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Slow dynamics of salol: A pressure- and temperature-dependent light scattering study
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We study the slow dynamics of salol by varying both temperature and pressure using photon correlation
spectroscopy and pressure-volume-temperature measurements, and compare the behavior of the structural
relaxation time with equations derived within the Adam-Gibbs entropy theory and the Cohen-Grest free
volume theory. We find that pressure-dependent data are crucial to assess the validity of these model equations.
Our analysis supports the entropy-based equation, and estimates the configurational entropy of salol at ambient
pressure~70% of the excess entropy. Finally, we investigate the evolution of the shape of the structural
relaxation process, and find that a time-temperature-pressure superposition principle holds over the range

investigated.
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[. INTRODUCTION ture and pressure dependence of the structural relaxation

time. Salol is a good candidate since much of the thermody-
The study of the supercooled liquid and glassy states imamic data are known, allowing refinement on testing theo-
molecular systems is, nowadays, one of the most importarretical models. It has intensively been studied at ambient
topics in the physics of disordered materials. Though theressure with several spectroscopic techniques, like Brillouin
molecular processes underlying glass formation still constiscattering[10], depolarized light scatterinpl1-13, impul-
tute an unsettled subject, some traces of universality in theive stimulated light scattering4], optical Kerr effect spec-
behavior of highly viscous liquids near vitrification have troscopy[15], neutron scatterinfl6], x-ray diffraction[17],
been noticed. As general characteristics, on approaching trend dielectric spectroscofi8]. On the other hand, few ex-
glass transition the structur@t) relaxation process showy periments have been carried out by varying both temperature
a non-Debye behavior of the relaxation function, @iigla  and pressure, namely dielectric spectrosc{ij, depolar-
dramatic increase of the relaxation time ized Raman scatterin20], and viscosity measurements
Different physical routes can be covered to get vitrifica-[21]. Recently, some of us presented a preliminary investiga-
tion. Decreasing the temperatufeis the common way to tion [22] on salol performed in th& and P domain by using
form a glass. However, varying the pressitealso repre- photon correlation spectroscopy. Here, we extend our analy-
sents an effective means. Indeed, the effects on moleculais through pressure-volume-temperat(i®d/T) data taken
motions of an isothermal compression resemble those whicim both the supercooled and crystalline phases. We show how
are caused by an isobaric cooling. For practical reasongn appropriate use of thBVT results provides a realistic
cooling is generally preferred, since high pressusthe  estimate of the configurational contribution to the excess en-
order of MPa are necessary to produce dynamical changegopy of salol. Finally, we compare oufT,P) data with the
similar to those obtained by changing the temperature withirprediction of the pressure-extended Cohen-Grest m@®|
few tens of degrees. Anyway, the study of theelaxation  derived in the frame of the free volume theory.
pressure dependence can give an insight into the nature of
the liquid-glass transition. IIl. THEORY

The past few years have actually seen a growing use of A pressure extended Adam-Gibb{PEAG) model

hydrostatic pressure in experimental investigations of glass . .
formers (see for instance, Ref§1-9]). Such experiments  1he entropy model by Adam and GiblaG) [24] is

provide a more stringent testing ground for the numerou®@sed on the concept of configurational entropy and the as-
models proposed of the structural relaxation time evolutiorPUmption of cooperatively rearranging regions. Starting from
near vitrification. Among these, two are the most widelythe observation that the sluggish relaxation behavior govern-
used, which are based on the free volume and configurationd}d the glass transition is a manifestation of a dearth of con-
entropy concepts. Free volume approaches consider the diigurations accessible to the system, the AG theory states a
crease of unoccupied volume as the basic mechanism leadifiglationship between the structural relaxation timend the
to structural arrest of a liquid system. The alternative view isconfigurational entropys.:
that the progressive slowdown of molecular motions respon- Cac
sible for the glass transition is due to a reduction of the T= ToeXP<—>, (1)
system’s configurational entropy.

