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In this paper we present an analysis of the optical and microwave properties of metal-ammonia solutions

in the concentration range 2-9 MPM. The analysis rests on the physical picture of a continuous metal-nonmetal
transition, intermediated by microscopic inhomogeneities originating from bimodal concentration

fluctuations. Effective-medium theory for the complex dielectric constant gives a good account of the

optical properties of Li—NH, in the energy range 0.6-1.4 eV. On the other hand, effective-medium theory

is inadequate for the microwave properties, and results of numerical simulation are presented.

i. INTRODUCTION

A physical picture was recently advanced'? for the
continuous metal-nonmetal transition in metal—am-
monia solutions (MAS)3-® in the intermediate concentra-
tion range M=1-9 MPM, proposing that in Li—-NH; and
in Na—-NH; solutions a metallic regime is separated
from a nonmetallic one by a microscopically inhomo-
geneous regime in which concentration fluctuations de-
termine the local electronic structure and the transport
properties. It was further proposed!*? that the con-
centration fluctuations in this system are bimodally
distributed, with the metal concentration fluctuating
locally about either of the well defined values M, and
M, , where M,> M, and with the local concentration re~
maining near M, or M; over radii which are approxi-
mately equal to the correlation length b for concentra-
tion fluctuations. Provided that the Ornstein— Zernike
decay length for concentration fluctuations is much
smaller than b, a percolation problem can be defined in
which a volume fraction C of the material is occupied
by metallic regions of concentration 3,, with the re-
mainder containing the nonmetallic component of con-
centration M;. M, and M, are the upper and the lower
limits of the inhomogeneous regime, respectively,
while C depends linearly on M. Furthermore, pro-
vided that the phase coherence length of the conduction
electrons is shorter than b and tunneling corrections
are negligible, one can define local electronic structure
and transport properties. The limits of the inhomo-
geneous regime were determined from a combination of
concentration fluctuation measurements, electrical
conductivity, Hall effect, and paramagnetic susceptibili-
ty data to be M;=9 MPM and M, =2.3 MPM, giving the
C scale,

Cc=@M-"7)/20, 1.1

for both Li~NH; at 223 K and Na-NH; at 240 K. This
model has been successful? in providing a quantitative
analysis of the electrical and the thermal transport
properties of MAS in the inhomogeneous regime, es-
tablishing the self-consistency of our physical picture.

We emphasize, however, that the proposed bimodal
distribution of concentration fluctuations in MAS is not
yet borne out by direct experimental evidence. The
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analysis of chemical potential data by Ichikawa and
Thompson’ for Li—-NH, and Na—-NH, solutions does pro-
vide evidence for large concentration fluctuations, but
does not reveal, in particular, whether they are bi-
modally or unimodally distributed. Similarly, the
recent small-angle neutron scattering data of Chieux®
for Li~-NH, solutions were analyzed in terms of the
Ornstein—Zernike picture, resulting in a decay length
of the form 7017 - T,1"'/2 A with T and T, in K, where
T, is the consolute temperature for Li—-NH; solutions.
Chieux’s® study was conducted at 4 MPM, near the
critical concentration, where ordinary critical fluctua-
tions may be superposed upon the bimodal distribution
proposed by us. It is, however, improbable that
critical concentration fluctuations will prevail through-
out the whole concentration range of 2. 3—-9 MPM, with-
in which the chemical potential data show large fluctua-
tions to exist. Ultrasonic attenuation data of Bowen, ?
in fact, do show evidence for critical fluctuations near
the consolute point superposed on a broad background
of concentration fluctuations which are weakly tempera-
ture independent,

Accordingly, we are continuing our program of
analyzing data on the basis of our model of MAS. In the
present paper we study the optical and the microwave
properties in the intermediate concentration range.

For the former we utilize the EMT; for the latter we
use the results of numerical simulations. Agreement
with the optical data is good, providing further support
for the existence of an inhomogeneous regime in this
system. A theory of microwave properties is pre-
sented. Uncertainty over the experimental data, how-
ever, preventsameaningful comparison with the theory.

