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Fast Relaxation in a Fragile Liquid under Pressure
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The incoherent dynamic structure factor of orthoterphenyl is studied by quasielastic neutron scattering
to 240 MPa. Tagged-particle correlations in the compressed liquid decay in two stepa.-rélexation
line shape is independent of pressure, and the relaxation time proportional to viscosity. A kink in
the amplitudef,(P) reveals the onset oB relaxation. ThepB-relaxation regime can be described
by the mode-coupling scaling function; amplitudes and time scales allow a consistent determination
of the critical pressure”.(T). « and B relaxation depend in the same way on the thermodynamic
state; close toP.(T), this dependence can be parametrized by an effective couplingnT /%
[S0031-9007(98)05550-1]

PACS numbers: 64.70.Pf, 61.25.Em, 62.50.+p, 61.12.—q

The glass transition can be induced by decreasing thgon functions. The measured transmission of the empty
temperature or by increasing the pressure. For practicgressure cell aiP, was about 84%, that of the sample
reasons, most experimental investigations concentrate amas about 88%. Self-shielding and multiple scattering
temperature effects at ambient pressie= 0.1 MPa, turned out be negligible at large scattering angles. This
although there is a clear interest in studying supercooledas demonstrated by a comparison of spectra taken with
liquid dynamics in the fullP, T parameter space. Variable and without the pressure cell at 290 K: the normalized
pressure measurements have been decisive in demonstratiermediate scattering function$(Q, ¢) fall onto each
ing that density is not the only driving force behind the other. Therefore we base our conclusions exclusively on
glass transition [1-3]. In the microscopic approach ofhigh Q data &1 A~!). On IN16 we measured isoviscous
mode-coupling theory [4], both pressure and temperaturand isothermal (320 K) spectra as well as the isothermal
control the dynamics through variations of the static struc{301 K) elastic intensity. On IN6 we monitored two differ-
ture factor. Close to the dynamic crossover, the effect oént isotherms (316 and 324 K). Preliminary results from
these variations can be expressed through a single sepgaechoric measurements have been reported in [17].
ration parameter which, however, is not given by density Before turning to the fast dynamics, we address the
alone, as was confirmed by depolarized light scattering itong-time limit of « relaxation; results o relaxation
the fragile liquid cumene [3]. will be needed as input in the analysis @frelaxation.

Here we report on incoherent neutron scattering in In a first survey, backscattering showed that the mean
the fragile van der Waals liquid orthoterphenyl (OTP,relaxation time follows the pressure dependence of vis-
T,(Py) = 243 K) at variable pressure. As a function cosity. Then, the shape of-relaxation spectra was deter-
of temperature, the microscopic dynamics of OTP hasnined in a couple of long running scans. At three points
been studied extensively by neutron scattering [5-7], lightP, T) with equal viscosity, the quasielastic spectra all
scattering [8,9], and molecular dynamics [10,11]. As acoincide [Fig. 1(a)] which confirms that the microscopic
function of pressure, viscosity [12], photon correlationrelaxation time is proportional to the macroscopic viscos-
[13], dielectric loss [14], and specific heat [2,15] data areity n, and demonstrates that within experimental error
available for comparison. From the Debye-Waller factorthe spectral distribution is independent of pressure. We
[5,10] and from direct observation of fa8trelaxation [6— deduce an average slope for isokinetic curég/dP),

9], a crossover was located Bt(Py) = 290 = 5 K [16]. in the P, T plane of aboui.28 = 0.01 K/MPa. Simi-

OTP (Aldrich) was purified by repeated crystalliza- lar values were found for the pressure dependence of the
tion from liquid methanol and vacuum distillation. An glass transition temperatuf@T,/dP) [15], and for the
Al7049.T6 high-pressure cell from the Institut Laue- a-relaxation time in photon correlation [13] and dielectric
Langevin (ILL) with a ratio of outer-to-inner diameter of spectroscopy [14].

