JOURNAL OF CHEMICAL PHYSICS VOLUME 118, NUMBER 20 22 MAY 2003

Dynamics in supercooled liquids and in the isotropic phase
of liquid crystals: A comparison
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A comparison is made of the dynamics observed over wide ranges of time and temperature between
five supercooled liquids and four isotropic phase liquid crystals that have been previously studied
separately. Optical-heterodyne-detected optical Kerr eff@iiD—OKE) measurements were
employed to obtain the orientational relaxation dynamics over time scales from sub-ps to tens of ns.
For the supercooled liquids, the temperatures range from above the melting point dewp tthe

mode coupling theory critical temperature. For the liquid crystals, the temperatures range from well
above the isotropic-to-nematic phase transition temperatyredown to ~Ty,. For time scales

longer than those dominated by intramolecular vibrational dynarfsck pg, the fundamental
details of the dynamics are identical. All nine liquids exhibit decays of the OHD—OKE signal that
begin (>1 p9 with a temperature-independent power law, wherez is somewhat less than or

equal to 1. The power law decay is followed in both the supercooled liquids and liquid crystals by
a crossover region, modeled as a second power law. The longest time scale decay for all nine liquids
is exponential. In supercooled liquids, the exponential decay i& tieéaxation(complete structural
relaxation. In liquid crystals, the exponential decay is the Landau—de Gennes @tetayation of
pseudonematic domain#\s T, (supercooled liquidsand Ty, (liquid crystalg are approached from
above, the time range over which the “intermediate” power law can be observed increases, until
nearT. and Ty, the power law can be observed fromil ps to many ns. The data for all nine
liquids are described accurately by the same functional form and exhibit a scaling relation in
common. The nature of the dynamics in the liquid crystals is understood in terms of pseudonematic
domains that have a correlation lendttwhich increases &gy is approached. It is conjectured that

the similarities between the liquid crystal data and supercooled liquid data are produced by the same
underlying physical features: that is, like liquid crystals, supercooled liquid dynamics is a result of
structural domains even at relatively high temperature. 2@3 American Institute of Physics.
[DOI: 10.1063/1.1568338

I. INTRODUCTION The dynamics of liquid crystals in their isotropic phase

In spite of a vast number of experiments usin awideiS also complex, occurring over a wide range of time
nsp ST . be Using scales’®>~3* However, unlike supercooled liquids, there is a
variety of technique;?! the microscopic dynamic nature of

L . well-defined mesoscopic-scale physical picture of nemato-
supercooled liquids is not understood on mesoscopic dis- : : : 32 35,36 . : .
ns in the isotropic phas&322>fand this physical picture

tance scales, that is, distances that are greater than a sin . . . T o
orms the still-evolving theoretical description of liquid

molecule, but substantially less than a bulk sample. Ver wal d i€ Ab but th tic—iSotropi
close to the glass transition temperatiitg there have been C'YS'@! Cynamics. Above but near e nematic—ISotropic
I) phase transition temperaturBy, (Ty<T<Ty+

a number of experiments that suggest supercooled liquids al(é\l_ ) - | oo ;
structurally heterogeneod&? At higher temperatures, par- ~50K), orientational relaxation dynamics is strongly influ-

ticularly aboveT,, the mode-coupling theoMCT) critical ~ enced by local structuge(ﬁpseudonematm domainghat exist
temperaturg~20% aboveT ), where even the slowest dy- " the isotropic pha_lsﬁ* A great deal of experimental work
namics are relatively fagon the order of 100 nsthere is ~Nas been done using both time and frequency domain meth-
little on which to base a picture of the structural characteris2ds to examine the relatively long-time-scale orientational
tics that give rise to the complex dynamics observed in motelaxation that is dominated by the randomization of the
lecular supercooled liquids. Simulations on sph#&®sand ~ pseudonematic domaifg**"~**Near theN—I phase tran-
somewhat more complex shap&g® provide insights, but sition, the isotropic phase is nematically ordered on a dis-
they cannot address whether the supercooled liquid inhomdance scale defined by a correlation lengfi*®As theN-I
geneity that is observed very close Tg persists at much phase transition is approached from abaygrows, becom-
higher temperatures and whether the inhomogeneity is iming infinite in the nematic phase. On time scales of many
portant in determining dynamics well aboVg. nanoseconds to hundreds of nanoseconds, depending on the
temperature, the local order randomizes, giving rise to expo-

