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The molten salt 3KN@2C&NOj3), has been studied in the frequency range 5 ribz40 GHz and for
temperatures 10 KT<500 K using impedance spectroscopy. It is found that in the microwave regime the
dynamic conductivity traces the primary response. In the radio- and audio-frequency ranges the mobile ion
relaxation becomes increasingly decoupled and the time scale and stretching of the response as determined
from electrical modulus spectra differ from those obtained by spectroscopies probing the structural response.
For T>360 K minima are detected in the dielectric loss that make possible a comparison with recent mode-
coupling theories of the glass transition. The absence of analogous minima in nonionic supercooled liquids is
discussed[S1063-651X96)09907-7

PACS numbe(s): 64.70.Pf, 77.22-d

I. INTRODUCTION markable that this model system was one of the first glass
formers on which MCT was being tested, using the neutron
The study of simple prototypic supercooled liquids con-spin-echo techniquid]. Subsequent neutropt0] and light-
tinues to be attractive since many phenomena associatégattering11] studies on CKN have guided the refinements
with the glass transition are far from being completely un-of this theory. Very recently we have shown that CKN is the
derstood. Metallic and ionic melts, as paradigms for hardfirst glass formef12] for which it was possible to test pre-
sphere systems, are particularly suitable for investigations offictions of MCT using dielectric spectroscop$3]. Numer-
how the amorphous state is formed. This is mainly becaus@YS other expe_nmental |n_vest|gat|ons. have been conducted
of two reasons. On the one hand, recent mode-couplin§® CKN, focusing on various relaxation phenomena, e.g.,
theory[1—3] (MCT) aiming at enhancing our understanding YsSing V|scosmetr|c[14], mechanical[15,1€], calorimetric
of viscous liquids is generally thought to be applicable tol17—20, or optical method$21-25. _
these model systems. On the other hand, random close- The different experl_m_ental techniques can probe_ different
packed melts belong to the class of fragile liquidk Fragile degre.es. of .freedom within the mplten salt. _Hence differences
liquids are those glass formers that show a large variabilinﬁ”d _S|m|_Iar|t|es b_etween the various expenmenta} results can
of medium-range order in their supercooled regime ancprow_de information about the extent to which different re-
hence pronounced temperature dependences in quantitié&ational modes are coupled to one another. It has been
such as the configurational entropy and the effective energgrgued that the existence of a large number of relaxation
barriers against molecular or ionic rearrangements. Consdbodes, active at a given temperature, is a characteristic fea-
quently, these materials exhibit particularly large thermody-ure offragile glass former$26]. It has been shown that the
namic anomalies in the glass transformation range as well as
sizable deviations from simple thermally activated behavior T

T T T

[4]: . . . 600 o O A ]

The molten nitrate$5], among them the binary mixtures Ca®* K* NO,
of potassium nitrate and calcium nitrate, are well studied
ionic melts that approximate hard-sphere systems. They are _ 500} i
relatively easy to vitrify since their eutectic phase diagram X
[6], reproduced as Fig. 1, shows that near the eutectic point a —
particularly high degree of undercooling relative to the pure 400 .
compounds can be achieved. The composition 1 T
3KNO4-2CaNO;), (CKN) is the one that has been studied e e
most extensively S0 far. The inset of Fig: 1 shows a sc_he- 3000 1'0 20 3'0 4'0 5'0 %0
matic representation of the shape of the ions that constitute
this substance. While Kand C&" are spherical ions with mol% Ca(NO,),

the electronic configuration of argon, NO is a planar mo-

lecular ion of threefold symmetry with no permanent dipolar  F|G. 1. Phase diagram of calcium and potassium nittater

moment. Refs.[6] and[50]. The inset shows in a schematic fashion shapes
This structural simplicity makes CKN a material well and ionic radii of the K, C&*, and NQ~ ions. The arrow marks

