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Introduction 

The experimental study of transport mechanisms in glassy electrolytes with fast ion 

transport attracts the considerable interest for its important role in a number of modern 

electrochemical devices. Acoustical measurements can characterize different relaxation 

processes in the ion conductive glasses and seem to be a useful technique for nondestructive 

investigation of transport mechanisms in conductive glasses even with some advantages 

compared to the electrical measurements. The distinctive peaks of acoustic attenuation spectra 

which are caused by resonant interaction with the mobile ion hopping processes enable us 

then to study relaxation and transport mechanisms in the ion conductive glasses. 

Phosphate glasses containing Cu+ conductive ions are good ionic conductors with 

room temperature conductivity of the order 10-3 Ω-1cm-1 and the highest conductivity has been 

recorded in systems containing large fractions of cuprous halides, such as CuI or CuBr [1]. 

The investigation of acoustic spectra in ion conductive glasses with different composition can 

reflect the basic features of the relaxation and transport processes of the mobile ions. It was 

found that the temperature responses of all acoustic spectra are similar and the relaxation 

peaks associated with ion transport depend on the glass composition.  

 In this contribution we present an analysis of the acoustical spectra using various 

theoretical models for the simulations to fit the experimental data of representative samples of 

phosphate glasses containing Cu+ conductive ions in the system CuI-CuBr-Cu2O-P2O5 with 

the purpose to study the ion transport mechanisms in these fast ion conductive glasses. 

 



Theory 

The ion transport properties and the formal theories of all relaxation processes of 

many ion conducting glasses, melts and crystals are similar [2]. In dilute system containing a 

low concentration of mobile ions the attenuation may be described as a Debye-like, single 

relaxation time processes in which the individual ion hops occur independently of each other. 

In such cases, the attenuation α for a wave of angular frequency ω takes the form [3] 

where the parameter ∆ is the relaxation strength, ( )TkvNB B
32 4/ πρ=∆ , that determines the 

magnitude of the attenuation peak. Here N is the number of mobile ions, B is the deformation 

potential, ρ is the density of the solid, v is the velocity of the sound wave, kB is the Boltzmann 

constant and T is the absolute temperature.  

The term in equation (1) in the round brackets describes a Debye peak. The acoustic 

attenuation will exhibit a maximum when the relaxation time τ is comparable to the period 

(1/ω) of the acoustic perturbation and the condition ωτ  = 1 is fulfilled, where [4] 

is the most probable relaxation time. The relaxation processes described by the Arrhenius 

equation (2) are characterized by the activation energy EA for jumps over the barrier between 

two potential minima and typical relaxation frequency of ion hopping 1/τ0 ≈ 1013 – 1014 s-1. 

The relaxation phenomena observed in a wide variety of materials exhibit a power-law 

type of frequency dependence. The relationship to the Debye behaviour is expressed in the 

form  

where m and n are power-law exponents, which take values between 0 and 1. When m = 1 and 

n = 0, Eq. (3) reduces to Eq. (1) for a single Debye-like process [3].  

Another function has mainly been used to fit mechanical loss data [5]. This function is 

the double power law 
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Using these functions, we can fit also the acoustic attenuation spectrum of the measured 

cuprous halides glasses.   

 

Experiments and results 

The procedure of glasses preparation in the system CuI-CuBr-Cu2O-P2O5 from 

commercial reagents has been already described [6]. The composition of the complex set of 

glass samples was summarized in [7]. We tried to fit the measured temperature-dependent 

acoustic attenuation spectra at constant frequency ν = 18 MHz using theoretical models (Eq. 

1, 3, 4).  

Fig. 1. Temperature dependence of the 
acoustic attenuation of ion conductive 
glasses for samples BIDP5 and BIDP7. 
 

Fig. 2. The acoustic spectrum of sample 
BIDP5 (full line) and the Debye fit of the 
two relaxation processes (dashed lines). 
 

Fig. 3. The acoustic spectrum of sample 
BIDP5 (full line) and its theoretical 
supposed fit (spotted line) is superposition 
of the two supposed relaxation processes 
(dashed lines). 

Fig. 4. The acoustic spectrum of sample 
BIDP7 (full line) and best fit of the two 
relaxation processes (dashed lines). 
 



As we can see, the complete spectrum of sample BIDP5 illustrated in Fig. 2, 3, cannot 

be fitted supposing only two relaxation processes. The additional third relaxation process 

should be taken into account with maximum at the temperature around 280 K.  

 

Conclusion 

The acoustical spectroscopy in connection with suitable relaxation theory seems to be 

very useful technique for study of transport processes in fast ion conductive glasses. Using the 

theoretical models the relaxation processes can be described and some ion parameters 

determined. 

The acoustic attenuation spectra of all investigated ion conducting glasses prepared in 

the system CuI-CuBr-Cu2O-P2O5 consist of more then two thermally activated relaxation 

processes for temperatures over 220 K. However, the simulation of two processes very well 

fit the high temperature measured part of the spectra. 

The superposition of three loss peaks with different activation energies can better fit 

the investigated spectrum of the phosphate glasses with various compositions of CuI and 

CuBr.   
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