nential decays in time domain optical Kerr effect
§1’33’37
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The long-time-scale relaxation of the local structures isdecay*’~>*However, because of its low amplitude and short
described by Landau—de Genn@gslG) theory, which was time span, the crossover region can be equally well modeled
formulated a number of years ago to account for affects oms a second power lawsee below This crossover power
dynamics as thé\—| phase transition is approached from law is akin to the MCT von Schweidler power law.
above and to describe nematiclike order above the phase Mode coupling theory provides a reference frame for the
transition® The N—I phase transition is weakly first order, discussion of the dynamics of supercooled liquids and com-
and it has a noticeable influence on properties of the liquigharison with liquid crystals. Some of the basic features of the
nearTy,. LdG theory predicts the temperature dependencexperimental observations are reasonably well described by
of long-time exponential decay in the isotropic phase, whichthe two-step case of MCT at temperatures well above
has a sharply increasing decay time as the transition temperay, .5253|n the MCT description, the time dependence of the
ture is approached. LdG theory has been confirmed mangensity—density correlation functiofand the orientational
times experimentally using techniques such as the opticalorrelation functiof®?3 consists of a fast temperature-
Kerr effect?*3"*" depolarized light scatterir§, dynamic  independent decafthe critical decay or fasg process fol-
light scattering® magneti€® and electri¢* birefringence, lowed by a curve with complex shape that obeys a
and dielectric relaxatioff"*3The influence of the pseudone- temperature-dependent time scaling relation. This curve
matic domains on the long-time-scale dynamics continues teventually decays to zero through complete structural relax-
>50 K above theN—I phase transition temperatuteLdG  ation. The earliest component of the complete structural re-

theory gives the correlation length as laxation decays as a power law, the von Schweidler power
law, followed by an exponential or approximately exponen-
E(T)=g[ T*I(T—T*)]12 (1) tial decay, the slowr process. As the temperature is lowered

from high temperature, the relaxation time of therocess

where &, is a molecular length scalgypically 7-8 A and lengthens dramatically, and according to ideal MCT, it di-
T* is a temperature 0.5-1.0 K lower thag, .%® (Properties ~ verges affl, at which all fluctuations are frozefh>?
scale asT* is approached rather than,, because the phase However, recent detailed experimental studies of five su-
transition has both first- and second-order characérsuf- percooled quuid%9 demonstrate that the short-time-scale dy-
ficiently high temperature, the size of the domains become8amics(~1 ps to 1-10 ns, depending on the temperature
similar to the molecular volume, and LdG theory ceases tgloes not correspond to the dynamics predicted by the MCT
apply. standard model. Rather than the functional form of the decay
On time scales short compared to the time for pseudone?redicted by MCT, a power lawt % with temperature-
matic domain randomization and on distance scales shotidependent exponent is observed” The values ofz are
compared toé, nematogens exist in an environment with €qual to or somewhat less than 1. This power law has been
nematiclike order. Dynamics on short time scalless than ~ called the intermediate power law because, in the language
a few ng are not described by the LdG theory. The dynamicsof MCT, it falls between the critical decaast 5 process
is strongly influenced by the local order. A number of studiesand the von Schweidler power law. The temperature-
in the past decade have investigated orientational relaxatiofidependent power law is followed by the von Schweidler
dynamics in the short-time regini®3144-47 Recently, —power law and then the exponential relaxation. Certain
improvements in experimental technique have made iscaling relations predicted by MCT are obey&d.
possible to examine the full time dependence as a function The fundamental point of this paper is that the nature of
of temperaturé>=3* The experiments use the optical- the dynamics observed in the isotropic phase of liquid crys-
heterodyne-detected optical Kerr effe®HD—-OKE) to tals and in supercooled liquids is essentially identical. On
study the dynamics from<1 ps to hundreds of ns with ex- time scales sufficiently long such that the observations are
cellent data over the full time range. The experiments weréot dominated by intramolecular vibrational degrees of free-
conducted from well abov&y, down to~Ty,. The OHD- dom(=1 ps, both types of liquids decay with a temperature-
OKE experiment measures the time derivative of theindependent power law, followed by a crossover region,
polarizability—polarizability correlation functidf>'  which can be described as a second power law. The final,
(equivalent to the time derivative of the orientational corre-complete structural relaxation is a highly temperature-
lation function, except or<1 ps time scales dependent exponential decay. The data for all nine liquids
The experiments reported previously on four liquid crys-that were previously studied separately, five supercooled
tals observe temperature-independent power law decays kquids'®~*°and four liquid crystal$?~3*are fit here with the
short times and the LdG exponential decay at longidentical fitting function. While the parameters that describe
times®273*A preliminary theoretical analysis that calculates the various liquids differ, they differ among the liquids of a
the orientational correlation function on fast time scalessingle type as well as between supercooled liquids and liquid
based on a description of the collective orientational relaxcrystals. The main difference in the parameters is that the
ation, has been present&dThe theoretical correlation func- liquid crystals have a power law exponenwhich is depen-
tion is not a power law, but its derivative displays a power-dent on the aspect ratio of the nematogen. Whédar the
law-like decay at short tim& liquid crystals is extrapolated to an aspect ratio of 2.5, the
Between the short-time-scale power law and the long+atio below which liquids no longer behave as liquid crystals,
time-scale LdG exponential decay, there is a crossover rahe value is in the range afs found for the supercooled
gion. This region has been modeled as another exponentiijuids.
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The similarities in the dynamical behavior of the super-sponding bandwidth is insufficiently broad to drive libra-
cooled liquids and the liquid crystals suggest that a similational motions by stimulated Raman scattering. RatherEthe
underlying molecular nature of the liquids gives rise to thefield associated with longer pulses exerts a torque on aniso-
dynamics. The dynamics in liquid crystals in the isotropictropic polarizable molecules, which results in a molecular
phase is determined by the pseudonematic domain structucgientational anisotropy along the direction of the appked
of the liquid. The correlation length of the domains increasedield. In either case, the resulting orientational anisotropy
as Ty, is approached from above. The results bring out thegives rise to an optical birefringence in the sample, which is
possibility that supercooled liquids could behave as they danonitored by the probe pulse. A pulsed probe beam, in con-
because they also have a type of domain structure, even pinction with two delay lineg0—600 ps and 0—30 hswas
relatively high temperatures, that grows as the temperature issed for monitoring decays up to 30 ns. For longer decay
lowered. However, unlike liquid crystals, supercooled liquidstimes, following pulsed excitation, a cw probe beam and a

