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Anomalous effects in the temperature dependence of depolarized Rayleigh spectra
of benzene and quinoline
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The temperature dependence of verticdliyciden) and horizontally(scatterefl depolarized spectra of
benzene and quinoline has been very carefully investigated. For more confidence, in benzene, independent
measurements with different techniques were performed both in Bordeaux and Messina. The reorientational
correlation time shows an overall behavior equivalent to that previously reported when temperature varies by
steps of the order of a few K. Anomalous behavior is, however, observed for both neat liquids at given very
well reproducible temperatures when temperature varies by small steps. These temperatures may correspond to
regions where molecular reorientation is slowed dol#1063-651X96)02211-9

PACS numbgs): 61.25.Em, 78.35tc, 33.20.Fb

[. INTRODUCTION of the light scattered by benzene and quinoline, in a large

temperature domain along the liquid-vapor coexistence

After the pioneering works of Rozhdestvenskaya andcurve. Two different experimental techniques have been

Smirnova[1], recent accurate measurements of the heat cdiSed in Messina and in Bordeaux, respectively, a high-
pacity[2], depolarized total scattered intensig], NMR re- resolution grating spectrometer and a FabryePénterfer-

laxation timef2], hypersound velocitf4], Landau-Placzek 28R U BEY SO0 B8t O PUTEAEN IS AR B8 e
ratio [4], dielectric relaxatiorj5], and neutron scatterind] P P

o S viously reported by dielectric relaxation and neutron scatter-
of both liquids benzene and quinoline show that clear “ac—ing [2{-) 6]? Y

cidents” occur at some characteristic temperatures. For in-
stance, a quantity which usually increases with temperature Il. EXPERIMENTAL SETUP AND RESULTS
suddenly decreases at a given well reproducible temperature

and then increases again. Such anomalies are only Observ%qlows. The sample is first filtered on a Millipore filter to

when great care is taken in the preparation of the sampley,e dust particles, then triply distilled under vacuum and
high chemical purity, almost complete degassing, very longiqreq in a sealed Pyrex tube. The dissolved gases are elimi-
thermal equilibrium times, and very slow heating or coolingnated by pumping the volume of the cell after the liquid is
rates. These unexpected behaviors presently have no cleggzen at liquid nitrogen temperature. This operation is re-
physical interpretation and are outside the understanding geated at least two times and even though the distillation has
usual liquid theories. These experimental results, howevegeen achieved under a good vacuum, a significant amount of
may be connected to those published by Fisdifér who  unwanted dissolved gases is obtained. It has to be stressed
detected abnormal thermal behavior in glass forming liquidshat in order to obtain reproducible results, a very careful
made by small molecules. In this latter case long range corelimination of dissolved gases is an important aspect of the
relation lengths are measured whereas the thermodynaméxperimental procedure. The sample contained in a cylindri-
state of the fluid is far from any critical point. cal Pyrex tube is embedded in a water bath whose tempera-
It is obvious that more experimental data using differentture can vary in the range 15 °C-75 °C with a very long
techniques have to be obtained in order to suggest the direterm stability better thant0.005°C. The temperature is
tions where the theoretical investigations and the numericaheasured with an accuracy af0.001 K by using two cali-
simulations have to be developed. brated platinum resistors connected to a high accuracy im-
In the framework of this experimental effort, we used pedance bridge. After the temperature of the sample is set to
depolarized dynamic light scattering, one of the nonperturthe expected value, we wait a few hours before the depolar-
bative experimental methods very well suited for the study ofzed spectra are recorded.
the molecular reorientations. This technique has already been All the optical part of the setup is mounted on a heavy
used in numerous previous experimef@$ In the present granite table insulated from the thermal vibration of the
experimental study, we given results about the orientationabuilding. The sample is irradiated by the 0.5145 single
correlation timer deduced from the analysis of the vertically frequency radiation vertically\() or horizontally H) polar-
(V) (incident light polarized vertically horizontally H) ized, emitted by a Spectra Physics 2020 Aaser. The scat-
(scattered light polarized horizontallgepolarized spectrum tered light at 90° is analyzed by a double-pass FabrptPe

