PHYSICAL REVIEW E VOLUME 60, NUMBER 4 OCTOBER 1999

Similarity of relaxation in supercooled liquids and interacting arrays of oscillators

K. L. Ngail and Kwok Yeung Tsantf
INaval Research Laboratory, Washington, D.C. 20375
2science Applications International Corporation, McLean, Virginia 22102
(Received 10 May 1999

Dielectric relaxation and dynamic light scattering of small molecule glass-forming liquids invariably show
that the fractional exponertt, of the Kohlrausch-Williams-Watts correlation function, gxift/7,)’«], used to
fit the a-relaxation data is temperature dependent, increasing towards the value of unity as temperature is raised
and the relaxation time decreased. Comparing different glass formers, another property is the existence of a
correlation between the value of {13,) at the glass temperaturg,, and theT ,-scaled temperature depen-
dence ofr,. We analyze a system of interacting arrays of globally coupled nonlinear oscillators. Each array
has its oscillators coupled among themselves with a coupling strégifhe coupling between arrays is
characterized by the interarray coupling strength The decay of the phase coherenmctor each array is
slowed down by the interarray coupling and its time dependence is well approximated at sufficiently long times
by exd —(t/7)#]. For a fixedK’, on increasindl the results exhibit a decreaseoénd a concomitant increase
of B, similar to the properties of dielectric relaxation and dynamic light scattering of glass-forming liquids on
increasing temperature. For eaéh we defineKy to be the value oK at which 7 is equal to an arbitrarily
chosen long time. We find th#(K) is correlated with thé,-scaledK dependence of. The results obtained
in this manner at various fixed valueskf reproduce the relaxation properties and temperature dependencies
of strong, intermediate, and fragile glass-forming liquid1063-651X99)15610-1

PACS numbe(s): 64.70.Pf, 05.45-a, 05.40-a

I. INTRODUCTION value of K studied here is always positive. With an initial
array of random oscillator phases, we have studied the evo-
In a recent work we considered an array of coupled osciliution of the phase coherencein time. Numerical calcula-
lators governed by the mdp] tion showed that the decay ofis almost exactly an expo-
nential function of time, at least up to the longest time we
, . had carried out so far and 99.9% of the initial valuea dfad
Pi =@ N;l sin(e;— ¢i) 1) decayedsee Fig. 1L This phenomenon resembles the Debye
relaxation of an isolated molecule in dilute soluti¢8],
for i=1,...N>1. The oscillators of the array are coupled which is an exponential function of time.

N

with each other at a coupling strength This map is closely We extended the study to the relaxation of a more com-
related to the equations of motion studied by Strogatzplex system, consisting of a numbéd of such arrays
Mirollo, and Mathewq 2]: coupled together by nonlinear interactions. The effect of the

interactions between the arrays was studied by considering
d KO the new map:
dt $i=— N 2 sin( e~ ®i) N
’ K H
We have simplified the problem to a map by picking appro- Pia™ PiaT ,—21 SIN(@je ™ Pic)
priate time steps and rescaling the time. In this simplifica-
tion, timet is now discrete and incremented by 1 after each .
iteration of the map. Instead of numerically calculating the + Wﬁzl jzl SiN(¢j 5~ Pia), ©)
evolution of the phase using the differential equation, we can
simply use an equation to evaluate the new value of a phasghere a=1,...M and the strength of the interactions be-
from the previous values. Like Strogatz, Mirollo, and tween the arrays is measured Ky. We impose the restric-
Mathews, we were interested in the decay of the phase caion that 8#« in the summation oveg in Eq. (3). The in-
herencey, which is the absolute value of the order param-teracting arrays mimic an assembly of molecules densely
eter,r exp(y), defined by packed together. This extension was motivated by the hope
that such a study may be beneficial to the understanding of
2 io; relaxation processes in glass-forming liquids and polymers.
el4il. 2 . . -
f These problems in condensed matter physics, physical chem-
istry, and materials science involve irreversible processes in
We found, as Strogatz, Mirollo, and Mathews did earlier,systems composed of densely packed interacting molecular
that this array of coupled oscillators decays to an incohereninits[4]. The interactions in these systems come from non-
state, i.e.,r=0, for K>0. Note that we have changed the linear potentials such as that of Lennard-Jones that are good
sign ofK in Eq. (1) from the previous versiofil] so that the approximations in van der Waal liquids and polympts

