Liquid crystal dynamics in the isotropic phase
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The dynamics in the isotropic phase of the liquid crystal l-isothiocyai@apepylcyclohexyl
benzeng3-CHBT) are investigated from very short tinfe-1 p9 to very long time(>100 n3g as
function of temperature. The data decay exponentially only on the longest timgsddlens. The
temperature dependence of the long time scale exponential decays is described well by the Landau—
de Gennes theory of the randomization of pseudo-nematic domains that exist in the isotropic phase
of liquid crystals near the isotropic to nematic phase transition. Over the full range of times, the data
are fit with a model function that contains a short time power law. The power law exponent is
temperature independent over a wide range of temperatures. Integration of the function gives the
empirical polarizability—polarizabilityorientational correlation function. A preliminary theoretical
treatment of collective motions yields a correlation function that indicates that the data can decay as
a power law at short times. The power law component of the decay reflects intradomain dynamics.

I. INTRODUCTION ment. Only a few experiments have focused on the faster
time scale dynamics of liquid crystals:'® Compared to the
Dynamics in liquid crystals in the isotropic phase haveexperiments presented below, the earlier experiments had
been studied widely in the last thirty years. Most of this work|imited time range and signal-to-noise rati@&N). Nonethe-
has focused on the slow time scale dynamics using measurgess, the previous transient grating optical Kerr effect experi-
ments in the time and frequency domain.de Gennes, ments, which measure the time derivative of the
using Landau theory of phase transitions, explained the tenpolarizability—polarizability correlation functioriexcept on
perature dependence of the slowest time scale exponentiall ps time scales, equivalent to the orientational correlation
orientational relaxation in relation to the nematic—isotropicfunction) revealed power law decays at short times and the
(NI) transition? As the NI transition is approached from |dG exponential decay at long times. The data were fit with
above, orientational relaxation slows dramatic&llyAl- a model function consisting of a power laishort time in-
though the isotropic phase is macroscopically homogeneougiadomain dynamigsplus an exponentialdomain random-
on a distance scale short compared to a correlation leggth, jzation). Theoretical treatments based on single particle dy-
nematiclike order exists. Locally, molecules form “pseudo-namics produced power law functiotfst” but, as discussed
nematic domains.” Such domains persist in the isotropichelow, do not describe the data appropriately.
phase up to~50 K over the NI transition temperature. The The data presented below on the ||qu|d Crysta]
Landau—de GennesdG) theory describes the orientational j-jsothiocyanatd4-propylcyclohexylbenzene (3-CHBT),
randomization of the domains. As the temperature is low+taken with optical heterodyne detected optical Kerr effect
ered,f increases, and the orientational correlation fUnCtiOI’bXperimentS, provide a detailed view of the dynamics on all
decays increasingly slowly, diverging at the NI transition. time scales. It is found that a more complicated model func-
The LdG theory of long time scale orientational relaxation istion than the one employed previously is required to fit the
well established experimentally using such techniques agxperimental data. As reported earfigf®*the short time
depolarized light scatteriny, dynamic light scatterind, pehavior of the data is described by a power law, but the
magnetic, ~and  electric  birefringence, dielectric fitting function used here makes it possible to obtain a more
relaxation’® and the optical Kerr effect®*! accurate description of the power law and the data overall.
In contrast to the slow time scale dynamics, the nature opyer a wide range of temperatures, the power law is essen-
orientational relaxation on a time scale fast compared to thga|\y temperature independent. Integration of the model
LdG relaxation time is not understood. On the fast timegnction provides an empirical orientational correlation func-
scale, the nematogens are locally ordered and are undergoifgn over the full range of times. This model correlation
orientational relaxation in a nematically ordered environ-f,nction does not contain a power law, but its derivative

does. A preliminary theoretical analysis that calculates the
3Electronic mail: fayer@fayerlab.stanford.edu orientational correlation function on fast time scales is based




on a description of the collective orientational relaxation.
The theoretical correlation function is not a power law, but 10 L
its derivative displays a power law like decay at short time. :

