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Dynamics of a discotic liquid crystal in the isotropic phase
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Optically heterodyne-detected optical Kerr effect 共OHD-OKE兲 experiments are conducted to study
the orientational dynamics of a discotic liquid crystal 2,3,6,7,10,11-hexakis共pentyloxy兲triphenylene
共HPT兲 in the isotropic phase near the columnar-isotropic 共C-I兲 phase transition. The OHD-OKE
signal of HPT is characterized by an intermediate power law t−0.76±0.02 at short times 共a few
picoseconds兲, a von Schweidler power law t−0.26±0.01 at intermediate times 共hundreds of
picoseconds兲, and an exponential decay at long times 共tens of nanoseconds兲. The exponential decay
has Arrhenius temperature dependence. The functional form of the total time dependent decay is
identical to the one observed previously for a large number of molecular supercooled liquids. The
mode coupling theory schematic model based on the Sjögren 关Phys. Rev. A 33, 1254 共1986兲兴 model
is able to reproduce the HPT data over a wide range of times from ⬍1 ps to tens of nanoseconds.
The studies indicate that the HPT C-I phase transition is a strong first order transition, and the
dynamics in the isotropic phase display a complex time dependent profile that is common to other
molecular liquids that lack mesoscopic structure. © 2006 American Institute of Physics.
关DOI: 10.1063/1.2378623兴
I. INTRODUCTION

Since the discovery of the first discotic liquid crystal in
1977,1 there has been growing interest in the mesophases
formed by disklike molecules. Usually these molecules consist of a rigid aromatic core with several flexible aliphatic
chains bound to the edges. Two types of mesophases, nematic and columnar, are typically formed by disklike molecules. In the discotic nematic phase, the normals to the
disks are on average aligned along a common direction, the
macroscopic director, and there is no long-range positional
order. This structure is quite similar to the nematic structure
found in rodlike mesogens. In another type of arrangement,
discogens stack on top of each other to form columns, which
then self-organize into a two-dimensional lattice. This type
of order is referred to as a columnar phase. These different
types of molecular ordering give rise to interesting dynamical properties, and the phase transitions between the variety
of mesophases and the isotropic liquid phase are often rich in
features. The nature of discotic liquid crystals is interesting
at a fundamental level and technologically important.
Here we present a study of the dynamics of a typical
discotic liquid crystal 2,3,6,7,10,11-hexakis共pentyloxy兲triphenylene 共HPT兲 in the isotropic phase using time domain
optical heterodyne-detected optical Kerr effect 共OHD-OKE兲
experiments. Neat HPT has a columnar-isotropic 共C-I兲 transition at 395 K. X-ray diffraction patterns 2,3 of the mesophase indicate a two-dimensional hexagonal lattice with an
intercolumnar spacing of 19.8 Å. The stacking of the discogens within each column has one-dimensional positional ordering with spacing of 3.6 Å, and there is no correlation
between the positions of molecules from different columns.
The orientational order parameter, measured with Fourier
a兲
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transform infrared 共FTIR兲, was found to change discontinuously across the C-I phase transition.4 Dynamical properties
in the hexagonal columnar phase formed by HPT and other
mesogens have been studied using dielectric spectroscopy,5,6
neutron scattering,7 molecular dynamics simulations,8 and
NMR.9–12 In some of these studies, the dynamics in isotropic
liquid phase were also addressed and compared to those of
columnar phase.
The current work addresses the temperature dependent
dynamical features of the orientational relaxation process in