Zl~
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? T T T T T tant increase oB towards the value of unity. Various depen-
0.9% S dences ofr and 8 on K are obtained with change in the
v interarray coupling parametét’. In Secs. Il A-Ill E these
o properties of the model are shown to be similar to that found
08 in the « relaxation of small molecule glass-forming liquids
| . with increasing temperature. For example, in these molecular
0.7F liquids it is commonly found that the stretch expongntof
the a-relaxation correlation function, ekp(t/7,)P], ob-
06kF tained by dielectric and light scattering measurements in-
creases towards unity as temperature increases and the effec-
=osL * tive a-relaxation time, 7,, decreaseq9-11]. There is
h= another ubiquitous property of the relaxation, namely, a
correlation betweed1—-3,(Ty)] and theTg-scaled tem-
04r perature dependence of, [12-14. Here, T, is the glass
temperature at Whichra(Tg)=102 S. In Secs. llID and Il E
03r we show that in our model for various fixed values Kof
there exists also a similar correlation betwgén- 5(K) ]
02hF and theK i-scaledK dependence of. HereK is the value of
K such thatris equal to a predetermined long time at a fixed
o1k K'’. The paper ends with the conclusion that the results ob-
tained from our model at various fixed values of the interar-
ray interaction strengtiK’ reproduce the pattern of changes
0'%.0 in relaxation properties of strong, intermediate, and fragile

glass-forming liquids. Sinck’ is the analog of intermolecu-
lar interaction in glass formers, the results obtained here in-
FIG. 1. Time dependence of the decay of phase cohere(tje, dicate that the relaxation properties of glass formers in the
calculated numerically at a fixed value of interaction strerigth  same class are determined principally by the intermolecular
=0.030 andM =3 for various values oK. Representative results coupling.
shown here are for values &f=0.0245 @), 0.030(J), 0.0375
(0), 0.050(V), 0.075(<), 0.100(A), 0.200(A), and 0.500(V).
The relaxation timer, defined as the time at whighhas decayed to
1/e of its initial value, becomes shorter with increasii@s shown
in the inset.

II. NUMERICAL RESULTS FOR A FIXED INTERARRAY
AND VARYING INTRA-ARRAY COUPLINGS

The evolutions of thredi.e., M=3) interacting arrays,
each ofN=32 oscillators initially with random phases, are

We have again studied the evolution of the phase cohemebtained numerically by iteration of the maps defined by Eq.
encer in time. With arrays of random initial oscillator (3). From the results we calculate the decay of the phase
phases, we iterated the map in Eg) to obtain the evolu- coherence (t) for each array. The present study focuses on
tions of the coupled arrays numerically. From the result wethe change on varyinlf at constanK’. Figure 1 shows the
calculated the decay of the phase coherenfte each array decay of r(t) calculated numerically for a constamt’
[Eqg. (2)] and showed that it was slowed down by the inter-=0.030 and several values &f=0.0245 @), 0.030 ([J),
array coupling and departed from an exponential of time0.0375(O), 0.050(V), 0.075(<), (0.10(A), 0.20(A), and
assumed by in the absence of interarray coupling. It was 0.50(V¥). By inspection of Fig. 1 it is clear that the decay of
found[1] that there exists a crossover timg, before which  r occurs at shorter times &sincreases. The relaxation time
relaxation of the interacting arrays is still an exponentialr, defined as the time at whichhas decayed to &/of its
function. However, beyont]., relaxation is no longer expo- initial value, becomes shorter with increasikgs shown in
nential but well approximated by a stretched exponentialthe inset of Fig. 1.
exd —(t/7)P]. The fractional exponenB decreases further The time dependence ofis best described by replotting
away from unity with increasing interaction strength. Thethe data in Fig. 1 as lgg —Iner(t)] versus loggt in Fig. 2.
result bears strong similarity to the basic features suggestefs found earlier in a previous wofl], independent oK the
by the coupling model5—-8] and seen experimentally in re- slope at short times is exactly 1, indicating that initiallys
laxation of densely packed interacting molecules in glassan exponential function of time, expt/7). However, the
forming small molecule liquid§4,6,7). linear exponential decay does not hold at longer times. A