Il. EFFECTIVE MEDIUM THEORY FOR THE
OPTICAL PROPERTIES

We have developed!? an effective-medium theoryll=1
(EMT) for the frequency-dependent dielectric constant
€(w) of a microscopically inhomogeneous material such
as we have proposed!'? MAS to be between 2.3 and 9.0
MPM. The EMT condition for €(w) is

< €(w)—<‘(w)> -0,

Ze() 7€) @.1)
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FIG. 1. Results of model calculations of the optical proper-
ties of a microscopically inhomogeneous system, with a bimo-
dal distribution of metallic regions. The complex dielectric
function €’(w) for the metallic regions (with probability C) and
¢!(w) for the nonmetallic regions (with 1— C) is given by Eq.
(2.7), —— ¢,(EMT); ®¢,—numerical simulations for a 8x8
X8 s.c. network, - - -~ - - €,(EMT); O €,—numerical simula-
tions for a 8 X8x8 s.c. network.

where ¢'(w) is a possible value of the local complex di-
electric function and the average is over all such val-
ues. In the present case €'(w) takes on a functional
form €%(w), characteristic of the metallic regions,
with probability C or €'(w), characteristic of the non-
metallic regions, with probability 1 - C, so that Eq.
(2.1) becomes

c(%)uuc)(M) =0 . 2.2)

e(w)+ € (w e(w)+€ (w

These equations may be readily solved to yield explicit
results for €(w):

€(w) = € () + iy (w) = () F[C, x(w)], 2.3)
F(C, x(®)) = a(w) +V[a(@)F+Lx(w) , (2.4)
alw)=2[GC- D -x(w)+:xW)], 2.5)
x{w) = Y (w)/(w) . (2.6)

The sign is chosen in (2. 4) to give positive €,(w)
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=Im[e(w)]. Equations (2.3)-(2.6) represent the gen-
eralization of the EMT for a real, diagonal, second-
order tensor'® to the complex case.® Our experience
with the former case'*!® leads us to expect that Egs.
(2.3)—(2.6) are accurate for all values of C if lx(w)! is
within the range 0.03-30. Numerical simulations of
€(w) in a s. ¢, network bear out this expectation. In
Fig. 1 we present typical results for a two-component
model system where the optical properties of the
metallic regions correspond to the Drude form, while
the complex dielectric function in the nonmetallic re-
gions is given in terms of a single resonance, so that

%) =1 _wh
Clw)=2- wlw+i/T)

2.7

1, fr
W =l- T

The metallic regions are characterized by the plasma
frequency w, and the relaxation time 7 with w,7=4.0,
while the nonmetallic regions are specified by the
oscillator strength f; w;z =0.6, the resonance frequency
by wy /w,=0.40, and the resonance widthby I'/w,=0.25.
As is evident from Fig. 1 the results of the numerical
simulations for the optical properties!® practically
coincide with the EMT. In the case of inhomogeneous
MAS the condition 0.03< |x(w)1 <30 is well met at opti-
cal frequencies. Accordingly, in the next section we
fit the optical data for Li—NH; solutions to the EMT.

Ifl. OPTICAL PROPERTIES OF METAL-
AMMONIA SOLUTIONS

The first study of the optical reflectivity of Na—NH;,
solutions was conducted by Beckman and Pitzer, !” who
observed a reflectivity peak at 0.8-0.76 eV for metal
concentrations below M =5 MPM and a nearly Drude—
Lorentz type behavior for higher values of M. More
detailed studies of the optical constants of Na—NH; and
Li—-NH,; were carried out by Thompson and his
colleagues.872® At concentrations above 8—-10 MPM,
€,(w) and €,(w) differ only in details from the behavior
expected for a Drude, free-electron system. In the
concentration range 8—2 MPM, which corresponds ap-
proximately to the inhomogeneous regime, ¢,(w) ex-
hibits a continuous variation from metallic towards
resonance behavior, characteristic of a very broad
resonance located at about 0.6 eV. This is consistent
with the behavior of €,(w), which is Drude-like and
shows a slow variation with M in the range above 4-8
MPM with an indication of resonance behavior around
0.6 eV at 2-3 MPM. At much lower concentrations
optical absorption data reveal a well defined resonance
which has been attributed to the 1s—2p transition of the
solvated electron within its cavity. As the concentra-
tion increases up to 0.5 MPM the position of the reso-
nance shifts from 0,8 eV in the dilute limit to 0.7 eV
without broadening. It is therefore probable that the
absorption evident in €,(w)above 0.6 eV for 2 MPM is the
high-energy half of the same cavity resonance shifted
downinenergy to 0.6 eV and substantially broadened,
in agreement with Thompson and colleagues. **!? The
latter also point out that there are signs of per-
sistence of this bound-electron absorption to substantial-
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ly higher concentrations, (6 MPM). This mixed be-
havior of the optical properties is consistent with our
model for microscopic inhomogeneities in these solu-
tions in that concentration range and it lends further
weight to our attempts to fit the optical data to the
EMT. The shift from 0.8 towards 0.7 eV starts at
about 10-* MPM, the same concentration at which the
equivalent conductance starts decreasing. The latter
decrease is associated with solvated electron-solvated
ion pairing. The wavelength shift is therefore most
probably associated with a downward shift of a p state
relative to the s state caused by the cation. It is of
considerable interest that no further shift or broadening
probably occurs until beyond 1 MPM, i.e., a shift from
0.7 to 0.6 eV and an increase in linewidth from 0.4 to
0.6 eV occurs between 1 and 2 MPM. We have argued
elsewhere? that the electron-cation complexes char-
acteristic of the electrolyte solutions with #>10"% MPM
start dissociating at 0.1 MPM. A fused-salt structure
starts forming somewhere between 0.1 and 1 MPM.
Significant overlap of electronic wavefunctions in neigh-
boring cavities sets in at 1 MPM and is responsible for
the onset of spin paramagnetism and the dramatic in-
crease in the conductivity. The transport properties,
however, remain nonmetallic in the range 1-2 MPM.
The electronic wavefunctions remain localized, and a
Mott transition does not occur. The optical absorption
is entirely consistent with this picture. Increasing
overlap between cavity states is responsible for the
shift and broadening, but the continuing localized
character of the states {localized in the Anderson
sense) is responsible for the persistence of the reso-
nance,

