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An intriguing feature of the relaxation of glass formers is the broad minimum in the dynamic
susceptibility spectrum, lying intermediate between the high frequency vibrational absdgtion
Boson peak and the slower, temperature-dependent structural relaxation and diffusion. As first
shown by Lunkenheimegt al.[Phys. Rev. Lett77, 318(1996)], high frequency dielectric spectra

can be accounted for by invoking a temperature-dependent, frequency-independent contribution
(“constant loss’) to the loss spectrum. Herein, we analyze dielectric relaxation and light scattering
data for 0.4CE&NO;),—0.6KNO; (CKN), which exhibit broad minima at GHz to THz frequencies.

Over a wide temperature range, the spectra can be accurately described by the additive superposition
of a constant loss to the structural relaxation and the Boson peak. Moreover, the temperature
dependence of the constant loss term is the same for the two spectroscopies. The behavior of the
constant loss inferred from this analysis is minimally affected by the details of the fitting procedure,
demonstrating the robustness of the method. We also show that dielectric relaxation data for a silver
iodide—silver selenate glass conform to the predictions of mode coupling theory, even though a
liquid state theory is not obviously applicable to a glassy ionic conductor. This underscores the
value of alternative interpretations of the high frequency dynamics in glass-forming liquid,
including contributions from a constant loss such as described hereir206® American Institute

of Physics[S0021-9606800)70311-4

I. INTRODUCTION many other ionic glass formers at temperatures below their
glass transition temperatureg, 26

The susceptibility spectra of glass formers in the 0.1  Another problem concerning the origin of the fast relax-
GHz to 1 THz region, obtained using neutron scatteringation according teaMCT is seen in recent light scattering
light scattering, and high frequency dielectric relaxationyegyits of Monacaet al2’:28 They found that the fast relax-
techniq_ugs, show the presence ofafa_\st re_laxation, giving risgiion process of OTP is present not only in the glassy and
to @ minimum. The properties of this minimum are often g, nercooled liquid states, but in the crystalline state as well.
analyzed usmglthelldeallze_d or asymptotic mode CouP“ngl'his observation led Monacet al?® to conclude that this
;Eﬁgtri%rga,\ggr;rs?i,s,ti\;]vglg? :Erfix ds:;tsrsct(\:/s(;iiptgrgg Egzsgggn fast relaxation is an internal vibrational relaxation, identifi-

' able with neither the fags relaxation of MCT nor the struc-

with the secondaryB relaxation and a slowa process. A .
Agreement has been found in fragile glass formers Iiketural relaxation of the glass transition. On the other hand, the

0.4CdNO3),—0.6KNO; (CKN)2>° and ortho-terphenyl properties of the constant loss indicate that its physical origin

(OTP).X Recently, light scatterifg®and neutron scatterifig ~ May be the anhz?\rmonic potgnti_al governing the vibrational
measurements revealed that the fast relaxations of CKN arf@#otions present in glasses, liquids, and crystals.
OTP at temperatures below ta@CT critical temperature, These developments suggest that, for temperatures both

T., do not conform to the theory. Also, the dielectric sus-below and abovel;, the fast relaxation may not originate
ceptibility minimum atT<T, for CKN3~® (for which T, is ~ from the g relaxation ofaMCT, but from another source,
estimated to be 375 % cannot be explained by mode cou- such as the constant loss or internal vibrational relaxation. In
pling theory, a point which will be further illustrated in this this work, we examine this possibility by analyzing the sus-
work. ceptibility spectra of CKN obtained by light scatterifign

As an alternative, the dielectric susceptibility minimum the manner done for dielectric relaxatiom:2® that is, by
at T>T, can be explained® by interpreting the fast relax- assuming that the fast relaxation arises from the constant
ation in the dielectric spectra as a constant, or nearly conoss. Our purpose is to determine whether features in both
stant, dielectric |OS§9_Z5The existence of this constant loss ||ght Scattering and dielectric relaxation spectra can be as-
has been confirmed in CKN at temperatures befovand in crihed to a constant loss mechanism, having the same tem-
perature and frequency dependences for both experimental
¥Electronic mail: mike.roland@nrl.navy.mil techniques.
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Il. EVIDENCE FOR THE “CONSTANT LOSS” FROM
DIELECTRIC SPECTROSCOPY