In this paper we worked out the results i) from the  crossover time. can be defined after which the slope be-
interacting arrays of globally coupled oscillators at constantomes less than 1, am@t) departs from the exp{t/7) time
K’ and varyingK and show that they bear strong resem-dependence. As discussed previously, the existence of such a
blance to the changes with temperature of the most probablerossover time is in accord with the prediction of the cou-
relaxation time and the width of the spectrum obtained bypling model[5—8] and experimental data of the short-time
dielectric relaxation and dynamic light scattering measuredynamics of glass-forming liquids and glas$6 Actually
ments on small molecule glass-forming liquids. In Sec. Il wefor t>t. the slope varies slightly with time but the result is
show that for a fixedK’, on increasingK the resultr(t) still reasonably well approximated by a straight line having a
fitted to exp— (t/7)?] exhibits a decrease afand a concomi- constant slope equal #<1. Examples are shown in Figs. 2
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FIG. 2. The calculated data of Fig. 1 replotted as,§ig.r(t)] FIG. 3. The relaxation time- calculated as a function & at

versus logot. The results shown are fdf=0.0245 @), 0.030 various constant values dk’. The results shown are foK’
(0)), 0.0375(0), 0.050(V), 0.075(< ), 0.100(A), 0.200(A), and - 0-030 @), 0.018(0)), 0.012(A), 0.006(V), andK'=0.0 (+).
0.500(¥). The stretch exponepincreases towards 1 with increas- The dependencies afon K resemble the temperature dependencies

ing K as shown in the inset. of =, for foyr glas_s formers, OTP, salol, glycerol, and PG, which
are shown in the inset.

and 3 of Ref[1] by the full lines drawn to fit the results for K’=0.030(see inset in Fig. 2 From these two plots, for
t>t.. Thus the decay of(t) for t>t. does not follow ex- eachK’, a cross plot of3 versus log, 7 (i.e., at the sam&)
actly a stretched exponential, ¢xg(t/7)”], although the lat- is made. The relations betweg and logo 7 for several
ter is a good approximation of the former in most casesvalues of K’ are shown in Fig. 4. From this figure it is
Again, by inspection of Fig. 2, we can see that the slope andbserved that the dependencies@®bn log,, 7 are similar,
henceg increases when the parameiers increased. In fact, j.e., all showing with decreasing lggr monotonic increas-
the data at the largeé¢ values have the slope equal tgik., ing B, which eventually reach the maximum value of 1.
B=1) for all times. The values oB obtained from the fits However, at the same value of lgg, it is clear thatg
are plotted againd{ in the inset of Fig. 2, which shows that increases with decreasing’. The limiting caseK’ =0, cor-
Bincreases monotonically witk and assumes the value of 1 responding to the absence of interarray coupling, fasl

at largerK'’s. or exponential relaxation for all lqgr.
Since the analog oK’ is the intermolecular interaction

strength anK has the effect of temperature in glass-forming
liquids, the results (t) are appropriately compared with the

change of dielectric relaxation and dynamic light scattering o
properties with temperature of the molecular liquids with A. Stretched exponential time dependence

