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Low trequency conductivity dispersion
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Kulkarni et al., 1998, “Scaling behavior in the frequency dependent conductivity of mixed
alkali glasses,” Solid St. lonics 112, 69-74.
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® and T dependence of ©
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Schematic figure showing the real part of the ac conductivity as a function of
frequency at three different temperatures. As temperature is lowered, the dc
conductivity decreases rapidly. At the same time the frequency marking the onset
of ac conduction also increases (in proportion to the dc conductivity). (b) The real
part of the ac conductivity at three different temperatures for a lithium-phosphate
glass. The circles mark the frequency for onset of ac conduction. Dyre et al. (2009)
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Universal Dielectric Response
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Master plot with respect to temperature
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D. Sidebottom, Rev. Mod. Phys. 2009, 81, 999
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Master plot with respect to composition within a
system
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D. Sidebottom, Rev. Mod. Phys. 2009, 81, 999
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View of 1on migration
within its energy landscape

The arrows indicate attempted
jumps. Most of these are
unsuccessful and the ion ends
back in the minimum it tried to
leave: if the barrier is E, according
to rate theory the probability of a
successful jump is exp(—EAgT )
= On short time scales only the
smallest barriers are surmounted.
As time passes, higher and higher
barriers must be surmounted.

JC Dyre et al., ‘Fundamental questions
relating to ion conduction in disordered
solids’, Rep. Prog. Phys. 72 (2009) 046501.
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Short time scales
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Intermediate time scales
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Coupling model by Ngai (1979)
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At very short time, t<t_, primitive

relaxing species are independent.
Then: ®(t) = exp -(t/t,). ~Inln(l/®(z))

-1
After cross-over time t, (T \
Insensitive), they couple to the B

environment and slow down i.e. \
1\ A
@(r)=exp[ —(;) ] 0<pB=1.

Kohlrausch-Williams-Watts (KWW) function =1 Inz
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Modulus formalism of UDR

Moynihan and Macedo (1974):

M*(0)=M, [1_— [.” dt expl—iot)(—d¢ /d)

where M_, is the high frequency limit of M*.

In terms of ac conductivity:
olw)=weE" (0)=we[M" /(M'*+M"?)],
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Connection with experiments
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*Modulus spectra for lithium borate glass at increasing T (a) to (f). Note that 3
decreases slightly with increasing T.

*M*, which focuses on relaxation in the vicinity of Maxwell electrical relaxation,
agrees reasonably well with Ngai model, but deviations occur at higher frequencies.

Ngai, Rendell, Jain, PRB (1984)
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M* also shows scaling to master plots
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Figure 7. Real and imaginary parts of the electric modulus vs,
reduced frequency w7g for 0.4Ca(NQ3;).-0.6KNO3; glass.
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Composition dependence of M” peak
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‘ B represents strength of coupling among ions

1.1
- (b) Patel and Martin, PRB (1992)
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Conductivity vs. M” spectra at low and high ion

CO1C.

Roling, Solid St. lon. 1998

Dipolar dielectric loss
peak, such as

represented by BNN M4,
relation (Topic 1),

and conductivity

power law appear to

be of different origin.

log o

log v
Schematic plot of the conductivity spectra and M” spectra of two
glasses containing different number densities of mobile ions, N . Solid
lines: N is small, dashed lines: N is large.
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Summary at this point .

lon transport, responsible for electrical relaxation, in
typical oxide glass is not just free hopping of ions.

It Is affected by structural heterogeneity as well as
coulombic interactions with other species.

*The dispersion/relaxation in glass has universal features,
which can be described often by master plots, especially
when iIs concentration is not too low.

Modulus formalism is convenient representation of
relaxation in the vicinity of Maxwell relaxation
time/frequency, but less useful at higher frequencies.
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