do not go through a structural phase transition. fast digitizer were employed to measure the decay.
A Ti:sapphire oscillator and 5-kHz regenerative amplifier
Il. EXPERIMENTAL PROCEDURES provided the pulses. An adjustable grating compressor per-

The results that will be discussed below have been prer-nitted pulse durations of from:70 fs to 2 pdfull width at

sented previousl%_lg’s“ However, because the essential half maximum(FWHM)] to be obtained. The longer pulses

point here is to compare the results of experiments on twé'r® achieved by incomplete compression. In addition, by-

C g e ; assing the grating compressor entirely yields pulses of
types of liquids, it is important to describe the nature of theP ;
experimental procedures, if only briefly. ~100 ps FWHM. The partially compressed and uncom-

The five supercooled liquids studied are benzophenonBressed pulses are chirped. The use of chirped pulses does
(BZP),*° and 2-biphenylmethandBPM),'° ortho-terphenyl not interfere with the production or detection of the optical
(OTP),” salol%® and dibutylphthalate(bBP) 18 The four Kerr effect because it is a nonresonant experiment. The
quuid, crystal1s studied are ’4phentylox§-4-biphenyl- shortest pulses were used to resolve the fastest-time-scale
carbonitrile  (5-OCB),  4'-phentyl-4-biphenylcarbonitrile data. Better signal-to-noise ratios were obtained at long times
(5-CB) and 1-isothiécyabat(ﬂ-propylcyclohexy)benzene by using longer pulses with greater average power. The cw
(3-CHBT) 3233 and 4-Octyl-4-biphenylcarbonitrile probe was obtained from a commercial diode laser, centered
(8-CB) 34 ' at 635 nm, with an output power of 15 mW.

The supercooled liquid samples were prepared as fol- Data were collected over four distinct time ranges: 0—20

lows: Sample cuvetted cm optical lengthwere cleaned on gs ggg‘gpzolgnpguIiessagﬂIze%“h;nsdtegp;:ﬁm;fg;;la%cl)'tn;;
a distillation apparatus to remove dust and other contami= ~ - i . i
bp elay line; 0.1-30 ns using 100-ps pulses and a 30-ns delay

nates. The materials were purchased from Aldrich and werﬁ Cand 2 1 | hundred ing 100 |
purified by fractional vacuum distillation and sealed in the Ine, an b 0 seO\I/era; ':Jroll r$_ ns _Lrjﬁmg. .f.-ps [:ump Ipu sefs,
optical cuvettes while still attached to distillation apparatus.a CW Probe€, and a tast digitizer. The significant overiap o
This procedure removed dust that could act as nucleatio‘raiaCh time range with the ne>_<t I_ong_er range permitted the data
sites for crystallization. The liquid crystal materials wereseft_sI (;0 be merged k_)y _rgult;pllctz;\]tlon oflthe da_\ta a(r:nplltude
also purchased from Aldrich and used without further purifi—un Il decays were coincident in the overlap region. t.are was
cation except for filtration through a 02m disk filter to taken to ensure data overlap between differing time scales
reduce scattered light. The samples were sealed und&f3s Rl