In this paper, we test on salol the ability of free volume whereC,g is nearly constant, and, is the relaxation time at
and configurational entropy models to interpret the temperavery high temperatures, measures the entropic contribution
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arising from the possibility of a system to rearrange its struc- (ii) According to the Maxwell relationshigdS/dP)¢

ture in different configurations, which is typical of a liquid. =—(aV/dT)p, the isothermal term in Eq2) can be written

Theoretically, a quantitative evaluation §f can be done in o

terms of the difference between the entropy of the liquid isot _ /

phase and the entropy of an ideal amorphous-solid phase S 1T.P)= fo [A(@VIGT)p]dP, ®

(ideal glas$ in which only vibrations(harmonic and anhar- .

monic) and secondary relaxation processes are activéhereA(V/dT)p=(V/dT)E~(V/T)p""is the con-

[25,26. This quantity can, in principle, be determined by figurational thermal expansion at temperatUrg35]. This

computer simulations, but is inaccessible to experiments in grm can be evaluated from PVT measurements as fol-

direct manner. Some efforts have been made to bypasslaws. The Tait equatiof36] is used to describe the vol-

direct experimental determination of configurational entropyume of the liquid phase as a function dfand P,

in a number of liquids. Unfortunately, the procedures pro- liquid _\ Jliquid

posed require an independent estimate of vibrational contri- V(T P) = VT, 0)[1 - C In(1 + P/B) ], (6)

butions to the entropy over a broad range of temperatureshereC is a dimensionless constant, aB(T) is well de-

[27,28 or an estimate of the excess vibrational entropyat scribed byB(T)=b,exp(-b,T), whereb, has the dimension

[29], all of which imply nontrivial approximations. We also of pressure andb, of inverse of temperaturf37]. More-

remark that all the previous estimates &f are based on over, it is reasonable to presume that the pressure depen-

temperature-dependent data alone, and are not constraingénce of the thermal expansion of the ideal glass would be

by pressure-dependent data. much smaller than that of the liquid, and can be neglected.
Furthermore, much literature documented the extensiviccordingly, the nonstructural thermal expansiorPatan

use of the experimentally accessible liquid over crystel pe replaced by its value aP=0, i.e., (aV/ gT)ponstruet

glasy excess entropy, in place of;, showing that the < v/ 4T)io"s ynder these assumptions, calculating the
AG expression works well in a number of systems With  ntegral in Eq.(5) yields

replaced byS,,. [30,31. In this context, understanding the i

relationship betweers,,. and S, is a challenging issue. A isoth A P
proportionality of these two quantities at atmospheric pres- STP) =~ T/, P+hCP-BC h+ B

sure has recently been propog@?], but a verification of nonstruct

such hypothesis through a relaxation experiment performed ><In<1 +E)] + p(ﬂ’) (7)
as a function of temperature alone cannot be conclusive, as aT/q

the proportionality constant would simply renormalize thewherehzl—bzla, and a=1/V(V/aT), is the thermal ex-

value of Cpg in Eq. (). ) c .
ac In Q. (1) Jpansion coefficient at zero pressure.

Building on this background, a method based on a pre | lusi bining Eqgl)~3 id f |
sure extended Adam-Gibbh®EAG) equation has recently il conciusion, comoining | g1~ )pm\.” es alormuia
for the structural relaxation time as a function of temperature

been proposed by some of {33] to analyze temperature- )

and pressure-dependent relaxation measurements. The pré‘g'-d pressure:

sure dependence & has been introduced in E@L) writing G

the configurational entropy of a system at a gifeandP as 7(T,P) = roex m : (8)
a sum of (i) an isobaric contribution at zero pressure, xc

SS°N(T,0), and(ii) an isothermal contribution at temperature with S and S5 given by Eqgs(4) and(7), respectively. It