2 allowed us to attain up to 250 MPa at temperatures up The invariance of the spectral shape is further illus-
to 335 K; helium was used to transmit the pressure. trated by construction of a master curve. The intermediate
The experiments were performed using backscatteringcattering functiors(Q, ¢) is obtained by Fourier decon-

(IN16) and time-of-flight (IN6) spectrometers of the ILL. volution of the measuref(Q, ). Since thex-relaxation
Incident wavelengths.27 and5.12 A~! gave resolutions time is proportional to viscosity, reduced times can be
(FWHM) of about 1 and 8QueV, respectively. Vanadium defined via? = t9(Py)/n(P). The rescaledS(Q,1)
was used to calibrate the detectors and to yield the resolwoincide over two decades [Fig. 1(b)].
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| O FIG. 2. Debye-Waller factor as a function of pressure at
L] AN 301 K. Symbols show elastic scattering intensities: As long as
5 0 5 there is no quasielastic broadening, they yield the Debye-Waller
fio (ueV) factor which isP independent in the glass (solid lines). Dashed

horizontal lines indicate the integratedintensity, measured at
FIG. 1. (a) Spectra from IN16 ap = 1.8 A~! for three P, and shown to be” independent. The dotted vertical line
combinations of temperature and pressure which lead téndicates the critical pressui.
approximately the same viscosity. The spectra are scaled
to their value atw = 0. The line represents the measured

resolution function. (b) Master curv&(Q, 7) from isothermal . . .
(320 K) data constructed by rescaling times with viscosity. Theth€ integratedy-relaxation amplitudg’y does not depend

solid line is a fit with the Kohlrausch functiofiy exp(—##), ~ on pressure. This allows us to extrapolgig at 301 K
with a stretching exponem@ = 0.6. from P, towards higher pressures, depicted as horizontal

lines in Fig. 2. The intersection with the elastic intensities
(vertical line) which turns out to be independent@fer-
Time-temperature-pressure superposition is well estalinits the identification of a critical pressufe = 42 MPa.
lished by photon correlation and dielectric loss spec- On IN6 we access theg process directly. As the
troscopy in OTP [13,14] as well as in other fragile liquids quasielastic broadening is of the same order as the in-
[18]; for a given time shift, the spectral line shape changestrument's resolution width, data are analyzed by Fourier
even less with pressure than with temperature [13,14[deconvolution (Fig. 3). In our temperature-dependent ex-
Our measurements extend the validity of this scaling prinperiments, spectra from different instruments were com-
ciple to a picosecond range, where contact can be madfined into an intermediate scattering functistiQ, 1)
with fast molecular motion. which covered three decades in time [6,7]; the fast
Via the total intensity of the elastic or quasielastic line,relaxation could be described by the mode-coupling
backscattering may reveal the presence of faster relaxgrediction [19]
tion processes. In fact, the first manifestation of a dy-
namic transition af. was obtained from elastic scans [5]. $(0.1) = fo + Hogalt/15). 1)
Here, we monitored the pressure dependence of the elasiihie dynamic range of the present study does not allow
scatteringS(Q, » = 0) at 301 K (Fig. 2). At high pres- an independent verification of (1); nevertheless, taking
sures, in the glassy phase, the elastic intensity is constardvantage of previous results, we can use (1) to extract the
This make the analysis even simpler than in temperaturgressure dependence$ andz, from IN6 data. Besides
dependent measurements, where the harmonic evolutidhe shape parametar= 0.77, we input the Debye-Waller
of the Debye-Waller factor had to be taken into accountfactor determined from a Kohlrausch fit to the long-time
On releasing the pressure, as on increasing the temperail of low-pressure data. While the asymptotic law (1)
ture, an anomalous decrease of the elastic intensity inddoes not cover the short-time dynamics below 1 psec, it
cates the onset @8 relaxation. This decrease is observedconsistently describes the bending$iD, 7) into and out
first and most pronounced for large wave numbers. Foof the intermediate plateatp (Fig. 3).
the lowest pressures the elastic line begins to broaden, Within mode-coupling theory, the-relaxation ampli-
and its total intensity can no longer be determined fronmtudef,, the 8-relaxation amplitudéf,, and the crossover
S(0,w = 0). Instead, one has to take the integral overtime 7, depend on the equilibrium structure fact®(Q)
the full « line. which, in turn, is a regular function of parameters such as
From the scaling analysis of isothermalrelaxation 7 andP. Close to the dynamic crossover, this dependence
spectra at 320 K [Fig. 1(b)], we find that, up to 105 MPa,can be expressed through a linear separation parameter
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FIG. 3. Intermediate  scattering function S(Q,t) at

