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The dynamics of three liquid crystals, '(gentyloxy-4-biphenylcarbonitrile (5-OCB),
4'-pentyl-4-biphenylcarbonitrile (5-CB), and 1-isothiocyanat®4-propylcyclohexylbenzene
(3-CHBT), are investigated from very short tinie-1 p9 to very long time(>100 ng as a function

of temperature using optical heterodyne detected optical Kerr effect experiments. For all three liquid
crystals, the data decay exponentially only on the longest time éeaeveral ns The temperature
dependence of the long time scale exponential decays is described well by the Landau—de Gennes
theory of the randomization of pseudonematic domains that exist in the isotropic phase of liquid
crystals near the isotropic to nematic phase transition. At short time, all three liquid crystals display
power law decays. Over the full range of times, the data for all three liquid crystals are fit with a
model function that contains a short time power law. The power law exponents for the three liquid
crystals range between 0.63 and 0.76, and the power law exponents are temperature independent
over a wide range of temperatures. Integration of the fitting function gives the empirical
polarizability—polarizability(orientational 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 dynami2€.020
American Institute of Physics[DOI: 10.1063/1.1462039

I. INTRODUCTION ponential decay in the isotropic phase, which has a sharply
increasing decay time as the transition temperature is ap-
The orientational relaxation dynamics of liquid crystals proached. LdG theory has been confirmed many times ex-
in the isotropic phase differ from those of conventional lig- perimentally using techniques such as optical Kerr
uids. Relatively close to the nematic—isotropit-{) phase effect®*! depolarized light scatterimy, dynamic light
transition, orientational relaxation dynamics are strongly in-scattering, magnetic,” and electric birefringenc®and di-
fluenced by local structure@pseudonematic domainshat  electric relaxation:’° The influence of the pseudonematic
exist in the isotropic phase? A great deal of experimental domains on the long time scale dynamics continues up to
work has been done, using both time and frequency domain-50 K above theN—I phase transition temperatureLdG
methods, to examine the relatively long time scale orientatheory gives the correlation length as
tional relaxation that is dominated by the randomization of
the pseudonematic domaifis! Near theN—I phase transi- EM)= &[T (T-TH] @
tion, the isotropic phase is nematically ordered on a distanc@ghere¢, is the molecular length scafgypically 7—8 A), and
scale defined by a correlation lengti;” As theN—I phase T+ is a temperature 0.5—1.0 K lower thdk, .2 (Properties
transition is approached from abovegrows, becoming in-  scale asT* is approached rather thaf,, because the phase
finite in the nematic phase. On time scales of many nanosegransition has both first- and second-order charaashigh
onds to hundreds of nanoseconds, depending on the tempetamperatures, the size of the domain becomes similar to the
ture, the local order randomizes, giving rise to exponentiamolecular volume, and LdG theory ceases to apply.
decays of time domain optical Kerr effect experimetits. On time scales short compared to the time for pseudone-
The long time scale relaxation of the local structures ismatic domain randomization, and on distance scales short
described by Landau—de Genn@gsiG) theory, which was compared to& nematogens exist in an environment with
formulated a number of years ago to account for effects omematic like order. Dynamics on short time scalless than
dynamics of theN—| phase transition and nematic-like order a few ng are not described by the LdG theory. The dynamics
above the phase transitioriThe N—I phase transition is will be strongly influenced by the local order. A number of
weakly first order, and it has a noticeable effect on propertiestudies in the past decade have investigated orientational re-
of the liquid near the phase transition temperatiisg, LdG  laxation dynamics in the short time regirie® Previous
theory predicts the temperature dependence of long time exransient grating optical Kerr effect experiments, which mea-
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sure the time derivative of the polarizability-polarizability H
correlation functioh’~2° (equivalent to the orientational cor-
relation function, except or<l ps time scalés revealed

power law decays at short times and the LdG exponential O @ —N
decay at long times. The data were fit with a model function
consisting of a power lawshort time intradomain dynamics 5-OCB ( 4'-(pentyloxy)-1,1-biphenyl-4-carbonitrile)

plus an exponentialdomain randomization Theoretical
treatments based on single particle dynamics produced
power law function€>??but, as discussed below, do not de-

