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Departures from the correlation of time- and temperature-dependences
of the a-relaxation in molecular glass-formers
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There is a well-known correlation between the shape of the relaxation fur{otbmexponentiality

and the temperature-dependence of the relaxation timgs, fragility), with broader relaxations
associated with steepef -normalized temperature dependences. Herein, exceptions to this
correlation are described. Five molecular glass-formers, all having very similar relaxation functions,
are found to exhibit a range of fragilities. We also show for two of these materials that, while
pressure does not affect the breadth of the relaxation function, it substantially reduces the fragility.
© 2003 American Institute of Physic§DOI: 10.1063/1.1627295

INTRODUCTION exception to the correlation in Ref. 5 was propylene carbon-
ate, which has a narrow relaxation function, yet is very frag-
Two important parameters characterizing the relaxatiorile.
and transport properties of glass formers are nonexponenti- The relationship between the relaxation breadth and its
ality and fragility. The former refers to the degree to whichfragility is intended for a single process in a homogeneous
the structural relaxation function deviates from Debye be-material. Thus, trivial deviations from the correlation arise in
havior, while fragility describes the rapidity of the departureblends, in which concentration fluctuations produce a distri-
of the structural relaxation time and viscosity from Arrheniusbution of local environments, and thus a distribution of over-
behavior, on approaching the glassy sfa@tudies of the lapping peak8.Another deviation can occur in copolymers,
relationship between chemical structure and the properties df Which the presence of chemically distinct repeat units can
the glass transition have made clear that for a wide range dffhomogeneously broaden the relaxation specf’rﬁ?n?c_)ly-
polymers and molecular glass formers, both the shape of tH&€r networks show a similar effect, with repeat units in close

relaxation function and the temperature dependence of the"0Ximity to the crosslink junctions serving the role of the
relaxation times are related to the degree to which |ocaFo-monomeF.ln this communication, we describe examples

structure engenders constraints on the motion from neighboR‘c the breakdown of the correlation between the time and

) 3 : . temperature dependences, both at ambient and elevated pres-
ing molecules® The correlation of these two dynamical . : )

i : S . sure, which are not due to inhomogeneous broadening.
properties with structure implies that the time- and

temperature-dependences are mutually correlated. Such a

correlation is indeed well-known: Steepgy-scaled Arrhen- EXPERIMENT

ius plots of relaxation time are associated with broader re-  Dielectric spectra at both ambient and elevated pressure
laxation functiong:® This correlation has become one of the were obtained on propylene carboné®€) and the isotropic
more prominent features of the dynamics of super-cooleghase of chiral isooctylcyanobipheni@* OCB), using pro-
liquids and polymers¢Ref. 5 has been cited over 471 times in cedures described elsewheteBriefly, the sample was con-
the decade since its publicatiorThis correlation is also an tained between parallel plates in a Manganin detrwood
extent prediction of the coupling model of relaxatfoA ~ Engineering, using a Novocontrol Alpha Analyzer
gross quantification of data for diverse materials leads to thé10 °~10° Hz). Pressure was applied using a hydraulic
relatio® m=250(+30)—3208, where the fragility (or ~ PUMP (Enerpag¢ in combination with a pressure intensifier

steepness indgis defined asnfdlog(T)/d(Tgmh:Tg- ris  (Harwood Engineering Pressures were measured with a

the structural or reorientational relaxation time, usually de-SenSOteC tensometric transdufresolution=150 kP3. Tem-

fined from the maximum in the dielectric or mechanical Ioss,perature control was at least0.1 K.