Consideraton of the constant dielectric loss has usually
been for glassy ionic conductors. Early experimental mea-
surements of the real part of the ac conductiviti(,v), in the
easily accessible frequency range of #<10°Hz, show
that at sufficiently low temperaturas'(v) has a frequency
dependence of*®. Wong and Angelf interpolated between
these data and the far infrared lattice absorption data of
Na,0-3SiQ and suggested that thé-° dependence of(v)
at low temperatures will continue to hold at higher frequen-
cies, eventually merging with the low frequency slope of the
vibrational absorption peak. This idea was verified up to 2
GHz by measurements on M&-3SiQ, by Burns et all®
Since then, high frequency results for other glassy ionic con-
ductors indicate a*® dependence ofr(v), which persists
through the GHz range and beyond. However, in some
glasses at higher frequencies%27v>10'"rad/s), the fre-
quency dependence af(v) becomes superlineay;’ with
1.3>6>1.0, over a limited frequency randg&?1%*24pefore
being subsumed by the vibrational absorption. TH& and
v° dependences ofr(v) correspond to a constant loss,
¢"(v)=A¢", and toe"(v) = v° 1, respectively. These are con-
sequences of the Maxwell relatiow;’ (v)=2mveqge"(v), FIG. 1. Imaginary part of the dielectric permittivity versus frequency for
wheree is the permittivity of free space. The contribution CKN at 342 K(¢) from Lunkenheimeet al.(Refs. 3,4 and at 342.8 KV)

. Howell et al. (Ref. 33 at 342.75 K. The solid lines represents the sum
correspondlng to the constant loss has also been observed g&z constant losghorizontal dashed lineand £”(v) (dashed lines with

; : : 14,29-32
nuclear sp!n_-lattlce relaxatioff: _ ~ frequency dependence of * at low frequencies and slope # at high
The origin of the constant loss, which extends from in-frequenciep calculated from the best fit to the same data in Mé(v)
definitely low frequencies up to ca. 10 GHz, and the subsetepresentation by the Kohlrausch electric field relaxation function. In the

; " 5—1 ; inset, the dashed lines represents the fits of the electrical loss modulus of
quent rise ofe (V)oc 4 are of great interest, because of Lunkenheimeeet al. (®) and of Howellet al. (V) using the imaginary part

their UbiqUitOUS. presence ina Variet.y of glassy, crystalline of the Fourier transform of the time derivative of the Kohlrausch function
and molten ionic conductors, including CKN and with 8=0.67 andg=0.65, respectively.

0.4CdNO;),—0.6RbNQ@ (CRN). This was brought out in a
recent work’® which described many examples of ionic con-

ductors having a constant loss contribution in their suscepti- hich s for the d . fth bile | Th
bility spectra. The magnitude of the constant lass, and its which accounts for the dynamics o the moplie 1ons. 1nese

dependence on both temperature and mobile ion concentr(rsl.ES to the data for 342 K of Lunkenheimet al.™ (filled

tion show general features. Except for CKN and CRN, theCIrCIes> with £=0.67, and for the 342.75 K data of Howell

constant loss contribution in ionic conductors has been de@t al™ (open inverted triangleswith 5=0.65 are shown in

. ; . . _ the inset to Fig. 1. The fits describes the two sets of data near
termined directly only in the solid stat@lassy or crystal tge peaks, but underestimaé”(») in the high frequency
ing.

line), where over a limited range the temperature dependenc

L ']
f Ae” is either wer lawl“ or exp(T/T,). . . .
of A¢” is either a power lawl* or exp(/T,) The dielectric loss, calculated frogjé(v), is shown as