scribe the data appropriately. Because of limitations of signal

to noise ratios on the data, the initial experiments did not O @ =N
measure the full time dependence, from very short times to

very long times, as a single continuous curve. The data were 5-CB (4-pentyl-1,1-biphenyl-4-carbonitile)

analyzed piecewise.
Recently, improvements in experimental technique have

made it possible to examine the full time dependence as a e
function of temperature. The liquid crystal 1-isothiocyanato- 3
(4-propylcyclohexylbenzene(3-CHBT) was studied in the \

isotropic phase using optical heterodyne-detected optical

Kerr effect (OHD-OKE) experimenté? The data were fit 3-CHBT (1-isothiocyanato-4-(4-propylcyclohexyl)benzene)

with a more complicated function than the sum of a power

law and an exponential. The fitting function was able to deFIG. 1. The chemical structures of the three nematogens, 5-OCB, 5-CB, and
scribe the full time dependence. The results showed that FCHBT.

power law, with a temperature independent exponent, domi-

nates the short time scale behavior. The temperature indepefiy; of the recently presented theory, which was derived on

dent power law deca}y is followed by an exponential depaythe basis of collective orientational relaxation of the nemato-
on a relatively short time that then goes over to the long timg,q .

scale LdG exponential decay. Integration of the analytica
fitting function provides a model of the polarizability—
polarizability (orientational correlation functior® This - EXPERIMENTAL PROCEDURES
model correlation function does not contain a power law, but  Optical heterodyne-detected optical Kerr eff¢etHD-
its derivative does. A preliminary theoretical analysis thatOKE) spectroscop’f was used to measure the liquid crystal
calculates the orientational correlation function on fast timeprientational relaxation. A pump pulse creates a time-
scales, based on a description of the collective orientationajependent optical anisotropy that is monitored via a hetero-
relaxation, was presented. The theoretical correlation funcdyne detected probe pulse with a variable time delay. The
tion is not a power law, but its derivative displays a powerOHD-OKE experiment measures the system’s impulse re-
law like decay at short timé’ sponse function, which is the time derivative of the
In this paper, two additional liquid crystals, polarizability—polarizability(orientational correlation func-
4'-(pentyloxy)-4-biphenylcarbonitrile  (5-OCB) and  tion. The methods for the analysis of OHD-OKE data have
4'-pentyl-4-biphenylcarbonitril¢5-CB), are studied, and the been described in detdf. The Fourier transform of the
results are compared to those obtained on 3-CBHigure  OHD-OKE signal is directly related to data obtained from
1 displays the chemical structures of the three liquid crystalsdepolarized light scatterirg, but the time domain OHD-
The data for all three liquid crystals on all time scaled ps  OKE experiment can provide better signal to noise ratios
to >100 ng and over a wide range of temperatures can be fibver a broader range of times for experiments conducted on
exceedingly well by the same function. All three liquid crys- very fast to moderate time scales.
tals display LdG behavior on the longest time scale. The data To observe the full range of liquid dynamics, at each
for all three liquid crystals decay as power lawsR) on the  temperature several sets of experiments were performed with
short time scale. All three power law exponents are temperadifferent pulse lengths and delays. For times30ns, a
ture independent over the full range of temperatures studiednode-locked 5 kHz Ti:sapphire laser/regenerative amplifier
The power law exponents are similar for the three liquidsystems was useth =800 nm for both pump and prope
crystals, withp equal to 0.63(5-OCB), 0.65 (5-CB), and  The pulse length was adjusted from 75 fs to 100 ps to im-
0.76(3-CHBT). The facts that all three liquid crystals can be prove S/N. The shortest pulses were used for times 100 fs to
fit exceeding well by the same fitting function, that all threea few tens of ps. For longer times, a few ps to 600 ps, the
liquid crystals have temperature independent power law depulses were lengthened to 1 ps. The longer pulses produce
cays in the OHD-OKE experiments, and that all three liquidmore signal for the longer time portions of the data. For
crystals obey LdG theory at long time indicate that the isointermediate times, the pulse compression was bypassed, and
tropic phase of liquid crystals have a universal behavior ora 100 ps pulse was used with a long delay line to obtain data
all time scales. The short time scale power law dedags  from 100 ps to 30 ns. Because the experiments are nonreso-
rivative of the correlation functignare examined in the con- nant optical Kerr effect measurements, a frequency chirp on
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LdG relaxation time,r 4. The qualitative explanation for
the two time regimes has been discussed previddsie
following is a brief explanation. In the isotropic phase, the
50 100 150 200 250 macroscopic liquid has an order paramete+ 0, that is,