the isotropic phase. The results are discussed with a comparison to two other types of liquid systems previously studied
using the identical technique: rodlike nematogens in the isotropic phase13–17 and supercooled liquids.15,18–22 The experiments presented here are conducted in the neighborhood of
the C-I phase transition because this is the region where
differences and similarities in the comparison between columnar liquid crystals and nematic liquid crystals would be
expected to be most apparent. Nematogens also have a structural phase transition, the nematic-isotropic 共N-I兲
transition.23 The dynamics of nematogens in the isotropic
phase are strongly influenced by local structures 共pseudonematic domains兲 with a correlation length increasing dramatically as the phase transition is approached.23 This pretransitional effect has been confirmed many times for rodlike
nematogens using different techniques23 and for a discotic
nematogen24 as well. A recent computer simulation study25
performed on a variety of model systems including rodlike
and disklike nematogens revealed universal power law regimes on short to intermediate time scales as these systems
cross N-I phase transition. In explaining these phenomena,
large fluctuation of orientational order parameter near the
phase transition is believed to play an important role.23–25 In
contrast, supercooled liquids do not have a structural phase
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transition. The nature of the dynamical slowing down that
occurs as a supercooled liquid passes through the glass transition is still a subject under debate.
Although the microscopic mechanisms underlying the
dynamics of supercooled liquids and nematogens in the isotropic phase are fundamentally different, seven supercooled
liquids and six nematogens in the isotropic phase13,15,20 have
been shown to display the same functional form of the OHDOKE decays over a wide range of times and temperatures.
Both types of systems display two power laws on the short to
intermediate time scales followed by an exponential decay
on the longest time scale. There are some major differences
as well. The values of the exponents in the power laws fall
into two categories. Furthermore, the long time scale exponential relaxation displays different temperature dependences. The differences are related to the distinct physics of
the phase transitions the two types of systems undergo.
A mode coupling theory approach26,27 has the potential
to describe the critical properties of supercooled liquids by
properly taking into account the memory effects at low temperatures. A schematic mode coupling model was developed
to describe the OHD-OKE experiments on supercooled
liquids,28 and it has been applied with considerable
success.20,28 A modified form of the schematic mode coupling theory 共MCT兲 was developed and successfully applied
to the OHD-OKE experimental results on nematogens in the
isotropic phase.29
The experimental results obtained here over a wide
range of time scales 共picoseconds to many tens of nanoseconds兲 and temperatures show that the discotic liquid crystal
HPT in its isotropic phase exhibits OHD-OKE decays of the
same functional form as nematogens in their isotropic phase
and supercooled liquids.20,28 The data are fit with the schematic MCT that was used to describe the dynamics of supercooled liquids. The agreement is excellent. The augmented
schematic MCT used in the study of the isotropic phase of
nematogens, which takes into account the isotropic-nematic
phase transition,29 was not necessary to reproduce the discotic isotropic phase dynamics. The net result is that HPT in
its isotropic phase approaching the C-I phase transition behaves more like a normal liquid far from its glass transition
than it does like a nematogen in the isotropic phase approaching the N-I phase transition.
II. EXPERIMENTAL PROCEDURES

