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COMMENTS

Comment on: “Disentangling density and temperature effects
in the viscous slowing down of glass forming liquids”
[J. Chem. Phys. 120, 6135 (2004)]
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Recently, Tarjut al. [G. Tarjus, D. Kivelson, S. Mossa, and C. Alba-Simionesco, J. Chem. Phys.
120 6135 (2004] concluded from a review of data for a variety of glass formers that the
supercooled dynamics are almost invariably dominated by temperBtua¢her than by density.

By including additional published data into such a compilation, we show that for van der Waals
molecular liquids, the dynamics negyg are in fact governed as much by density as by temperature.
Moreover, relaxation times measured at various temperatures and pressures can be superimposed by
plotting as a functiom?/T. This scaling form can arise from an assumed inverse power law for the
intermolecular repulsive potential, witlk a material constant. @004 American Institute of
Physics. [DOI: 10.1063/1.1814974

In a recent paper, Tarjust al! review some existing perature exerts a stronger effect ofT). Nevertheless, there
data on relaxation of glass formers, reaching the conclusioare cases in which the influence of density is comparable to
“that a zeroth-order description of the approach to the glasshat of temperature, examples including polymethyphenyl-
transition (in the range of experimentally accessible pres=siloxane and polymethytolylsiloxarie.
sures) should be formulated in terms of a temperature-driven  Although the result was minified by Tarjes al.! Drey-
super-Arrhenius activated behavior rather than a density-fus and co-workefshave shown that the relaxation times of
driven congestion or jamming phenomeriomhe authors OTP measured at variousand P can be superimposed by
also suggest that tiBp* scaling of dynamic light-scattering plotting as a function off “1p?. This form follows from a
relaxation times reportédor (o-terpheny] OTP may ‘just
be a coincidence without any substantial physical meahing
We believe this diminution of the role of density in the vit- 10 — T 7T
rification dynamics is contrary to established experimental o
facts.

A simple measure of the relative contribution of density
and temperature to the dynamics of glass formers is the ratio
of the absolute value of the isochronic thermal expansion ®
coefficient, .= — p~1(dp/dT), to the isobaric thermal ex-
pansivity, ap=—p (dp/dT)p.® The former quantity & °
is evaluated for 7~1 s, in order to assess the
behavior in the equilibrium state just abovd,.
In Ref. 1, Tarjus etal. report that, except for ..
the 1,1-bis(p-methoxyphenykyclohexane (BMPC) and g
1,1'-di(4-methoxy-5-methylphenydyclohexane (BMMPC),
the ratio| a, |/ ap is significantly larger than unity for all ana-
lyzed glass formers. From this, they concludevérall, tem-
perature dominates over density in driving the viscous slow-
ing down of glassforming liquids and polymg&rslowever,
beyond the data compiled by Tarjesal,* there are several
liquids which have|a,|/ap close to or less than orfe.In
fact, considering all van der Waals liquids for which the req-FiG. 1. Ratio of the isochronic and isobaric expansivities for small mol-
uisite data are available, more than half have rdtmyap ecule, van der Waals liquids. The circles are from Ref. 1 and the squares are
<1 (Fig. 1). Thus, among prototypical glass formers, thefrom Ref. 4 (triphenylchloromethanefterphenyl, TPCM/OTR Ref. 16

Lo salo)), and Ref. 17(o-terphenyl6-phenylphengl The accuracy of the da-
temperature dependence of the dynamlcs in the SUperCOOI for dibutylphthalatgopen symbadl is poor. The horizontal dotted line

regime is governed at least as much by density as by temtemarcates density ,|/ap<1) or temperature|@,|/@p>1) having the
perature. For polymers, as has been noted previSusly)-  greater influence on(T).
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T relaxation, such as, the ionic conductivity, and the viscos-
ity, can be obtained for various glass formers, including van
der Waals liquids, associated liquids, and polyntérélllus-
trative results are shown in Fig. 2 for 12 materials. This
% scaling approach also provides an interpretation for the fra-
gility of different materials->