tne) macroscopically there is no orientational order. However, on
a distance scale short compared&oand on a time scale
short compared ta@, 4, there is pseudonematic order, which
can be characterized by a local order param&egr,relative
to a local director. When the pump pulBefield is applied,
the nematogens experience a torque that produces a slight
alignment with the field. When the field is removed, the mac-
roscopic system is left witls+0. Field free evolution will
reestablist5=0.

To understand the origin of the dynamical time scales, it
is necessary to consider the problem microscopically. There
are two contributions to the relaxation, intradomain relax-

ation and domain randomizatioflLdG relaxation. The
°~°}E§”WW E-field induces a small net alignment of the individual mol-
t (ns) ecules. The molecular alignments change the local order pa-
rameter,S, . Unlike S which is a macroscopic parameter,
FIG. 2. Optical heterodyne detected optical Kerr effect data displaying theS, , IS honzero prior to the application of the optical fie®.
time dependence of orientational dynamics of the liquid crystal, 5-OCB atdefines the local nematic structure relative to the local direc-

347 K on a log plot. The data span the time range 1 ps to 400 ns. At shoi, - 5550 ciated with a given pseudo-nematic domain. Initially,
time, the data decay as a power law. At long time, the data decay expone

tially. Also shown is a fit to the data using E@). The fit is very good over %L: S(E) . Immediately fOHO\{)Ving the application Of the' field,
the broad time range. The residuals of the fit are shown in the inset. S, >S5/ . (S can also be<S], depending on the direction of

the local director relative to the field directioriThe small

alignment of the molecules with the field changgs and it

the pulse does not influence the data. For even longer timegqq, rotates the direction of the local director. Fast intrado-
a CW diode laser was used for probing, and a fast digit2er 5in relaxation occurs, restoring the local order parameter to
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ns per pointrecorded the data. The scans taken over varioug0 pRelaxation of the perturbed local order bacifooccurs
time ranges always overlapped substantially permitting they, e fast time scales but leaves the ensemble of domain
data sets to be merged by adjusting only their relative amplifc4| irectors still slightly aligned with the direction defined
tudes. Agdltlonal experimental details have been publlshegy the E-field 2 This long-lived anisotropy can only decay
recently? by randomization of the domains and is responsible for the
~ 5-0CB, 5-CB, and 3-CHBT were purchased from Ald- |5 time decay described by LdG theory.
rich and used W|tho_ut fu_rther purification except fo.r filtration In Fig. 2, the fit to the data and the calculation of the
through a 0.2um disk filter to reduce scattered light. The |oqiquals used the model functioh,
samples were sealed under vacuum in 1 cm glass cuvettes.
The cuvettes were held in a constant flow cryostat where the p” @)
temperature was controlled t&0.1 K. Experiments were '
performed in the isotropic phase from 344 to 385 K for . .
5-OCB, 311 to 346 K for 5-CB, and 315 to 355 K for Here,rLdG |s_the decay gonstant of the LdG single exponen-
3-CHBT. tial decay with an amplitude od. All other terms apply to
the intradomain relaxation. The exponential term contained
IIl. RESULTS AND DISCUSSION !n3|de th(_a square brac!<ets with a decay constant isfthe
intermediate exponential decay that flattens out the curve.
Figure 2 displays a typical data set for 5-OCB at 347 KThe power law term with an exponent efp is scaled byt 5.
(Ty;=344K). The data, which are plotted on a log—log All of the terms inside the square brackets describe the in-
scale, span the range of times from 1 ps to 400 ns. Starting atadomain, non-LdG, decay. The intradomain decay leaves a
short times, the data falls steeply; the decay becomes moresidual anisotropy of amplitude which then decays via the
gradual at intermediate times on the log plot, and it finallydomain randomization with 4. The fit to the 5-OCB at
falls very steeply at long time. The long time scale datd5 347 K data shown in Fig. 2 uses the parametetfgg
ng is a single exponential as expected from LdG theory=88.3 ns, y=12.5 ns, p=0.62, a=1.01, b=0.12, t;
Also shown on the plot is a fit to the data and the residuals of=0.059 ns. The function in Eq2) does an excellent job of
the fit using the function discussed below. The fit follows thedescribing the data over a wide range of times. The inset
data so well that it is barely discernable on the plot. All of shows the residuals of the fit to the data. The function given
the fits to the data sets at various temperatures for the thrée Eq. (2) works at all temperatures, and it describes the data
liquid crystals display essentially the same quality of fit. ~ equally well for three different liquid crystals. While there
The data can be divided into two time regimes, that is,are a large number of parameters in Eg), they can be
the LdG relaxation time scale and times fast compared to thdetermined quite accurately because some of them are rela-
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FIG. 4. Temperature dependent 5-CB data sets displayed on a log plot. The