Il. EXPERIMENT
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Optical heterodyne-detected optical Kerr effé€tHD-
OKE) spectroscopy was used to measure the liquid crystal
orientational relaxation. A pump pulse creates a time-
dependent optical anisotropy that is monitored via a hetero-
dyne detected probe pulse with a variable time delay. The
OHD-OKE experiment measures the system’s impulse
response function, which is the derivative of the
polarizability—polarizability ~ (orientational  correlation ;
function!®=??2 The methods for the analysis of OHD-OKE i 04
data have been described in defdilhe Fourier transform I " tns)
of the OHD-OKE signal is directly related to data obtained B R R R
from depolarized light scatterirf§, but the time domain 1E-3  0.01 0.1 1 10 100
OHD-OKE experiment can provide better S/N over a broader t (ns)
range of times for experiments conducted on very fast to
moderate time scales. FIG. 1. Optical heterodyne detected optical Kerr effect data displaying the

Lo . time dependence of orientational dynamics of the liquid crystal, 3-CHBT at
To observe the full range of |ICIUId dynamlcs, at eaChSl7 K on a log plot. The data span the time range 1 ps to 200 ns. At short

temperature several sets of experiments were performed Witline, the data decay as a power law. At long time, the data decay exponen-
different pulse lengths and delays. For times30 ns, a tially. Also shown is a fit to the data using Ed). The fit is very good over
mode-locked 5 kHz Ti:Sapphire laser/regenerative amplifithe broad time range. The residuals of the fit are shown in the inset.
system was useth=800 nm for both pump and prop€elhe

pulse length was adjusted from 75 to 1 ps to improve S/N.

The shortest pulses were used for times 100 fs to a few ter&ponentiaL The |0ng time portion of the data is a Sing|e
of ps. For longer times, a few ps to 600 ps, the pulses wergxponential decaysee below as expected from the LdG
lengthened to 1 ps. The longer pulses produce more signgﬁeory_

for the |Onger time portions of the data. For intermediate The data can be divided into two time regimes’ that is,
times, the pulse compression was bypassed, and a 100 e LdG relaxation time scale and times fast compared to the
pulse was used with a long delay line to obtain times from_dG relaxation time,r 4. The qualitative explanation for
100 ps to 30 ns. For even |0nger times, a CW diode laser Wage two time regimes has been discussed previdas'ry]e
used for probing, and a fast digitiz¢€2 ns per pointre-  following is a brief explanation. In the isotropic phase, the
corded the data. The scans taken over various time rang@gacroscopic liquid has an order parame®s 0, that is,
always overlapped substantially permitting the data sets to b@acroscopically there is no orientational order. However, on

merged by adjusting only their relative amplitudes. Greaty distance scale short comparedgoand on a time scale
care was taken, and innumerable tests were made, to asswigort compared tor 4g, there is pseudo-nematic order,

that the data sets could be combined without error or amblvvh|ch can be characterized by a local order param&_e,r,
gUity. Additional experimental details have been pUb”Sheq*e|ative to a local director. When the pump puE.é|e|d is
recently”® applied, the nematogens experience a torque that produces a
3-CHBT was purchased from Aldrich and used withoutsjight alignment with the field. When the field is removed,
further purification except filtration through a O disc  the macroscopic system is left wi 0. Field free evolu-
filter to reduce light scattering. The sample was sealed undejon will reestablishS= 0.
vacuum n a 1 cmglass cuvette. The cuvette was held in a  To understand the origin of the dynamical time scales, it
constant flow cryostat where the temperature was controlleg necessary to consider the problem microscopically. There
to +0.1 K. Experiments were performed in the isotropic gre two contributions to the relaxation, intradomain relax-
phase from 315 to 355 K. ation and domain randomizatioflLdG relaxation. The
E-field induces a small net alignment of the individual mol-
ecules. The molecular alignments change the local order pa-
rameter,S, . Unlike S which is a macroscopic parameter,
Figure 1 is a data set taken at 317 K\(=314.7 K S, , is nonzero prior to the application of the optical fieB).
shown on a log—log scale. The data span the range of timedefines the local nematic structure relative to the local direc-
from 1 ps to 200 ns, that is, over five decades. As discusseldr assigned with a given pseudo-nematic domain. Initially,
further below, at short time the decay is a power law. It thenSLzsf. Immediately following the application of the field,
becomes more gradual at intermediate times of several nanSL>SE. (S, can also be<§, depending on the direction of
seconds, almost appearing as if the decay is approachingthe local director relative to the field directigriThe small
plateau on the log plot. At still longer times, the decay is analignment of the molecules with the field changgs and it
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IIl. RESULTS AND DISCUSSION