OHD-OKE spectroscopy30–32 was used to study the orientational dynamics of a discotic liquid crystal HPT at various temperatures in the isotropic phase. The OHD-OKE experiment measures the time derivative of the polarizabilitypolarizability 共orientational兲 correlation function, which is
directly related to the data obtained from depolarized light
scattering experiments by Fourier transform.33–36 The
polarizability-polarizability correlation function is essentially
the second Legendre polynomial orientational correlation
function except at short time 共probably less than a few picoseconds兲 where collision induced effects 共density fluctuations兲 can also contribute to the decay.34–37 In the experiments, a pump pulse creates an orientational anisotropy and
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FIG. 1. OHD-OKE data for HPT at T = 398.5 K. The dashed lines through
the data are a fit using Eq. 共1兲. The two straight lines are aids to the eyes
indicating the intermediate power law 共shorter time兲 and the von Schweidler
power law 共longer time兲. The inset shows the exponential decay at long
times on a semilogarithmic scale.

a probe pulse is used to heterodyne detect its decay at variable time delays. To observe the full range of liquid dynamics, at each temperature several sets of experiments were
performed with different pulse lengths and delays. For
times t ⬍ 30 ns, a 5 kHz mode-locked Ti:sapphire laser/
regenerative amplifier system was used 共 = 800 nm兲 for both
pump and probe. The pulse length was varied from
75 fs to 100 ps as the time scale of the measurement increased to improve the signal-to-noise ratio. For longer
times, a cw diode laser was used as the probe, and a fast
digitizer 共1 ns per point兲 recorded the data. The scans taken
over various time ranges overlapped substantially, permitting
the data sets to be merged by adjusting only their relative
amplitudes. The details of the experimental setup can be
found in previously published work.16,19
HPT was purchased from Wako Chemicals USA, Inc.
and was used without further purification other than filtration
through 0.1 m disk filters to remove dust and reduce light
scattering. The sample was sealed under vacuum in a glass
cuvette of optical path length of 1 cm. The cuvette was held
in a liquid nitrogen constant flow cryostat where the temperature was controlled to ±0.1 K. Differential scanning
calorimetry detected a feature, interpreted as the glass transition, at 216 K in the heating curve of rate= 15 K / min.
III. RESULTS AND DISCUSSION

Figure 1 shows a typical OHD-OKE decay curve for
HPT in the isotropic phase. The data were taken at T
= 398.5 K. At times longer than 16 ns the decay is purely
exponential, which appears as a straight line on a semilog
plot 共see inset兲. At short to intermediate time scales, the decay is complex and has a highly nonexponential character.
The shape of the decay curve is very similar to that observed
earlier for supercooled liquids and nematogens in the isotropic phase using the identical technique.13,15 A phenomenological fitting function was applied extensively to model the
decay curves in these different types of liquid systems. It was
shown that this function provides an excellent global fit to
the data over a wide time window from subpicoseconds to
hundreds of nanoseconds. It is used to extract parameters that
can be compared from one temperature to another and be-
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FIG. 2. Temperature dependent OHD-OKE data on a log plot. The data sets
have been offset along the vertical axis for clarity of presentation. Fits to the
data using Eq. 共1兲 are also shown 共dashed lines兲. The fit curves follow the
experimental data very well and they are hardly discernible from the data.
From top to bottom, the temperatures are 416, 413.5, 411, 408.5, 406, 403.5,
401, 398.5, and 396 K.

tween different liquids. The relationship of the empirical
function to MCT has been discussed recently.38 Here the
HPT data are analyzed using the same fitting function13,15
F共t兲 = 关at−s + pt−z + dtb−1兴exp共− t/兲.

共1兲

The term at−s is used to model the steep decay at the shortest
time scale from subpicoseconds to a few picoseconds.
共In supercooled liquids the signal is often dominated by the
intramolecular vibrational modes on this time scale, so the
term at−s was not included and the data were fit on longer
time scales.兲 pt−z describes the intermediate power law following the shortest time scale decay, and dtb−1 is the power
law that occurs just prior to the crossover to the final exponential decay. In supercooled liquids, this longest time scale
power law is called the von Schweidler power law and the
final exponential relaxation is referred to as the ␣ relaxation.
The calculated curve using Eq. 共1兲 is shown as a dashed line
on Fig. 1. It is virtually indistinguishable from the data over
the full time window from 0.8 ps to 60 ns. Although there
are a substantial number of parameters, the distinct behavior
that occurs on widely separated time scales makes the fit
robust. The fitting results for the data at 398.5 K are
s = 3.17, z = 0.74, b = 0.75, and ␣ = 18.6 ns. In the doublelogarithmic representation of Fig. 1, two straight lines are
drawn as aides to the eyes indicating the two power laws
t−0.74 and t−0.25. These two power laws span significant time
intervals, but there is a large time range in the middle during
which they overlap. A global fit is necessary to accurately
extract the values of the exponents as one type of decay
gives way to the next with increasing time scale. It is important to note again that the OHD-OKE experiment measures
the time derivative of the polarizability-polarizability correlation function. Therefore, the intermediate power law is
close to a logarithmic decay of the correlation function.
Figure 2 displays the temperature dependent OHD-OKE
data for HPT. The curves have been offset along the vertical
axis for clarity of presentation. From the top to the bottom,
the curves are arranged in the order of decreasing temperatures. The temperatures are given in the figure caption. A
global fit using Eq. 共1兲 was performed for each temperature
to examine quantitatively the temperature dependence of dif-