vacuum in 1-cm glass cuvettes. Temperature control was ob-

tained using a constant-flow cryostat, with temperature sta]-” COMPARISON OF SUPERCOOLED LIQUID

bility of =0.1 K.
; . AND LIQUID CRYSTAL RESULTS
The optical heterodyne detected optical Kerr effect ex-
periment, a nonresonant pump—probe techntjde mea- Figure 1 displays data on logarithmic plots for one of the

sures the time derivative of the polarizability—polarizability supercooled liquids, BZP, and one of the liquid crystals,
correlation function(orientational correlation functiort®®’  5-OCB. The plots begin at 1 ps. At shorter times, the data are
The pump pulse induces an optical anisotropy. The inducedtrongly influenced by the excitation of intramolecular vibra-
optical anisotropy decays because of orientational relaxatioriional modes that give rise to oscillatory signfisSome of
The decay is measured with a time-delayed probe pulse. Théae oscillatory character is still visible in the BZP data be-
Fourier transform of the OHD—OKE signal is directly related tween 1 and 2 ps. All of the data for the five supercooled
to data obtained from depolarized light scatterifig’but the  liquids and the four liquid crystals have the same general
time domain OHD-OKE experiment can provide betterappearance that is displayed in Fig. 1. As will be shown
signal-to-noise ratios over a broader range of times for exbelow, all of the data sets foe= 1 ps can be decomposed into
periments conducted on very fast to moderate time scales.three parts. The shortest time portion is a power law, the
When sufficiently short excitation pulses are uged0  “intermediate” power law. It is called intermediate because
fs), the correspondingly large bandwidth excites an orientait follows the ultrafast dynamics and precedes the longer-
tionally anisotropic distribution of librations via stimulated time-scale full structural relaxation. The ultrafast dynamics
Raman scattering. The damping of the optically excited li-have the intramolecular vibrational oscillations superim-
brations leaves behind a residual molecular orientationgbosed on a decay that is referred to in MCT as the critical
alignment. When the excitation pulses are longer, the corredecay or fasp process>°3%6'The ultrafast portions of the
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O FIG. 2. Temperature-dependent data for one of the liquid crystals, 5-OCB,
and one of the supercooled liquids, BZP. The supercooled liquid data cover

a temperature range from well aboV¥e to ~T.. The liquid crystal data
cover a temperature range from well abdvg to ~Ty, . The curves have
been offset for clarity of presentation. Starting with the topmost curve, the
temperatures for the 5-OCB data sets are 346.0, 348.0, 352.1, 357.0, 363.0,
374.9, and 384.9 K. Starting with the topmost curve, the temperatures for
the BZP data sets are 251, 254, 260, 269, 281, 290, 302, 311, and 320 K.
The temperature-dependent data sets for all nine liquids have similar appear-
ances. The major temperature dependence is the slowing of the long-time-
scale exponential relaxation @sis decreased.

OKE experiments on supercooled liquids discussed
here®~1the crossover region in the liquid crystals is mod-
eled as a power law. As discussed below, all of the liquid
crystal data were refit with the same function used to de-
scribe the supercooled liquids.

Figure 2 displays temperature-dependent data for one of
the supercooled liquids, BZP, and one of the liquid crystals,
5-OCB. The supercooled liquid data cover a temperature
range from well above, to ~T.. The liquid crystal data

t (ps) cover a temperature range from well abolg, to ~Ty;.
) o . The curves have been offset for clarity of presentation. The
FIG. 1. Typical data on logarithmic plots for one of the supercooled liquids, . . . . L
benzophenoneBZP), and one of the liquid crystals, 4phentyloxy-  [€MPeratures are given in the figure caption. Qualitatively,
4-biphenylcarbonitrile(5-OCB) from 1 ps to>20 ns. In each plot, the the data have the same type of temperature dependences,
short-time portions are power laws. The long-time portions are exponentiajvhich will be shown to be true quantitatively below. The
decays. In between, there is a crossover region. major changes with temperature are the long-time-scale ex-
ponential relaxations. As the temperature is increased, the
exponential decays become fagtgéecay constants, for the
data are not considered hear because they span a very shetpercooled liquidy relaxation andr 4 for the Landau—de
observable time range and the data are substantially obscur@knnes relaxation of the pseudonematic dopaline in-
by the intramolecular vibration'$. creased rates of the exponential decays reduce the time range