T, SSN(T, P): is important to emphasize that the expressiorSi", Eq.
_ . 7), prevents the parametérin Eq.(8) from playing the role
— by th (
S(T,P) = AT, 0 + AT, P). 2 ofa simple renormalization constant.
(i) Here, the isobaric configurational term, at zero pres-
sure, is assumed proportional to the excess entropy: B. Pressure extended Cohen-GrestCG) model
S;sob(-l—’ 0) :QDS;fff(T, 0). 3) Within a free volume picture, Cohen and Gr¢28] de-

rived a model to describe the behavior of dense liquids and
The parameted (<1) quantifies the fraction of excess en- glasses on the basis of a percolative approach. The existence
tropy atP=0 arising from structural configurations. In addi- is assumed of glasslike and liquidlike domains. The fraction
tion, the excess entropy contains any contribution from secp of these latter increases with temperature, and a percolative
ondary relaxation processes and vibrational motionginfinite) cluster does exist above a critical concentraiign
[25,26,34. It can be evaluated from the heat capacity of theat which the transition from the glass to the liquid state oc-
liquid and the crystal, through the equation curs. The model predicts an analytical expression for the free
volumew; which is valid in a broad range of temperatures:

Ses)?g(T,O) - giquid(T) _ S:rystal(-l-)

k
T iqui vi= —{T=To+[(T-To)2+dv,&TKYE,  (9)
= AS[ — f (CL;QUId _ CgryStablT’dT,, (4) f 250{ 0 [ 0 a§0 ] 2}
T where Ty, &, anduv, are constants with the dimension of
whereAS=AH;/T; is the entropy of fusion. temperature, pressure, and volume, respectively.pFoear
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and greater thap,, a link is established between and the ogs|
diffusion coefficientD, which recovers the Doolittle equa- ’ o o
tion [38], D=Dgp exp(-v,/vs), in the case ofv,/vi<v. ﬁ
Here,v,, is the molecular volumd), is a constant, and is

the average size of the liquidlike clusters. A similar result is
assumed for the rotational correlation times rgexp(vy,/v)
[39], where 7y is the value ofr in the limit of very high 0.76 |
temperature under isobaric conditions. On this basis, a
simple equation for the structural relaxation time in the su-

0 100 208
P (MPa)

V [em®gT]

270 300 330 360

percooled state can be written TIK]
10g10 7(T) = Acg + Bes > 12 (10 FIG. 1. Temperature dependence of the volume of salol in the
T-To+[(T-Tp*+ CcqsT] crystal and liquid state at different pressures. The pressures are,

from top to bottom, from 0.1 to 200 MPa in steps of 10 MPa. In the
inset the melting temperature versus pressure deduced from the
eF’SVT measurements here reported.

whereAc is related to the pre-exponential factgr and the
parameter8Bcg=2&uIn e/k and Ceg=4v,6,T/k have the
dimension of temperature, and must assume positive valu
to have a physical meaning.

Cohen and Grest incorporate the effect of pressure in thel-1-200-MPa range of pressure is reported in Fig. 1. The
theory by including an additional term, proportional to pres-Step in the data at a given pressure marks the fusion/
sure, into their expression for the local free energy. As £rystallization temperature.
consequence, the pressure dependence of the relaxation time
can be obtained by changing— &+P. The temperature )
parametefl, is also affected by this change, via the relation- B. Photon correlation measurements
ship kTo=kT;+v,é&, with T; a constant, which vyields

T4(P)=To+(v,/K)P. The final expression fox(T,P) is Photon correlation spectroscogyCS measurements un-

der high hydrostatic pressure, up to 190 MPa, were taken at
different temperaturegsnamely 267.1, 268.6, 271.0, 274.6,
278.3, and 280.4 K Depolarized'VH) light scattering spec-

tra were collected in the 90° geometry using an apparatus
(11) consisting of an Ar-ion laser, operating at 514.5 nm, a home

with Deg=1+P/&, ande,:TO—(C/4§0)P. Note that this ex- made thermostated hjgh pressure ¢aldetailed descri'pt_ion
pression contains five parameters, i&ee Bea Tor Ceo of the cell is reported in R_e[.43]), and an ALVSOOOE_ digital
and &, only the first four appearing in the temperature- correlator. The scattered light was collected by a single mode

dependent expression BEO, i.e., in Eq.(10). fiber optics and detected by an avalanche di¢8ander-
SR cock. High pressure was generated by using nitrogen pres-

surized by a Nova Swiss membrane compressor and intro-

ll. EXPERIMENT ducing the gas over steel capillaries connected with the high
pressure cell. The pressure was measured by a Heise gauge
with a resolution of 0.3 MPa, and the temperature by a ther-