suited for computer simulation studi¢3,8]. It is also re- the composition investigated in the present study.
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dynamics of these modes, which are strongly coupled at tenfrequency conductivity measurements. Additionally, we have
peratures far above the point of fusion, decouple sequentialliaken data at audio-frequencies in order to be able to analyze
from the primary structural response on approaching théhe conductivity and relaxational behaviors of CKN in the
calorimetric glass transitiof27]. glassy phase as well as in the supercooled liquid state.
Among the modes decoupled from the primary one This paper is organized as follows. After describing the
[19,28, particularly the rotational dynamics of the nitrate €xperimental details in Sec. Il we present the frequency- and
group has received much attentig@9-31, above and temperature-dependent dielectric constants and conductivi-

slightly below room temperature. Deep in the glassy phase_ties in Sec. Ill. In Sec. IV we first treat the electrode polar-

the thermodynamic low-temperature anomalies have beei@tion effects and then analyze our data in terms of the

examined32,33. The relation of these properties to the fra- (rjnodulusfft(?]rmatlis:n.h\_Ne then pr?sent the ttTlmpetrstureldepte_zn-
qility of the melt has been explordad], ence of the stretching parameters as well as the relaxation

The dynamics of that subset of ions which is mobile andnap of CKN and discuss some implications. We conclude

which is responsible for the electrical conductivity has alsothIS section with a discussion of the high-frequency dielectric

been investigated. It is generally believed that the ikns rgsqlts of the nitrate glass and then, in Sec. V, summarize our
dominate the charge transport phenomelr&%}, which is yet findings.
another example of motion decoupled from the primary re-
sponse of CKN. Various aspects of the electrical relaxation Il. EXPERIMENTAL DETAILS
properties of the mobile ions have been studied previously ) _ )
for different ranges of frequendyl3,36—39. It has become The ingot chemicals KN© (>99% purity, and
clear that electrode polarization effects often hamper th&aNO3);-4H,0 (>99% purity from Merck Co. were fused
analysis of frequency-dependent data that have been dighd dehydrated at 510 K usually for at least one day in a
cussed in terms of either the complex dielectric constint ~ vacuum furnace. The samples were then transferred immedi-
the electrical modulusi* =1/s*, or the associated conduc- ately into a dry box and further handled under argon atmo-
tivity o=i weqe. The frequency dependence of these quantiSphere. The glass transition temperature was checked using
ties has been parametrized variously using the stretched edifferential scanning calorimetry. _
ponential response function or likewise by power laws and Most experiments in the liquid state were performed using
Gaussian distributions of relevant quantities, for certain® constant cooling rate of about 0.5 K/min. Since CKN ex-
ranges of frequency. The situation encountered here is somBibits an enhanced tendency to crystallize for temperatures in
what confusing due to the fact that there is an ongoing conthe vicinity of 390 K[50] here the measurements were car-
troversy as to which representation and description of eleci€d out for cooling rates of about 2 K/min. The results were
trical relaxation data is the most approprif@—46. From  reproducible by heating runs for rates larger than about 2
conductivity data a frequency exponestis usually ex- K/min, but occasionally crystallization occurred even at
tracted, while the width of the loss parts of modulus andthose rates. The sub-audio-frequency measurements were
dielectric susceptibility is often described in terms of a Kohl-carried out by equilibrating the melt at a temperature near
rausch or stretching exponegt 343 K and th(_an cooling into the glassy phase with rates of
For mostglassyionic conductors(i.e., belowT,) gis ~ about 10 K/min. .
found to be insensitive to temperature, which is also the case Standard capacitive probe heads were used in the sub-
for vitreous CKN[37]. Puzzling, however, is the temperature audio-, audio-, and radio-frequency ranges. The low-
dependence of the width of the electrical modulus spectra dféquency measurements were taken with the frequency re-
the supercoolediquid, which decreases upon coolifig7]. sponse analyzer Schlumberger 1260 in conjunction with the
This is remarkable in two respects. On the one hand, th&helsea dielectrics interface. The impedance analyzer
spectral widths measured for supercooled liquids almost altlewlett-Packard model HP4284 was used in the range 20
ways broaden as the temperature is lowered, although soni&Z<»<1 MHz. For frequencies 1 MHzr<5 GHz a reflec-
exceptions are knowf47,48. On the other hand, a compi- tion technique was used employing the HP4191 and the
lation of Kohlrausch exponentg~W ™, with W being the =~ HP8510C network analyzers. At higher frequencies the data
width of the imaginary part of1) measured on CKN shows Were taken in transmission geometry using the HP8510C
that while the stretching exponeff, determined from elec- €quipped with various rectangular waveguides.
trical relaxation experiments increases below a certain tem-