different intermolecular couplings. We shall make compari- The dielectric frequency dispersion of therelaxation of
son of our model results with dielectric and dynamic light most glass formers is often fitted to the Fourier transform of
scattering data of a variety of small molecule glass-forminghe time derivative of the Kohlrausch-Williams-Watts
liquids in the next section. In order to do this we have perKWWw) [15,16 correlation function, eXp-(t/7,)%], with
formed calculations like those shown in Figs. 1 and 2 forg <1. Here, r, is often called the structural relaxation or
K’=0.030 at several other fixed valueskof=0.024, 0.018, the a-relaxation time. Among empirical functions used to fit
0.012, 0.006, and 0.000. The results similar to Figs. 1 and 2xperimental data, the KWW function has the least number
obtained for these values of constéitare summarized ina of parametef4]. Although usually there are deviations at
plot of log,o 7 versusK (Fig. 3) and a plot of3 versusk (not  frequencies sufficiently higher than the loss peak frequency,
shown except foK’=0.030 inFig. 2. On decreasing{, 7 the KWW fit is adequate over a frequency range that cap-
increases(Fig. 3) and the increase becomes increasinglytures most of the dielectric strength of the relaxation. The
more rapid. It is apparent also that the Jpg rises more time correlation functions obtained by dynamic light scatter-
rapidly with decreasing for a largerK’. TheK dependen- ing in these glass formers also have the KWW time depen-
cies of 8 for other values oK' are similar to that shown for dence. The time dependence rdt) of our coupled arrays

lll. SIMILARITY TO RELAXATION OF GLASS-
FORMING LIQUIDS
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FIG. 4. A cross plot of3 versus log, 7 (i.e., at the sam&) is

made. The results shown are #f =0.030 @), 0.024(C]), 0.018 FIG. 5. Replotting relaxation timein Fig. 3 against logy(1/K)

(#),0.012(A), 0.006(¥), andK’ =0.0 (). There is a monotonic to show similarity to the Arrhenius plot of lgg~, of the four glass
incr,ea.se ofB v,vitr.1 decreésing Iog,rland éventually,B reach the formers against the reciprocal &fshown in the inset. The results
maximum value of 1. Similar dependences®f on log, 7, are  SNOWN i th$ mamn f|g?u_re ari fot=0.030(@), 0.018(C1), 0.012
shown for the four glass formers, OTP, salol, glycerol, and PG in(A)' 0.006(V), andK’=0.0 (+).

the inset. The pattern of change of the dependenq¢g af logg 7 | T of al f inset Ei . t

with decreasindl’ is similar as the change of the dependencg of 100107, ON T OF glass ormers(inset Fig. 3 is apparent,

on logiy 7, as we go down the list in the order of OT®), salol indicating thatk is ana_logous td@. The analogy may not be

(1), glycerol (0J), and propylene glycol ). exact because relaxation rates of glass formers are thermally
activated and proportional to expC/T), while our model is

athermal and in the absence of interarray coupling the relax-

ation rate is determined Hyg. This comparison suggests that

Qo - her possibility is to relat& to exp(~C/T), or equiva-
forming liquids near their glass temperatures depend on the not _ o )
chemigal qstructures and gspan oveF; a range bounded by fntly —InK to 1/T. This possibility suggests replotting the

; del results in Fig. 3 as lggr versus In(1K) shown in
=B,>0. As we shall see, in our model the value®flso mo ,
varies over a considerable range for differ&rit Fig. 5. The model results foK’=0.030 @), 0.018 (D)),

0.012(A), and 0.006(V) resemble the four glass formers,
N OTP, salol, glycerol and PG, respectively. The model results
B. Temperature dependence of the relaxation time for K'=0.0 (*) lie almost exact on a straight line consistent
The a-relaxation timer, of the majority of glass formers with a strictly linear relation between lggr and In(1K).
has non-Arrhenius temperature dependence, which rises ifhe equivalent of this is an Arrhenius temperature depen-
creasing more rapidly with decreasing temperature as showtence of log, 7, , which would correspond to a straight line
for four glass formersprtho-terphenyl(OTP), salol, glyc- in the inset of Fig. 5. Such an Arrhenius temperature depen-
erol, and propylene glycdlPG), in the inset of Fig. 3. The dence of logy7, is realized in “strong” liquids such as
non-Arrhenius temperature dependencergfof these four silica and GeQ (not shown herge
liquids is especially clear from a plot of lggr, against the We see from Figs. 3 and 5 that all the model results for
reciprocal temperatures shown in the inset of Fig. 5. Over alifferent K’ merge together at largé or small In(1K), re-
limited temperature or relaxation time range, (g}, can be  spectively. This behavior is mirrored by, of the four glass-
fitted by a Vogel-Fulcher-Tammann equatidh-11] of the  forming liquids at high temperaturémset Fig. 3 or small
form logg7,=[A+B/(T—Ty)]. However, over a broad reciprocal temperaturegnset Fig. 5, respectively. Further-
range as shown for the data in the insets in Figs. 3 and 5, twmore, it has been establish¢tll,17 that the temperature
Vogel-Fulcher-Tammann equatiof®-11 in two lower dependence of several glass-forming liquids, including OTP
temperature ranges together with a truly Arrhen[ud] in the inset of Fig. 5, becomes truly Arrhenius at high tem-
equation at high temperatures are needed in order to fit theeratures where,, is very short. This property is mimicked
experimental data. The similarity of the dependence oby the model results because Jgg varies linearly with
log;o7 on K of the model(Fig. 3) to the dependence of In(1/K) when the latter becomes small, irrespective of the