FIG. 3. The results of the fits to the data in Fig. 2 using Eq. 共1兲. 共a兲 Temperature dependence of the short time power law 共fast ␤ process兲 exponent
s. The line through the data is a guide to the eyes. 共b兲 Temperature dependence of the intermediate power law exponent z 共filled circles兲 and von
Schweidler power law exponent plotted as −共b − 1兲 共open circles兲. z and b
are independent of T. The lines through the points show the average values.

ferent components in the complex profile. The fits are the
dashed curves, which are barely distinguishable from the
data. All fits start from 0.8 ps. Data at shorter times are not
under consideration because they are obscured by the electronic nonresonant response of the liquid, which is so strong
that even with short pulses it still overwhelms the nuclear
contributions to the signal. Equation 共1兲 provides excellent
fits to the data over the full time window at all temperatures
studied.
The fitting results for the three power law exponents are
displayed in Fig. 3. The short time power law exponent s
关Fig. 3共a兲兴 increases with decreasing temperature. Because
the short time power law t−s can be observed only over a
very limited time range, it is not possible to be certain of its
functional form. For supercooled liquids, MCT predicts that
the fastest time scale decay is a power law called the fast ␤
process.26,39 It has an exponent that is related to the von
Schweidler power law exponent b through a gamma function. However, our observation of the very fast power law
exponent does not obey the theoretical relation. What is clear
from the data is that the short time dynamics are temperature
dependent. The same behavior has also been observed earlier
for nematogens.13
Figure 3共b兲 displays the two longer time scale power law
exponents from Eq. 共1兲, the intermediate power law 共z兲, and
von Schweidler power law −共b − 1兲. Both exponents are independent of the temperature within experimental error. Previous OHD-OKE studies on supercooled liquids and rodlike
nematogens in the isotropic phase also displayed temperature
independent exponents for these two power laws. From Fig.
3共b兲, the von Schweidler power law exponent b is found to
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be 0.74± 0.01. For molecular supercooled liquids, b is found
to vary from 0.73 to 0.85.22 For six nematogens in the isotropic phase, b values are all very close to 1.13,15 The b value
of HPT falls into the range of the supercooled liquids. The
average value for z is 0.76± 0.02 for HPT. For nematogens in
the isotropic phase, it was found that z is related to the nematogen structure, with z increasing as the aspect ratio
decreases.14,15 For supercooled liquids, molecules have irregular shapes with small aspect ratios. Values for z vary
between 0.79 to 1.0 with no obvious correlation with the
molecular geometry.15 A boundary between normal liquids
and nematogens is located at an aspect ratio of 2.5, the value
below which theoretical calculation indicates that a nematic
phase will no longer exist.40 A linear extrapolation of z versus the aspect ratio shows that when the aspect ratio grows to
⬃2.5, the value of z would be 0.85, which falls in the middle
of the range observed for supercooled liquids.14,15 The z
value for discotic liquid crystal HPT is slightly below the
range of z values observed for supercooled liquids. Simple
molecular modeling of an isolated HPT indicates that the
molecule is not planar. There is a pair of five carbon side
chains on each outer benzenelike ring of the central aromatic
portion of the molecule. The chains in a pair are staggered
above and below the plane of the aromatic center, that is, one
chain is above the plane and one is below. The diameter of
the disklike molecule including the chains is ⬃23 Å. If the
thickness is taken to be the distance from the end of one
chain that is above the plane to the end of another chain that
is below the plane, then it is ⬃9 Å. 共In the columanr phase
the spacing between neighboring disks is 3.6 Å,2 much
smaller than the thickness defined here.兲 The resulting aspect
ratio is 2.6. However, this is the opposite of a rodlike
nematogen which is long and thin. This structure is short and
thick. The z value of 0.76 is somewhat below the values
for supercooled liquids and equal within experimental
error to the largest value observed for a nematogen,
1-isothiocyanato-共4-propylcyclohexyl兲 benzene 共3-CHBT兲,
which is rodlike with an aspect ratio of 3.3.15
The results of fitting the long time exponential decay
time  are displayed in Fig. 4共a兲.  increases with decreasing
temperature and it approximately doubles as T is lowered in
the isotropic phase by ⬃20 K in the vicinity of the C-I phase
transition. Compared to nematogens in the isotropic phase,
the temperature dependence of the exponential long time
scale dynamics in HPT is much more gradual, which can
be clearly seen in Fig. 4共b兲. In Fig. 4共b兲, the exponential time
constant of a nematogen in the isotropic phase, 4共4⬘-pentylcyclohexyl兲-benzonitrile 共5PCH兲,13 is plotted on
the same scale as HPT. For 5PCH,  diverges as the N-I
phase transition is approached from above. This divergence
is well explained by the Landau-de Gennes 共LdG兲 theory.23
In the isotropic phase above but near the N-I phase transition, nematogens are orientationally ordered over a length
scale defined by correlation length . These local structures
are referred to pseudonematic domains. Randomization of
the domains gives rise to the exponential decays in time
domain OHD-OKE experiments. LdG theory predicts that 
diverges at the second order phase transition temperature T*
as 共T* / T − T*兲1/2. The N-I phase transition is weakly first or-
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FIG. 4. The long time scale exponential decay time constant  as a function
of reduced temperature T-Ttrans for 共a兲 HPT and for 共b兲 HPT 共filled circles兲
and a rodlike nematogen in the isotropic phase 5PCH 共open circles兲. Ttrans is
the C-I phase transition temperature for HPT and the isotropic to nematic
phase transition temperature for 5PCH.