On the longest time scale, the data are single exponentiglver which the shorter-time-scale portions of the data can be
decays. These are the portions of the data in Fig. 1 thasbserved. The short-time portions of the data do not change
appear as a steep drop after a few ns. Between the intermg4th temperature except in their amplitudes.
diate power law and the final exponential decay there is @ Over the wide ranges of temperatures investigated, the
crossover region with different functional form. In super- data for each of the five supercooled liquids and the four
cooled liquids, this region is generally described as a poweliquid crystals were fit fot=2 ps using the fitting functiofi
law, the von Schweidler power law. In the experiments on _ _
liquid crystals, the crossover region was modeled as another F(O=[pt *+dt* Texp~t/7). 2
exponentiaf>~3*However, in supercooled liquids the cross- The first term withz<1 corresponds to the intermediate
over region spans only a short time and is of low amplitudepower law; the second term is the crossover power law
In the liquid crystals, the crossover region spans a longefvon Schweidler power law with values of b varying
time. In both types of liquids, the exact functional form of between 0.73 and 0.97; the exponential function describes
the crossover region is difficult to determine. The form usedhe final a-relaxation decay(supercooled liquids,r,) or
to fit the liquid crystal dat¥3*has an additional adjustable the LdG decay(liquid crystals, 7 4c). The product of the
parameter and gives a slightly better fit. For consistency wittvon Schweidler power law and the exponential has been pre-
the literature on supercooled liquids and the previous OHD-viously shown to describe the longer-time portion of the

OHD-OKE signal (arb. units)
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FIG. 3. Data and fits to Eq2) for one liquid crystal data s€6-OCB) and
one supercooled liquid data s@ZP). The calculated curves fit both data

sets very well. This is true for all nine liquids at all temperatures. Only the | | | Salol 253K|
beginnings of the long-time portions of the data are shown so that the B ; S 5 e " e ’ '
shorter-time data can be seen more clearly. 10 10 10 10

t (ps)

OHD-OKE data for the supercooled liquids eXtremerFlG' 5. Logarithmic plots of the power law portions of the data for the all

[1.16-19 ty. the | tti i f th nine liquids with the contributions from the long-time-scale exponential
We_ : requen y: . € longest-ime pc_>r ion of the Corr_e' relaxation and the crossover region removed. The top four lines are the
lation function, following the von Schweidler power law, is liquid crystals. The bottom five lines are the supercooled liquids. The data

described as a stretched exponential. The optical OKE ejare straight linespower laws over three to four decades of time.
periments measure the time derivative of the correlation
function. The time derivative of a stretched exponential ) .
yields a product of a power law times a stretched exponenexamples. and is true of all of the liquids a.t all temperatures,
tial. Using a stretched exponential adds another power Ia\H‘e Io_ng-ﬂme portlons of thE_’ de_cays are smgle_exponen_tlals.
and more parameters to the fit. We found that employing the Figure 5 d|§p|ays logarithmic plots _Of the |_nterrr_1ed|ate
time derivative of a stretched exponential did not improvepowe_r Iayv portions of the data for all nine liquids with _the
the fits. For the liquid crystals, the LdG thedfyand contributions frpm the crossover term and the Ion_g—tlme—
experiment®3L3 show the long-time decay is exponential. scalg egponennal relaxation removc_ed. The top four lines are
Therefore, we use an exponential decay for the Iongest-tim@e _I|qU|d crystals. The bqttom five lines are the supercooled
portion of the data. Furthermore, the form used to fit the"qu'ds' The data are straight I|né|so.we.r law3 over three to
longest-time-scale relaxation, provided a good fit is obtainedf,Our decades_ of time. For each I'qu'd _at all temperatures,
does not influence the fit of the intermediate power law attemperature—lndepepdent mtermed@te-ﬂme-scale power law
much shorter times. _decays are seen. Figure 5 (_:Iearly displays the natL_lre of the
Figure 3 displays data and fits to E@) for one super- m_termedlate power law pqrtlon of the decays. Thg mterme-
cooled liquid data setBZP) and one liquid crystal data set diate power law exponent in the OH.D_.OKE experimert Is
(5-OCB). The calculated curves describe both types of dat&s’ee Eq(2)]. The value of_z for _each !IQUId IS given In Ta_ble
very well. This is true for all nine liquids at all temperatures. I The power !aws only differ in their exponents. The figure
In Fig. 3, only the beginnings of the long-time portions of the S arranged with the largest exponertn the bottom and the
data are shown so that the shorter-time data can be seen moc‘r'@a”?St exponent on the top. The values of the exponents
clearly. Figure 4 shows examples of the long-time exponen‘-"Ire discussed further below. L
tial decays for one supercooled liqui®TP) and one liquid One 'of the key features of the data for all nine liquids is
crystal (3-CHBT) on semilogarithmic plots. The plots also that the intermediate power laws have power law exponents