FIG. 3. Temperature dependent 5-OCB data sets displayed on a log plo - ) - ) )
The data sets have been offset for clarity of presentation. Starting with th%jta sets have been offset for clarity of presentation. Starting with the top

ost curve, the temperatures for the data sets are 312.0, 312.9, 314.0, 315.0,
top most curve, the temperatures for the data sets are 346.0, 347.0, 348
350.1, 352.1, 355.0, 357.0, 360.0, 363.0, 370.0, 374.9, 380.0, 384.9 K. 6.0, 318.0, 322.0, 324.0, 326.0, 329.0, 332.0, 336.0, 339.0, 344.0 K.

tively independent of the others. The long time portion of theLdG decay becomes very fast, then the entire function de-

data is a single exponential, which makes it possible to decays exponentially.

termine 7 4 independently of the other parameters. The  Athigher temperatures>357 K for 5-OCB,>329 K for

short time behavior is dominated by the power law, which5-CB, and>325 K for 3-CHBT), 7 4c is the same magni-

makes it possible to determireandt;. The intermediate tude or shorter than the intermediate time constardnd it

time scale exponential is the most difficult to determine acecomes very difficult to distinguish the two time constants.

curately because it is sandwiched between the short timé&he difficulty in distinguishing the two terms is compounded

scale power law and the long time scale LdG exponentiaby the fact that the amplitude, associated with the LdG

decay. The data cannot be fit without the intermediate termigrm in Eq.(2) is generally five to six times larger thdn

but the decay constant has larger error bars than those asg¢be amplitude associated with the intermediate exponential.

ciated with the other parameteisee below. In Eq. (2), multiplying through by the outer exponential,
The previous function used to describe the data, th&xp(—t/74c), causes the inner exponential to have the decay

simple sum of a power law and an exponentfa®?'does  constant,

not accurately reproduce the intermediate time scale data

(just prior to the LdG decaynor does it properly describe 1 1

the very long time behavior. It also contains a fundamental Tl Y

conceptual flaw. At sufficiently high temperature, the LdG

decay becomes very fast. At even higher temperature, ddit the higher temperatures, effectivety=1/7 4.
mains cease to exist, and the decay should become a single Figure 3 shows the full temperature dependent data sets
fast exponential. With a functional form that is the sum of afor 5-OCB plotted on a log plot and offset vertically for
power law and an exponentighe function used in prior clarity. The lowest temperature is at the top. The temperature
Work12'13'2:§’ making the exponentia| very fast leaves a |ongf0r each curve is given in the figure Caption. Figure 4 is the
time decay that is a power law. This is contrary to observasame type of graph for 5-CB, and Fig. 5 is for 3-CHBT. For
tion. Even for the decays at moderate temperature, at sufffll three liquids, the qualitative trends are exactly the same.
ciently long time, the simple sum of a power law and anFast time decays look very similar to one another, while the
exponential leaves a long power law tail. The present dat¥ng exponential decay changes rapidly with temperature.
are good enough and go out far enough in time that Compari_ The LdG exponential time constant is expected to have a
son to the simple sum shows deviations from the data at longgmperature and viscosity dependence givelT by
time as well as at intermediate times. The function in 9. .

does not have these problems. The intradomain terms decay, _ Vern(T)

leaving a residual anisotropy that decays exponentially. If the -9 kg(T—T*)?"