perature, the exponent8 from other experimental tech- Il RESULTS
nigues remain small and decrease slightly with temperature '
[45]. Arguments to explain this startling behavip49], The temperature dependence of the logarithm of dielectric

which is thought to be connected with the phenomenon otonstants’ and conductivitys’ of CKN is shown in Fig. 2
decoupling[45], have been put forth. The question has beerfor 10 K<T<500 K in a semilogarithmic representation.
raised whether at high temperatures, for which the motion8oth quantities show little temperature variations below the
of the different kinds of ions are presumably coupled moreglass transition, but exhibit an increase by several orders of
strongly, theT dependence of exhibits a more familiar magnitude abové. In the liquid phase, the dielectric con-
behavior[48]. The temperature range for which a change instant is strongly frequency dependent, as is typical for mol-
the T dependence oBy, may be expected has not been ex-ten ionic conductors. The dramatic increasesobver some
plored so far. The relevant conductivity relaxation process irorders of magnitude fof >330 K and low frequencies can
this range can be estimated to lie in the microsecond to nandse attributed to the formation of space charges near the elec-
second regime. Therefore we have carried out radiotrodes(“blocking electrodes’). However, as is best seen for
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12 | . 9 ° 1GHZI FIG. 3. Frequency-dependent electrical conductivity isotherms
0 100 200 300 400 500 for severallten.wperatures. The sollq lines hgve.been calculateq using
Eq. (2), which is based on the equivalent circuit shown as the inset.
T (K) The sample characteristics are described using®and the elec-

trode effects have been modeled using the constant phase admit-
FIG. 2. Temperature dependence of the dielectric congtamt  tanceY¢ [Eq. (1)].
per frame and electrical conductivitylower framg of CKN. The
solid line in the lower frame represents the dc conductivity of theapproximately 400 K the measured conductivities of CKN
melt as taken from Ref37]. The upper inset gives an enlarged for low frequencies are smaller than,~0.01 Q! cm ™
view of the logarithm of the dielectric constant férabove room  Thjs phenomenon is due to the fact that the high conductivity
temperature. Note that, in particular at low frequencies, first in-  tacilitates the build-up of space charges near the blocking

creases moderately, due to a relaxation process, and then rises PEectrodes, an effect that also causes the huge increage of
cipitously due to long-range ionic transport and the formation Ofat high temperatures as mentioned above

space charges near the electrodes. The lower inset shows the low- Figure 3 shows the frequency dependenceotfin a

temperature dielectric loss of the nitrate glass. The frequencyaouble-logarithmiC representation. For the lower tempera-
dependent loss peaks are indicative for a dipolar relaxation proces

fures a frequency-independent dc plateau is followed by a
ower-law behaviow”’ ~w°®, with s<1 a behavior that is of-

en seen in ionic conductors. For temperatures379 K the

dc plateau is preceded by an increasarbiwith frequency
that is also caused by the blocking of the electrodes by
pace-charge formation.

