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Depolarized light scattering spectroscopy of CaK(NO3)14: A reexamination of the “knee”
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The “knee” found in the depolarized light scattering spectra of 8Ba ¢ NO3), 4 at low temperatures by G.
Li, W.M. Du, X.K. Chen, H.Z. Cummins, and N.J. T@Bhys. Rev. Ad5, 3867(1992] appears to have been
an experimental artifact. The origin of this feature is analyzed, and its implications for the mode coupling
theory of the liquid-glass transition are considere063-651X%99)02105-4

PACS numbd(s): 64.70.Pf, 78.35tc, 61.20.Lc

I. INTRODUCTION of the spectral window of DLS measurmeffd. Once the
implications of hopping were recognized, the question be-
In 1992, a depolarized light scatterifigLS) study of the  came: why is the knee observed in CKN since it is not seen
mixed-salt glass-forming material CKNCa, /Ko (NO3) 1 4] in other structural glass-forming materials?
carried out in our laboratorl] gave susceptibility spectra ~ Recently, two groups have reexamined DLS spectra of
x"(w) exhibiting pronounced minima for temperatures CKN, and have found that the knee can be eliminated by the
above 110°C whose shape and temperature dependen%@d_'t'on ofanarrow—pand dielectric filter to the F_abry—Perot
were compared with predictions of the idealized mode cou®Ptics[10,11, suggesting that the knee observed in our CKN
pling theory (MCT). For temperatures below 80°C, a weak experiments was an experlmentgl artifact. The aut.hors of
downward-concave feature was observed in these spectra f.[11] also _dlscussed_ the possnbl_e r_elevance of th|§ result
ow requenciesthe "knee”) whch vis aso compared to o1 1, UCT Hireton o e laud gss ranon, o
MCT predictions. From this analysis, the MCT crossover .

. N the CKN DLS spectra and found qualitative agreement with
temperaturd ¢ for CKN was est|ma_ted as 378K (105°C), a the results of these two groups. The sample and experimental
value subsequently confirmed by time-resolved SpeCtrOSCOPFYrocedure were the same as those discribed in [Réfnd
by Yang and Nelso2]. In Fig. 1 we show the composite | are also very similar to Ref§10,11].

intensity spectrd(w) from Ref.[1] obtained with a tandem
Fabry-Perot interferometeiTFPIl) and a Raman spectrom-
eter; in Fig. 2, they”(w) spectra obtained from the intensity Il. ORIGIN OF THE SYNTHETIC KNEE

spectra are shown fofa) temperatures from 110-305°C,  Figure 3 illustrates the principal elements underlying the
and (b) for temperatures from 23-100 °C, illustrating theseappearance of the synthetic knee in i) spectra. The
two features. DLS spectrum of CKN aT =343 K (70 °C) is shown at the

Subsequent DLS studies in our laboratory of the glass-
forming materials Salo|3], propylene carbonatgt], glyc- NS B AL B AL B BN AL
erol [5], isopropylbenzeng6], and orthoterpheny|7] re-
vealed susceptibility minima similar to what was found for
CKN, but gave no evidence for a knee. Furthermore,Tfor
above but close td -, the susceptibility spectra were found
to lie systematically above the MCT predictions for all ma-
terials studied, including CKN. This deviation was recog-
nized as a manifestation of activated transgbopping pro-
cesses which prevent complete structural arrestat an
effect not included in the original idealized version of MCT
used in the first analysis of the CKN and salol spectra.

The CKN and salol DLS data were therefore reanalyzed,
using the extended version of MCT which includes a
temperature-dependent hopping parameé€r), and these
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discrepancies were eliminat¢8]. The extended MCT was 1o —— “"""0 : """"] : ""'“'2 ' ""'“'3 o
also employed in the analysis of DLS spectra of propylene 0 10 10 10 10 10
carbonatd4] and orthoterphenyl7]. While the hopping ef- Frequency ( Giz )