The experimental procedure of the Bordeaux group is as
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(FP) interferometer piezoelectrically scanned. The spacing
between the two plates of the FP can be adjusted in a large
domain. The FP is disposed in a temperature controlled
chamber (- 0.05°Q and the parallelism of its plates is auto-
matically optimized during the experiment by using a device
built in the laboratory9]. Both the laser and the Fabry+Be
interferometer are mechanically insulated from the granite
table, in order to eliminate transmission of jitter vibrations of
the head of the laser to optics, essentially the double-pass
Fabry-Peot interferometer. After crossing the FP interferom-
eter, the scattered light is received on a photomultiplier con-
nected to a multichannel analyzéMCA) via a photon
counter. Each run is divided in three parts by convenient

choppers allowing simultaneous recording of the apparatus FIG. 1. Typical depolarized spectrum of quinoline. Note the

function, the spectrum, _and the electrical zero level. “shear deep” at zero frequency and the good agreement with for-
The group at Messina uses a double monochromat%ula(l) of the text

double pas$DMDP 2000 built by SOPRA, a French optical

device company. This setup has been fully automated and
details of optical arrangement can be found[i®]. Note . . , .
again that it is a different spectroscopic methatbnochro- In addition to orientational motions, other phenomena

mator instead of Fabry-Pat interferometerand a different such as librations and molecular collisions which induce an-
deconvolution method since the instrumental function is aliSOtropy have to be taken into account. These two last phe-

most a Gaussian with no overlapping of orders. nomena occur at high frequency and will appear as a small
flat background when analyzed with the Fabrye®anterfer-

ometer.
Experimental results have been analyzed in terms of for-
IIl. ANALYSIS OF THE EXPERIMENTAL RESULTS mula (1) for both liquids. In the case of quinoline in the

Numerous theories concerning depolari2ééi spectra t€mperature range from 15°C to 60 °C, théd spectrum
can be found in the literature. Since the pioneering theoreti€volves from a fine structure with a “shear deep™ at the top
cal works of Leontovich(11], it is now admitted that the 0 @ smg'le Lorentzian. In the case of benzene when the ro-
VH spectrum shows a fine structure associated with the codational line is rather broad, we have been unable to put in
pling between the reorientational motion of the moleculestvidence the fine strucgure._Thys may be due either to the
and the vorticity of the fluid. Experimentally, besides a cen-relative value ofl'p/70k® which is of the order of 40 for
tral Lorentzian line, theVH fine structure continuously 90° scattering or to the smallness of the coupling constant
evolves from two small side humps at low temperature, clos&®- One example of the depolarized spectrum of quinoline is
to the glass transition temperature, to a “shear dip” at zergshown in Fig. 1. .
frequency at moderately low temperature and then to a “nor- The most mtgre_stmg result of the present analysis is the
mal” Lorentzian behavior at high temperature. Many differ- témperature variation df. Whereas the natural tendency of
ent formulas have been proposed to describe the shape of tHie reorientational rate is to increase when increasing tem-
VH spectrum and for the present analysis, we shall use theerature, we observe two detectable anomalies centered at
most recent one proposed by Quenti@kwhich is valid for ~ temperatures close to 36 °C and 46 °C for benzene and 17
dissipative shear waves, a regime pertinent for our experi-C and 42 °C for quinoline as shown by Figs. 2 and 3. Note
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In formula (1), o is the frequencyk is the transfer wave O 3 a0 80 s 70
vector, § is the scattering anglé,= 1/7 is the reorientational T¢C)