CKN has a small decoupling indeRR,., defined as the ) L ) . o
base 10 logarithm of the ratio of the structural and conduc:[he dashed lines in Fig. 1. At high frequencies, they exhibit a

tivity relaxation times at the glass temperatifig= 333 K.%® power law dependence
For this reason, the dc conductivity in CKN is comparatively , B
low, whereby the constant loss can be seen directly even &g vy b, 2
aboveT,. We illustrate this in Fig. 1, showing the 342 K
data(open diamondsof Lunkenheimeeet al®~® It is evident ~ The solid lines, representing the sumsd{») and a constant
that over three decades of frequenei(y) is constant within ~ 10ss Ae”=0.1, fit the data well up to 1 GHz; however, the
experimental error. A similar feature is found in the data offise of¢”(v) above 10 GHz requires an additional term. The
Howell et al® at 342.75 K(filled inverted triangles in Fig. dotted line drawn through the data points with a slope of 0.3
1). As is standard practic®® we fit the imaginary part, IS meant to suggest the possibility thetvaries as a power
M”(v), of the electric modulusM* (v)=(1/e*(v)), with  law »%3in a limited region above approximately 10 GHz in
the imaginary part of the Fourier transform of the time de-CKN, as well as other ionic glass formefs™?*‘At higher
rivative of the Kohlrausch stretched exponential function, frequencies, there is a more rapid rise due to vibration ab-
sorption. Possibly, the®3-dependence is not an additional
b(t)= ex;{ _ (£> g 1) mechanism, but the result of summing over the constant loss
T and the low frequency wing of the damped vibrational ab-
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FIG. 2. Dielectric loss for CKN from Lunkenheimet al. (Refs. 3—5 at the T [K]

indicated temperaturdi Kelvin). The curves are the best fit using E4).
FIG. 3. The temperature dependence of the constant loss determined for
CKN. In the insetAe” from Lunkenheimeet al. (Refs. 3,4 (solid squared

sorption. We explore these possibilities in the next section, ifgPtained from the best fit using E@), andy’(») at 0.7 GHz(open squares

o . . .from the light scattering spectra determined by Gapirstkal. (Ref. 6
our analyses of Susceptlblllty spectra obtained by dleleCt”(';‘.caled by a numerical factor. The main figure shdw$ from the best fit of

relaxation and dynamic light scattering. the dielectric spectra using E() (open trianglels Ay" from the best fit of
the light scattering spectra of lat al. (Ref. 2 using Eq.(5) scaled by a
IIl. A PARALLEL ANALYSIS OF CKN DIELECTRIC constant(solid circles, A¢” from the best fit of the dielectric spectra using

Eq. (6) (open diamonds Ay” from the best fit of the light scattering spectra
using Eq.(7) scaled by a constartsolid diamonds and y’(v) at 0.7 GHz
from Gapinskiet al. (Ref. 6 scaled by a numerical factgsolid triangles.

AND LIGHT SCATTERING DATA

All £"(v) data at temperatures below 361 K show a
broad minimum, consistent with the presence of a fast relax-
ation, identifiable with the constant loss. The presence of this
constant loss in the dielectric spectra is unambiguous; it ex-

tends over three decades in frequency at 342 K, and evemately 10 2 to a value of about 2 at 468 K. This temperature
further at lower temperatures. There is no reason to eXpleependence fOI’AS”(T) s approximate|y the same as

the abrupt disappearance of the constant loss mechanism @®(T)),2® the effective mean-square displacement of the
temperatures above 361 K. Therefore, we think that the congns determined from elastic neutron scattering.

stant loss mechanism could be responsible for the suscepti- The data ofs”(v) at T=361Kk35 do not exhibit the

bility minimum observed at temperatures both above andyee” predicted byaMCT. We observe that the frequency
belowT.. We can examine this possibility by analyzing the dependence of'(v) at T=361K is approximately described
susceptibility data of CKN from dielectric relaxation and by a power laws" ()= »3 from high frequencies down to
light scattering measurements in several ways. about 5 GHz, then leveling off at lower frequencies to form
A. Method (a) a minimum around 1 GHz. This behavior is similary4v)

obtained by Gapinskiet al® from light scattering atT

The dielectric loss data of Lunkenheimetal®=® for : , o4
CKN at various temperatures are replotted in Fig. 2. Thes%T 362 Kt V;’h'CT s?fovvtsla powfer law’ (v) v ant(:] the ten-
authors fit thes"(»)-minimum using ency to level off at lower frequencies over the common

frequency range down to about 2 GHz. The similarity con-
g"(v)=cgr P+Ae"+cyv, (3)  tinues to hold at lower temperatures. These remarkably simi-