fect produces minor qualitative changes Toabo.veTC, 't§ FIG. 1. Composite depolarizei=173° light-scattering spectra
effects for temperatures beloi can be dramatic, restoring o ckN for temperatures from 305 °@op) to 23 °C (bottom.
the minimum and, if sufficiently large, shifting the knee out these spectra were collected with the Amici prism plus pinhole
filter as described in the text. The sharp lines near 20 GHz are due
to leakage of the intense LA Brillouin lines by imperfect polarizers.
*Present address: Citicorp, 4 Sylvan Way, Parsippany, NJ 07054From Li et al,, Phys. Rev. A45, 3867(1992.]
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FIG. 2. Susceptibility spectra obtained from the data in Fig. 1 by G, 3. The intensity spectruti(w) at 70 °C on(a) a log-log
division by the Bose factofn(w)+1]. (a) For temperatures from ot and(b) a semilog plot(c) Transmission functions of the Amici
110 to 305 °Ci(b) for temperatures from 23 to 100 °CFrom Li  prism plus pinhole filter, and of the narrow bandpass dielectric fil-
et al, Phys. Rev. A5, 3867(1992.] ter. (d) Positions of the 20 (n=1,2,3...) transmission maxima

of the TFPI with mirror separations of 0.5, 3.5, and 20 mm.
top, on a log-log plot in(a) and on a semilog plot irib).
Beneath it, in(c), are the transmission spectra of the Amici timate since the higher-order transmission maxima are gen-
prism plus 0.65 mm pinhole combination used in our originalerally weaker than that of the central order. While the
CKN experimen{1] measured with the Raman spectrometeraddition of such a flat background does not changd kg
(the pinhole was placed 42 cm from the prism, just as it is inys f slope on a linear scale, it will increase the slope towards
the TFP), and of the 1 nm bandpass dielectric filt€riel  zero on a log-log plot. In Fig. 4, the relative intensities of the
Corporation, model 52630obtained with the TFPI with spectra obtained with and without the interference filter are
plate spacing of 0.5 mm. The maximum transmission of theshown, with the filter transmission already divided out. If

filter is 0.3, while that of the prism is 0.83, a significant there were no extra intensity, the two spectra should be iden-
difference when working with a weak scatterer such as CKNtjcal. The ratio of the two, fod=20 mm, is approximately

which is why we originally chose the prism-pinhole filter for
these experiments. T T
While the Sandercock TFPI effectively suppresses neigh- = ——— Without Filter]
boring orders, there is high transmission occurring approxi- I R With Filter ]
mately every 20 ordergWe could not measure this higher-
order transmission directly since it exceeds the scan range of
our interferometej.Referring to Fig. 3, there will be signal
present when the prism-pinhole combination is used, for
higher orders with frequencies up to approximately 6000
GHz. With the smallest plate separation we uged mn),
there will only be two active higher-order transmission
maxima, at approximately- 6000 GHz from the central or- :
der. From Fig. 3, the combined signal from these two extra L ¥
transmission maxima should be approximately 5% of that ' —
from the central order and can be neglected. For the largest
separation(20 mm), however, there will be transmission

maxima approximately every 150 GHz, so there will be ad- FiG. 4. Intensity spectra obtained =70 °C with the Raman
ditional signal from about 40 points on the spectrum, producspectrometer and with the TFPI with four mirror separations. Solid
ing a flat background approximately 2.4 times as strong asnes: Amici prism plus pinhole filter only. Dotted lines: with 1 nm
the desired spectrum scanned by the central order. In pragaterference filter added. Each spectrum has been divided by the
tice, the background can be smaller than this theoretical esiiter transmission function.
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FIG. 6. Susceptibility spectra for the hard-sphere system ob-
tained by numerical solution of the MCT equations. Dashed lines:
Frequency (GHz) Newtonian dynamics model. Full lines: Brownian dynamics model.
(Dotted lines refer to a discrete dynamics model discussed in the
FIG. 5. Composite susceptibility speciyéd(w) atT=70°C ob-  reference. Decreasingh (for e>0) indicates states lying deeper in
tained from the data of Fig. 4. Solid line: without dielectric filter; the glass[From Franosclet al, J. Non-Cryst. Solid235-237 71
dotted line: with dielectric filter. (1998.]