Measurements of specific volume chand®(T,P) of  mocouple with a typical error of 0.1 K. Special care was
crystalline and liquid salol were taken in an isothermal modeaken to prepare the sample avoiding crystallization on both
of operation by using a confining fluid techniq{#0]. The lowering the temperature and increasing the pressure. A
PVT data were acquired on a GNOMIX apparafdd] de-  cleaning procedure to have dust-free cells was used consist-
scribed in Refs[40] and [42]. The samplegsalo) and the ing of rinsing the cells with freshly distilled hot acetone.
confining fluid (mercury were contained in a rigid sample Salol [2-hydroxy benzoic acid phenyl ester, (BO)
cell. A thin nickel foil sample cup surrounding the sample C;H,CO,CsHs] purchased from Aldrich company, purity
was used to guarantee hydrostatic pressure during the expeg9%, was filtered0.22-um Millipore filter) into the dust-
ment. Silicon oil was used as pressurizing fluid. The tem<free cylindrical cell of 10 mm o.d. at about 80 °C. The
perature was recordedor operational reasonglose to the  sample was then brought back to room temperature at a very
sample, but actually in the pressurizing silicon oil. At a fixed slow cooling rate. The measurements were performed fol-
temperature, starting from the low-temperature end, pressulewing isothermal curves by varying the pressure. Each iso-
was increased to 200 MPa, and data were recorded ithermal run was usually done from the higher to the lower
pressure intervals of 10 MPa. On completion of measurevalue of pressure, this procedure assuring a shorter equilibra-
ments along one isotherm, the temperature setting was inion time before starting the measurement. Finally, we
creased 5 K higher, and the pressure measurements were tgrecked that the diffusion time of Nwas long enough to
peatedAV(T,P) measurements were converted into specificprevent contamination of the scattering volume during the
volume V(T,P) data by using a reference density value,experiment. To this end the forward beam was continuously
p=1.1742 g cri® at T=323.15 K. The whole set oPVT  monitored on a black screen to directly visualize possible
measurements betweeT=290 and 380 K over the vertical gradients of the refractive index of the sample.

BceDeo
~To+[(T-To)?+ CecaDeaTI?

logyo AT,P) =Acc+ T

A. PVT measurements
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FIG. 2. Temperature dependence of the volume of salol in the w L L . L L L L
liquid state. The solid lines through symbols are the best fit with the 150 180 210 240 270 300 330
Tait equation of state, Eq6), with VI%Ud(T 0)=V, exp(aT) and T K]

B(T)=b; exp(=b,T).
(T)=by expt=b,T) FIG. 3. Temperature dependence of the excess entropy over

IV. RESULTS crystal, S, =S""'-5*vstal calculated from the calorimetric data.
The solid line represents the fit of the experimental data according
to S.—k/T.

The T andP dependence of the volume can be expressed

through the Tait equation, Eq6), found to be valid for a The heat capacitg, of crystalline, glassy, supercooled,
wide range of materials including liquids and polymers, for,, g grapie liquid salol at atmospheric pressure was measured
changes of the volume up to 40% of the initial value. Fromby adiabatic calorimetry45,4§. From these data, the glass
the analysis of the data at atmospheric pressure in the liqui ansition temperaturg :2i7il K and the temp,erature of
state we numerically find a constant value of the therma usionT;=315.0 K are ?jetermined, and the excess entropy of
expansion coefficienta=(aV/JT)g™ /YT, 0), consis- e liquid over the crystai,,{T), is calculated by using Eq.
tent with the expressioW'™d(T,0)=Vyexp(aT) describing (4), with the vaIueAszAI-xthf,:60.8310.04 3 mot K-1

the temperature behavior of the volume of liquid saloPat {6’ the entropy of fusion. In Fig. 3 the experimental excess
=0[44]. The whole set of PVT data in the liquid state is then entropy is shown with circles.