where the first term on the right-hand side represents thi&r Properties of dielectric and ligfineutron scattering spec-
high frequency wing of the conductivity relaxation of mobile tra for CKN indicate that at temperatures beldw~375K

ions [viz, Eq. (2)], and the last term in Eq3) is used to the susceptibility minima observed in all spectroscopies
describe the rise due to the far-infrar¢dIR) absorption Originate from the same process. That is, they appear to be
band. As shown by Lunkenheimet al. (see Fig. 3 of Ref. caused by mechanisms related to the constant(&ss, vi-

4), this equation fits the data well fdr=379 K. However, at brational relaxatiop rather than the knee-shaped fgste-

342 K, the fit is not as good above 10 GHz, due to the powelaxation of the asymptotic MCT.

law rise (1°9) of "(v), as discussed in the previous section. ~ From the light scattering susceptibility spectra obtained
This feature is unaccounted for by E@), which neverthe- recently by Gapinsket al.® we determine the values gf (v)

less gives both a good fit and a determinationAef. The  at»=0.7 GHz for four temperatures below tfig~385K of
temperature dependence &&” reported by Lunkenheimer aMCT. These are plotte¢as open squares in Fig. 3 inpet
et al.is presented in the inset to Fig. 3. Also included in theafter scaling by a constant. Apparently, the temperature de-
inset is the constant loss at lower temperatures, as deduceegndence of’(v) at v=0.7 GHz is nearly the same as that of
from dielectric data of other workef&:3334There is a rapid A&”(T), indicating once more that the same fast relaxation
rise of Ag”(T) with T above T4=333K, from approxi- is probed by light scattering and dielectric relaxation.
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B. Method (b) 107

As discussed above, the crossover of the constant loss to
e"(v)<v? with y=~0.3 must be included to better fit the sus-
ceptibility spectra for temperature below about 379 K. This
behavior is similar to that found in the high frequency dielec-
tric spectra of glassy ionic glass formers. In fact, for some
glassy ionic conductors at high frequencies, th€ depen-
dence ofo(v) (i.e., ”"=constant becomes a superlinear fre-
quency dependence”’?! (i.e., e"xv” with 0.2<y<0.3
over a limited frequency randgé:?*232%efore a rapid rise to "
the vibrational absorption peak. Therefore, a better phenom- ]
enological description of the”(v) minimum of CKN re-
quires incorporation of a crossover from constant loss to
power law behavior, prior to the rapid rise to the FIR absorp-
tion peak. This is possible by substituting in E8) the term
cyv%3 for cv, similar to the previous work by others in fit-
ting susceptibility spectra of glycerol and propylene
carbonatg3’

e"( V)=Cﬁv_ﬁ+ Ae"+cy103 4 107 : - - -
-1 0 1 2 3 4
Following this procedure, we repeat the fit to the dielectric 10 10 10 10 10 10
CKN data, obtaining the curves showas solid linegin Fig. v [GHz]

2. The magnitudes deduced for the constant loss are plotted

P ; ; P i i« FIG. 4. Light scattering spectra of CKN from kt al. (Ref. 2 (thin lines,
(open trianglelagainst temperature in Fig. 3. Given the dif along with the fits(thick lines using Eq.(5). The temperatures, increasing

ference between Eq$3) and (4), naturally the determina- oy hottom to top, are 383, 393, 403, 413, 423, 433, 443, 453, and 486 K.
tions for the constant loss differ, with Ed4) yielding

smaller values. Howevef\e” for the two methods have ap-
proximately the same variation with temperature, which