The most extensive data for MAS in the relevant
concentration range are available'® for Li~NH, solu-
tions at 213 K (i.e., T- T,=3.5 K) and these experi-
mental results were analyzed in terms of our model.

In the comparison between the EMT and the data, the
first task is to establish values for ¢’(w) and e}{w). Un-
fortunately, values for ¢(w) are unavailable at the limits
of the inhomogeneous regime, and we were forced to
use indirect means to establish €’ (w) and €!(w) for Li-
l\gHs solutions. We chose a Drude-Lorentz form for

€ (w),

0/ .y _ w}
€ (w)—€w—m (3-1)

the three parameters €,, #wp, and T were subsequently
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FIG. 2. €%) and €!(w) for Li—NH, solutions.
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FIG. 3. The dependence of ¢,(«') on C for Li—NHj.

determined by fitting the Drude form (3.1) to the data
for 12 MPM. Thompson and Cronenwett!® had inter-
preted their data at 8 and 12 MPM in terms of the
Drude model, and the concentration dependence of
their parameters was used as a guide in selecting final
values at 9 MPM:

€,=1.35,
Fw,=1.8 eV |

B/71=0.5eV (3.2)

€!(w) was determined by inserting (3.2) and the experi-
mental values of €(w) into (2.3)-(2.8) for M=3 MPM
(i.e., C=0.1) and solving for €!(w). The results for
€’(w) and €'(w) are shown in Fig. 2. The variation of
€, (w) with C, Fig. 3, exhibits the expected transition
from the Drude free-electron type behavior to a reso-
nance behavior at about C~0.6, which according to
Eq. (1.1) corresponds to M ~6.3 MPM for Li-NH,.
This value of C will be slightly dependent on €!(w) and
on €,(w), and we assert that in general this transition
from Drude type behavior to resonance behavior will
occur in the range C=0.5-0.6. Next, calculations of
€(w) were made for M=4 MPM (C=0.25), M=5 MPM
(C=0.4), and M=8 MPM (C=0.85) in Li-NH,. Com-
parisons of the EMT and the experimental data for €,(w)
and for €;(w) are shown in Figs. 4 and 5. The agree-
ment between theory and experiment for €,(w) is ex-
cellent throughout. Some improvement in the agree-
ment between €,(w) for the 8 MPM solution could be
obtained by modifying the Drude—-Lorentz parameters
slightly, otherwise the agreement with ¢,(w) is good.
In view of the satisfactory fit of €,(w) and €,(w) with the
EMT the energy loss functions, — Im[e(w)], are ade-
quately accounted for, as is evident from Fig, 6.
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FIG. 4. Concentration dependence of €,(w) for Li—NH; solu-
tions at 213 K. Experimental data from Ref. 17.