fitted by Eq.(6). In Fig. 2 the experimental data are shown
together with the result of the fisolid lineg. An excellent
agreement between experimental points and fit curves is ob-
tained with the values of the paramet®s «, b;, b,, andC In the PCS experiment the homodyne technique is used,
reported in Table I. It is possible to recognize some generakyhich measures the normalized time correlation function of
ity of the parameters of the Tait equatif87]. Indeed, the the scattering intensitg®(t)=(I(t)1(0))/{12). For a Gaussian
values of C (~0.09 and b, (~4x107°K™) have been process, the intensity autocorrelation functigi(t) is re-
found to be almost the same for a lot of materials, liquidsjated to the autocorrelation function of the scattered field,
and polymers, including chlorinated bipher#CB62 [5],  ¢M(t)=(E(t)E(0))/(|E(0)?)), through the Siegert equation
diglycidylether of bisphenol ADGEBA) [6], bis-phenol- [47]:

C-dimethylether (BCDE) and bis-kresol-C-dimethylether

(BKDE) [7], phenylphthalein-dimethylethgPDE) [8] and g?(t) =1 +flgP()?, (12)
cresolphthalein-dimethylethdKDE) [9]. In the crystalline

phase, PVT measurements allow us to evaluate the thermalhere f is a constant. The relaxation function of a glass-
expansivity at different pressures. In particular, we find thaforming system is generally broader than a single ex-
(VIdT)%¥@ ranges from about 4%10°8m3molt K™ ponential, and experimental data are typically represented by
at P=0.1 MPa to about 35108mé®moltK™ at P  the phenomenological Kohlrausch-Williams-Wati§WW)

=200 MPa, with an average vaIue(aV/aT)%ySt"le function [48]:

~(4.0£0.5 X 10® m® mol"* K™* over the pressure range in-

A. Thermodynamic parameters

B. Dynamic parameters

vestigated. g(t) = goexl - (t/7)%]. (13
TABLE I. Thermodynamic parameters from the analysis of Therefore PCS spectra are fitted by using E#&g) and(13).

volumetric measurements. The results show an excellent agreement between experi-

mental data and fit curves. Typical normalized homodyne

Vo (M3 mol™) (143.8+0.1x10°® correlation spectrag?(t)|?> (symbolg, taken at 267.1 K in

a (K™ (7.36+£0.02 x 1074 the 88-189.5-MPa pressure range, are represented in Fig. 4

b, (MPa) 790+20 together with their KWW fitgsolid lineg. The values of the

b, (K™Y (4.70+0.06 X 10°3 relaxation timer, and of the stretching parametgg have

c (8.68+0.03 X 10°2 been used to calculate the average relaxation time

through the formula
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FIG. 4. Normalized photon correlation functions collected at a Temperature [K]

constant temperature of 267.1 K. Pressures from left to right are 88,

95, 102.5, 110.5, 119, 125, 132.5, 141, 148.5, 156.5, 163.5, 171, FIG. 6. Structural relaxation time of salol from depolarized
181, and 189.5 MPa. The solid lines represent the fits to the datﬁ’ght-scattering measurements at atmospheric pres$lfedepo-
using the KWW function. The isothermal spectra at 267.1 K takenarized photon-correlation data from R@49]; (+) depolarized Bril-

at different pressures rescale on a master curve as shown in théuin and Raman light-scattering data from R@fl]. The solid line

inset. is the fit with the PEAG equatiofiEq. (8)] through the square
symbols, i.e., in the region where some cooperativity is expected.
T 1 The dash line is the fit of all the data with the temperature-

()= —F(—) (14 dependent CG equatidiEq. (10)]. The dotted line is the fit with

Bk \ Bk the pressure-extended CG equatidmy. (11)]; see also the solid

. . lines in Fig. 7.
whereI' is the EulerI’ function. The values of7) as a

function Qf pressure at different temperatures are shown 38 res from PCS measurementg=0.66+0.03[49], and
symbols in Fig. 5.