- . 'though the contribution from the constant loss apparently
moreover, is in agreement with the temperature dependen

does not extend to frequencies lower than those associated

g X.(V)k.at ”:lg’-? Gﬂz s_eenlin tr_ﬁ] Iigr;t scattfarr]ing iat?] Of with structural relaxation. This apparent interplay of vibra-
apinski et al” (solid triangles. erefore, although the tional relaxation and structural relaxation should be of inter-

choice of ansatz to analyze the dielectric spectra affects thg, for the understanding of the constant loss, but is outside

magnitude of the constant loss, the temperature dependen{:ﬁe\e scope of the present work. The constant lagé de-

is essentially unchanged. duced from the fits is included in Fig. 3olid circles, after
We have shown the similarities in temperature depen-

q dqf di ) ¢ the liah ina d cﬁ]ultiplication by a constant facto(The constant factor has
ence an reequency ISpersion o the '9 tscattering data qf physical meaning because the susceptibility spectra are
Gapinskiet al” and the dielectric relaxation data of Lunken-

hei 135 ot T<T.. Th I h ith th given in arbitrary unitg.It can be seen in this figure that the
eimeret al.”~at T<Tc. These results, together with the temperature dependence Af’ is very similar to that of

ability to fit the dieleptric spectra by the constant loss, meanig,,(-r), the latter obtained from fitting the dielectric spectra
that the light scattering’(») data of CKN forT<T, should in a similar fashiorfi.e., by Eq.(4)]. Of course, the tempera-

also be satisfactorily accounted for by an equation analogOLﬁJre dependence iy’ is closer to that ofA¢” obtained

t0 Eq.(3). using the similar Eq(4) than from Eq.(3). The different

Depolarized light scattering measurements on CKN were, .0 4 res correspond to different definitions of the constant
published by Liet al” We limit our analysis to the spectra | <o

obtained afT>T,, where the data were unaffected by the
instrumental artifact,and a minimum is observed in thg
spectra. The equation, which is analogous to that used to fi¢. Method (c)

the dielectric spectréFig. 4), is . .
pectréFig. 4 We emphasize that the use of E@). or (5) is not nec-

X' (v)=cgr P+ Ax"+c303, (5)  essarily the only analysis based on a constant loss that can

in which Ay” is a constant, the first term represents the cond'V€ @ good Qescrlptlon of the susceptibility minimum. A
tribution of the high frequency tail of the structural relax- cqnstant and its crossover to a frequency depender:@é of
ation (8<1), and the last term describes the initial rise of the VIth 7:’30‘3 can also be modeled by a single tefm”(1
susceptibility prior to the rapid rise on the low frequency * ¥71) - Hence, viable alternatives to Eqd) and (5) in-
wing of the Boson peak. The last term is phenomenological(,:IUde
but its presence is suggested by light scattering measure- g"(,,):XB,,—B+ Ae"(1+v7y)03 (6)
ments at lower temperatur$.

The fits to the data of Lét al. using Eq.(5) are shown in
Fig. 4 (thick solid lines. The agreement is satisfactory, al- X'(v)=cpr P+ AX" (1+v7y)%2 (7)

and
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0.06 frequency {GHz]
0.05 FIG. 6. Light scattering spectra of CKN &rom bottom to top 337, 350,
’ 362, and 383 K{from Gapinskiet al. (Ref. 6 after division by a factor of
3500, and at 383, 393, 403, 413, 423, 433, 443, 453, and 468dfn Li
u 004 et al. (Ref. 2]. The thicker lines represent the best fits obtained by using Eq.
X (8). The inset shows thay” deduced from these fits: open squaiesf. 8,
solid square$Ref. 2, the former again scaled by a numerical factor to yield
0.03 a continuity between the two data sets. The intersection of the data at 375 K
is suggestive off . from MCT, albeit derived from an interpretation that is
unrelated to MCT.
0.02 —

T o
10 100 the Boson peak in CKN over an appreciable frequency range

v [GHZ] decreases as a power la®, whereB is positive, less than

FlG 5 C _  the methods to estimate th N unity, and temperature dependent. We extrapolate #Ris

. 5. Comparison of the methods to estimate the constant(&ssnagi- " . ) .
nary part of the dielectric permittivitys”, versus frequency for CKN mea- dependen.ce Oj( to lower frequenC|es, assuming that_thls
sured aff =379 K from Lunkenheimeet al. (Refs. 3,4 (thin line), best fits ~ €xtrapolation represents the damped Boson peak, which to-
obtained by using Eqg4) and (6) (solid and dotted thick lines, respec- gether with the constant loss makes an additive contribution
tively), best fits obtained by using Eqsl) and (6) but without the contri- {5 the susceptibility. This assumption leads us to fit the light

bution of the ternc ;v # (lower and middle lines, respectivelyb) Imagi- . . 2
B ,
nary part of the susceptibilityy”, versus frequency for CKN measured at scattering suscept|b|l|ty spectra of &f al” for T>TC and of