intermediate frequencies, the dielectric constant tends t
level off at moderate values af before the huge increase
over some orders of magnitude sets in, which can be attri
uted to a dielectric relaxation process. Only for the larges
frequency showng’ is unaffected by the blocking electrode
effects, which otherwise mask the dielectric relaxation at
least partially. IV. ANALYSIS AND DISCUSSION
The conductivity at low temperatures is strongly fre-
guency dependent. Data for<150 K presented as dielectric
loss &"=0"/(wey) are displayed in the inset of the lower A closer inspection of the data presented in Fig. 2 reveals
frame of Fig. 2. It is seen that for audio-frequencies maximahat the electrode polarization effects cannot be described by
show up neaff =50 K that shift withv. Similar indications a purely capacitive element connected in series to the
for the existence of a low-temperature dielectric relaxatiorsample. A more general treatment of the blocking electrode
process have been obtained ear[igt]. Attempts to relate problem[52] sometimes is possible with the constant phase
this phenomenon to a contamination of the sample with waelement that is defined via its admittar{é&s3]
ter impurities failed since we have not been able to affect it b
by different treatments of the melt such as incomplete dehy- Ye=Yo(iv)?, @
dration. Since the ionic trace impurities present in our
samples are likely to be different from those presumablywhereY is an adjustable parameter. The exportedefines
present in the sample prepared by Hayler and Gold§fdijy  the phaseof the element. The case of the pure capacitor is
it is suggested that the relaxation might be intrinsic. recovered folb=1; the Warburg impedance corresponds to
Above T, the measured conductivities approach the ddb=0.5[54]. If connected in series with the sample in a fash-
measurements taken from R¢87] and reproduced in the ion depicted as the inset of Fig. 3, the measured complex
lower frame of Fig. 2 as solid line. At temperatures aboveconductanceéy, is

A. Conductivity spectra and electrode polarization
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FIG. 4. Imaginary part of the electrical modulkt’(v) of CKN. 1000/T (K'1)
The solid lines are best fits using the stretched exponential (Eqs.

and (5). The dashed lines have been calculated using the mode- FIG. 5. Relaxation map of CKN. Primary relaxation tin{sslid

coupling equations discussed below. line; see Ref[25] for a compilation are compared to results from

conductivity relaxationO, Ref.[37]; +, this work and other de-
Ym=YcYs/(YctYs). ) coupled processes: vibrational excitatiq®tted line, Ref[11]),
rotational motion of the nitrate grou® , Ref.[29]), local chemical
Here Y denotes theintrinsic) complex conductance of the exchange A, Ref.[19]), and Johari-Goldstein type ¢f relaxation
molten salt. The frequency dependence of the complex contetected by mechanical spectrosca@, Ref. [28]). The dashed
ductivity o=Y d/A (with d the thickness ané the area of lines represent Arrhenius behaviors.
the samplg of ionic conductors is often described using the

empirical expressiofs5] present data. From the peak maxima one usually defines a
_ conductivity relaxation time via,7,=1. It is seen that, is
a(v)= oyt Avi+iAvitan(sm/2), (3)  strongly temperature dependent and that near the glass tran-

) sition at Tg~330 K the peak frequencfand, equivalently,
where A and s are adjustable parameters. The results ofhe conductivity relaxation rateis not located at about 1
least-square fits performed using this model are shown agHz, which would be expected if the conductivity relaxation

solid lines in Fig. 3. The agreement of fits and measuregyould be fully coupled to the structural er relaxation(cf.
curves is reasonably good, especially for the higher tempergsig. 8 in Ref.[37)).

tures. However, as becomes obvious for the lower tempera- |n order to analyze the data one can use a formalism
tures, the parametrization of the data is only moderatelfyased on the stretched exponential function

good in the transition region between the dc plateau and the
power-law increas¢56]. From the fits we find dc conduc- ®(t)=exd —(t/7,)Pv], (4)
tivities oy, consistent with those obtained in a previous study

[37], the Warburg exponett=0.5+0.05, and a temperature- Which yields[58]

dependent slope parameter It increases from a value of

about 0.7 at the highest accessible temperdflire468 K) to M(v)=M.|1— j ( _ @) e—izmdt} (5)
unity below aboutT=360 K, thus resembling results ob- dt

tained for a number of solid electrolytgs7]. However, cau- ) ) ) )
tion is exercised when interpreting the apparent finding of ari{€r€M~.=1/e is the inverse of the high-frequency permit-
average low-temperature slope-1 in CKN (implying over- tivity. From the relaxation time, z_ind the K(_)hlra_usch expo-
all constant loss behavipin terms of a so-called second N€NtBu . the average conductivity relaxation tinde,) can
universality[57]. This is because, when taking a closer look P& calculated using

at the data at the highest frequencies investigated, a slope - 1

s>1 shows up that is associated with a slight minimum of (1,)= == 1~<_ ) (6)

the dielectric loss. This minimum of'(v) is an important Bv | Bwm

feature of our data, which will be discussed in detail in Sec .

