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A knee-shaped feature observed earlier in light scattering spectra, gk C#NO5); 4 (CKN) below

T.is used as a strong argument in favor of mode-coupling theory of the glass trafii€dn. Our

careful measurements reveal no “knee” in the spectra of two glass forming liquids, CKN and
ortho-terphenyl. Instead of the knee the spectra show nontrivial broadening and an increase of the
intensity with a temperature increase. Both variations are confirmed by neutron scattering
measurements on CKN and are neither expected in the asymptotic MCT predictions nor in any other
model. © 1999 American Institute of Physids§0021-96069)51605-X]

Recent developments of the mode coupling theoryspectra of Cgy3(NOj);4 (CKN), and its temperature
(MCT)* stimulated extensive experimental studies of theyariation was found to be in a good agreement with the MCT
glass transition. MCT predicts the existence of a crossovepredictions’ no such agreement was observed in depolarized
temperaturél’ ¢ with different scenarios for dyngmics of glass light scattering spectra of ortho-terphed®TP).> No knee
formmgz 3system_s ak_)gve and below. Quasielastic neutrogas reported in QENGand dielectric spectroscobgtudies
(QENS?* and light™® scattering measurements, and alsoyt ckN. Also, recent light scattering data obtained for CKN

computer simulation§,demonstrated reasonable agreement, temperatures belo®, demonstrated the absence of the
with MCT predictions for the high-temperature range abovqmeeg

T.. T. was estimated to be higher than the conventional
glass transition temperatufg . The dynamics of glass form-
ing liquids in the temperature range beld@wwas not inves-
tigated so extensively. Here MCT predicts a nontrivial be-

havior of the generalized susceptibility;(v): x"(v)e v at for dynamics of supercooled liquids and was the subject of

) e " a
lower frequ_enmeiwhﬂe no!se spec;tru] Emd.X (v)v?, a. intensive discussions in the literatUf&The knee observed in
<0.4 at higher frequencies. This behavior results in a

“knee” in x"(v) at intermediate frequencies. the light scattering spectra of CKN is considered as a strong

According to MCT, the main variation of the fast dy- support in favor of the MCT scenario. It is our main goal in
namics spectrum aT<"rc should be a shift of the knee to this Communication to answer this question on the basis of

lower frequencies with increasing temperature. The Characc-arer| depolarizgd light and neutron scattering studies of
teristic scaling time of the knee,=1/27v, (v is the po- glass forming liquids between, andTy,.
sition of the kneg should diverge afl.. This scenario is Samples of CKN Ty~333K, T.~370-380K") and
schematically presented in Fig. 1. The existence of the kne@TP (Tg=244K, T,~290 K°) were prepared, as described
with a nontrivial temperature dependence is a crucial pointinaarlierfs'11 Depolarized light scattering spectra in the fre-
testing the asymptotic MCT predictions beld@y. An analy- quency range 0.5-300 GHz were measured using a Sander-
sis of experimental data, however, reveals some inconsigsock 6-pass tandem Fabry—Perot interferomésFP) in
tency: the knee was reported in depolarized light scatteringight-angle geometry and an Arlaser (=514.5nm).
QENS of CKN has been done on the time-of-flight spectrom-
9AIs0 at the Institute of Physics, A. Mickiewicz University, Poznioland. ~ Et€r IN5 at ILL (Grenoble using neutrons with the wave-
bl os Alamos National Lab, Los Alamos, New Mexico 87545. length 5 A. The spectra were corrected in a standard way.

Thus, the existence of the knee appears to be a crucial
question at present. The nontrivial prediction for the tem-
perature behavior of the knee, e.g., a divergence of the time
scale with increasing temperature &t, is counterintuitive

0021-9606/99/110(5)/2312/4/$15.00 2312 © 1999 American Institute of Physics
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FIG. 1. A schematic representation of the MCT scenario for generalized
susceptibility at temperatures beldw, T.>T,>T,>T3. The knee corre-
sponds to a transition from' to »® behavior. The inset shows the predicted
temperature dependence of the inverse frequency of the kpee

Details of the QENS measurements will be presented
elsewheré?
In order to understand how a knee can occur in STFPI

measurements, we have to discuss the technique in som 091 ] sl sl .
detail. Transmission spectra of the Fabry—Perot interferom- 1 10 100
eter have sharp maxima at constant frequency intervals

called the free spectral rangESR. As a result, a measured \Y [GHZ]

spectrum is a superpositidsum of many spectrdorders

; : FIG. 2. The spectra of CKNT=337 K) with (a) and without(b) filters.
shifted by one FSR with respect to each other. A great adFSR=150 GHz(dashed, 35 GHz(dotted, and 10 GHZthick solid line as