423 K from Li et al. (Ref. 2 (thin line), best fits obtained using Eq&) and ~ Gapinskiet al.” for T>T, and T<T, using
(7) (solid and dotted thick lines, respectivglpest fits obtained using Egs. " - .y " B
(5) and (7) but without the contribution of the termﬁv‘ﬁ (lower and X (V)_Cﬁy +AX TCpr. ®

middie lines, respectively The cgr® term represents the contribution from the Boson

peak. At each temperature, the expon@rand the prefactor

These equations are similar to E¢#, and(5), differing only cg are determined from the low frequency flank of the Boson

by a crossover to a power law, rather than a simple sum Orf)eak; these values are then used in fitting the susceptibility
the two terms. Included in Fig., 3 are the” and Ay" ob- minimum by Eq.(8). Therefore, as far as the constant loss

tained by fits of dielectric and light scattering data using Eqs_contribution is concerned, E¢8) involves no additional pa-

(6) and(7), respectively. The two sets of results again showfameters _byeond those in the pre_vioqs HGs—(7). .
very similar temperature dependences. The different defini- 1 n€ fits to the data, shown in Fig. 6, are satisfactory,

tions of As” andAy” for Egs.(4) and (5) compared to Egs. extending tp much higher frqu_encies than by the other
(6) and (7) yield different magnitudes, as illustrated in Figs. methods, WIt!’]OUt the.use of additional _parameters. The con-
5(a) and §b) for T=379 and 423 K, respectively. stant lossAy” determined from these fits are shown in the

inset to Fig. 6 as a function of temperature. ¢ obtained
from the data of Gapinskét al® (open circleg have been
scaled by a numerical factor to allow comparison with the
Earlier, we mentioned the possibility that the crossoverdata of Liet al? (filled circles. Again, the numerical factor
at higher frequency of”(v) from a constant to a power law has no physical significance because the data are given in
with exponent~0.3, prior to the rapid rise to the Boson arbitrary units. The two sets of results ftag” join smoothly,
peak, is just the consequence of adding the low frequencyarying with temperature in a similar mannerf&g’ andAs”
wing of the damped vibrational absorption to the constantleduced by the other methotsig. 3.
loss. We now examine this possibility in dynamic light scat-  The change in slope of the data in the Fig. 6 inset, indi-
tering susceptibility spectra obtained above and below  cated by the intersection of the slopes of the data points,
Light scattering results are more suitable than dielectric reeccurs at 375 K. This would correspond T, suggesting
laxation spectra for this purpose, because the entire Bosahat the seeming “singularity” of the MCT nonergodicity
peak is available for the former. The low frequency wing of parameter aT.,! may be a consequence of the constant loss

D. Method (d)
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mechanism. Thus, features present in experimental data that
are in agreement with MCT are not necessarily evidence
uniquely for MCT. Moreover, we stress that there is no real
singularity in the temperature dependence\@f andAg” at

any temperature, as can be seen in Fig. 6.

IV. MCT ANALYSIS OF THE SUSCEPTIBILITY
MINIMUM OF A GLASSY, FAST ION CONDUCTOR

The susceptibility minima ire”(v) and y'(v) of CKN
and 0.4C&\0,),—0.6RbNQ (CRN) have been analyzéd
according to the precepts aMCT, which predicts the spec-
tral form*

e"(v)= e[ @V i) °+b(v ) ®l/(atb),  (9)

for the minimum at temperatures higher than the MCT criti-
cal temperaturd .. In Eq. (9), epi,(v) and vy, are, respec-
tively, the height and the location of this minimum. The
exponentsa andb describe the respective high and low fre-
guency wings of the minimum, which are independent of 0.48(Agl),-0.52Ag,5e0, glass
temperature and related to each other via another fit param- 1.0 L ! L ! L
eter A by the equations\=T?(1—a)/T'(1—2a)=T"2(1 6 7 8 00, | (QHZ)] 10 "
+Db)/T'(1+2b), wherel" is the gamma function. The first Gl

equation implies thaa<0.4, and hence a pronounced sub-FiG. 7. Frequency dependence of the dielectric loss of a glassy ionic con-
linear increase o&”(v) at v>wv,. For T>T,, the com-  ductor, 0.48(Agl,—0.52AgSeQ (SISB), at various temperatures. The solid

monly used version of MCT predicts the following critical lines are fits using the MCT expression, Etj, with A\=0.716 @=0.32 and
b=0.614).