IV C. The Kohlrausch exponent has occasionally been related to

the slope exponerd via s=1—8. As we have briefly dis-
cussed in Sec. IV Asee also Refl56]) and documented in
detail elsewherg59], such a relationship is not valid in gen-
For the case of ionic conductors Maceelal. have pro-  eral, but rather depends on the frequency range selected for
posed the use of the modulus representation, which effe@nalysis. Due to this reason the temperature dependence of
tively leads to a suppression of the phenomena related to thee slopes will not be discussed further and in the following
dc conductivity and electrode polarizatigs2]. Figure 4 we shall focus attention on the fit parameters appearing in
shows the imaginary part of the electrical moduM$ ob-  Egs.(4) and(5), viz., the time-scale parameters and the co-
tained in this work for a broad range of frequencies. At lowefficients describing amplitude and shape of the frequency
temperatures the modulus peaks are relatively narrow anaksponse as given in Figs. 5 and 6, respectively. These fig-
broaden slightly upon heating. The double-peak structure radres also contain data taken from the literature.
ported in a previous studyB8] cannot be confirmed by the Figure 5 shows the relaxation map of CKN. The conduc-

B. Modulus spectra and decoupling phenomena
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tivity relaxation time and the dc conductivity are propor-
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T T T

tional to one another in the entire temperature range. The + Jeong C,
data of this work slightly extend the range accessible to pre- 8 06 No ¥ Cheng ISBS 7
vious workers, but otherwise are fully compatible with litera- < v Sebotom PSS
ture values[37]. It is seen that the conductivity process e o Weiler us |
traces the primary o& relaxation at high temperatures only. = A Mezei NSE

. . . ® Sundar stress
At intermediate temperatures the ion transport gradually de- ! o U light
couples from the structural response. Rt a clear break in T 05F D':émtgjn .
slope of ther, vs 1T curve is seen. BelowW; the charge 2 zg"vfefl""" zgg
transport proceeds in an environment, which is essentially f } ;
frozen on the time scale of the experiment, thus leading to a 1.0 ¥ ]
temperature-independent mean activation energy. Also other o x XXX
decoupled excitationgcharacterized below by the index - “x* ;
such as the rotational motion of the nitrate group or fhe 55 oK
relaxation obey Arrhenius lawg=rexp(E;/kgT) with re- o 06} %D@Q&:ﬂ 4
spective activation energi€s . It is reassuring that the pref- - x A=A
actors 7, of practically all processes turn out to lie in the m:‘f: v
vicinity of 10 *® s. Hence the data shown in Fig. 5 demon- o CKN
strate that the effective energy barriers of the decoupled pro- 0.2 L . .
cesses are larger the lower in temperature they decouple. 300 400 500

Grimsditch and Torell have argued that the existence of
several relaxation processes present at a given temperature T (K)

may be at the origin of the broad nonexponential response in
fragile glass formers such as CKJ26]. This conjecture is FIG. 6. Upper frame: amplitude factdM ., from our conductiv-
indeed suggestive since relaxation maps as complex as tlifg relaxation spectra rescaled i,=0.056. The solid line is in-
one shown in Fig. 5 are usually also observed in amorphougpired by MCT as described in Sec. IV C. Lower frame: shape
polymers, which exhibit pronounced deviations from simpleParameter3(T) as obtained from the analysis of the present data
Debye behavior. On the other hand, Fig. 5 also suggests th&#) and compared with results from previous studies of conductiv-
at high temperatures the spread in the distribution of relaxlty refaxation(¢) [37], mechanical stress relaxatié®) [16], en-
ation times may decrease. thalpy relaxation(+) [20], photon correlation spectroscopy\)
Figure 6 provides the rescaled amplitude parametef24:23: ultrasound ) [15], neutron spin echGA) [9], and impul-
1—My/M., [M,=0.056 was estimated from the inverse staticSive stimulated Brillouin scattering<) [23]. The Cole-Davidson
dielec(:)tricmcons?tant.' cf. inset of Fig(®] as well as a compi- parameters reported in the latter study were transformed to the cor-

