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The w < w, slopes in Fig. 5 arise from the cut off at E = E,, and we see that the left-side
slope of Yyp has the limiting value of 2. For w > w,, on the other hand, the slopes of the
components of Yy asymptotically approach the value of unity predicted in Table 1, and
those of I, and I are properly — 1. But the other slopes do not entirely agree with those
predicted. For example, that of I is algebraically greater than — 1. Finally, note that since
the slope of Y approaches unity for > w,, the associated capacitance (see the &y curve)
approaches approximate frequency independence as well.

5. AC Conductance for a Conductive System

In recent work [11, 25], it has been pointed out that measurement of Y (w) alone is usually
insufficient to allow unambiguous discrimination between different dispersion models, but
that CNLS fitting of full Y-(w) data does permit such discrimination [25]. Macdonald [25]
also discusses ways of analyzing j = C data when ¢, cannot be neglected. Interesting Y ¢(w)
data have recently been presented by Lee et al. [26]°) which fall into two types: one in
which the slope of the data is unity over a wide temperature range, and another in which
s decreases linearly from unity down to a saturation value of 0.6 as the temperature is
increased. Lee et al. propose that such limiting s = 1 behavior at low temperatures is a
universal phenomenon.

Now since, for the EDAE, with class-I behavior, ¢ = 1 — kTnx when p- = 1, Fig. 5 and
the last line in Table 1 show that with s & ¢ the above slope behaviors are approximately
consistent with those predicted by an EDAE. When s &~ 1, it is merely necessary that
kT|n| < 1 over the temperature range of measurement. Further, j = C data for numerous
different materials are known to lead to s values which decrease approximately linearly
over a range of increasing temperature, implying that #n > 0. The high-T saturation value
of exactly 0.60, which was observed for three different materials by Lee et al. may be an
artifact of measurement arising from the difficulty of determining s when the maximum
available frequency is limited and only a vanishingly small region of Y (w) response exhibits
an approach to a constant slope value. Alternatively, it may signal a transition to a different
dispersion process (e.g., that from class-I to class-II behavior).

Although Lee et al. rejected the hypothesis that their data imply the presence of a DAE
because they believed that a wide uniform DAE is unlikely for the materials they measured,
the temperature dependence of s they found is nevertheless evidence for the possible
presence of such a distribution. Although their s = 1 data for NaCl:Zn?>" over the
temperature range from 296 to 533 K were only available in graphical form, I used their
value of 0.95¢eV for the activation energy of G, and their published curves to obtain
Gco(T) values well approximating theirs. Then with ¢ = 1 and an activation energy of
0.88 eV for 7, the EDAE,; led to the curves of Fig. 6. The j = C ones are very similar to
those of Lee et al., and the j = D one is included to show that the corresponding D-system
EDAE, with Gpo(T) = G¢o(T) and ¢ = 0 leads to a limiting slope of 2 rather than 1 and
is thus inappropriate, as expected. Incidentally, the presence of a C_, with a value even
much larger than likely affects Y ¢(w) here but not Y¢(w). The minimum value of (E, — E;)
found which led to negligible cut-off effects was 0.42 eV. Thus the EDAE, extended from
about 0.46 eV, or less, to 0.88 eV.

%) In this work the authors associate power-law frequency response with stretched-exponential
transient response, only true in the asymptotic @ > w, limit.
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Fig. 6. Log—log plot of the real part of
the EDAE; admittance, the conductance,
vs. frequency, f, where f,, is a scaling factor
equal to 1 Hz. Forj = C, ¢ = 1 and for
j = D, ¢ = 0. Values of Z(0) and t, were
selected to yield close agreement with
similar curves of [26]
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These results suggest that since the
j=C EDAE,; model can fit the
main features of the data of Lee et al.,
it may be appropriate after all, unless
a more plausible model which can
explain the slope temperature depen-
dence is found. If the EDAE, is
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10713 applicable, the ¢ ~ s = 1 value at

———T——T T 7T low temperatures is not surprising

1 2 3 4 5 and scarcely seems to merit elevation
lglf/fgl — to universality.

6. Discussion of Response Models

Although there exist a plethora of theories which yield CPE-like response with one or more
slopes (see [10, 11] and references therein), few of them predict slope temperature dependences
and none predict such dependences from an ab initio many-body treatment. Thus, as in
the present EDAE approach, arbitrary assumptions are generally made about such
temperature dependences. Although these models are thus incomplete, when good agreement
between EDAE predictions and measured frequency and temperature response is found, it
is probable that there is a DTR present in the material—electrode system being investigated.
Further, class-I and class-II responses together cover the majority of experimentally seen
D- and C-system slope-temperature responses. For class-I response, it is often found that
in the w > w, region the magnitude of the I; slope increases with increasing temperature
for D-systems and decreases for conducting ones for #; > 0, the usual EDAE;, situation,
consistent with the linear ¢ dependence of Table 1 when the difference between ¢ and actual
slope exponents is recognized [9, 14].

Wang and Bates [18] have recently proposed a semi-microscopic hopping model for
dielectric materials which involves charged-particle activation in a potential double well.
It leads to exactly the DEDAE of (3) with pp, = 0. By somewhat arbitrarily assuming that
— Ay (their “a”) and 4, (their “b”) are positive and by taking both quantities temperature
independent, they arrive at class-II peaked relaxation response but do not extend their
work to include other possibilities. With the alternate assumption that #, and 7, are
temperature independent, however, class-I response results. The WB work is discussed in
detail elsewhere [27].

In an earlier work, Elliott [28] also considered hopping of charged particles (electrons)
over a barrier between two sites. Unlike WB, however, he found a single class-I Y frequency
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power-law exponent of approximately [I — kT(6/W,,)], where the binding energy W, was
approximated by the energy gap of the material. Although these results confirm that hopping
~ can lead to class-I behavior, the world still awaits the availability of full microscopic theories

for dielectric and conducting systems which lead at the macroscopic level to good
: approximations to DEDAE class I and II response, since only then will two-slope dispersion
data be fully explicable without the need for any ad hoc assumptions.
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