der with the result that T* is slightly below the first order
phase transition temperature TNI.23 As TNI is approached
from above,  grows to a very large value. Consequently, the
relaxation time increases dramatically as the pseudonematic
domains grow. The divergence in correlation length and relaxation time is a characteristic feature of the continuous
共second order兲 phase transition. Weakly first order phase
transitions like N-I phase transition can display this feature
as well.23 For the discotic liquid crystal HPT studied here,
which forms a hexagonal columnar phase at lower temperatures, no divergence in correlation time is observed in the
high temperature isotropic phase as the C-I phase transition
is approached. The lack of divergence in  as the phase transition is approached is consistent with the fact that the C-I
phase transition is strongly first order as demonstrated by the
results of order parameter4 and differential scanning calorimetry 共DSC兲 measurements.3
For a normal liquid that lacks local structure, the long
time scale dynamics are diffusive with temperature dependence primarily determined by the liquid viscosity. The
Debye-Stokes-Einstein equation for orientational relaxation
is  = Veff共T兲 / kBT, where Veff is the effective molecular volume, 共T兲 is the viscosity, and kB is Boltzmann’s constant.
Assuming that the viscosity displays an Arrhenius behavior,
over the temperature range studied here, the T in the denominator has a negligible influence on the temperature dependence of . Figure 5 shows a fit 共line兲 of the natural log of 
共points兲 to an Arrhenius-type temperature dependence. The
fit yields 63± 2 kJ/ mol for the activation energy for the viscosity. 共The actual viscosities as a function of temperature
have not been reported.兲 It is informative to compare this
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FIG. 5. Arrhenius plot of the long time scale exponential decay time constant  of HPT. The activation energy is 63± 2 kJ/ mol from the slope of the
linear fit 共line兲.

