
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decreases toward the NI transition temperature. However, in
contrast to �, the �2 error bars are significant. The straight
lines are linear fits to the 1/�2 values. 1 /�2 diverges as T
approaches T* with the values for the three nematogens al-
most identically the T* values found from the LdG analysis.
Given the error bars, the fact that the linear fits give almost
perfect T* values may be somewhat fortuitous, but there is no
doubt that 1 /�2 is diverging as T* is approached and the
temperatures at which the divergences occur are close to or
equal to the T* values of the three nematogens. In fitting the
data with �2 as one of the two parameters that were adjusted
at each temperature, the very short time portion ��3 ps� was
dominant in determining the values. If only data �3 ps is fit,
�2 could be held constant and good fits could be obtained at
all temperatures. In the previous work where the Sjögren
model39 was used to describe the OHD-OKE �Ref. 27� and
depolarized light scattering38 data on supercooled liquids, the
two damping terms �1 and �2 were fixed or found to be
independent of temperature. When the same model was ap-
plied to describe the boson peaks observed at short times and
low temperatures in OHD-OKE data in supercooled liquids,
�2 was independent of T and �1 was found to be nearly
constant above Tc but increased rapidly when the tempera-
ture dropped below Tc towards Tg.28 For nematogens in the
isotropic phase, when using the schematic MCT model for
nematogens presented here, �1 is independent of T, and �2

diverges as T approaches the LdG temperature T*.

V. CONCLUDING REMARKS

We have presented OHD-OKE data on the nematogens
8-CHBT and 5-PCH in their isotropic phases and have ana-
lyzed them and previously reported 5-CB data using a new
schematic MCT model based on the model that has been
successfully applied to the analysis of supercooled liquid
data.27,28 The same MCT analysis was applied to the other
three liquid crystals that have been studied with OHD-OKE
experiments with analogous results. The current model is
based on the Sjögren model,39 with additional terms tailored
specifically for nematogens in the isotropic phase. This sche-
matic nematogen MCT model was shown to do an outstand-
ing job of reproducing the temperature-dependent OHD-
OKE data over approximately six decades of time from very
short times �1 ps to the longest time scale of the LdG ex-
ponential decay. The divergence of the parameters �, the
orientational to density coupling parameter, and �2, the ori-
entational damping parameter at T* may suggest a fruitful
avenue of investigation to obtain a physical understanding of
the connection between the current model and LdG theory.

The additional terms included in the nematogen MCT
model do more than reproducing the LdG temperature de-
pendence of the final exponential decay. The standard MCT
approach, which works well for supercooled liquids, is not
able to reproduce the von Schweidler power law exponents
�b in Eq. �3��, which are very close to 1 for the nematogens,
and also reproduce the rest of the curve. The LdG theory
provides a well-defined physical basis for the isotropic to

nematic phase transition3 However, it does not provide any
description of nematogen dynamics on time scales shorter
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than the time for the randomization of the pseudonematic
domains. The schematic nematogen MCT model presented
here incorporates aspects of the LdG description, and it is
able to reproduce the full orientational time dependence of
nematogens in their isotropic phase.

The time dependence of the orientational correlation
function obtained from our schematic mode coupling model,
for times earlier than the long time exponential decay, is
determined by the coupling of the orientational correlation
function to an F12 schematic model for what is normally
referred to as a density correlator. In fact, the F12 model is a
representation of the correlation function for a variable that
relaxes very slowly near the mode coupling transition. For a
molecular liquid, it presumably is a correlator for a “density”
of orientational degrees of freedom as well as center-of-mass
degrees of freedom, but a detailed understanding of the
meaning of that correlator cannot be obtained from the
present experiments. Under the conditions of the experi-
ments discussed here, the temperatures are well above any
mode coupling transition. The fact that the theory discussed
here fits the experimental data so well suggests that, for
times less than the long exponential decay time, the time
dependence of the orientational correlator of these nemato-
gens in the isotropic phase is determined by mode coupling
effects. However, the nature of the mode to which the orien-
tational correlation function is coupled cannot be determined
from the data. The mathematical features of a correlation
function that results from such coupling are the essential pre-
dictions of schematic mode coupling theory. These math-
ematical features are independent of the physical nature of
the unknown mode, but it is clear from the comparisons be-
tween data calculations presented here that the experimental
data has these mathematical features.41
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