Yantage of the tandem sgtup deSi_gned by Sgnder(Im(ﬂ( indicated in(a). The thin solid line in(a): the spectrum at FSR150 GHz

interferometers arranged in a special geortélrg the sup-  scaled by 0.05, by 0.4, 0.2 ifb). (b) depending on the scaling factor, one

pression of the nearest 19 neighboring orders on either siden get the “knee” at any frequency between 10 and 100 GldzA

of the central peak However. in the case of very broad SpeCc_ombined spectrurtwith filter, solid line), simulated spectra that include 1,
. ’ ! . % 4 and 10 ordergdashed lines

tra covering several decades of frequency, the contribution o

every 20th order, for which the transmission of a STFPI is

again very goodenhanced ordersmay become important. .

The natural bandwidt® (THz) of the STFPI, defined by a Figure 2 presents spectra of CKN'Et 337 K measured

set of a pinhole, a lens, and a prism, ranges from 2 to 15 TH¥Vith (_?_irf_]ferent FSR and coréec'tehd rf]or.the ;ransmiiﬁion quc-
(half-width), depending on the pinhole sizé (mm): B tion. The spectra measured with the interference filters show

= 15d%3, The number of enhanced orders falling into the tan-2 similar shape at different FSFFig. 2@)], whereas the

dem window for small FSRs can be as high as(T8ble ) spectra measured without the filters differ strongly, even in
This fact is usually neglected by tandem users. the frequency range where they overl&g. 2b)]. One also

In order to suppress the higher orders of the spectru otes that the spectra measured with small FSR without the
we used two narrow interference filters: half-width at half- "Iters have higher intensity than the ones measured with the

maximum (HWHM)~600 GHz and~70 GHz, respectively filters. Intensity measured at different FSR should decrease
The first filter was used to measure the spectra at FSR! least as ”_‘“Ch as_the F.SR itself. In.the case of the mea-
—150 and 35 GHz, and the second one at F3RGHz. surements. with the fllter[sFlg'. 2(@)], the intensity de.creases

The spectra were corrected for the transmission functio bout 20 times when FSR is changed about 15 times, from

(measured using white light from a laingf the STFPI with 50 to 10 GHz. However, in the case of the measurements

the filters. Raman spectra obtained eaffiémwere used at without the filters, the intensity decreases only about four
higher fre'quencies times for the same changes of F§Rg. 2(b)]. This result

points out that there is some additional contribution to the
spectrum measured without the filters.

TABLE I. The maximum number of transmitted STFPI spectra for different In order to estimate the influence of the higher-order

FSR(in GH2) and the pinhole sizén mm). contributions of the STFPI on the measured spectrum we
feR A 0 o 300 simulated additional contributions, using the spectrum mea-
pinhole 0.15 03 0.45 1 sured with the filter§Fig. 2(c)]. The simulated spectrum that

Noo 18 7 6 2 takes into account the first 10 transmitted orders repro-
duces well the spectrum measured without the filter. These
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FIG. 4. CKN: the neutron scattering susceptibiliggymbols measured
around the main diffraction maximum ,@=1.9A~? (integrated in the
range 1.5-2.25 A, n(v)=[exphw/kT)—1]"* temperature factor on en-
ergy win side, no corrections for Debye—Waller factor, more detailed de-
scription will be presented in Ref. 12Lines show the light scattering sus-
ceptibility spectra. One should pay attention that the lowest temperatures
differ: T=300K for neutrons and’ =337 K for the light scattering. The
inset shows the temperature variation of the expome®) our data( ¢ ),

Ref. 15.