The available experimental data for ®Na~NH, at
T=230 K (i.e., T~ T,=3 K) recorded at concentra-
tions of 2MPM, 5MPM, 6 MPM, and 8 MPM are
qualitatively similar to those for Li—-NH,. It is in-
teresting to note that €,(w) derived for Li~NH;, Fig. 2,
is similar to €{w) for Na—NH; in its frequency depen-
dence. Scaling €,(w) and €,{w) for 2 MPM Na—-NH, by
a factor of 0.62-0,72 brings the two curves into near
coincidence, In view of absence of experimental in-
formation concerning €!(w) for Na—NH, which may dif-
fer quite appreciably from the value of €(w) at 2 MPM,
we have refrained from a detailed analysis of the dafa.
We note that the transition from Drude type behavior to
resonance behavior for €,(w) in Na-NH, solutions oc-
curs at the concentration range 6-5 MPM, which cor-
responds to C~0.5, in qualitative agreement with the
predictions of our model of microscopic inhomogene-
ities in this system.

We therefore believe that, as emphasized by Thomp-
son and colleagues, '*1% bound-electron absorption per-
sists well into the intermediate range and that this per-
sistence is strong evidence for compositional inhomo-
geneities within that range. The analysis of the optical
data supports our physical picture that these composi-
tional inhomogeneities are of the bimodal type. If the
inhomogeneities were unimodal, €!(w) would vary con-
siderably with local composition., While it is possible
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FIG. 5. Conceniration dependence of €,(w) for Li—NH; solu-
tions at 213 K. Experimental data from Ref. 17.
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FIG. 6. Concentration dependence of the loss function —Im(1/
€) for Li—NH, solutions.

to recast the EMT for unimodally distributed fluctua-
tions into a binary form,?! a Drude form for € (w) would
not be indicated, in particular as regards €)(w). The
good fit obtained for the rapidly varying quantity,

€,(w), therefore reinforces the assumption of bimodal-
ity.

One could ignore the possibilities of inhomogeneities
of either kind, and interpret the metal-nonmetal tran-
sitioninMASas a smeared out Mott transition.? Per-
sistence of the electron cavity resonance would then be
explained as the development of an atomic transition
into an interband transition. In our opinion, the line
would broaden too rapidly in the transition region for
this to be the case. Suppose the ions and cavities to be
in a fused-salt-like structure. The linewidth would
have a contribution from electron-atom interactions
which is 0.4 eV for the isolated cavity. Assuming
breakdown of k-selection rules, it would have another
contribution approximately equal to the sum of the
widths of the s and p bands and substantially greater
than twice the s-band width. This latter contribution
would be increased further by the positional disorder of
the electron cavities. At the Mott transition, the s-
band width would be about equal tothe electron~electron
interaction U in the Hubbard model. The best avail-
able estimate of U comes from O’Reilly’s®® and Logan
and Kestner’s?* studies of the stability of the dielec-
tron cavity, about 0.2 eV. Thus, at the Mott transi-
tion, the linewidth must be substantially greater than
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0.8 eV and probably at least 1.2 eV. This is too large
to account for the observed persistence into the transi-
tion region,

V. MICROWAVE PROPERTIES OF METAL-
AMMONIA SOLUTIONS

The complex microwave dielectric constant of Na—
NH; solutions at 10 GHz was studied by Mahaffey and
Jerde,?5 who reported a dramatic concentration depen-
dence of €,(w). At low metal concentrations up to 107!
MPM they find €, 220, which is close to the static di-
electric constant of pure NH,. In the range 10'-1
MPM ¢, increases from 20 to 30 with increasing metal
concentration, Above 1 MPM ¢, increases more rapid-
ly, reaching the value of ~100 at 2.5 MPM and then
dropping abruptly to negative values. €,=0 at 2.8 MPM
at 230 K. At the upper limit of the inhomogeneous re-
gime M=9 MPM ¢, reaches —1,5x10%, This variation
of ¢, from + 10? to ~~ 10* over the inhomogeneous re-
gime implies that EMT cannot be used for €(w); nu-
merical simulation is necessary.