lation of stretching exponent8 deduced from a variety of responding Kohlrausch exponents according to R,

fe_xperlments_. It is noted tha;[ tl?e efxponents presente;d '? thﬁere that this observation sometimes has been related to the
|gu[_eb_\|/_\;_ere in rs](_?me_ castﬁs axen rofm measurements (t) SUShenomenon of conductivity decoupling. Therefore it is in-
cepubiiiies, whilé in other cases Irom measurements o eresting to ask what happens when the decoupling ceases to

moduli . )
' : . exist, as is th f .
The amplitude and stretching data from the present stud)ﬁ)i(é 5 Flisgurg %azio(xst??aae;g%%ago%ialggﬁltr:ffcﬁ

compare reasonably well with those taken from Howelh. exponents from all studies agree. It is, however, also obvious

in the temperature range where both sets of data overlaﬁ]at while the stimulated Brillouin scattering experiments

[37]. For T<T, our Kohlrausch exponents are somewhat : :
smaller. Although we have to admit that the precision of the[23] suggest thaps approaches unity rapidly, the data from

low-frequency data is not as good as that for the data taken a{r:other light-scattering studit1] as well as from neutron
o . . attering[9] and impedance spectroscopy are indicative of
high frequencies, the absence of scatter in the Kohlraus al°] P P 4 indicativ

. S mperature-independent stretching. It is clear, however, that
exponents suggests that the difference may be significa b P g

) X . : e conductivity relaxation has to be measured also at even
This would be consistent with the fact that the cooling pro'higher frequencies and temperatures in order to see whether

&he ionic response returns to single exponential behavior in

temperaturel; of the glass than that obtained in REB7] the highly fluid state

after an extended equilibration @=332.5 K. For tempera-
turesT>350 K we find that the degree of stretching is con-
stant with3=0.62+0.03. We suspect that the relatively steep
decrease of th@ values reported previously to continue for ~ The minima in the loss part of the susceptibility are plot-
T>350 K is due to the fact that in the earlier stU®y] only  ted in Fig. 7 together with corresponding results obtained by
frequencies below 1 MHz were accessible, i.e., the high freneutron- and light-scattering techniqués11]. In the over-
qguency wing of the loss peak could not be measured in fullapping frequency range all three sets of data are strikingly
detail. similar. This suggests that in molten salts the dielectric ex-
The difference in the stretching parameters obtained fronperiment strongly couples to density fluctuations, which in
the conductivity study with respect to those reported fromthe case of CKN are thought to be probed by the other two
mechanical and other spectroscopies has extensively be#echniques. Thus it appears possible that the present results
discussed in the literatufd5,60. It may suffice to mention can be used to test some predictions of mode coupling theory

C. Susceptibility minima and “microscopic peaks”
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FIG. 7. High-frequency dielectric loss of CKN compared with
results obtained using neutron scatteridgshed lines, Ref9]) and FIG. 8. Dielectric loss of CKN as measured at high frequencies.
light scatteringsolid lines, Ref[11]) techniques. The neutron- and The solid lines represent fits using E¢7) with a=0.23 and
light-scattering data have been shifted along the ordinate axis tb=0.35. Deviations between fits and data at low frequencies are
coincide with the dielectric data near 10 GHz. due to dc and ac conductivity.

[1,2]. Even the simplified version of MCT makes a numberchosen to be about 360 K. This temperature is close to that
of specific statements concerning the minimum in the los®btained by previous studi¢s,11].