()
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FIG. 5. Temperature dependent 3-CHBT data ¢§R&f. 23 displayed on a

log plot. The data sets have been offset for clarity of presentation. Starting

with the topmost curve, the temperatures for the data sets are 316.0, 317 §mes TL4, @S a function of temperature for 3-CHBT. The

géi'g’Kslg'l’ 321.5, 3230, 3251, 327.0, 3190, 333.1, 337.0, 344G g displays the long time portion of the data at 317 K on a
semilog plot. A line is shown passing through the data. As

can be seen in the inset, the long time portion of the data is
where V¥; is the approximate molecular volume, is the described very well as an exponential decay. This is true of
viscosity, kg is the Boltzmann constarit* is defined above, the long time data at all temperatures for the all three liquid
and y=1 according to mean field theory and is observed to-rystals. Using Eq(2) to fit the data or fitting only the long

be 11! Figure 6 displays the long time exponential decaytime tail to an exponential gives identical results Qg .
The curve through the data in Fig. 6 is obtained from @4.

using Vi as a scaling parametevy; does not change the
shape of the curve; it only sets the magnitutie.was found

to be 312.5 K. Clearly, the long time behavior of 3-CHBT is
described very well by LdG theory, as is expected. Figure 7
displays the temperature dependence of the decay time
(7Lqe) of long time exponential portions of the data for 5-CB
(squaresand for 5-OCB(circles. Again, Vi; was varied as

a scaling parametel* was found to be 307.2 K for 5-CB
and 343.5 K for 5-OCB. These are in accord with thg
values for each liquid. Like the 3-CHBT dat&ig. 6), the

LdG theory describes the temperature dependence of the
long time exponential portions of the data very well.

Figure 8 shows a 5-OCB dataset at 317 K with both
exponential terms of Eq2) subtracted from the data. The
resulting power law has an exponentmp£ 0.63, and can be
seen over almost three decades. When the same procedure is
applied to the 5-CB and 3-CHB{Ref. 23 data, similar long
power law decays become evident. In Fig. 9, values are plot-
ted for the power law exponeffig. (a)], and for the inter-
mediate exponential time constaffig. b)]| for 5-OCB
(squaresy 5-CB (circles, and 3-CHBT (triangles. The
: '350 """ 3 é """ 3 "10 """ 3 tlso' — power law exponentsp, for all three liquids are constant,

T (K) within experimental uncertainty, over the full temperature
ranges studied. Thp values are 0.630.01 (5-OCB), 0.65
FIG. 6. The 3-CHBT long time scale exponential decay time as a function® 0.01 (5-CB), and 0.76-0.03 (3-CHBT).

of temperature. The temperature dependence of the decay time is predicted The intermediate exponential decay constan{Fig.

by the Landau—de Gennes theory. The solid curve through the data is t ; ; _
theoretically predicted LdG curve. The inset shows the long time portion Jf@(b)] has much greater uncertainty in the values at each tem

the 317 K data set on a semilog plot with a line through the data showing th@€rature than the power law eXponent_Of thes decay con-
decay is exponential. stant. The uncertainty in the values is produced by the
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relatively small magnitude of the intermediate decay compoues are 12.62.1 (5-OCB), 11.8-2.4 (5-CB), and 7.8-3.0
nent and its position between the power law and the Ld@3-CHBT).

decay. While there may appear to be a weak temperature The model function for the decay given in E@) de-
dependence, the relatively large variations in the values frorscribes the data well. This function is related to the time
one temperature to another suggests that apparent tempecdkerivative of the polarizability-polarizability correlation
ture dependence probably arises from experimental errofunction. By integrating Eq(2) and normalizing the function
Treating they values as temperature independent, theal-  att=0, an empirical correlation function is obtained, that is,

ar gce Vet (b/K)e K+ (15 PKPIT(1—p,Kt)
ar gst (b/K)+ (15 PKP I (1—p) '