Cohen and Jortner have proposed? that in the range
10-'-1 MPM, small complexes of solvated ions and
electrons break up in a gradual transition towards a
fused salt structure. In such a structure there would
be an extra contribution to €, (w) for small w analogous
to the difference between ¢, and €, in an ionic crystal.
We therefore attribute the observed increase of €,
from 20 to 38 in this range to dissociation and incipient
formation of a fused salt structure. We have also
pointed out that the increase in spin susceptibility and
conductivity between 1 and 2.3 MPM implies that the
electronic states are beginning to extend over more
than one cavity. In such a case, there is an electronic
contribution to the dielectric constant of the form 47Na,
with N being the solvated-electron number density and
«a proportional to the cube of the electronic localization
length L.28 We attribute the observed increase of ¢,
from 38 to 100 in the range 1 to 2.5 MPM to this
spreading of the electronic wavefunctions. The subse-
quent variation in €, through zero to large negative
numbers as M increases is a reflection of the metal—
nonmetal transition,

At 9 MPM, a value of 75 for €, was observed. These
data for €; and ¢, at the lower limit of the homogeneous
propagation regime are incompatible with Drude—
Lorentz behavior at low frequencies, where Eq. (3.1)
results in

Q=0 =€~ (v,/7) @.1)
&w—0)=wl/wy.

Utilizing the parameters derived from the analysis
of the optical data, Eq. (3.2) we choose €,=1.35, w,
=1.8 eV, and %y=0.5%/7=0.3 eV; the factor 0.5 in
the last quantity accounts for the difference between the
optical relaxation time and that corresponding to the
dc conductivity, as recommended by Sommoans and
Thompson.!® Eq. (4.1) with these parameters results
in €}=-34.6 and €J=2.8%10° at 10 GHz (fiw=3.9%x10"3
€V). There is little resemblance between these esti-
mates, which rest on the Drude model, and the experi-

mental data at 9 MPM, €)=-1,7x10* and € =75,
Mahaffey and Jerde®® have already noted the serious
discrepancy between their experimental results for ¢,
in the concentration range 5-10 MPM and the dc con-
ductivity data. In the concentration range 1-5 MPM the
dc conductivity is equal to we€g €;, where ¢, is a propor-
tionality constant. On the other hand, at 9 MPM the

dc conductivity exceeds weye, by about one order of
magnitude., These serious discrepancies between the
optical measurements extrapolated via the Drude-
Lorentz theory and the microwave measurements raise
doubts about the latter.

In view of these uncertainties there is no reliable way
to extract the values of € and ¢! at the limits of the
inhomogeneous regime which are required as input data
for our theoretical analysis. There are two alternative
routes to follow. First, we can assert that the Drude
model is quantitatively inapplicable for the description
of the metallic regimes and Eq. (3.1) just provides a
convenient two parameter interpolation formula for
€"(«w) in the optical region. The corresponding values
of the parameters required as input data for the micro-
wave complex dielectric constant are then taken from
experiment. Alternatively, we can assert that the
microwave data are incorrect and use the Drude-
Lorentz theory to obtain the required input data by ex-
trapolation from the optical data. We shall follow both
routes in the hope that subsequent microwave measure-
ments will clear away the uncertainties. We start with
the former route and use the experimental values.

g=-1.7x10*, €=75
€]=40,

9 MPM

2,3 MPM . 4.2)

Numerical studies of dc conductivity in cubic net-
works!®% have established that the EMT is accurate
for 0.4<C<1 for all values of the conductivity ratio
between the nonmetallic and the metallic regions,
while serious deviations from the EMT are exhibited
for low values (<0.03) of the conductivity ratio for
C<0.4. This is not surprising as the EMT overesti-
mates the value of the percolation threshold C*, Ckyq
=3, whereas C*=0,17 for the continuous percolation
problem., We expect that a similar state of affairs will
prevail for the complex dielectric function, In the
present case |} /el =2.1x10"% and €} /€3 ~1 so that the
EMT is inadequate for C<0,4 for the microwave €(w)
in MAS. In order to mimic the features of the contin-
uum percolation problem we have performed numerical
simulations of €(w) in a cubic network with correlated
bonds. In doing so we have utilized the numerical pro-
cedure developed by us. In view of convergence prob-
lems encountered in the numerical simulations of
€(w) for large networks we were limited to 8 X8x 8 net-
works, where the convergence was adequate. The
recent numerical studies of Skal?”on the percolation
probability in s.c. networks demonstrate that numerical
simulations for surprisingly small 5X5X5 networks
yields C* to an accuracy of 10%. Our network size
limited us in extending the range of bond correlation,
and we have limited ourselves to incorporating correla-
tion between nearest neighbors only. The results of the
numerical simulations are shown in Figs. 7 and 8 for

€=5
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FIG. 7.