2.0, in qualitative agreement with the above estimate. by the overlapping order problem, these scaling analyses
Consequently, we should expect the addition of the flashould also be reexamined.

background selectively to the large separation spectrum to

cause a slope increase at low frequencies on a log-log plot,

leading to a synthetic “knee.” In Fig. 4 just such an effect ll. IMPLICATIONS FOR MCT

can be seen. In Fig. 5, the weak downward bend in the

In[x¥'(w)] vs INw] plot at low frequencies foM=70°C is i

seen when the prism-pinhole combination is used, but nolg

V\{henI thebnarrov(\;-bband interference filtﬁr is includgd, ashprebredicts, for temperatures above the MCT crossover tem-
viously observed by Refd.10,11. Furthermore, since the Lo atreT., a crossover in the susceptibility spectrum from

inFensity of thg low-frequency par_t of the spectrum decrgaseg—b to w® at a scaling frequency,, which produces a
with decreasmg temperature, this effect extends to highefinimum. ForT<Tc, it predicts a low-frequency crossover
frequencies as the temperature decreases, so that the appakgg, ! to »? which should produce a “knee.” In colloidal
“knee” moves towards higher frequencies with decreasingg|asses, where the idealized MCT seems to be applicable, the
temperature, as found in Rdfl]. Thus, the previously ne- time equivalent of the knee is observed, producing a cusp in
glected higher-order transmission of the tandem Fabry-Perghe scaling time vs temperature plit2]. However, it has
interferometer, together with the temperature dependence ®ng since become clear that the knee may not be observable
the spectral intensity, conspire to produce a kneelike synif hopping effects are important, which appears to be the case
thetic feature with shape and temperature dependence resefuor all structural glasses studied so far, including CKN.
bling the predictions of MCT. The CKN “knee” reported in Other predictions of the MCT were also considered by the
Ref. [1], and discussed in several subsequent publicationguthors of Refd.10,11]. In particular, the slope of thg”(w)
should therefore be considered as an experimental artifact.vs o log-log plots were observed to be temperature depen-
The synthetic knee was not observed with other materialglent, in apparent violation of the MCT prediction of constant
such as salol, glycerol, propylene carbonate, or orthoterpheslope a. Furthermore, the amplitude of the susceptibility
nyl which scatter much more strongly than CKN at low fre- spectra, in this power-law region, was found to decrease with
guencies, presumably due to orientational dynamics. Thuslecreasing temperature similarly for neutron scattering and
the weak scattered intensity of CKN at low frequencies relalight scattering spectra, again in apparent disagreement with
tive to the strong high-frequency vibrational intensity ex- MCT.
plains why the synthetic knee was observed only in this ma- In evaluating the significance of these results, it should be
terial. We note that while no identifiable “knee” was recalled that the MCT predictions of constant slope and am-
observed in these other materials, a qualitative scaling prgslitude are asymptotic predictions, expected to apply only in
cedure based on the idealized MCT was attemptedTfor a limited range of temperatures closeTtg and for frequen-
<Tc for the susceptibility spectra of salol and propylenecies close to the scaling frequeney,. Measurement of the
carbonate. In view of the possibility that these low- slope over too large a frequency range will inevitably be
temerature spectra may have also been somewhat perturbpdrturbed by the high-frequency microscopic struct{ihe

The observation of a susceptibility minimum and a knee
the CKN spectra by Let al.[1] provided support for the
ealized-MCT scenario of the liquid-glass transition. MCT
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boson peak leading to arags unrelated to the critical expo- scattering mechanism. Since the temperature dependence of

nenta of MCT. the apparent slope and amplitude evident in Fig. 6 result
Determining the range of applicability of the MCT from solutions of the MCT equations, similar temperature

asymptotic predictions is a major challenge. The first quandependence observed in experimental data cannot be viewed

titative analysis, for the hard-sphere system, was reported bys inconsistent with MCT.

Franoschet al. [13]. A related analysis, of particular rel-  In conclusion, the knee reported in RéL] appears to

evance for the present discussion, was reported in[R4f.  have been an experimental artifact, and we therefore with-

and is reproduced in Fig. 6. Susceptibility spectra for thegraw it. However, we believe that the implications of this

hard-sphere system are shown, computed by numerical solérroneous identification for the MCT scenario of the liquid-

tion of the MCT equations both with Newtonian microscopic glass transition are minimal, in view of the important role

dynamics(dashed linesand with Brownian microscopic dy- played by activated processes which were not recognized

namics(full lines) in which the inertial term is dropped so \hen the CKN knee was first reported.

that the short-time dynamics are relaxational. The lower part

of the plot (¢>0) refers to the glass state, withincreasing

as the critical point(c) is approached. Note that, with in- ACKNOWLEDGMENTS
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