have lines through the data. As can be seen for these m}gat are temperature independent. Figure 6 displays the inter-
mediate power law portion of the data on logarithmic plots at

several temperatures for one supercooled lig@BM) and

E OTP 329.6K a ' 3-CHBT 317K
é 2 TABLE |. Power law exponenfz), aspect ratio, and transition temperatures.
g § o1 b z Aspect ratio  T¢ (K) Tai (K)
goaf § 3
;g > BZP 0.870.03 1.81 2564
H H BPM 0.9+0.03 1.407 2984
= ‘ , ‘ 2o , ‘ , Salol 1+0.03 211 266-4
weom, B e 50 oTP 0.85:0.03 1.05 2984
DBP 0.79:0.03 1,2 234+4
FIG. 4. Examples of the long-time exponential decays for one supercoole8-CB 0.540.02 4.56 3132
liquid, ortho-terpheny(OTP), and one liquid crystal, 1-isothiocyabai- 5-CB 0.66:0.02 3.71 3082
propylcyclohexylbenzene(3-CHBT), on semilogarithmic plots. The lines 5-OCB 0.63:0.02 3.98 3442
through the data sets show that the long-time portions of the decays ai® CHBT 0.78:0.02 3.26 311.52

single exponentials. This is true of all of the liquids at all temperatures.
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FIG. 6. Power law portion of the data at several temperatures for one liquid g 07
crystal, 8-CB, and one supercooled liquid, BPM, on logarithmic plots. L o
Within experimental error, the lines in each plot have the same slopes. While 06 L ‘\\
the power law exponents vary from molecule to moledgkee Table)l, in '
all cases for a given molecule the exponent is temperature independent. 3 ‘.\
0.5 ! L 1 " 1 " " 1 " 1 L 1 " 1

1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0

one liquid crystal(8-CB). Within experimental error, for a aspect ratio

given molecule, the lines in each plot have the same slopes.

: _FIG. 8. Plots the power law exponertgsee Eq.(2)] vs the molecular
While the power lz,iw exponents vary from molecule to mol aspect ratio. The values are given in Table |. DBP is plotted tpcénts
ecule(see Table), in all cases the exponents are temperaturéngicated with*) because the aspect ratio is uncertain. The vertical line at

independent. Although the power law exponents are not tene.s indicates the boundary between normal liquid®.5 and liquid crys-

perature dependent, the amplitudes of the intermediate pow&s (>2.5. Thi liquid crystals diip'ay a C'eafldgplendgncde of theé’ower 'aV‘I’I
. . ponent on the aspect ratio. The supercooled liquids do not show a well-

Iaw_ portions of the decays are temperature depende_nt. FigUlBtined trend with aspect ratio.

7 displays the temperature dependence of the ampljtuafe

the intermediate power law terfiEq. (2)] for four of the

supercooled liquids and one of the liquid crystals. The tems, |aser intensity and other parameters that influence the ab-

perature dependences for the supercooled liquids are showyte size of the signal over the several days or weeks dur-
in terms of the reduced temperatufe{ Tc)/T. so thatall of ;5 \yhich the data were collected. The necessary electronic

the data can be displayed on a single graph. For the liquil|arization data were not available for one of the super-
crystal, the plot is in terms of the regular temperature, which,ojed liquids, DBP, and for three of the liquid crystals. The

does not influence the comparison between the two types fyuid crystal data covers a limited range of temperatures
liquids. To obtainp at each temperature, the data sets werg,qcayse of the isotropic to nematic phase transition tempera-
normalized to the peak of the electronic polarization contri-y,.e The higher-temperature data for both types of liquids
bution to the signiael, which is tgmperature independent anglave more scatter because the power law component be-
only occurs at=0."The normalization corrects for changes ¢omes increasingly more difficult to separate from the slower
portions of the data as the temperature is increased and the
exponential decay becomes fast. The data are plotted,as
and the points fall on straight lines. Therefore, within experi-
mental error, the supercooled liquids and the liquid crystal
display the same/T temperature dependence for the ampli-
tude of the intermediate power law.