rate of moleculess being the reorientation timey is the

density, andy, and 7..=7o(1—-R) are, respectively, the FIG. 2. Temperature change of depolarized reorientation line of
low a_nd high frequency values of the shear V|SCO§WS.a benzene. Both Messinémonocromator and Bordeaux(Fabry-
coupling constant such as<tR<1. In most casesR is  Paot) results are plotted. The almost full agreement of both mea-
about 0.4. surements has to be quoted.
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. ' ' . . before, and leaves values of (278.15) kcal/mol for ben-
81 o zene and (3.650.15) kcal/mol for quinoline, equivalent to
7t Quinoline ; ¢ . the values found by Jackson and Simicd-Glavans$g], En-
reight, Stageman, and Stoich¢f3], and otherg14]. In the
' 4 vicinity of the temperatures of the accidents, we can evaluate
- A 4t v i . an extra energy. They are, respectively, (%8b615) kcal/
' ¢ t i mol for benzene and (4.850.15) kcal/mol for quinoline. In
++# the case of benzene, the values we obtained can be consistent
i +++++ ] with the activation energies proposed by Steinha[&g)rfor
o ; . . the changes of orientational forms of benzene.
0 20 30 40 50 60 For quinoline, there is no available mechanism like the
T(C) one proposed for benzene. Therefore more detailed numeri-
i _ o cal simulations and further experimentsuch as the ones
_FIQ. 3. Temperature change of depolarized reorientation line Oraffectuated on benzene by Bertagnolli and co-worke)
quinoline. . . .
are needed for a deeper analysis of this fluid.
The depolarization factor presents values of the same
magnitude as those presented, for exampld,14i, but an

deaux and those obtained in Messina. What is amazing i§nPortant perturbation is found in the vicinity of the tem-
that these anomalies In occur exactly at the same tempera- Peratures where accidents have been reported for the reori-
tures where abnormal behaviors of the velocity of sound an@ntational linewidth. We have to recall that equilibrium is
the Landau-Placzeck ratio in liquid benzefdg and quino-  reached by waiting at leag h between steps of roughly 2
line [5] were detected. The shear deep mode seems unafC. The usual interpretation of a bigger depolarization factor
fected in the limits of our precision. can be attributed to a greater size of the scattering particles.
Another important parameter deduced from our experi-This behavior is equivalent to the local ordering of scattering
mental results is the depolarization factor, defined as the rgparticles. In this case, the “cage effect” is enhanced and
tio between the total depolarized intensity and the total rotational diffusion slowed down.
polarized intensityl\, This factor can be measured by inte- ~ The development of the study of liquids and supercooled
grating on frequency the polarizééV and depolarized/H  liquids belonging to the class of glass forming liquids pro-
structure factors. In Figs. 4 and 5, the behavior of the depovides many results indicating that there are slow modes and
larization factor versus temperature is represented, respelng range correlations in liquids.
tively, for benzene and quinoline. This depolarization factor [N the framework of this general idea, some theoretical

presents an important oscillation centered for both fluids irRPProach can be used, as proposed by Thirumalai and Moun-
the two particu|ar temperatures. tain [17] and Bagdassarlan and OXtO[IbB] for coexistence

of long range and short range correlations or coexistence of
ergodic and nonergodic domains in fluids. More general
models such as the mode coupling thefit9] and the per-
colation model of Tartaglia, Rouch, and Chigt0] are em-

As said before, we roughly found that the behavior of theployed essentially in the field of glass forming liquids, but
relaxation time of both fluids is in agreement with previouswe are not sure that these models are pertinent approaches to
works, except for the small temperature range centered in thexplain our experimental results.
vicinity of two temperatures where an anomalous behavior is The connection of long time reorientations in “micro-
observed. emulsified” benzene and other glass forming liquids de-

The activation energy of molecular reorientation has beeftected by Angell and co-worker§21] is an interesting
evaluated for both liquids outside the two regions definednethod for the understanding of long time long range pro-
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benzene. Note that the oscillation is much bigger than error bars. quinoline.
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cesses reported in this work. These authors claim that witfollowing Quentrec’s[8] hypothesis, that there are several
“microemulsification” techniques, it is possible to measure unknown relaxation processes in viscous fluids or glass
liquid structural relaxation times of about 100 s. forming liquids. We therefore believe that the models of Ka-

Our results seem to show that the slowing down of thewasaki[22] and Kivelson and co-workef®3] very recently
reorientation time is a different effect than the coupling be-published could be extended in the future to provide a full
tween shear modes and reorientation. Then we can thinkinderstanding of this phenomenon.
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