I/(n+1) [a.u.]

ference in the spectra measured at higher temperatures: the

minimum between the fast dynamics and a slewrocess is

also affected by the higher orders. In that case, however, the

: : . difference is rather quantitative while at low temperatures we

1 10 100 1000 have a qualitative difference in the spectral shape.
v |GHz] Figures 3b) and 3c) present the susceptibility spectra of

CKN and OTP, measured with the filters at different tem-

FIG. 3. (a) Spectra of CKN at two temperatures combined from the mea-peratures_ No Sign of the knee can be seen in the Spectra_ The

surements performed wittsymbolg, without (solid lineg the filters. (b)
Spectra of CKN measured at 337, 350, 362, 383r&m bottom to top, and spectra of CKN at temperatures below 360 K can be well

(c) spectra of OTP measured at 240, 260, 270, 29@rém bottom to top. apprOXim_ated _by a power lavy,"(v) > v, with the exponent
Spectra in(b) and (c) were measured with the filters. Dashed linesbn ~ a increasing with decreasing temperature. In the case of OTP

show power law dependencies. the spectra do not show a single power-law shape and the
slope decreases with decreasing frequency, i.e., the spectra
are curved in the direction opposite to the expected knee.

results[Fig. 2(c)] give a clear explanation of the difference Whether this is due to peculiarities of the fast process, or due

between the spectra measured at small FSR with and withotd a contribution of some slower procg$ise so-called, slow

the filter. An important point to note: the spectrum measure3 relaxation, which is known to be strong in dielectric spec-

without the filter is much flatter than the one measured withtra of OTP, or the “fast” process in the GHz frequency

the filter. The reason is clear: the spectra of the higher ordensinge suggested earfigis not clear from our data. One can

are nearly constant in the frequency range of the central orsee, however, that the slope of the OTP spectrum becomes

der and their contributions can be considered as an additionateeper with decreasing temperat{ifég. 3(c)] in the same

flat background. way as for CKN.

Figure 3a) presents a comparison of the susceptibility Figure 3 also demonstrates that the quasielastic intensity
spectra,y”(v)=1/(n+1) (heren+1=[exp(—hvkT)—1]"! at high frequencies decreases strongly with decreasing tem-
is the Bose factor for the energy loss sidmeasured with perature betweefli; andT,. This result is inconsistent with
and without the filters. As it is clear from Fig. 2, the spectrathe asymptotic MCT prediction&ig. 1). It was also reported
measured without filters have higher intensities than the oneis Ref. 4 and was interpreted as a peculiar behavior of the
measured with filters. However, the former appear to be belight scattering mechanisrtthe cancellation effect for the
low the latter after a scaling to the Raman data due to théipole-induced—dipole mechanignHowever, neutron scat-
different scaling factor§Fig. 3(@)]. At low temperatures one tering spectra of CKN demonstrate the same variations for
can clearly see the knee in the spectrum measured withotite quantity directly related to density fluctuatiaftise sub-
filters. The position of the knee is arbitrary and depends ofject of the MCT's equations(Fig. 4). Moreover, a direct
the matching procedurd=ig. 2(b)]. However, the spectrum comparison of the datdrig. 4 shows that both light scatter-
measured with the filters shows no knee and can be welhg and QENS spectra have very similar spectral shape and
approximated by a single power law. One also notes a difits temperature variation&he difference of the spectra at
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v>1000GHz is related to the vibrational contribution, apparent temperature shift of the artificial knee: the quasi-

which usually has a frequency-dependent couplingglastic intensity at low frequencies decreases with tempera-

coefficient?). Obviously, the decrease of the intensity with ture much stronger than the intensity at higher frequencies

decreasing temperature is mainly an intrinsic property of thdéFig. 3). As a result, the ratio of the real spectrum to the flat

fast process and is not a specific property of the light scatbackground from the higher orders decreases and the artifi-

tering mechanism. The results suggest an explanation for theal knee shifts to higher frequencies with a decreasing tem-

temperature variation of the so-called nonergodicity paramperature. Thus, the asymptotic scenario suggested by MCT

eter. The latter is related to an integrated intensity of the fasfor the temperature range beldly (Fig. 1) disagrees with

process and its temperature variation was observed in marifje presented experimental data, even qualitativelythere

neutron scattering experiments. According to MCT, thesdS no knee in the spectréi) the main variation is a decrease

variations should be related to the shift of the kitEigy. 1).  of the intensity and change of the slope of the spectra with

Our results(Figs. 3 and % demonstrate, however, that the decreasing temperatufgigs. 3 and 4 One certainly needs

reason for the variation is the change of the amplitude of thénore experimental data, especially neutron scattering mea-

fast process. surements extended to lower frequency in order to shed more
An important nontrivial observation is a decrease of thelight on this problem.

?:prNor_wenta with a temperature |_ncreas(mse_t Fig. 4. For Partial financial support of the Deutsche Forschungsge-
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