Following the evolution withT and P of the shape of the Bk=0.60£0.08[50]. Different techniques, such as dielectric

relaxation function, we find that no appreciable variation is§pectroscop)[18,4§] and impulsive stimulated light scatter-

observable on the stretching parameter by changiagd P. N9 [5.1]’ also found a time-temperature Superpositids)
This evidence is further supported when a master plot igrmmple to hold in salol at low temperatures. Remarkably,

drawn, showing that the spectra taken at different pressure[%unr1 rerSlj{'lI}rS _mrdlcat? the Vra“d'md_g_fpg greigeira:hziend tg'me'
collapse into a single curvgsee inset of Fig. ¥ Our deter- emperature-pressure Superpos principie N

mination of the stretching parameig=0.68+0.02 agrees slow dynamic regime, and support recent f'ind?ng of qnly a
with previous results at ambient pressure and low temperarpOOIESt broadening of the dielectricpeak with increasing
pressure up to 0.7 GHA9].

Moreover, Olseret al. [52] recently reinvestigated TTS at
low temperatures for a large number of systems concluding
that a high-frequency slope of the peak close to -1/2 is
5r “e, expected whenever TTS applies. To confront with this expec-

tation, we first evaluate, through the relationsfog]

Bc=0.97QBcp+0.144, 0.2< Bep<0.6, (15

. the value of a Cole-Davidson shape paramesep, corre-

-log, <m> [s7]

3F O T=2671K

o TZmeex sponding to our value of¢ in the time domain. We find
ol T=2746K i Bcp=(0.55£0.02, and then thex peak actually decays ap-

o TE7esx proximately asw™'/2 at high frequencies, at any temperature
] . . and any pressure considered here.

100 150 200

Pressure [MPa] V. DISCUSSION

FIG. 5. Temperature and pressure-dependent structural relax- A. Check of the PEAG model
ation times of salol from photon-correlation measurements. The ) . ) ) )
solid lines represent the simultaneous fit with the PEAG equation OUr relaxation datgFig. 5) are well in the range in which
[Eq. (8)] of all the experimental data, including the ones from Strong intermolecular cooperativity is expected for salol
Ref. [49] shown in Fig. 6. As explained in the text, four parameters[18,31,54. They can be used, together with temperature-
are adjusted by the fitting procedure, in particular giving. dependent relaxation times at atmospheric pressure available

(aVIJT)fP"s"eE(3.840.9 X 1078 m® mol™t K2 and & inthe literaturef49] and reported in Fig. 6 with square sym-
=0.68+0.08. bols, to check the consistency of the PEAG model. To this
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TABLE I1l. Thermodynamic parameters in Eq7) calculated B. Check of the CG model

from PVT measurements. Various models interpreting the dynamics of supercooled
— liquids provide an equation to representlata as a function

T P Ih| (VI aT)g B of temperature. Among these, the most frequently used is the
(K) (MPa) (m¥*mol*K™)  (MPa) Vogel-Fulcher-Tammar{VFT) equation[55]. However, its

7 adaptability to experimental data has been demonstrated only
267.1 88.0-189.5 3.588 1'28710_7 2251 over a limited range of temperatures. In fact, Stickelal.
268.6 110.0-180.0  3.588 1.2830° 223.5 [18,5 have shown that two VFT equations are needed to
271.0 1155-185.0  3.588 1.28m07 220.9 describe the relaxation data at ambient pressure for tempera-
274.6 140.0-185.0  3.588 1.28410°7 217.3 tures ranging from just above the glass transition up to very
278.3 155.5-190.0  3.588 1.2880° 213.6 high temperatures, because of a change of dynamics occur-
280.4 150.0—-194.0 3.588 1.80.0°7 211.5 ing in the vicinity of a crossover temperatufg~ 1.2T. On

the other hand, the CG expression at ambient pressure, by

; following Sec. Il A we need to determine both th virtue of four characteristic parameters, one more than the
purpose, following Sec. € need to dete € bo eVFT, succeeds in describing structural relaxation times in a

isobaric contribution at zero pressure and the isothermal CoNs 0ad range of temperatures. Positive tests have been re-
tribution at temperatur@& of the configurational entropy, Eq. orted on several glass forming systeii#3.57.58. Re-