model has also approximately the KWW dependence
exd — (t/7)?] (see Figs. 1 and)2The values of3,, of glass-
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value ofK’. More results obtained at values of In{)/even 4 T T T T
smaller than those shown in Fig. 5 have confirmed this prop- ' OTPe
erty. oL gof |
AOsalol
C. Increase of the stretch exponenj8 with decrease 60
of the relaxation time org ]
Oglycerol
In general, as temperature increases anpdecreases it is
found that the KWW stretch exponegt, increases mono- -2 .
tonically towards unity, For some glass formers, actually the
maximum value of unity is almost assumed By at suffi-

ciently high temperaturglQ]. This general trend in the re- -4

laxation properties of glass formers is demonstrated in the
inset of Fig. 4 by a plot of3, versus log, 7, for the same -
four glass formers. Glass formers liketho-terphenyl(OTP)

and salol have smaller values gf, at the long relaxation

time of logo7,=2. On the other hand, glycerol and propy- -8
lene glycol have larger values @, at logo7,=2. The ex-

perimental data are taken from REE0]. Often the tempera-

ture at which logy7,=2 is operationally defined to be the ¢
glass temperaturd,y. The differences between glass form-

log, (T, / S€C)

ers in the values of thein,=(1-4,)'s at Ty were inter- 42 L ! L L
preted to be indicative of their different capacity for intermo- 0.5 0.6 0.7 0.8 0.9 1.0
lecular coupling12-14. In fact, comparisons between glass Tg Al

formers of the same family but having different chemical
structures showed that the ones that we intuitively expect to FIG. 6. Tg-scaled temperature dependencigg,T,/T), of four
have a higher degree of intermolecular coupling also havglass formers, OTR®), salol (A), glycerol (L)), and propylene
larger (1-B,)'s at T, [12-14. Thus, we can identifyf 1 glycol (_0). The inset shows their fragility indicesn, and their
— B(10g107,=2)]1=[ 1~ B,(T,)] as the indicator of inter- COrelation with[1=5,(To)].
molecular coupling.

The analog of the degree of intermolecular coupling for”« ©N Tg/T than glycerol and propylene glycol. The steep-
molecular glass formers in the model of interacting arrays of'€Ss Or fragility indesm defined by
globally coupled oscillators is the interarray coupling _
strengthK . In fact, from Fig. 4 we can see that, at anyan m=d(log;o 7a)/d(Tg/Dlcrym -1 @
increase ofK’ is accompanied by a decrease @for an
increase of (+B). Thus, the quantity in the model that
corresponds tp1— B,(logg7,= 2)] of molecular liquids is
[1—-B(logip7) ], where logg 7 is any arbitrarily long time in
our calculation that we chose to be equal to 2.30. By com
paring the inset of Fig. 4 with the main Fig. 4 it becomes
clear that the dependencies gf, on log7, of different
glass formers having different values pf— B,(logg7,
=2)] are mimicked by the dependencies@®bn log,o 7 of
our model having different values ¢fl — B(log;q7=2.3)]
or K’'. Hence, the model has reproduced another ubiquitoufc,er
characteristic of relaxation of small molecule glass-forming
liquids.