C(t)= (4)

whereK is defined above, and(x) is the gamma function, particle correlation function should only apply at extremely
and I'(x,y) is one of the definitions of the incomplete short time. The time scales observed in the experiments re-

gamma functiorf® flect the collective dynamics of the local nematically ordered
" structures. An initial theory of the collective correlation func-
F(X’y):J' e Ssx~1dg, tion at short times, the derivative of which decays approxi-

y mately as a power law on the fast time scale, has recently

All of the parameters in the expression for the power law ard€en presented.
obtained from the fits to the experimental data. While the  As the function measured in optical Kerr experiments is
correlation function given in Eq4) is empirical, a correla- the time derivative of thdotal polarizability—polarizability
tion function derived theoretically from first principles will time correlation function, the response is determined prima-
display the same time dependent behavior. Therefore(4xq. rily by the time correlation function of the second rank
is useful for comparison to theoretical calculations of the fullSpherical harmonic®. In Kerr experiments, we measure the
correlation function. collective, that is, th&k=0 limit of C,,(k,t). In its current
Previous theoretical examination of the short time beform, the theory calculates th@,(k,t) correlation function.
havior treated the problem calculating a single particle cor-The correlation function is calculated in the Laplace fre-
relation functior?*?? These calculations did yield power duency plane, that isC,o(k,z), using a general molecular
laws. However, the correlation functions were compared dilydrodynamic approacti=*?After a rather lengthy deriva-
rectly to the data; the required derivative was not takention, and inversion of the final expression into the time do-
Once the derivative is taken, the calculated decays are mudRain, the short time expression for the polarizability—
steeper than the data, that is, the power law exponent in tHeolarizability correlation function 8
derivative function is too large. More important, the single Coft) = explalt)erfqatl?), (59

where erfc is complementary error functi#ffiThe parameter

10 ais given by®

a=pB3(6DR)Y?f 5o k=0)/3. (5b)

p is the number density, anbDy, is the rotational diffusion
coefficient of the nematogens$y,(k) is the dimensionless
orientational caging parameter defined by

food K)=1—(pl4m)Cyad K), (50

where cy,ok) is the (2200 component of wave vector and
orientation dependent direct correlation functiBns related

to the second derivative of the direct correlation function
Coo(K) atk=0, that is,

01| p (dzczzo)
- k=0

signal (arb. units)

2_ T
L B =4n | a2 (50)

0.01 0.1 1
t(ns) Equation(5) for C,y(t) is the main result of the theoret-
FIG. 8. The short time portion of the 5-OCB data at 347 K with the expo- ical analysis. It is expected to be valid in a ime window that