also rotates the direction of the local director. Fast intrado-

main relaxation occurs, restoring the local order parameter to -
SP. Relaxation of the perturbed local order backfooccurs 3
on the fast time scales but leaves the ensemble of domain i
local directors still slightly aligned with the direction defined 01 _
by the E-field. This long-lived anisotropy can only decay by f
randomization of the domains and is responsible for the long i
time decay described by LdG theory. 0.01
Also shown in Fig. 1 is a fit to the data using the model 3 F
function -
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The exponential multiplying the terms in square brackets is r
the long time decay, with= 7, 4g in the temperature range 1BSE
near the NI transition where LdG theory is applicable. The F
power law term, witht scaled byt s, which sets the magni- 1E6 b
tude of the power law portion, describes the short time be- E . .
havior (longer than~1 ps. The additional exponential, with 1E-3 001 0.1 1 10 100
the decay constan, is necessary to obtain the flattening of t(ns)

the curve prior to the LdG decay. All of the terms inside the
square brackets describe the intradomain, non-LdG, deca IG. 2. Temperature dependent data sets displayed on a log plot. The data

. . . . ets have been offset for clarity of presentation. Starting with the top most
The intradomain decay leaves a residual anisotropy of an; yorp g P

. . . : T urve, the temperatures for the data sets are 316.0, 317.0, 318.0, 319.1,
plitude a, which then decays via the domain randomizations21.5, 323.0, 325.1, 327.0, 329.0, 333.1, 337.0, 344.0, and 354.0 K.
with 7 4. The fit to the 317 K data shown in Fig. 1 uses the

parametersr 4= 36.8 ns,y=9.55 ns,p=0.73, a=1.006,

220'175’t5: ?I.OStS' nbs. ';I%te th%t. thethfungtlton in EdL) id in the data(onset of the exponential degayoves to shorter
0€s an excetlent Job ot describing the data over a Widg; o ‘The shortest time portion of the data is a power law.

range of times. The inset shows the residuals of the fit to th%etween the short power law and the long time exponential

data. The f_unctmn given in EqL) Work_s atall t_emperatures, in every data set is a region that appears to decay very gradu-
and, as will be shown subsequerfflyit describes the data ally on the log plot

equally well for three different liquid crystals. The previous Figure 3 displays the long time exponential decay time
function used to descrﬁbe the data, the simple sum of a power 4. as a function of temperature. The inset displays thé
!aw and an exponent|al, d.oes not accurately reproduce thl‘aLng time portion of the data at 317 K on a semilog plot. A
|ntermed|ate time sca[e datuist prior to the LdG dec_a)wor line is shown passing through the data. As can be seen in the
does it properly describe the very long time behavior. It aISOmse’[ the long time portion of the data is described very well
contains a fundamental conceptual flaw. At sufficiently high ' . . , o

as an exponential decay. Usin to fit the data or fittin
temperature, the LdG decay becomes very fast. At eve P y g Ef) g

i ) ) Ianly the long time tail to an exponential gives identical re-
higher temperature,_ domains cease to_ eX|st_, and the _dec%mts for 7.4c. The LdG theory predicié
should become a single fast exponential. With a functiona
form that is the sum of a power law and an exponerittze Vien(T)
function used in prior work'**§, making the exponential R a—