is a quantitative measure of the sensitivity of the dependence
of 7, onT4/T. Among the four glass formers, the valuenof
is largest for OTP, and decreasing in the order of salol, glyc-
erol, and propylene glycol. The actual numbers are shown in
the inset of Fig. 6. The physical origin of this pattern, as well
as fuller ones when more glass formers are included, has
been interpreted from the point of view of an energy land-
scape model by Angell19,20 and alternatively from inter-
molecular cooperativity by the coupling modér—-14.
Earlier we have pointed out that the correspondent of in-
molecular interaction in glass formers in our mode{is
and temperaturd accelerates the relaxation rate of glass
formers asK does to the decay rate oft) in our model.
Possible analogs of reciprocal temperaturg&, i the model
are 1K and In(1K). Thus, we are led to consider scal&d
dependence or scaled Igfl/K) dependence of the calcu-

It was first demonstrated by Laughlin and Uhlmfa8] lated r at different interarray coupling parametef and find
and considerably extended by Angdll9,2Q that the out whether they also exhibit a meaningful pattern similar to
Ty-scaled temperature dependencies of viscosityrprof — that found in supercooled liquids. These tasks are carried out
glass formers,7,(T4/T), exhibit a systematic pattern of and the results are shown in Figs. 7 and 8. In Fig. 7 we treat
variation. As before T, is the temperature at which K as if it were the analog of in molecular liquids. The
log;o 7,(T4) =2. This pattern is demonstrated here using theanalog ofT is naturallyK, defined to be the value & (at
limited number of four glass formers in Fig. 6. The values ofany fixedK") for which ris equal to an arbitrarily long time,
7, Of the same four glass formers appearing in previous figs(Kg), chosen here to be equal to?f0 This possibility is
ures are displayed to show their different dependences oexamined by first determinini§, for each fixed value oK’.
T4/T. OTP and salol have a more sensitive dependence dfhey areKy=2.16x 1072, 1.36x10 2, 9.67x10 3, 5.88

D. Pattern of Ty-scaled temperature dependence of,,
and fragility index
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FIG. 7. K4-scaledK dependencer(Kg/K), for five different
values ofK’ shown in a plot of log, 7 againstk /K. See text for
values ofKg. The results shown in the main figure are Iéf a plot of log, 7 against logy(1/K)/10g;o( 1/K4) . See text for values
=0.030 @), 0.018 (1)), 0.012 (A), 0.006 (V), and K of Ky. The results shown in the main figure are fét’
=0.000 (). The steepness indiceS;, calculated via Eq(5) for =0.030 @), 0.018 (CJ), 0.012 (A), 0.006 (¥), and K’
the five values oK' are plotted againgtl — B(Kg)] in the inset.  _( 000 ¢). The steepness indice3, calculated via Eq(6) for the

five values ofK’ are plotted againgtl— B8(Kg)] in the inset.

FIG. 8. Scaled log(1/K) dependence of the relaxation time,
7(log1o( 1/K)/log;o( 1/K4)), for five different values oK’ shown in