log,e"

temperature dependences:
Vminoc(T_Tc)llzaa (10
. " between 10 and 16?Hz, the same as for CKN and
Xmin® (T=T¢) ™ 1) crn13-s Double-logarithmic plots of the dielectric loss

and &"(v) of SISE as a function of at several temperatures are
_ shown in Fig. 7. We fits"(v) by Eq. (9) of MCT with a
T T (T=Te) 7, (12 =0.32 and b=0.614, corresponding to the exponent
where 7,, is the characteristic time of the relaxation and \=0.716. The fits(Fig. 7) are satisfactory, except at the
y=(1/2a) + (1/2b). highest frequenciegabove 16'“Hz), where the rise is
The good agreement of the fits of the CKN dielectric andsteeper than the MCT fits. The discrepancies in this region
light scattering minima forT>T, with T,=375K by the increase with decreasing temperature, similar to the MCT
aMCT Egs.(9)—(12) lends support to the theolyThe con-  description of the CKN dielectric spectra.
stant loss explanation of the susceptibility minima offers no  Using the obtained=0.32 ando=0.614, we can exam-
predictions concerning the temperature dependence, so ine the MCT predictions for the temperature dependences of
this respect MCT may seem the preferable explanationvy,<(T—T)Y%2, &l <(T—T)Y2 and v (T—Ty)” with
However, as we show below, the temperature dependences=(1/2a+ 1/2b). Figures(8a—(8c) show the results of our
for the susceptibility minima predicted by MCT are not par-fits to thee i, Vmin, and vy,a data of SISE. In these plots,
ticularly critical and can in fact be captured by the constanthe ordinate scales are chosen such that the data should fall
loss mechanism in glassy ionic conductors. on a straight line, whose extrapolation yielfsaccording to
Silver iodide-silver selenatéSISE) with composition MCT. Indeed, all three sets of data follow the predictions
0.48(Aghb—0.52 AgSeQ, is a glassy ionic conductél?®>  quite well, with a critical temperatur&,=196 K. The larg-
having all the ionic conductivity relaxation properties of est deviations are found in Fig(@. The departures of the
CKN and CRN. Because the Agon has much greater mo- v,,,, data from the MCT predictiom,,<(T—T,)?) is under-
bility than the potassium and calcium ions in CKN, the highstandable because the temperature dependencg, gffor
frequency dielectric susceptibility minima of SISE, similar in the ionic glass SISE is Arrhenius, with sizable activation
every respect to those of the CKN and CRN melts, can b&nergy, rather than the power law predicted by the MCT.
observed within the glassy state. However, since SISE is a The point we are making is that one would not expect
glass, MCT should not be relevant to the description of itsMCT, even with inclusion of hopping;to be applicable to
susceptibility spectra. the dynamics of ions in glasssuch as SISE since MCT is
The frequency dependencesdfv), o' (v), andM* (v) an extension of liquid state theories. The susceptibility
of SISE, with vy, varying over the range & v,  minima of SISE(Fig. 7) may not be due to the fagtprocess
<10° Hz, are similar to those of CKN and CRN. We empha-of the MCT. On the other hand, as for other glassy ionic
size that the data of SISE are for the high frequency regioronductors, the constant loss contribution in SISE at lower
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suggests that the susceptibility minima of glass-fornligg

uids may also be caused by the constant loss, even though
they can be described by MCT® Thus, an analysis of sus-

ceptibility minima in glass-forming liquids showing agree-
ment with MCT does not rule out the constant loss as the
actual cause.