: . . kg(T—T%*)”
very fast leaves a long time decay that is a power law. This is
contrary to observation. Even for the decays at moderateshere7(T) is the viscosity(see Table | for viscosity daxal
temperature, at sufficiently long time, the simple sum of ais the temperaturel* is the transition temperature, which is
power law and an exponential leaves a long power law tailgenerally a degree or more beldw; ,'° kg is the Boltzmann
The present data are good enough and go out far enough thetnstantVZ; is the effective volumé?’ The exponenty has
comparison to the simple sum deviates from the data at longeen shown to be * indicating the validity of mean-field
time. The function in Eq(1) does not have these problems. theory!® The curve through the data in Fig. 3 is obtained
The intradomain terms decay, leaving a residual anisotropfrom Eq. (2) usingVy; as a scaling parametar; does not
that decays exponentially. If the LdG decay becomes verghange the shape of the curve; it only sets the magniffitie.
fast, then the entire function decays exponentially. was found to be 312.5 K. Clearly, the long time behavior is
Figure 2 displays the temperature dependent data on @escribed very well by LdG theory, as is expected.

log plot. The data sets have been offset vertically for clarity.  To reveal the power law component of the data more
The lowest temperature is the top curve, and each curvelearly, using the fit with Eq(1), the contributions from the
moving downward is at successively higher temperaturetwo exponentials can be removed. Figure 4 displays the
Note that the shortest time portions of each curve look idenpower law portion of one data séhe data in Fig. 1 In the
tical. At long time, as the temperature is increased, the knefgure, the power law is shown from 3 ps to 2 ns. The power

@



50 f 1c 10 3
L z
'c
I 3
40 | g 01 :g
I s c
[ g :
I 5 g
I @ 8 1F
L 0.01F - i
30 | . . . S
@ I 50 100 150 %
£ t(ns) 2
g [ 3
et o)
20 - 2
[0}
o 01
10 |
. . 0.01 Lol Y BN
320 33 340 350 0.01 01 1
T (K) t (ns)

FIG. 3. The long time scale exponential decay time as a function of temFIG. 4. The short time portion of the 317 K data with the exponential
perature. The temperature dependence of the decay time is predicted by tR@ntributions removefisee Eq(1)] on a log plot. The dashed line through
Landau—de Gennes theory. The solid curve through the data is the theorethe data shows that the decay is a power law from 3 ps to 2 ns.

cally predicted LdG curve. The inset shows the long time portion of the 317

K data set on a semilog plot with a line through the data showing the decayy pe essentially temperature independent to temperatures
Is exponential. further above the NI transition temperature. The previous
work did not account for the intermediate time portion of the

law exponent obtained from the fit and displayed in the plotcurve, which may have a weak temperature dependence. The

is 0.73. Figure Ba) displays the power law exponent as a
function of temperature for the range of temperatures stud-

. o . . 1.0
ied. Within experimental error, the power law is temperature [a
independent. The value of the exponent is &?3. In 08k
. . . . 13 N EmEE . u a 1] ]
previous studies of liquid crystat;'® the power law was - a
also found to be temperature independent, but only at tem- 06 |-
peratures sufficiently close to the NI transition temperature. o, I
In the current study, and in studies of other liquid crystals 04
that will be reported subsequentfithe power law is found 0.2 |
00 PRSI S S ' | T S T | R R SR 1
TABLE |. Temperature dependent viscosity. 320 330 340 350
30
TemperaturgK) Viscosity (cP) Lb
25+
318.15 9.67 l
320.25 9.21 —~ 20}
322.65 8.53 £
325.65 7.79 — 15|
329.15 7.12 i "
333.65 6.49 ores -
338.15 5.75 5L - -
341.65 5.24 I "
344.65 4.93 0 b P - N
348.65 4.53 315 320 325 330
351.65 4.23 T(K)
355.15 4.02
358.15 3.82 FIG. 5. (a) The power law exponenfy, obtained from fits of the data to Eq.
361.65 3.52 (1), as a function of temperature. Within experimental error, the power law
364.65 341 exponent is temperature independegnt 0.75+0.03. (b) The intermediate
367.35 3.11 exponential decay constantas a function of temperature. Within experi-
370.65 3.01 mental error,y is either weakly temperature dependent or temperature inde-

pendent.