Figure 8 plots the intermediate power law expondnts
versus the molecular aspect ratio. DBP is plotted twice be-
cause the aspect ratio is uncertain. Molecular modeling pro-
duced two reasonable structures. The two possible DBP data
points are indicated with asterisks. Theoretical calculations
demonstrate that molecules with aspect raties5 will not
behave as liquid crystafé.This boundary is indicated by the
vertical line on the graph. The liquid crystals display a clear
dependence of the intermediate power law exponent on the
aspect ratio. As the aspect ratio becomes smaller, the value of
the exponent becomes larger. The supercooled liquids do not
intermediate power law terrfEq. (2)] for four of the supercooled liquids show a well-defined trend with aspect ratio. For the super-
(BZP, BPM, opTP, saloland oneq of the liquid crysta(s-cg).The tem;gera- cooled I|_qU|q|s, the power law exponents vary f.ron1. o
ture dependences for the supercooled liquids are shown in terms of the"0.8. Aline is drawn through the liquid crystal points in Fig.
reduced temperaturdl & T.)/ T, so that all of the data could be displayed 8 to indicate the value the power law exponent would take on

on a single graph. For the liquid crystal, the plot is in terms of the regulargt the boundary value of the aspect ratio. There is no theo-
temperature, which does not influence the comparison between the tw

types of liquids. Within experimental error, both the supercooled liquids anu‘())etlc_aI ba3|§ for a linear extrapolation; it is only meant here
the liquid crystal have the sam@ temperature-dependent amplitude of the (O give an idea of what the power law e_qunent would be
power laws. once the molecules can no longer form a liquid crystal phase.
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FIG. 7. Temperature dependence of the amplitndplotted asp?) of the
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FIG. 9. Temperature dependence of the long-time-scale exponential relax-
ation decay time constants for one of the liquid crystals, 3-CHBT, and one
of the supercooled liquids, BPM. The vertical lines indicate(liquid crys-

tal) and T, (supercooled liquid The analogous data for the other samples
behave in the same manner. The line through the liquid crystal data is the
LdG theoretical curvéEg. (3)].

FIG. 10. Schematic illustration of the OHD—OKE experiment for a macro-
The line extrapolates to a value of 0.85, which falls in thescopic liquid crystal sample. Initially, the order parame®er0, the mini-

. um of the free energy surfacéeld off). When the field is applied, the
middle of the observed range of values for the SUperCOOlG"g]otential surface shift¢field on); the system is driven to align under the

liquids. influence of the field. During the pulse, the system evolves along the new
Figure 9 displays temperature dependence of the longsurface. When the field is removed, the potential returns to the field off

time-scale exponential relaxation decay time constants fopurface. This leaves the system wi 0, not at the bottom of the well.
one of the liquid crvstals. 3-CHBT. and one of the su er_Application of theE field induces an anisotropy. Evolution will now occur
q Yy ’ ! PEon the surface to re-establisi=0. Relaxation of the induced anisotropy has

cooled liquids, BPM. The analogous data for the othelwo componentst) intradomain relaxation giving rise to the fast power law
samples behave in the same manner. The line through thiecay and2) pseudonematic domain randomization giving rise to the slow

liquid crystal data is the LdG theoretical curve. LdG theory&xponential decay described by Landau-de Gennes theory.

predicts that the domain randomization in the isotropic phase

is described by an exponential decay function with the relax-

ation time 4, Which diverges at the transition temperature électric field, a sample is macroscopically isotropic. How-

T* ash ever, the LdG theory describes the system in terms of pseud-
. onematic domains that have local nematic order over a cor-
Vern(T) relation length ¢ [see Eq. (1)]. The long-time-scale
TLdG™ —T% (3) . . . .
T-T exponential relaxation is the decay of the local nematic or-

der. The short-time-scale power law decay and the crossover

the nematogens effective volume. The vertical line on thd ©9'on occur on times fa?‘t compared to t_he loss of local

3-CHBT panel marks the value . In all of the liquid nematic order. The short-time-scale dynamics reflects struc-
' tural fluctuations on a time scale short comparedtg, and

crystals, displays the same temperature-dependent be-""
hai/vior TLee CISPIAY P P a distance scale short comparedéto