4
€min

a+b

-b

a +b

e"(v)=
VYmin

part of the dynamical susceptibility that approximately A nhontrivial consequence of the minimum scaling is that

should be describable using the sum of two power laws theoretica”y the Susceptlblllty maximum should follow Eq

(11) with y=0.28= 3. Since for CKN it is evident that,,,

a is masked by the strong dc conductivity, we have plotted in

v ) _ (7)  Fig. 9c) the maxima taken from the modulus spectra. This

Vmin procedure may be justified by noting that in glass-forming

) ] . liquids for which maxima in the loss parts of both modulus
According to the theory, the various parameters appearing igng susceptibility can be resolved and in particular for
this formula are given by temperature-independent stretching as is the case here, the
ratio of the peak frequencies is usually well defiridd,61].

Emin (T—=Tc)%, ()
g 8 T T T
= ~ (a) T
Vminoc(T_ Tc)llza- 9 E | TC i
Furthermore, the exponenésandb are constrained by the 0} 4+ l ]
so-called exponent parametewia ~=
E . CKN
_IP1-a) T1+b) 10 - 0= : ;
" I'(1-2a) T(1+2b)° (10 2k (b) i
N
Hence the coefficient and the critical temperatufg. are to E

be treated as adjustable parameters in the framework of the = 1F 1
theory. Once these coefficients have been determined experi-
mentally, the time scale of the process is predicted to be

, 1 1
VmaXOC(T—TC)y with ’)/:ﬁ‘l‘%. (ll)

The dielectric loss curves exhibiting a minimum could con-
sistently be fitted using the exponeras-0.23 andb=0.35
yielding an exponent parameter=0.87 (Fig. 8 [13]. Using

the same values, the dashed lines in Fig. 4 were calculated
and are seen to describe also the modulus spectra quite well
in the minimum regime. The temperature dependence of the

”n

scaling Coefficigntwmin ande, is _S.hOV\{n in Fig. 9.1t is seen FIG. 9. Temperature dependence of various parameters obtained
that the behavior of both quantities is compatible with thefrom the analysis of the high-frequency data in terms of MCT. The
predictions of MCT as implied by Eq$8) and (9) if T¢ is solid lines are consistent with a critical temperature of 360 K.
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Figure 9 demonstrates clearly tha}2S obtained this way evidence that this matrix element might be correlated with
varies linearly with temperature in a broad range. Anothetthe exces3 2 contributions to the specific hefé], which in
prediction of MCT that can be confirmed by resorting to theturn are related to the fragility of the glass formégdl]. It
modulus spectra obtained in this work is that the stretchindias to be noted, however, that these considerations are prob-
of the response is temperature independentTorT. A ably not sufficient to rationalize the finding of susceptibility
statement of MCT that concerns the temperature range belof@inima, in general, as exemplified by fragile glass formers
T is that the Debye-Waller factdy, should follow a square- Such as, e.g., polystyrerié4] and propylene carbonal67]
root dependencd,=fo+hy[(Tc—T)/Tc] 05 |y the zero- for which the FIR responses are known. More detailed inves-
wave-vector limit relevant for impedance spectroscopy ondigations are Warrant.ed since this latter substance,. whlch be-
hasfy_o=1—Mg/M.. [1]. The effective Debye-Waller fac- haves anomalously in several other respgé8&, exhibits a

tor (sometimes called the nonergodicity pararmeser deter- relatively small FIR absorption, although being about as

mined using this formula, is shown in the upper frame of Fig.fr":lglle Ias ?KN‘”C])” thetotthe.r h{a_nd,. SOd'?m tr|S|Ir|]c_Sj[te, as an
6. A square-root fit describes ot data reasonably well example of another prototypical ionic system, exnibils a very

(solid line) and yieldsT-=362+3 K, consistent with our strong FIR absorptiof64] ;uggesting that the ionicity of the
previous analysis, and a plateau vafye=0.48+0.02, in ac- bonding in the gIass-forr_nmg materl_al may be relevant.
cord with the experimentally determined ratio of As yet another potential explanation for the occurrence of
(M..—Mg)/M., for T>Tc. Thus our somewhat limited set susceptibility minima in CKN we would like to mention that,
of data is consistent with the predictions of MCT. recently, Ngai has pointed out to us that, in the microwave