activation energy to glass forming liquids that are not columnar liquid crystals. Fragile glass forming liquids41 far from
the glass transition temperature Tg have viscosities that
display Arrhenius behavior. The activation energies of
dibutylphthalate, ortho-terphenyl, salol, and glycerol are
41.6 kJ/ mol共70 K兲, 46.3 kJ/ mol共90 K兲, 35 kJ/ mol共80 K兲,
and 51 kJ/ mol共100 K兲, respectively. The numbers in parentheses are the number of degrees above Tg at which the determination of the activation energy began. The activation
energy for HTP is above all of these although in the same
general range. Glycerol is the closest, and it forms a strong
hydrogen bond network. However, HTP is substantially
larger than the other molecules.
For molecular liquids that display complex dynamical
profiles, MCT 共Ref. 26兲 has proven useful for describing the
relaxation processes over the entire time window without
arbitrary separations of time scales. Previously MCT was
applied to time domain OHD-OKE experiments on several
supercooled liquids at temperatures above and relatively
close to the critical temperature Tc. The data were found to
obey certain scaling relations predicted from asymptotic solutions of MCT equations.22 The numerical solutions of a
two-correlator schematic MCT model28,42 were able to successfully reproduce the OHD-OKE decay curves over a wide
time window spanning subpicoseconds to hundreds of
nanoseconds.20,28 The MCT model is also applicable for a
normal liquid above its melting point.43 The OHD-OKE data
for HPT infer that it behaves like a normal liquid above a
first order phase transition. The temperature range studied
here is substantially higher than Tc, which is typically
⬃1.2Tg. Here the applicability of the two-correlator schematic MCT model is investigated for HPT. The MCT schematic model is based on the Sjögren model,42 which involves
two correlators, one for density and one for orientation,20,28
the experimental observable of OHD-OKE spectroscopy.
The equations for both correlators have the form of a
damped harmonic oscillator with a memory term. The
memory term accounts for “caging” of a given molecule by
surrounding molecules. Caging prevents the complete relaxation of density and orientational correlations on short time
scales. Relaxation of the cage permits the final long time

FIG. 6. OHD-OKE data and the MCT calculated curves 共dashed curves兲
using the solutions to Eqs. 共2兲–共4兲 on a log plot. Three temperatures are
shown: the highest, an intermediate, and the lowest temperature. The curves
have been offset along the vertical axis for clarity of presentation.

scale complete diffusive randomization of the system. On
short time scales, the memory effects associated with caging
produce nonexponential dynamics.
In the following, 1 is the density correlation function
and 2 is the orientation correlation function. The equations
for the coupled density and orientational dynamics are given
by

¨ i共t兲 = − ⍀2i i共t兲 − i˙ i共t兲 − ⍀2i

冕

t

˙ i共t⬘兲,
dt⬘mi共t − t⬘兲

0

i = 1,2,

共2兲

where ⍀1,2 are the characteristic frequencies and 1,2 are the
damping constants for the density and orientation correlators,
respectively. The memory functions inside the integrals account for the caging effects. The density relaxation is complicated by correlations in the local density that inhibits relaxation. This caging becomes more pronounced as the
temperature is lowered. The memory function uses an F12
model, that is, it contains a term that is linear in the correlation function and a term that is quadratic in the correlation
function 关see Eq. 共3兲 below兴.26 The experimental observable
correlation function is coupled to the density correlator,
which possesses the relevant singular behavior as the mode
coupling transition is approached. Coupling the orientational
correlation function to the density correlation function builds
memory into the orientational relaxation. The memory kernels are given by
m1共t兲 = v11共t兲 + v221共t兲,

共3兲

m2共t兲 = k2共t兲1共t兲,

共4兲

where 1 and 2 are the amplitudes of the two terms in the
density memory kernel and k is the translation-rotation coupling constant. The initial conditions are 1,2共0兲 = 1 and
˙ 1,2共0兲 = 0.
There are a large number of parameters involved in this
calculation. For supercooled liquids, the characteristic frequencies are on the order of terahertz.20,32,38 It was found
previously that the nature of the results is not sensitive to the
choice of ⍀1 and ⍀2 so long as they are in the terahertz
range. To reduce the complexity and be consistent with the
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TABLE I. Results of MCT fits.
T 共K兲