and B is the stretch exponent of the Kohlraush—Williams—

Watts (KWW) function” Restricting consideration to mo- RESULTS

lecular glass-former§.e., excluding polymers, orientational The dispersions in the respective dielectric loss spectra,
glasses and alcohglgives m=285(= 17)—3753. The sole  corresponding to the-process, are shown in Fig. 1, along
with results from the literature for cresolphthalein-
YElectronic mail: mike.roland@nrl.navy.mil dimethylether (KDE),*>!® phenylphthalein-dimethylether
YElectronic mail: mpaluch@usctoux1.cto.us.edu.pl (PDB),*?> and glycerol(GLY).!® The respective tempera-
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FIG. 1. (a) Superposed dielectric loss spectra at ambient pressure. The mea- T/T
sured peak maxima at the indicated temperaturgg,(Hz)=0.15 (PC), g
0.090 (KDE), 0.11 (PDBE), 0.15 (8CB), and 0.23(GLY). (b) Superposed
dielectric loss spectra at elevat®d with v, (Hz)=0.58 (PC), 1(KDE), FIG. 2. Arrhenius plots of thex-relaxation times of five glass-formers all
0.90(PDB), and 2.0(8CB). The fit to the KWW function(solid line) yields having relaxation functions with similar breadths. Temperatures have been
B=0.76+0.04. normalized by the value at whick=100 s. The inset compares the curve for

8CB at ambient and elevated pressures, Wijhaken to be the temperature
at whicht=1 s.

tures and pressures are such thatl s, although the data

were shifted slightly to superimpose the peak maxima. This

superpositioning demonstrates the near equivalence of theflecting the strength of the intermolecular cooperativity, is

shapes, and extends to higher frequencies for the spectraditectly correlated with the temperature dependence of the

elevated pressure, since the contribution from any secondarglaxation time$. The departure of the experimental results

process is better separated. This can be noted in the data filtom the model's prediction may reflect entropic contribu-

PC, which deviate at higher frequencies f8=0.1MPa tions to the local dynamics unaccounted for by the md@el.

[Fig. (@], but not atP=1.78 GPa due to weaker contribu- Since an increase in hydrostatic pressure does not alter

tion from the excess winfgFig. 1(b)]. These spectra were fit the shape of the relaxation function for these liquidéen

to the transform of the KWW function, with the best-fit value compared at equat), the expectation is that their fragility

of =0.76+0.04, independent of pressure. As reported prewill not change with pressure. In the inset to Fig. 2 are

viously, glycerol conforms to the expected correlation be-shown the relaxation times for*®CB, obtained from iso-

tweenm andB,® while PC is an exceptionThus, we expect therms measured at ambient and elevated pressures. Fhese

the fragility of the three other liquids to be similar to that of are plotted versus the inverse temperature normalized by the

glycerol, and much smaller than for PC. temperature at whiclh=1 s. (Note that 100 s requires too
The relaxation times at ambient pressure were measurddng an extrapolation of the high pressure data. Théor 1

over a range of temperatures, with valuesTgftaken as the s is 227 K at ambient pressure, which is 6 deg higher than for

temperature at which=100 9 obtained by interpolation or,

for PC and 80CB, extrapolation of by one decade. In Fig.

2, theser are plotted as a function of the reciprocal tempera-tagLe 1. Glass transition temperatures and fragiliti®=(0.1 MPa and

ture normalized byl . Itis obvious that the curves are quite =100 s.

different, notwithstanding the equivalent shapes in Fig. 1:

From the slope aly, we obtain values for m which span a T (K) m
very wide range(Table ). Thus, the anomaly previously PC 157 93
noted for PC extends to the other glass-formers, which, ex- GLY 188 51
cepting glycerol, are all simple van der Waals liquids. ?,DOECB 23}1 %

These results also are at odds with the coupling model, KDE 314 68

which predicts that the breadth of the relaxation function
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— - r - T - ¥ 13 T T 7 no corresponding decrease in the breadth of the spectra in
v Fig. 1. Such departure at elevated pressure from the correla-
661 w T tion betweenB and m is also found for a polymethyltolyl
| ¥, PDE | siloxane!’ salol!® and some methoxypheny!$.In each
case, pressure reduces m without a concomitant narrowing of
64 v 1 the relaxation function. However, for the hydrogen-bonded
T N lass-formers glycerbl and polypropylene glycd?! the
% N N g gly polypropylene glycd®
S . b\ opposite result is obtained: Pressure increases the fragility,
N N T without any change in the peak breadth.
60 ~ =
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