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Goals:The objective of this project is to understand the origins of non-Debye ionic 6l&ation 
in amorphous materials and possible connections to microscopic structure. 

Backuround: 

characteristically non-Debye. This deviation from ideal Debye behavior is evidenced both in the 
a.c. conductivity, o(f), which increases anomalously as a power law of the form o(f) = 
o,(l+(f/f,)”), and in the electric modulus which is better described by a stretched- 
exponential relaxation of the form $(t) = exp(-(t/T)B). While both parameters, n and p, 
provide a metric of the non-Debye behavior, our previous work in this area has raised concerns 
that these two formalisms differ considerably in their interpretative merits. 

In studies where the alkali concentration of a glass is varied over several decades, the 
electric modulus narrows (Le., fl approaches unity) with decreasing concentration. This has 
long been offered as evidence for the importance of inter-ionic interactions or couplings in 
producing the non-Debye behavior. The return to Debye relaxation at low ion concentration is 
seen as a direct consequence of the decreased coupling that occurs as cations become spatially 
separated. 

The motion of mobile ions in glassy materials produces a dielectric response that is 

Recent Work: 

A) (Na20)x(Ge02),~,; 0.003 e x < 0.1 

composition range. In accordance with other studies’, we observed substantial narrowing of the 
electric modulus with decreasing alkali content. However, no changes were evident in the power 
law response of the a.c. conductivity, and o(f) could be scaled to a common response curve at all 
compositions2. This result clearly rules out inter-ionic interactions as a source for the non- 
Debye relaxation. 

Further, we examined these measurements in terms of a recent proposal by Roling and 
coworkers3 that scaling of the frequency could be attained using f, = o,T/x. However, we found 
this approach inadequate as it neglects changes in the hopping length, d, which is seen to 
increase (d = x-’”) with decreasing alkali concentration. Instead, we have proposed4 what we 
believe is a universally valid scaling approach using f, = o,/A&, where A& is the permittivity 
change associated with the relaxation, which circumvents the difficulty of possible changes in 
the hopping length. 

We have examined the dielectric response of sodium germanate glasses over a wide 

B) (Na*O)x(Li2O)y(GeOz),.x.y 
We extended the study of sodium germanates to examine also the power law dynamics in 

the mixed alkali (MA) glass. (Results were presented at the Glass and Optical Materials 
Division meeting of the Am. Ceram. SOC., Oglebay, WV, October 1998) We found that the two 
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single alkali (SA) endmembers exhibited roughly the same exponent, n = 0.65, typical of many 
other oxide glasses reported in the literature. However, substitution of the second cation 
species produced a distinct decrease of n = 0.58. In addition to the suppressed power law 
exponent, a dramatic enhancement of A& was observed together with a systematic transition of 
the relaxation to lower frequencies comparable to that of mechanical relaxation (“mixed alkali 
peak) associated with the reconfiguration of ionic sites from one cation species (e.g., Li) to the 
other (e.g., Na). We propose2 these changes indicate the presence of “clusters of sites” which 
are configured to a particular species of cation. Such clusters are anticipated in a “site memory 
relaxation” model by Bunde and Maass5, and would involve a large scale (cluster size) 
polarization process which relaxes via the slow site reconfiguration process. 

Future P l a n s :  

A )  In future work, we plan to continue the examination of these germanate glasses using 
NMR as a complimentary probe of the power law dynamics. A collaboration with Dr. Todd Alam 
at Sandia National Labs and Dr. Richard Brow at the University of Missouri (Rolla) has been 
established and work is currently underway to examine both the SA and MA glasses. While we 
are curious whether the NMR will show a suppression of the exponent at the MA composition, an 
overall comparison of the power law exponents from both techniques may help resolve an 
outstanding controversy regarding the nature of these two probes of ionic motion. Previous 
studies6 of conductivity relaxation based upon the modulus have concluded the two probes behave 
differently (i.e., different exponents are observed). However, we have suggested7 that 
comparisons based upon the power law analysis seems to indicate similarity in these two probes 
of ion relaxation. 
B ) We intend to study the effects of halide substitution in oxide glasses. Neutron scattering 
has suggested that halide addition may produce intermediate range order (IRO) within the glass 
structure, possibly in the form of halide-rich clusters. We anticipate this IRO will affect the 
dielectric response possibly in a manner similar to that seen in the MA germanates: enhanced A& 
and suppressed power law exponents due to clustering. Here, we can control the development of 
IRO though adjustment of the halide content. 
C) We also intend to examine the borate glass system, (Li20)x(LiCl)y(B203),~x~y, both halide- 
doped and halide-free. We have been successful at producing low water containing, halide-free 
borate glasses with x as low as 0.001, but have come to recognize that for glasses with x e 0.05, 
the dielectric measurements will need to extend above T,, in the melt. A suitable dielectric cell 
is currently under construction which can operate on melts up to 1000°C. While construction 
is chiefly motivated by the wish to examine these borate glasses, dielectric measurements in the 
both the glass and the melt are rare and so this equipment should provide novel results in any 
event. (For example, is the scaling of the a.c. conductivity modified as one passes through T,?) 

P e r s o n n e l :  

D.L. Sidebottom (Principal Investigator) 
T. Alam (SNL) and R. K. Brow, collaboration for NMR relaxation 
D. Bencoe (SNL), consultant for glass synthesis 
A student will start work this summer through collaboration with S N L ’ s  Science and Technology 
Outreach program. We continue to actively recruit a full-time graduate student. 
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