decay constanty, for the intermediate time scale exponential short time. The time scales observed in the experiments re-
is shown in Fig. Bb). While y is either temperature indepen- flect the collective dynamics of the local nematically ordered
dent or very mildly temperature dependentyc is highly  structures. Here we present a preliminary theory of the col-
temperature dependent. For temperaturé®?5 K, the two lective correlation function at short times, the derivative of
decay constants could no longer be distinguished becausehich decays approximately as a power law on the fast time
TL4e<7y anda>b. In Eq. (1), multiplying through by the scale.

outer exponential, exp{t/7), gives three exponentials, two As the function measured in optical Kerr experiments is
of which have a decay constant the time derivative of the total polarizability—polarizability
11 time correlation function, the response is determined prima-
K==—+—. rily by the time correlation function of the second rank
T spherical harmonicsy,,(Q;(t)), where,(t) is the orien-
At the higher temperaturef = 1/7. tation of ith nematogen at time3® Therefore, we define a

One other study of 3-CHBT performed recently mea-collective function by"
sured dielectric relaxation in the nematic and isotropic
phaseg® Although the time resolution of these experiments  Y,n(k,t)=>, e VY, (Q(1)), 4
is limited, and the temperature range in the isotropic phase
extended to ol 7 K above the nematic—isotropic phase where the sum is over all molecules in the system. We fur-
transition, nevertheless, the data appear consistent with tiber define the orientational time correlation function
results found here. Two relaxation times were measured to b&,m(k,t) by the following relatior3?
faster than the Landau—de Gennes decay time. These could _ _
correspond to the intermediate and fast processes observed in Cam(K,H=(Yam(=k.0)Yan(k,)), ®)
the experiments presented here. Another study on a mixtur&here the angular brackets denote an ensemble average. In
of liquid crystald® also displayed two decay processes inKerr experiments, we measure the collective, that is,khe
addition to the Landau—de Gennes decay. =0 limit of C,,(k,t). In the present work, we shall consider
The model function for the decay given in EQ) de- only the C,y(k,t) correlation function. It is convenient to
scribes the data well. This function is related to the timework in the Laplace frequency plane wheggy(k,z) is de-
derivative of the polarizability—polarizability correlation fined by
function. By integrating Eq(1) and normalizing the function

att=0, an empirical correlation function is obtained, that is Czo(k,z)zf dte #'Cyy(k,t). (6)
0
—t/r —Kt -pwp—1 _
C(t)= are "+ (b/Kje T (1) PKET(1=p.KD , One can derive the following expression f0syk,z) from a
ar+(b/K)+(1/t5) "PKP™IT(1-p) general molecular hydrodynamic approdéh®*
()
whereK is defined above, anl(x) is the gamma function, Cook,2)= L(k) (7)
and I'(x,y) is one of the definitions of the incomplete z+ 350k, 2)

gamma functioff where the generalized diffusion coefficierif,o(k,z), is

o : 4

F(x,y)=f e Ss* " 1ds. given by
y 6kgT f,od k) KgTK?f 5o K)

All of the parameters in the expression for the power law are ;0 (k,2)= [z+Tr(k,2)]I * [z+ I"T(k,z)]m'
obtained from the fits to the experimental data. While the ) ) )
correlation function given in Eq(3) is empirical, a correla- WherekgT is Boltzmann constant times temperaturés the
tion function derived theoretically from first principles will moment of inertia, anen is the massI'r(k,2) andI'y(k,2)
display the same time dependent behavior. Therefore(3q. ¢ the wave vector and frequency dependent rotational and

is useful for comparison to theoretical calculations of the fullfranslational memory kernels, respectively,(k) is the di-
correlation function. mensionless orientational caging parameter defined by

