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ABSTRACT 

A phenomenon known as germanate anomaly has drawn much attention due to the 

unique characteristic of germanate glass which can cause anomalous behavior in the 

physical properties of the glass. In this study, glasses with composition xNa2O-(99−x) 

[80GeO2:20PbO]-1Er2O3 (x = 0, 5, 10, 15, 20 and 25 mol%) were prepared by melt-

quenching method to elucidate the elastic, optical, dielectric and optical interaction of 

erbium ions of the glass around the germanate anomaly region. Structural investigation 

of glass samples was carried out by X-ray diffraction (XRD) and Fourier transform 

infrared (FTIR) spectroscopy while optical properties by UV-VIS spectroscopy and 

elastic properties were studied by ultrasonic pulse-echo method. FTIR analysis revealed 

that the conversion of GeO4 to GeO6 which indicates the glass system possesses 

germanate anomaly characteristic. Elastic measurements showed longitudinal modulus 

(CL), shear modulus (µ), bulk Modulus (K) and Young’s modulus (Y) increased to 

maximum value at x=10 mol% but decreased for higher Na2O addition revealing the 

elastic nature of the germanate anomaly. The germanate anomaly also affected optical 

properties where optical energy gap, Eopt decreased with the addition of Na2O up to 10 

mol% and slightly increased beyond 10 mol%, while Urbach energy, EU and refractive 

index, n showed opposite trends to Eopt.. For dielectric and ac conductivity studies, both 

were increased as Na2O was substituted into the glass samples up to x = 20 mol% while 

further substitution of Na2O for x=25mol% showed both properties decreased. 

However, for x≤10 mol% the dielectric constant, ε’ shows an increase with a slower rate 

at the germanate anomaly region compared to a larger increase of ε’ for x>10 mol% 

beyond the anomaly while the variation of ac conductivity, ac with Na2O also shows 

higher dispersion compared to 15 ≤ x ≤ 25 mol% samples. Analysis of conductivity 

exponent s1 and s2  at low and high frequency region of ac conductivity for 10≤x≤25 

mol% indicates CBH mechanism model while for 0≤x≤10 mol% the exponents showed 

unsystematic variation which did not agree with any single known conductivity 

mechanism. The results suggest that conversion of GeO4 to GeO6 in the germanate 

anomaly region for 0≤x≤10 mol% affects dielectric properties and ac conductivity of 

the glass. For x=25 mol% the drop in ac conductivity and dielectric properties is due to 

the blocking effect involving Pb3+ present in the glass network. For absorption studies 

of erbium in the glass system, the oscillator strength (fexp) of the glass samples exhibits 

almost all transitions reached the maxima at x = 10 mol% of Na2O, with the highest 

value occurs at two hypersensitive transitions (HST) of 4G11/2 and 2H11/2. Only two Judd–

Ofelt parameters (Ω2 and Ω6) showed a similar trend with fexp of HST. The variations in 

fexp, Ω2  and Ω6 were explained in terms of the changes in the asymmetry of the ligand 

fields at Er3+ and the changes in covalence nature upon germanate anomaly. The down–

conversion (DC) photoluminescence (PL) spectra for the glass series at a 378 nm 

excitation displayed three emissions bands at 420, 501 and 554 nm due to electron 

transition from excited energy levels to ground state 4I15/2 energy levels of Er3+. The DC 

emission followed spectroscopic quality factor (SQF) trend where the maxima emission 

intensity for 554 nm occurred at x = 5mol% while 420 nm and 500 nm at x = 20 mol%. 

The knowledge gained from these studies may provide useful information towards the 

development of novel lead germanate glass for various photonic applications.   
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