The BPM supercooled liquid data in Fig. 9 have much Figure 10 illustrates schematically the manner in which

the same appearance as the liquid crystal data. The vertic}‘:ne f'_eld induces an anisotropy and why th? two distinct re-
line marks the value of the MCT critical temperatuFe, axation processes can be observed. Initially, the macro-

which was obtained using “rectification diagrams” that are scopic order parameté is zero. Application of the field

based on MCT scaling relationshipsin ideal MCT, T, was mducesf ar? afnlsotropy. The ?yster?lvt?]eglnﬁatf?, Itge m|n|-l_ d
thought to represent the glass transition. The structural relaflum of t € free energy surtace. en t € Tield 1s applied,
the potential surface shifts; the system is induced to align

ation (a relaxation that gives rise to the long-time-scale ex- der the infl t the field. During th lse. th ¢
ponential decay is arrested &t according to MCT. There- under the influence ot the field. buring the puise, the system
evolves along the new surfa¢downward squiggly arrow

fore, 7, should diverge aT. However, experiments When the field is removed, the potential returns to the field
demonstrate that . is typically 20% higher in temperature ’ )
c 18 typicatly ° g P free surface. This leaves the system w@k 0, not at the

than the glass transition temperatdig. While 7, increases bott fh I ical Evoluti i
very rapidly asT, is approached, experiments show that it 0 tﬁmf.o Id ? we I(ve]:r |catarrOV\). ¢ Vbcl)g';%n will now occur
continues to increase as the temperature passes thiiqugh on the meld free surtace lo re-esta ' :

To gain further insight, it is necessary to consider the

6
from above’ problem microscopicall§# There are two contributions to
the relaxation illustrated in Fig. 10: intradomain relaxation
(1) and domain randomizatiof2). The E field induces a
The liquid crystal samples are in their isotropic phasesmall net alignment of the nematogens along Eaeld di-
Therefore, prior to the application of the excitation pulse’srection. On a short distance scdl€¢) the pseudonematic

where 7(T) is the viscosityT is the temperature, and is

IV. DISCUSSION
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order can be characterized by a local order param@ter direction. This correlation is akin to the anisotropy of the
The E-field-induced molecular alignments change the localocal director directions that remains following intradomain
order parameter. Unlikg, which is a macroscopic parameter, relaxation in the liquid crystals. The supercooled liquid in-
S, is nonzero prior to the application of the optical fie®).  tradomain relaxation leaves a residual macroscopic anisot-
defines the local nematic structure relative to the local direcropy that can only decay by complete domain randomization.
tor associated with a given pseudonematic domain. Initially;The complete domain randomization is tle relaxation,
S,=S). Immediately following the application of the field, which occurs with time constant, . Herer, is analogous to
S€7&S(g. The alignment of the molecules with the field not the liquid crystalr 4. While this discussion has been in
only changesS,, but also results in the rotation of the local terms of the experiment, which involves the application of an
director toward the field. Fast intradomain relaxation occur<E field, as with liquid crystals, the same picture applies to
(power law signal decayrestoring the local order parameter thermally induced structural fluctuations.

to S7. The restoration o8] does not return the nematogens  In a liquid crystal, as the temperature is reduced toward
to their initial spatial configurations. Rather, it returns the T, the size of the pseudonematic domagsgrows and
system to a local minimum of the potential surface. BecauséLds increases, both diverging as the phase transition tem-
the nematogens were pulled toward Eéield direction, res-  perature is approached. Becausgg reflects the time for
toration of S} produces a local director that is somewhatPseudonematic domain randomization, it grows rapidly as
aligned with the field direction. Because the local directorsthe temperature is lowerddee Fig. 9, although the viscos-
are to some extent aligned with the field, the macroscopidly does not increase as dramatically. Supercooled liquids do
system still has an orientational anisotropy in spite of the fachiot have a structural phase transition. Therefore, the struc-
that the intradomain fast relaxation has occurred. This longtural domain growth must be arrested at some temperature on
lived anisotropy decays by randomization of the domaing® mesoscopic length scale. The correlation lergtltor dis-

and is responsible for the multi-ns decay described by th&ibution of length$ stops increasing. Despite the fact tgat
LdG theory. Following the final LdG decay, the liquid still does not diverge, the finite-sized domains can play an impor-
has pseudonematic order on a distance scale small comparkdt role in the dynamics of supercooled liquids and the glass
to ¢ because of the nature of the intermolecular potential,tranSition- The role of domains or structural inhomogeneities
however, the directions of the local directors have randomin supercooled liquid dynamics and the glass transition has
ized. Returning to Fig. 10, the first part of the relaxationP€en dls_cusgggagb); many researchers from many different
(labeled 1 is intradomain dynamics reestablishing the localPerspectives?***""*The analogy between supercooled lig-
order parameters t62. The final part of the macroscopic Uids and the isotropic phase of liquid crystals may prove
relaxation (labeled 2 is domain randomization that returns Useful in advancing understanding of supercooled liquids.

the macroscopic order parametto a value of zero.
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