f22d K) = 1= (p/47) Coad K) = 1/S5od k), (€)

where cy5(k) is the (2200 component of wave vector and
orientational dependent direct correlation function anis
Previous theoretical examination of the short time bethe number density of nematogens. Note that as the
havior treated the problem calculating a single particle corisotropic—nematic phase transition is approached from the
relation functiom®!’ These calculations did yield power isotropic side,f,,(k) undergoes a pronounced softening.
laws. However, the correlation functions were compared di-The divergence 0%,,k=0) is preceded by the weakly first
rectly to the data; the required derivative was not takenorder isotropic to nematic phase transiti3n>¢ However the
Once the derivative is taken, the calculated decays are mudrowth of S,,(k=0) as the NI transition is approached
steeper than the data, that is, the power law exponent in thgrom the isotropic sideleads to the softening of,,o(k
derivative function is too large. More important, the single =0). This softening is the primary reason for the stretching
particle correlation function should only apply at extremely of the relaxation in the LdG theory, which is recovered from

®

IV. PRELIMINARY THEORY OF SHORT TIME (<7 4¢)
DECAY



the present theory at long time wh&p(k,z) is replaced by  with
2,0(k=0,z=0), andI'g by its single particle limit, that is
rotational friction,&g. Under the above limiting conditions, A — 3kgT 12
. : ) . . 0= 5 (7/6DR) a7

the orientational correlation function decays as a single ex- wlpB®
ponential with a rate equal tob6;/S,,((k=0).

The situation is different at times short compared tolaplace transformation df*"{t) can be easily performed to
TLie, Where =,4(k,z) undergoes sharp variation with the OPtain
Laplace frequency, in particular near the NI transition when
it is approached from the isotropic phase. This behavior of  psingz)= —
>,0(k,2) can be captured by mode coupling theBtyecause Vz
this variation inZ,y(k,z) is due to the coupling of the rota-
tional velocity field (vorticeg to the orientational density

(18

1/2

whereA= A 72 At small z, I'S"I dominates, and we have

fluctuation. To this end, we split the rotational frictidik kgT a0 k=0)
into a short time partl’,, and a singular parf;s"9 2 (k=02)~ A rads (19
Ir=To+ " (10)

The above expression fai,g leads to the following expres-
wherel'y is determined by local, short-range interactiéhs. sion for Co(z) at smallz

I's"9is the part which is coupled to show collective orienta-
tional fluctuations, that is, to the fluctuations of the order

parameter. I'S"9 can be calculated using Kirkwood'’s Cal2)= 71 a?’ (20)
formula’?33
where
. o 1
sn9= f dt—— | drdQ(N(r,Q,0)N(r,Q,t a=kgTfodk=0)/IA. 21
2|kBT 0 4 vV < ( ) ( )> B 22({ ) ( a)
(11 Substituting the definition oA gives

When the torqueN, is obtained from density functional a=pB3(6DR)Y?f 5, k=0)/3. (21b

theory??3*we get the following expression fdrs"¢ _ _ _
The above expression f@,o(z) can be easily Laplace in-

verted to obtain
C,o(t) =exp(a’t)erfqat’?), (22

This is a typical MCT expressidi. Note thatCxo(k,t)  where erfc is complementary error functiBhEquation(22)
in turn depends ofr*"%. Thus, a self-consistent iterative cal- for C,(t) is the main result of the theoretical analysis. It is
culation is called for. Note also that™"® derives contribu-  expected to be valid in a time window that is short compared
tions from all length scales. Near the NI transition, howevergq TL4c but long compared to the ultrashort time scale of
"9 is expected to be dominated by the long wavelengtivoliisional dynamics. Equatiof22) shows that at relatively
(i.e., smallk valug modes. We next approxima@:(k,t) by  short times, the polarizability—polarizability time correlation
Con(k,t) = Syog K)exp — 6Dt/ Syud K)), (13) function will have a weak time dependenee below.