(2). The former contribution is related to the excess entrop)P

of the liquid over its crystalline phase at ambient pressureC€NtlY, Paluctet al.[59] have also shown that the character-

Eq. (3). The latter is given by Eq.7). istic temperaturd, of the CG model can be identified with

The temperature behavior of the excess entropy is wells In @ number of liquids, suggesting that the change of
described, over the whole range betwegnand Ty, by dynamics may be related to an onset of percolation of the
the functionS,,=S.—k/T, as observed in a number of other free volume. However, estimates of the free volume avail-
glass formers[31]. The best fit curve corresponds to the able per liquidlike molecule founded on such a description
parameters S,=137.5+0.3 J mof K™%, k=(24.05+0.08 clash with estimates extracted from dilatometric measure-
X 10°J mol' (see Fig. 3 Hence Eq.(3) becomes ments[59].

ST, 0)=d(S.—k/T), whereS, andk are known, andb An interesting and not frequently exploited testing ground
will be free in the global fit with Eq(8). for this model is the comparison with relaxation data ob-

For what concerns the isothermal term, E@), the ex- tained by varying both temperature and pressure. To do this,
pressions (aV/ JT)p = p\1U4(T 0), h=1-b,/a, and B in the case of salol, we analyze the available temperature-
=b,exp(-b,T) are known from the analysis dPVT data. dependent relaxation times at atmospheric presfiirgg,
Numerical details are reported in Table Il. The only param-using Eq.(10), and compare the results with those obtained
eter which could not be determined experimentally is thewith the addition of our data at variable pressure, using
thermal expansivitydV/JT)g°"""“associated with nonstruc- Eq. (11).
tural contributions. Although the value of this parameter will  Depolarized light-scattering measurements on salol per-
be derived from the fit, we expect that such a value shouldormed at atmospheric pressure by photon-correlation spec-
compare well with that measured in the crystal of salol.  troscopy[49] and Brillouin and Raman spectroscopyl]

Summarizing, in the fit of relaxation time data with Eqd. are reported in Fig. 6, spanning a wide time-temperature
(8 only four parameters, specificallyo, Cag, P, and range. The fit parameters of EQL0) are: Acg=(10.6+0.3,
((_?V/aT 0 , remain to be adwsted. The fit is carried out Beo=(91213K, Cce=(3.4+0.4K, and T,=(265+3K,
simultaneously in thd-P domains, over the pressure range confirming thatT, matches the crossover temperatifig
0.1-194 MPa at six different temperatu(é';_ 267.1, 268_.6, ~ 265 K [56,59.

271.0, 274.6, 278.3, and 280.4.Khe best fit curvesgsolid Then, with the addition of our(T,P) data, we test the

I_mes In Figs. 5 a:wd feorrespond to thelvalu_es: lagrols] generalized CG equation. In case all of the five parameters in
‘_17'4niogé&dg_AG‘(1'gio'3 X %053:] mo_rl, ?1‘0'6810'08' Eqg. (11) are left adjustable the fitting algorithm gives a num-
(VI dT)g =(3.8+0.7X 10 m* mol™> K™% ber of solutions. We note that the sign G controls the