V. DISCUSSION

The temperature dependences of the constant loss for
CKN determined, respectively, from dielectric relaxation and
from the light scattering susceptibility are equivalent, and
quite similar to the temperature dependence of the mean-
square displacement deduced from the Debye—Waller factor
for CKN.2% This similarity of their temperature depen-

i dence implies that the constant loss and the mean-square
displacement are related. Since the temperature dependence
of the mean-square displacement is determined by anharmo-
nicity, it has been suggested that the mechanism of the con-
stant loss is vibrational relaxation caused by the anharmonic-
. ity of the potentiaf® Comparable temperature dependences
B - of the fast relaxation have been obtained from the quasielas-
- - tic light scattering intensity for polynethylmethacrylate

L . (PMMA), polycarbonate, and polybutadieife?® In addi-

tion, quasielastic neutron scattering in PMMA and
polycarbonat® reveals that the magnitude of the fast relax-
ation is related to the mean-square displacement obtained
from the Debye—Waller factor, as found for the constant loss
in CKN.%® This also led to the conclusidt® that the fast

L " process corresponds to overdamped vibrations.

Thus, the constant loss contribution is a viable explana-
tion of the susceptibility minimum. Such a result is timely,
since there are recent experimental indicafiohshat the
fast relaxation, certainly belov. and possibly even above
T., may not come from thaMCT. The observation of the
fast relaxation in crystalline, as well as in supercooled,
OTP?8 rules out any relationship to MCT, or to glass transi-
tion (structural relaxationphenomenon. Instead, the fast re-
laxation is likely a vibrational proce<&,a conclusion also
reached from the properties of the constant f§ss.

Although there is direct evidence for the existence of the
constant loss at lower temperatures, the physical origin of the
FIG. 8. Temperature dependence of the height and position of the dielectrieonstant loss and the closely related fast relaxation in light
loss minimum and the o peak M" peak position of and neutron scattering spectra remain unknown. The possi-
I9~48(A9')2‘d9-52A@ieQ- E_he_ Chos‘:r:\ﬂrepEresegta‘iZ’”s should yield S;raigh‘bility that they result from nonlinear Hamiltonian dynamics
('g)e[svifnc(ﬁ'rz)']nzga t\?etr i SpTr;e af;'?gs[gma X(%ng,‘f 3 efsa]S'T(é)Tifg”S‘gTirj‘f; e Of anharmonic vibrations has been sugge$tdd.particular,
extrapolate to &, of about 196 K for the three quantities. the relaxation of nonlineafanharmonig vibrations in a lat-

tice could well be the fast relaxation observed in the suscep-

tibility spectra?? Numerical solution of nonlinear vibrations
frequencies, as well as the crossoverst@v)ov® 1 with located at sites interacting linearly with nearest neighbors
(6—1)~0.3 at higher frequencies in the vicinity of ¥®iz, shows that the vibrational relaxation follows a Kohlrausch
clearly exists. These contributions can explain the susceptstretched exponential time dependence, Hg. With in-
bility minima of SISE, as demonstrated by Lunkenheimercreasing effects from anharmonicitg, decreases and tends
et al3~°for CRN and in Fig. 2 herein for CKN by the use of to zero. Wheng is small, the vibrational relaxation contrib-
the sumAe”+c3v%3 Nevertheless, the frequency depen-utes a susceptibility that is very slowly varying on a logarith-
dence of the susceptibility minima of the SI§E&ssand the  mic frequency scale, resembling the constant loss and the
temperature dependences&ff,, vmin, and vy are in ac-  fast process seen in dielectric and ligheutron scattering
cord with the MCT predictions, Eq$9)—(12). This agree- experiments. Novikot? has also advanced a theory showing
ment with MCT of the susceptibility minima of ionic that the anharmonicity of vibrations leads to quasielastic
glasses which are definitely caused by the constant lossscattering in glasses and supercooled liquids.
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If the constant loss or vibrational relaxation is respon-high temperature, it appears that the contribution from the
sible for the susceptibility minimum, the question becomesconstant loss is either terminated or overwhelmed by the
whether there is a theory of therelaxation that, when com- structural relaxation at longer times.
bined with the constant loss contribution, can account for the
susceptibility spectra at4fILﬁtemperatures. We point out thaACKNOWLEDGMENTS
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