nential contributions removefee Eq(2)] on a log plot. The line through i_s short compared_ t_eLdG but |0n9_ compareq to the ultrashort
the data shows that the decay is a power law from 3 ps to 2 ns. time scale of collisional dynamics. Equati¢h) shows that
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“ after the initial fast decay, the friction due to intradomain
5 a A4 correlations increases rapidly. This increase leads to the slow
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%10 300 330 340 350 360 The correlation functio_n given in EG?S) has a very dif-
T(K) ferent form from the experimentally derived empirical corre-
lation function given in Eq(4). The function given in Eq4)
FIG. 9. (a) The_power law exponentp, obtained from fits of th_e data to Eq. spans the full time range from ps to- 7 4. Its derivative,
(2), as a function of temperature for 5-OGBquares 5-CB (circles, and . . .
3-CHBT (triangleg. The power law exponents for all three liquids are con- Eq.(2), dgscrlbes the data Wégee Flg. 2 Figure 10 .ShOWS
stant, within experimental uncertainty, over the full temperature ranges stud® comparison between the derivative of the theoretical corre-
ied. Thep values are 0.680.01 (5-OCB), 0.65-0.01 (5-CB), and 0.76  lation function [Eg. (5)] and a power law with exponent
]}“0-93(3'(?”317- (b) The "‘V\;‘z;mediate _eXpotn?ntial detcay Cot”StaWﬁf a  —0.63 that begins the decay of the 5-OCB signal. The value
iﬁgggggdzntteg?F\);éf;tlg;et-emLelrr;tﬁrgzﬂersggdaeniﬂon heare temperawre ot oo ramete= 1.25 in Eq.(5) was chosen to most closely
match the short time power law decay. As can be seen in Fig.
10, the derivative of the theoretical correlation function is
at relatively short times, the polarizability—polarizability almost a power law at short time, from 3 ps+®0 ps. After
time correlation function will have a weak time dependencethat, it begins to tail off. Figure 10 is not intended to be a fit
(see below. to the data. It is only used to demonstrate that the correlation
The details of the analysis leading to E§) (Ref. 23  function given in Eq(5) can have the appropriate short time
suggests that the weak time dependence on time scales thahavior. The decay of the 5-CB data begins with a power
are short compared tg 4¢ is a direct consequence of pseudo- law with exponent—0.65. The a value that produces the
nematic domain formation as tiN transition is approached same type of agreement as displayed in Fig. 10 is virtually
from the isotropic phase. The pseudonematic domains givihe same as found for 5-OCB because the power law expo-
rise to slow, local orientational density fluctuations, which innents are so similar. For 5-CB&=1.3. The decay of the
turn affect the orientational friction because the torque—-3-CHBT data begins with a power law with exponerd.76,
torque correlation function is coupled to these fluctuationswhich is substantially different from the other two nemato-
The influence of the domains on the local orientational dengens. Thea value that produces the same type of agreement
sity fluctuations is reflected in a strong frequency depenas displayed in Fig. 10 ia=3.
dence of the rotational friction in the low frequency range.  While all three liquid crystals display temperature inde-
The strong frequency dependence of friction acts in the oppendent power law decays at short times, the values of the
posite manner to the usual decay from the short-range intepower law exponents vary. The power law exponents are
actions, nearly canceling it. At long timest=r 4c) this  —0.63, —0.65, and—0.76 for 5-OCB, 5-CB, and 3-CHBT,
frequency dependence dies down, and the LdG theory shoul@spectively. Because the short time decay depends on the
be recovered. One, therefore, expects a nonexponentiabllective dynamics of the nematogens, it is reasonable to
crossover region where nonexponential decay at short timesssume that the details of the decay depend on the details of
will go over to the long time scale exponential decay. Thisthe nematogens’ molecular interactions and structures. Table
crossover region is akin to the von Schweidler redidfiof | gives the approximate lengths, widths, and aspect ratios for
the dynamics observed in supercooled liquit It arises  the three nematogens. The lengths and widths were obtained
for essentially the same reason, that is, the stretching of rdrom a structural optimization using a 3D CHARMM force
laxation at intermediate times. As the relaxation proceedseld. While the calculations should be considered approxi-
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TABLE |I. Size parameters of the nematogens. correlation lengthé [see Eq.(1)], the dynamics are deter-
mined by the nature of the collective motions of the locally
Aspect Power law . . A
Length Width ratio exponentp ~ Nematically ordered structures. The theoretical treatment

also suggested a rationale for the lack of temperature depen-
g:ggB ig?é 2‘22 g'gf :8'22 dence at short times, but a definite explanation is not yet in
3.CHBT 153 A 47 A 3.26 076 hand. Extensions of the theoretical treatment that led to Eq.
(5) are in progress. These include detailed molecular dynam-
ics simulations, which should provide a more detailed view
of the nature of the collective dynamics that lead to the ori-
mate, particularly in the absence of intermolecular interacgntational relaxation of nematogens on short time scales. An-
tions that exist in the liquid, the results should be of suffi-gther unexplored issue is the aspect ratio dependence of the
cient accuracy to examine qualitatively. slow decay. An interesting and unanswered question is the
Looking at Table I, there appears to be a relationshiphature of the dynamics in the nematic phase on fast time
between the aspect ratio and the power law exponent. 5-OCB:gles. As the phase transition is approached from the isotro-
has the largest aspect ratio and the smallest power law exp@ic phase, the pseudonematic domain correlation length goes
nent. 5-CB has a somewhat smaller aspect ratio and a somgy infinity, as does-, 4. Because the dynamics at times short
what larger power law exponent. 3-CHBT has a substantiall;bompared tor, 4 are temperature independent and are deter-
smaller aspect ratio and a substantially larger power law eXmined by the local nematic structure that exists on short
ponent. The widths of the three nematogens are almost th@stance scales, it is possible that there will be no disconti-

same. The aspect ratio is predominately determined by thgyity in the short time dynamics as the system passes from
length of the nematogens. A larger power law exponent corhe isotropic phase to the nematic phase.

responds to a faster short time decay. Table | suggests that as
the length and aspect ratio decreases, the rate of collective
orientational relaxation increases. ACKNOWLEDGMENTS
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