In summary, the description ofsuper-Arrhenius behav-
ior ... as an intrinsic temperature effect operating at constant
density understates the role of density, as well as related
thermodynamic quantities such as the configurational en-
J tropy. In fact, density can exert a stronger effect than tem-
] perature(Fig. 1); moreover, as shown in Fig. g,is a crucial
. variable unifying the dynamics measured over a broad range

. . — of temperatures and pressures.
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FIG. 2. Dielectric relaxation times as a function of the product of reciprocal This work was supported by the Office of Naval Re-
temperature and density, the latter raised to the poweny-01.9 (1,2- search.

polybutadienex), 3.0 (1,4-polyisopreneD), 6.2 (OTP/OPP$) 2.5 (poly-
propylene glycok), 8.5 (BMMPC +), 3.5 (poly[(phenyl glycidyl etherco 1G. Tarjus, D. Kivelson, S. Mossa, and C. Alba-Simionesco, J. Chem. Phys.

logt [s]

formaldehyd¢ V), 7.0 (BMPC A), 5.6 (PMPS ), 5.0 (PMTS V), 45 120, 6135(2004.
(phenylphthalein-dimethylethet), 5.2 (salol W), and 3.7(propylene car- 2C. Dreyfus, A. Aouadi, J. Gapinski, M. Matos-Lopes, W. Steffen, A.
bonateyy). Patkowski, and R. M. Pick, Phys. Rev.a@B, 011204(2003.

3M. L. Ferrer, C. Lawrence, B. G. Demirjian, D. Kivelson, C. Alba-
Simionesco, and G. Tarjus, J. Chem. PHy39 8010(1998.
description of the intermolecular forces for OTP using 34?2555'““' R. Casalini, and C. M. Roland, Phys. Rev6& 092202
Lenna_rd-Jones 6_]_'2 pptent?aBaged on Fhe_ idea that the SM. Paluch, R. Casalini, A. Patkowski, T. Pakula, and C. M. Roland, Phys.
repuIS|_ve forces prlmanly determine the liquid str_uct(llfm Rev. E68, 031802(2003.
attractive forces serving as a background potential to coheréG. williams, inDielectric Spectroscopy of Polymeric Materialited by
the liquid),® it follows that the properties of a Lennard- J- P- Runt and J. J. Fitzgeraldmerican Chemical Society, Washington

. . . D.C., 1997.
Jones 6-12 fluid can be expressed in terms of the smgIeL_ 3. Lewis and G. Wahnstrom, Phys. Rev58, 3865(1994.

quantity, T_1P4-10’11 This particular form of scaling is not 3 p. weeks, D. Chandler, and H. C. Andersen, J. Chem. Fly$237
generally accurate; however, we believe this is not due to a(1971.
lack of physical meaning, pace Ref. 1, but could reflect thegM' S. Shell, P. G. Debenedetti, E. La Nave, and F. Sciortino, J. Chem.
lack of universality of the ~*? form for the repulsive poten- mzh%ll; 8R86i2}3(r2()%0?§hy§4 1473(2000)
tial. More general is the inverse power-law potentiaf 1\, G. Hoover and M. Ross: Contemp. #hg@, 339(197).
¢(r)xr*37, wherer is the intermolecular separation. Such a'?N. H. March and M. P. Tosilntroduction to Liquid State Physi¢&Vorld
repulsive potentialtogether with a mean field attractijocan 1320'(‘3:’;22‘;}1 isg‘ngda%ora Zé’gin 4, Phys. Rev. @, 062501(2004
be used in an energy Iandscape-based formulation of SuDaﬁ'C: M. Roland, R. .Cas.alini, ana M.)/P.alucﬁ, J. Coll. Polym. é&'& 107
cooled liquid thermodynamic, as shown recently by Shell (2004.
et al® 15R. Casalini and C. M. Roland, Phys. Rev. Bubmitted.

The inverse power potential sugge?fﬁslp7 as a scaling 16R. Casalini, M. Paluch, and C. M. Roland, J. Phys. Chem.0& 2369

parameter, withy asa mat_e_rial constant. Using this, mas_t_er”C. M. Roland, S. Capaccioli, M. Lucchesi, and R. Casalini, J. Chem. Phys.
curves for dynamic quantities related to the glass-transition 120, 10640(2004.

Downloaded 01 Dec 2004 to 132.250.151.61. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