The interpretation that emerges on the basis of the presefﬁmge’ the stretching of the response and therefore the coop-

findings is that the feedback mechanism invoked by theerativity implied by the coupling scheme is much higher in

theory and often visualized by the so-called cage effect ma KN as compar_ed_ to nonionic liquids. Accordln_g to h's.
be at work in CKN: The rattling motion of a cation, say, cheme, the variations in the strength of the microscopic

against the cage of its neighboring anions is, on the onQeak and the time scale of the cooperativity crossover are

hand, obviously connected with fluctuations of the local den_expected to lead to an enhancement of the absorption level

sity. On the other hand, it is related with fluctuations of local relative to those seen in less coupled complex sys{@9ls

dipole moments that are directly monitored using dielectricHence the nonexponentialityat microwave frequencigs

spectroscopy. Therefore it is argued that in fused salts der@.ther than the fragility is thought to be associated with

sity fluctuations are effectively probed by this type of experi-m'n'ma in the susceptibility.
ment.

While the interpretation of the susceptibility minima in
terms of mode-coupling theory is quite appealing, other po-
tential explanations shall briefly be discussed in the follow- In this work we have measured the dielectric response of
ing. The first consideration starts from the fact that for manysupercooled CKN over a broad range of temperature and
if not all glass formers a broad far-infraréBIR) absorption  frequency. At low temperaturéand below 1 MHz our re-
band is observable, which sometimes is termed microscopisults are consistent with those obtained by previous authors
peak. The tails of these absorption peaks should of course 87,39 and confirm that the conductivity relaxation is decou-
observable, even in the gigahertz range, when the losses dpked from the primary one. In the megahertz range and above
to the a process have shifted out of this spectral range. Theéhe Kohlrausch exponent obtained from the modulus spectra
remaining losses may, however, be very small, renderings practically temperature independent.
their detection difficult. It has recently been pointed out that Another major finding of the present work is the observa-
the mechanical absorption in the F(Ry,~5x10 " Np/cm tion of minima in the loss parts of the electrical modulus and
at 10 TH32 is by several orders of magnitude larger than thesusceptibility. We have shown that the shape as well as the
corresponding electrical absorption and that, more importemperature dependence of this phenomenon are in reason-
tantly, the strength of the microscopic peak relative to that ofible agreement with corresponding results from light- and
the a process is much stronger in the mechanical cas@eutron-scattering experiments. We have also shown that our
[45,62. This assignment of relative strengths to the low fre-high-frequency data are consistent with statements implied
guency and the microscopic absorptions is also supported Hyy recent versions of the mode-coupling theory. For a more
some preliminary FIR absorption data taken on CKag]. detailed check of the theory by impedance spectroscopy it is
On the other hand, the relatively low constant loss absorptionecessary either to extend the measurements to even higher
sketched in Ref[63] suggests that minima in the dielectric frequencies or to increase the sensitivity of the experiments
loss may be located at an exceptionally légigahertz fre-  in the gigahertz range. Efforts in both directions are currently
quency. Thus the high-frequency wing of the susceptibilityunder way[13].
minimum could be associated with the low-frequency tail of Another possible option is to vary the size of the cations.
the microscopic peak, which often depends approximatelysubstitution of K by Rb, say, should couple the response of
guadratically on frequency, although other functional formsthe mobile ions more tightly to that of the structure as a
have been discuss¢@4,65. whole and consequently should lead to a slowing down of

Such steep frequency dependences should, however, tige conductivity response at a given viscosity. Thus it is
borne out by the data shown in Figs. 7 and 8 if the transitiorexpected that, in this case, several interesting phenomena
matrix element, which couples the FIR absorptions to theeffectively can be shifted towards lower frequencies into a
vibrational excitations, is frequency independg¢é4]. For  more accessible frequency range. Experiments along these
several amorphous systems Strom and Taylor have providdihes are planned to be reported elsewhH&d.

V. SUMMARY AND OUTLOOK
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