0 =18A"! from IN6 in the B-relaxation regime for

different pressures. Lines are fits with (1) with a fixed shape

parameterA = 0.77 and fixed plateau valueg, (indicated by I ]

thick circles). 0o T "t 1w
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. . : . FIG. 4. pB-relaxation amplitude and crossover time for two
.[2(.)]’ o« (T TC)/.TC in isochoric ora o (.P“ P)/Pc isotherms 316 and 324 K and three wave numb@rs= 1.2

in isothermal experiments. On approaching the crossovgfy) 1 5 ), and1.8 A~' (). The data are linearized @8}
from the liquid side f, varies only weakly, wherea8p  and;2* according to (2); lines are fits t0 averaged values.
andr, are predicted to become singular:

Hy « o'? and 1, « o /%, 2)
with a critical exponent = 0.295 determined by perature and pressure dependence of amplitude and time
In Figs. 4(a) and 4(b) these power laws are tested fo§cale can be described by the power laws (2) in conjunction

two isotherms by plotting?, andr, ¢ vs P. Asymptoti- with just one separationiezrgmeterz (I = I')/Te.
cally, linear behavior is observed, and extrapolation gives A coeficient I' e nT is known to characterize

consistent estimates fr, at 316 and 324 K. Away from equilibrium properties of a dense soft-sphere fluid with

. ; RN
the asymptotic limit, the data scatter considerably, simila{epUISIVe core potentlals_ Of. the Lennard Jomeé. type
to temperature-dependent experiments [6,7]. 22]. In a supercooled liquid, we are actually in a high-

Together withT,. at ambient pressure and the valuedens.':.y reglimte, n/]here trlle. statlctst;l:ﬁture tfacgé?)zg 23
P.(301 K) obtained from elastic scans, a total of four SENSIUVE ONly 1o he repulsive part o the potentia [22,23].

points of the dynamic phase boundaf(T) is ob- In simulations of binary soft-sphere [24] and Lennard-

tained. These points, summarized in Table I, fall ontotones [25] systems, the glass transition was found to occur

a straight line with slope/T./dP = 0.28 K/MPa which at Iconstanl"c. d that th | Id |

is in remarkable accord with the slope determined fron]iteia\lIlvaSinngt fgnaeféi ngo?écLI:rseli rl?ifjlljiliz v(v)c_)l_up alr;py

a-relaxation, viscosity, an@, data: The mode-coupling f 3(] P ih a L qd ] i .'d

crossover line is parallel to lines of equalresponse. act, t ; colmparlson with a Lennar h-' onez Iqui car:j
Lines of constant density, on the other hand, hav € made almost quantitative. To t IS an » WE nee

slopes of aboud.70 K/MPa, which confirms [17] that he two parameters of the 6-12 potential: A van der

temperature influences the dynamics not only via free

volume. The same conclusion was reached by simulation N _ )

of a Lennard-Jones system [21] and by light scattering iWABLE |.  Critical pressureP. and corresponding density

i ; n. [28] as function of temperature. The produdt, =
cumene [3]; it was suggested instead that at leastthe no3(e/T)/* is found to be constant (its errors are estimated

dynamics can be parametrized by viscosity [3]. fom AT, = +3K at 290 K and AP, = +5 MPa). The
Our results imply that the dynamic crossover can still bechoice ofe = 7.6 A and e = 600 K is explained in the text.

characterized by one single separation parame(&r, P) —
which, however, does not depend on density alone. In’ WY P. (MPa) ne (M) L

stead, it appears that densityand temperaturé can be =~ 290 0.1 2.840 1.495(4)
combined to an effective coupling « n7~'/*: Table | ggé 3(2)% gggg ijg?g
shows thatl’, is constant within experimental error. Fur- 324 123(7) 2931 1.501(9)

thermore, constraint fits t6(Q, ) confirm that the tem-
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