Results of numerical simulations for the real part of
the microwave dielectric constant. el(y) and €%(w) are given
in terms of Eq. (4.2). The calculations were performed for
a 8% 8x 8 network without and with bond correlation between
metallic bonds. Closed circles (®); noncorrelated bonds.
Open circles (0): nearest neighbor correlation between me-
tallic bonds. Solid Curve: EMT result.

the parameters given by Eq. (4.2). The solid curves
correspond to the EMT, curve 1 representing the
results of the numerical simulations without bond cor-
relation and curve 2 incorporates nearest neighbor bond
correlation. The behavior of ¢,, Fig. 8, is identical
with that expected for the dec conductivity, The depen-
dence of €, on C exhibits an initial rise at low C values
followed by a dramatic drop to low negative values.

For the EMT €;=0 at C=0,33, for the noncorrelated
s.c. network €, =0 at C=0.25, while for the case of the
s.c. network with nearest neighbor correlation ¢,
vanishes at C=0.17,% Thus for an inhomogeneous

103 :
IO2 ™ O
o—o—*
o/'/0/4
. *%0-17 610" €l=40
2
10 €9- 75 5'2=5 —
— EMT
o N.N. Correlated
o Non Correlated
I T T o5 1
C
FIG. 8.

Results of numerical simulations for the imaginary
part of the microwave dielectric constant. el(w) and €w)
from Eq. (4.2). Details of calculations and presentation of
results identical with those for Fig. 7.
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FIG. 9. Results of numerical simulations for the real part

of the microwave dielectric constant for a model system where
e'(w) is given by (4.2) while €’(w) is given by the Drude param-
eters of Eq. (4.3). ® numerical simulations for a 8x8x 8

s.c. network. o numerical simulations for a 8xX8x8 s.c.

network with nearest neighbor correlation between metallic
bonds. solid line: EMT.

material characterized by a low negative value of ¢! /¢}
the real part of the microwave dielectric constant
vanishes at the percolation threshold.

We have compared the experimental data with the
results of numerical simulation for a s.c. network with
nearest neighbor correlations. The concentration de-
pendence of €;, Fig. 7, exhibits the striking features
revealed by the experimental data. 25

In view of the uncertainty over the experimental
data, there is little point at present to improve the
theory by introducing corrections due to boundary
scattering effects as we have done in the analysis of
the dc conductivity data. Moreover, we believe that
the extrapolation of the optical data to microwave fre-

quencies via the Drude—Lorentz theory provides at
least equally valid input data:

€)=-34.5, €=2,8x10°, 4.3)

Values of €} and €} are those given in (4.2). The cor-
responding ratios are ¢} /€)1 =1 and l¢; /€| =1,3x10™*
sothat effective medium theory cannot be used below
C=0.4. The results are shown in Figs. 9 and 10,

For low C, ¢, rises as for the previous case. It in-
creases at low C values exhibiting a broad maximum
around C=0.3. It vanishes around C=0. 78 beyond
which it is negative (metallic). The results of numeri-
cal simulation with and without nearest neighbor cor-
relation agree well with each other and with the EMT
except for a spurious peak in the EMT at C=0.33 which
is absent in the simulations. The value of C at which
€, vanishes has now been shown to depend on the value
of €2, When the latter is sufficiently negative, as for
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FIG. 10. Results of numerical simulations of the imaginary
part of the microwave dielectric constant for the model sys-
‘tem of Fig. 9. Input data, details of calculations and presen-
tation of results identical to those of Fig. 9.

the experimental €°, €, appears from our calculations
to vanish at C*, whereas for the Drude values of €, ¢,
vanishes at C=0.78. In Fig. 10, the value of C at
which €,(w) drops precipitously moves towards the
percolation threshold C*=0.17 as EMT is replaced by
the network simulation without and with bond correla-
tions, just as for the dc conductivity. s

V. CONCLUSIONS

Our model of bimodal concentration fluctuations in
MAS accounts well for the optical data on Li solutions
in the range 2-10 MPM, providing further support for
the applicability of the model. The microwave data
are too uncertain for conclusions to be drawn from
them. However, our analysis of those data and of an
extrapolation to microwave frequencies of the optical
data shows that once the experimental uncertainties
are resolved, the microwave dielectric constant should
provide useful supplementary information on the state
of MAS in the transition region. In particular, be-
cause the ratio le} /€]l or €} /€}| can lie well outside
the range of validity of EMT, numerical simulations
are necessary for C<0.4. These are sensitive to the
difference between unimodal and bimodal distributions
of €(w) and can be used as a test of our hypothesis of
bimodality.
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