%103, and 3.4% 103 for K’ =0.030, 0.018, 0.012, 0.006,
and 0.0, respectively. After thi€,'s have been determined,
the Ky-scaledK dependencer(K,/K) is immediately ob- _ .
tained for eachK’ and shown in Fig. 7 in a plot of lqgr In glass formers of the same family, a strong correlation
againstk 4/K. As can be seen by inspection, the sensitivityhas been found between,(Ty/T), the Ty-scaled tempera-
of 7(K4/K) to the variation of the scaled variabl&/K)  turé dependence ofr,, and [1-p,(l00i7,=2)]=[1
increases monotonically with the interarray coupling param-~Ba(Tg)]. The correlation was describdd2-14 as the
eter K'. Thus, a meaningful pattern of thi-scaled |n<|:re_asef0|f| the frag|I|ty”|nc:cem ert]h [1=Ba(Tg)]. Tk;]e cor-
K-dependence of is obtained similar to thé,-scaled tem- re ‘T"O”I oflows natura ydrom the mtr?rpretatl(_)r_w that |fnte|;-
perature dependencies of of glass formers. The fact that molecular: interactions - determine - the §en3|t|V|ty_ of the
7(K4/K) in Fig. 7 exhibits a monotonic increase of sensitiv- Tg-spaled temperature qlependence 79f discussed in the
. ) . : previous subsection. This is because the departure from a
ity to Kg/K W'th. the mterqrray couplmg_pa_\rametlé( lends .linear exponential time dependence of the relaxation function
support to the |nterpretat|op that the' similar pattern seen i asured by 1- B.(Ty)] is also proportional to intermo-
7o(Tq/T) of glass formers is determined by intermolecular|gcjar interactions, at least in the coupling mddet8]. The
interactions and degree of cooperativity in structural relax+qy glass formers, OTP, salol, glycerol, and propylene gly-
ation[12-14. col, are sufficient to illustrate this correlation as shown by
Next, we try out the alternative of making the correspon-the inset of Fig. 6. There, a monotonic increasemofvith
dence of reciprocal temperature,T1/in glass formers to [1-B4(Tg)] is evident. The values dfL—B,(T,)] of the
log;¢(1/K) in our model. The scaled variable is now given by four glass formers are obtained from the data in the inset of
[l0g1o(1/K)/log;o(1/Kg)]. The dependencies of the calcu- Fig. 4 at logg 7, =2. Hence, one can recognize that a more
lated 7 as a function off log,o(1/K)/log,o(1/Kg)] are dis-  sensitive dependence of, on T,/T is associated with a
played in Fig. 8 for five different values of the interarray larger[1—3,(Tg)].
coupling parameteK’. As in Fig. 7, a meaningful pattern This result found generally in most small molecule liquids
emerges. LargeK’ engenders a more rapid change ofleads us to examine whether or not a similar correlation of a
log,o 7 with the scale variablglog; o( 1/K)/l0g;o( 1/K o) ]. scaledK dependence ofr with [1—3(k,)] exists in our

E. Correlation between T-scaled temperature dependence
of 7, and (1-8,)
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model of interacting arrays of globally coupled oscillators. IV. CONCLUSION
This turns out also to be true, as can be seen by inspection of
Figs. 7 and 8, that the sensitivity of(K,/K) and
7(log1o(1/K)/l0g;o(1/Kg)) to variations of the scaled vari-
ables K4/K) and [logyo(1/K)/logio(1/Ky) ], respectively,
increase with the interarray coupling parameé¢éras well as
[1-B(Ky)]. Steepness indice§’ and S quantifying the
scaled temperature dependence of(K4/K) and
7(log,o( 1/K)/logio( 1/K ), respectively, are defined in anal-
ogy tom of molecular liquids by

Analogs of several ubiquitous properties of thaelax-
ation of small molecule glass-forming liquidsee Figs. 3—8
and Secs. lll A-111 B are found in the decay of phase coher-
ence of coupled arrays of globally coupled nonlinear oscilla-
tors, a prototype of chaotic Hamiltonian systef@s21,23.
Earlier we found that relaxation of this prototype Hamil-
tonian systenfil] reproduces the key features of the coupling
model, particularly the existence of a crossover time from
independent and exponential relaxation at short times to a
S’ =d(log;o T)/d(Kg/K)|(Kg/K):1 (5) slowed down and approximately _stretched_ exponential time-
dependent relaxation at longer times. It is remarkable that
such a simple Hamiltonian system possesses the prominent
and relaxation properties of molecular glass-forming materials.
The current results will serve as impetus for continuation of
S=d(log, 7)/d(log;o K~ l0g; K§1)|<K k)=1- (6)  the present study to more complex chaotic Hamiltonian sys-
’ tems [23-26 that bear closer resemblance to polymers,
small molecule glass-forming liquids, and vitreous ionic con-

The calculated values o' and S lotted againsftl
e calculated values and S are plotted againsft ductors.

—B(Ky)] in the insets of Figs. 7 and 8, respectively. The
monotonic increases @' and S with [1—B(Ky)] demon-
strate the existence of a correlation betwenor S with
[1-B(Kg)] similar to that betweemm and [1—,(Tg)] The work was supported by the U.S. Office of Naval Re-
found in molecular glass-forming liquids. search.
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