1

2

416
406
396

101.2
111.9
138.3

0.90
0.93
0.94

0.03± 0.03
0.02± 0.02
0.06± 0.04

values used earlier for supercooled liquids, we fixed ⍀1
= 1 THz and ⍀2 = 0.5 THz at all temperatures.20,38 The theoretical curves for comparison to the experimental data were
calculated as the time derivative of 2共t兲 obtained from the
solutions of Eqs. 共2兲–共4兲. A downhill simplex algorithm was
used to optimize the parameters to obtain a best match to the
experimental data. Initially, the other five parameters were
allowed to vary. It was found that 1 and 2 had almost no
temperature dependence. Therefore, they were fixed at the
average values found in the initial fits, that is, 1 = 6.3 THz
and 2 = 45.1 THz. With these values fixed, the data were
again fit, and the quality of the fits was not degraded.
Figure 6 illustrates the efficacy of MCT for describing
HPT dynamics in the isotropic phase. Three temperatures are
shown: the highest, the lowest, and an intermediate temperature. For all three temperatures, MCT does a reasonable job
of reproducing the data from less than picosecond to a few
tens of nanoseconds. The parameters obtained from the fits
are given in Table I. 2 is very close to zero. This is consistent with recent results on a supercool liquid,
N-propyl-3-methylpyridinium bis共trifluoromethylsulfonyl兲imide, which was studied from far above Tc down to Tc.38
Far above Tc, 2 was found to be approximately zero but
increasing as T was decreased. In that same study, 1 was
essentially constant with a value of 0.97. Values of 1 of
⬃0.9 were found for two other supercooled liquids, acetylsalicylic acid and dibutylphthalate, to which the MCT treatment used here was applied. However, these liquids were not
studied at sufficiently high temperature to see if 2 went to
zero. Therefore, the values of 1 and 2 observed here are
consistent with liquids that do not go through a first order
phase transition. Neither 1 nor 2 displays substantial temperature dependences over the limited range of temperatures
studied. However, the rotation-translation coupling constant,
, does show a significant change. As the temperature is
decreased, the rotation-translation coupling increases. The
lowest temperature is only 1 K above the first order phase
transition. Although  increases, its behavior is in sharp contrast to the behavior of nematogens in the isotropic phase. It
was found that in nematogen systems studied, 1 /  tends to
zero at T* as the second order phase transition is approached
from above.29 The discotic system studied here shows no
indication of divergent behavior as the phase transition is
approached. Rather, it behaves like a normal liquid that is far
above Tg and Tc.
IV. CONCLUDING REMARKS

We have presented OHD-OKE data on a discotic liquid
crystal HPT in the isotropic phase at temperature of
⬃1 – 20 K above the isotropic to columnar phase transition.
The OHD-OKE decay curves can be fit very successfully

using a phenomenological function that has been proven to
work well for supercooled liquids and nematogens in the
isotropic phase. An intermediate power law t−0.76±0.02 and a
von Schweidler power law t−0.26±0.01 are observed at short to
intermediate times, and the long time scale decay is a single
exponential decay. The intermediate power law exponent is
close to the boundary between those found for supercooled
liquids and nematogens in the isotropic phase, while the von
Schweidler power law exponent is undoubtedly different
from nematogens in the isotropic phase and falls in the range
of supercooled liquids. In spite of the fact that HPT is very
far above Tg 共⬃200 K兲 and close to a first order phase transition, its dynamical characteristics closely resemble those of
supercooled liquids. In contrast to nematogens in the isotropic phase, the long time exponential decays show Arrheniustype temperature dependence and no divergence in the decay
time is observed as the C-I phase transition is approached
from above.
We have also analyzed the HPT data using a schematic
MCT model, the Sjögren model.20,28,42 This model has been
shown to be able to reproduce the OHD-OKE data for molecular glass forming liquids over a broad temperature range
from Tc to well above Tc.20,28,43 The dynamical similarity
between supercooled liquids and nematogens in the isotropic
phase inspired the expansion of the schematic model to describe the dynamics of nematogens in the isotropic phase. A
MCT model, modified by incorporating LdG like terms into
the Sjögren model was able to reproduce the OHD-OKE data
of nematogens in the isotropic phase over the full range of
times and temperatures.29 The fact that the original MCT
supercooled liquid model can fit the HPT data without any
additions to account for the approach to the C-I phase transition confirms that HPT in the isotropic phase behaves like a
normal liquid apparently without local structures that exist in
the isotropic phase of nematogens.
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