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Binary iron phosphate glasses are electronically conducting glasses with polaronic conduction 
mechanism [1-3]. In these glasses, iron ions exist in two valence states and the electrical 
conduction occurs by hopping of electron from Fe(II) to Fe(III). In hopping process, the 
electron disorders its surroundings, by moving its neighboring atoms from their equilibrium 
positions causing structural defects in the glass network named small polarons. Hence, small 
polarons are charge carriers trapped by self-induced lattice distortions which transport 
consists of phonon-assisted hopping. 
 
The purpose of the present paper is to study the effect of unconventional network former 
Bi2O3 on the structural and electrical properties of iron phosphate glasses. 
 
Glasses were prepared from appropriate mixtures of reagent grade NH4H2PO4, Fe2O3, Bi2O3 
and melted between 1273 K and 1373 K for 2 h in air in high purity alumina crucibles. The 
melt was quenched in air by pouring it into a steel mould to form rectangular bars (1 x 1 x 5 
cm3), which were annealed for 2 h at 723 K. The structural changes in glasses with different 
molar compositions, xBi2O3-(40-x)Fe2O3-60P2O5, 0≤x≤20, have been investigated by Raman 
while electrical properties were measured by impedance spectroscopy in the frequency range 
from 0.01 Hz to 4 MHz and over the temperature range from 303 to 473 K.  
 
The Raman spectra for the Bi2O3-free (F40) and Bi2O3-Fe2O3-P2O5 (B3, B10, B20) glasses  
are shown in Fig. 1. The band assignments for the F40 glass are characteristic of the 
pyrophosphate structure with most prominent bands at 1074 and 748 cm-1 related to the 
symmetric stretching mode of non-bridging (PO2)sym and bridging (P-O-P)sym oxygen atoms, 
respectively. Some barely detectable bands at 1215 and 620 cm-1 are attributed to the non-
bridging, (PO2)sym, and bridging oxygen atoms (P-O-P)sym in metaphosphate units. The 
shoulder at 940 cm-1 suggests the presence of orthophosphate units. The Raman spectra of the 
Bi2O3-Fe2O3-P2O5 (B3, B10 and B20) glasses  differ slightly from the spectrum of the F40. 
The Raman bands due to the pyrophosphate groups are still dominant, along with some traces 
of metaphosphate and orthophosphate groups. However, some new bands appear in the lower 
wave number region (<600 cm-1) of Raman spectra. With increasing Bi2O3 content up to 20 
mol%, the bands at about 164, 252, 435 and 558 cm-1 grow in intensity. This spectral region 
in the Raman spectra can be attributed to the bismuth unit vibrations. 
 
The impedance spectra of B20 glass at different temperatures and their corresponding electric 
equivalent circuits are shown in Fig. 2 (a). It can be seen that spectra contain one semicircle 
related to bulk effects which is characteristic for electronic conductors. The same shape of 
impedance spectra was obtained for all glasses in  the study. The values of bulk resistance, 
together with electrode dimensions were used to calculate the dc conductivity, σdc, for all 
glasses. 
 



The dependance of dc conductivity, σdc, at 303 K and activation energy for dc conductivity, 
Edc, upon Bi2O3 content for all glasses is shown in Fig. 2 (b). Bismuth-free glass has the 
lowest value of conductivity. For glasses containing 3 and 10 mol% Bi2O3, the conductivity 
increase for one order magnitude and has almost equal value for both glasses. However, with 
increase Bi2O3 up to 20 mol%, the conductivity decreases. Going further in the interpretation 
of these results, the dependences of the dc conductivity and Fe(II)/Fetot ratio upon Fe2O3 
content is shown in the inset Fig. 2 (b). With increasing Fe2O3 content from 20 to 38,8 mol% 
the conductivity increases, whereas for the glass with 40% Fe2O3 the σdc unexpectedly 
decreases. An other factor that affects on the dc condutivity is the concentration of Fe(II) ions 
determined from the Mossbauer spectra for each glass. With increasing Fe(II) ion content 
from 17 to 34 % in the Bi2O3-Fe2O3-P2O5 glasses containing up to 10 mol% Bi2O3, the dc 
conductivity increases. On the other hand, the decrease in dc conductivity for the glasses with 
20 mol% Bi2O3 is attributed to the decrease in Fe2O3 content. The conductivity for these 
glasses is independent of the Bi2O3 content and arise mainly form polaron hopping between 
Fe(II) and Fe(III) ions suggesting electronic conduction. 

Figure 1. The Raman spectra of the bismuth iron phosphate glasses. 
 

a) 

 

b)

Figure 2. Complex impedance plots for the B20 glass at various temperatures and 
corresponding equivalent electrical circuit (a), The dependence of the dc conductivity, σdc, at 
303 K and activation energy for dc conductivity, Edc, upon the Bi2O3 content in the bismuth 
iron phosphate glasses (b). Inset: dc conductivity, σdc, at 303 K and Fe(II)/Fetot content as a 
function of Fe2O3 content. Lines are drown connecting dana symbols each kind. 
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