The present analysis suggests that the weak time depen-
whereDy, is the rotational diffusion coefficient of the nem- dence on time scales short comparedtg; is a direct con-

) T
psng_3keTP f dk 12c2,d K)Caolk,t). (12

atogens. N sequence of pseudo-nematic time domain formation as the
Near the NI transition NI transition is approached from the isotropic phase. The
Cond(k=0)~ (47/p)2, 14 psequ—nemath domam; give rise to slow, local o_nentqnonal
22d )=(4lp) (%9 density fluctuations, which in turn affect the orientational

and S,,o(k) grows at smalk as®®~3 friction because the torque—torque correlation function is
Spf k—0)~ /B2, (15 coupled to these fluctuations. The influence of the domains

on the local orientational density fluctuations is reflected in a
whereB is related to the second derivative of the direct cor-strong frequency dependence of the rotational friction in the

relation functionc,,( k) at k=0, that is low-frequency range. The strong frequency dependence of
5 friction acts in the opposite manner to the usual decay from
Bz‘:£<d 0220) the short-range interactions—nearly canceling it. At long
4\ dk? o times, ¢= 7 4g) this frequency dependence dies down, and

. o . the LdG theory should be recovered. One, therefore, expects
The mode coupling contribution can now be obtained bya nonexponential crossover region where mild decay at short
performing thek-integration, which gives the following ex- times will go over to the long time scale exponential decay.

pression: This crossover region is akin to the von Schweidler
A regiorf’*? of the dynamics observed in supercooled
Tsing )~ 2 (16) liquids2>*3It arises from essentially the same reason, that is,

Jt the stretching of relaxation at intermediate times.



of temperature dependence suggests that the local pseudo-
nematic structure is virtually temperature independent. The
size of the domains grow as the temperature is decreased
toward the phase transition, reflected by an increasing corre-
lation length, but the data demonstrates that the dynamics at
relatively short time are temperature independent or at most,
very weakly temperature dependent.
The data were fit to a model fitting function that was
able to reproduce the data extremely wske Fig. 1 over
the full range of times and temperatures. Integration of the
. fitting function vyields an empirical function for the
01003 0.01 0.1 polarizability—polarizability correlation function. A true first
t (ns) principles theoretical correlation function will have the same
FIG. 6. The time derivative of the theoretical correlation functiGng(t) ehape _as. the empirical correlation ftJnCtlon. A preliminary
[Eq. (22)]. Also shown is &~ %7 power law. At short time, the derivative of first principles theory of the correlation function was pre-
the correlation function decays essentially as a power law. By the propesented. This theory describes the collective orientational dy-
choice of the parametea, the decay can be made to match the short time namics of the nematogens on a relatively short time scale
portion of the experimental data. only (i.e.,t<t 4c). Previous theoretical treatments examined
the single particle correlation function, which may only be
appropriate on extremely short time scales. The collective
correlation functiofEg. (22)] has a very weak time depen-
dence at short times. The derivation of the correlation func-
tion decays essentially as a power law at short tiFig. 6),

—_
o

amplitude (arb. units)

The correlation function given in Eq22) has a very
different form from the experimentally derived empirical
correlation function given in Eq3). The function given in

Eqg. (3) spans the full time range from ps to> 7 4¢. Its 4 ;

derivative, Eq.(1), describes the data wdkee Fig. 1 Fig- and by the proper choice O.f the parametrﬁfq. (21)].’ It can
o ) . be brought into accord with the short time portion of the

ure 6 shows the derivative of the theoretical correlation func-

tion [Eq. (22)] with a=3. The experimental data begins with data. Further detailed theoretical studies will more fully in-

. : . vestigate the correlation function on all time scales and its
a power law with exponent of =0.73(see Fig. 4. Figure 6 temperature dependence. Additional experiments will be pre-
also displays a power law %73 The derivative of the cor- P b ' b P

. o n : sented that show that the dynamical behavior observed for
relation function is almost a power law at short time, from 33—CHBT is very similar to that of other liauid crvstals
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