It is important to remark that the value obtained for theconcayity of the curves as a function Bf with the solutions
nonstructural thermal expansion compares well with theyith c cc> 0 (physically acceptabjehaving an upward con-
yalue calculated for the p_oncrystaI o_f salol, while it is only cavity and the solutions witiSc;<0 (albeit physically un-
in feaS|bIetagreement with that estimated by some of Usacceptablghaving the correct downward concavity. A simi-
(V1 dT)g™ = (1.094£0.04 X 1078 m? mol™* K™%, in @ pre- |4y result has also been obtained for an epoxy sys&oh
vious determination using a presbt=1 in Eq.(8), i.e., 0b- W find only one solution witiC.g> 0, corresponding to the
tained by replacing the configurational entropy with theset of parameteri.g=12.6, Bcg=580 K, T,=220 K, Ccg
excess entropy22]. Moreover, we note that the best fit =6 4 K, and&,=160 MPa. The inability of the CG equation
yields a value for(sV/4dT);*""™ whose uncertainty spans to represent the variation of with both temperature and
the variation withT and P of the crystal thermal expansion. pressure is apparent in Figs. 6 and 7, where, respectively, the
Thus it emerges that the approximatiqdV/dT)p"™*"™®"  dotted line and the solid lines are generated by () with
~ (aVIdT)pP"" s justified, and it is unnecessary to con- the best fit solution above. The first four of these parameters
sider aT andP dependence of the nonstructural expansion indiffer significantly from those which describe the ambient
Eqg. (5). pressure data alone, indicating that even a fair description at
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6 - - bination with PVT measurements. Comparing the behavior
of the structural relaxation time with equations derived
within the AG entropy theory and the CG free volume
theory, we find that pressure-dependent data are crucial to
assess the validity of model equations of the glass transition.
In particular, we confirm previous worf60] showing that

the pressure-dependent expression pfedicted by the CG

og,<v> [s"]

3 o Inik model cannot reproduce the experimental data, despite the
o kglgﬁ 2a presence of five adjustable parameters and an ability to pa-

2F D 1783k o rametrizer(T) data over a broad temperature range at ambi-
O T=2804K © ent pressure. Instead, experimentél,P) data conform to

1 00 50 200 the entropy-based PEAG equation. Interestingly, since the

parameters which control the pressure dependeneéhafe
Pressure [MPa] separately been determined VRVT measurements, this
equation requires only four adjustable parameters inTthe
FIG. 7. Temperature- and pressure-dependent structural rela)(‘ind P intervals investigated in the present work. Remark-
ation times of salol from depolarized light-scattering measurements

The solid lines represent the simultaneous fit with the pressure(?.bly’ the deduced parameters yield physical results. Espe-

extended CG equatiofEqg. (11)] of all the experimental data, in- ;:Iallly, the ff_ractltz_n of e.xcess ?ntt.m‘l)ly Whlih azls;s;(;g)/m Sttruc_
cluding the ones at atmospheric pressure from Rdf. and[11] ural configurations is realistically estimate( ° a

shown in Fig. 6; see text for details. ambient pressuje .
In an effort to determine the role played by volume and

bi i | bl hen the fit i ; hermal effects in driving molecular dynamics, Casatinal.
:.‘".‘ lent pressure Is ﬁSt' Nlota Y, W enft € |th|s ]E)er]?rrr]ne 19] have recognized that neither temperature nor volume is
Xing Acg (Or To) to the value obtained from the fit of the y,o"4ominant variable governing the structural relaxation of
data at amble_:nt pressure, the bad f't.Of the high pressure datgq nearTy, consistently with results for a number of other
remains qualitatively unc_:hanged, while a good descnpngn Oblass formerq7,61]. Conceptually, this result accords with
the data atP=0.1 MPa is recovereqcurves not shown in o, findings that the dominant thermodynamic variable is
Figs. 6 and 7 for clarltYWlth all the free parameters within configurational entropy, a quantity which embodies both
the error of thc_use (_)_btamed from EQLO). . . temperature and volume effects: different relative contribu-

The inapplicability of the generalized CG equation jons 4 - of thermal energy and volume reflect a different
prompts disfavor towards the robusiness of th_e CG th‘."3()rysensitivity of the number of explored configurations to
Nevertheless, the free volume approach remains physically,,nqes” of temperature and volume. We believe that the
attractive, an(_j we cannot exclude Fhat the madgquacy of E%ositive test of the PEAG model presented here should
(11) to desc_rlbe. 'Fher_(T,P) data mlght be asc“b?d to th_e stimulate further work on other glass formers and by differ-
number of simplifications used to derive the equation, which, ¢ techniques.
are possibly no longer valid at high pressures.
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