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Abstract. Oxides of La, Nd and Pr have been included both singly and as pairs in Alumino-Germanate glasses at molar
percentages varying from 5% to 10%. The glass transition temperatures were found by differential thermal analysis in
this series of five glasses. Band gap energies were obtained from the absorption coefficient using UV-Visible spectra.
The glass transition temperatures and densities of the glasses were found to increase while the band gap energies were
found to decrease on addition of rare earth from La to Nd to Pr. The presence of Pr*” ions in the network formation could
be used to explain the variation of density, glass transition temperature and band gap energy in these samples.

INTRODUCTION

Germanium glasses with rare earth dopants have excellent applications as laser materials since they have better
optical non-linearity (1). It is well known that the structure of vitreous GeO, consists of a continuous random
network formed by corner sharing of tetrahedral GeO, units. All oxygen atoms are bridging and are bonded to two
Ge atoms (2). The coordination number of oxygen around Ge goes on increasing with increase in the molar % of the
modifier oxide. This coordination number becomes maximum for about 20 mole % of the modifier alkali oxide
during which there is conversion of tetrahedral coordination (GeO, units) to octahedral coordination (GeOg units).
Further increase of the alkali oxide content in the glass composition encourages the reconversion of GeOg units to
GeO, units by breaking Ge-O bonds and the formation of non-bridging oxygens (3). Henderson et al. did not find
any evidence for the formation of six-fold coordinated germanium atoms. The changes in the thermo-physical
properties due to the germanate anomaly could result from the formation of three membered rings of GeO,
tetrahedra. The maximum in the anomaly occurs due to saturation of the three membered rings of GeOy, tetrahedra in
the network. The formation of Q tetrahedral units having one non-bridging oxygen leads to the change in the
properties due to higher content of modifier oxides (4). Hannon et al. developed a model for cesium germanate
glasses to study the dependence of the Ge-O coordination number on the composition. According to that model the
formation of GeOsunits leads to the increase in the coordination number (5). The present study examines the effect
of the addition of oxides of La, Nd and Pr both singly and in pairs on alumino-germanate glass.

EXPERIMENTAL

The glass samples were prepared by melting the finely ground powders as per the compositions listed in Table 1, at
1400°C and quenching the melt onto a metal plate in air. The prepared glasses were immediately transferred to an
annealing furnace at 450°C and kept for Ihr after which the furnace was put off and the glass was allowed to cool to
ambient temperature with the furnace.

Shimadzu DTG-60 differential thermal analyser was used to estimate the glass transition temperature T, of the glass
samples. Each of the glass samples were taken in powder form in a platinum crucible for thermal analysis with an
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empty platinum crucible as reference. The temperature was increased from room to 1000°C at a heating rate of
10°C/min

Glass samples were studied using a Rigaku powder X-ray diffractometer (Copper K,), in the 20 range from 10 to 80
degrees in steps of 0.02 degree.

Fourier Transform Infra-Red spectral data on the glass samples were acquired using the Shimadzu 8900
spectrometer in the range 4000cm™ to 200 cm™.

UV-Visible spectra were obtained for the glass samples using Shimadzu UV-2401 PC spectrophotometer in the
range 200 nm to 800 nm in reflection mode.

RESULTS AND DISCUSSION

The glass transition temperatures T, for all the prepared rare-earth alumino-germanate glasses measured from
differential thermal analysis are listed in Table 1. It is observed that in these glasses, as the composition of rare-earth
oxide included in the host network increases from La to Pr, the measured density of the glass (using the xylene
displacement method) was found to increase as shown in Table 1. There is also a concomitant linear increase in the
glass transition temperature T, which may be qualitatively understood as follows: As Nd is added to the host GeO,
network in G5 and G1, the heavier Nd ion causes the glass to vitrify at higher temperatures. In G3 and G2, the Pr ion
is added to the network in the form of PrsO,; which has the trivalent Pr*" of Pr,Os and the tetravalent Pr*" of PrO,
co-existing in the glass. The Pr** ion could participate in network formation and cause the viscosity of the melt to
have a higher value as compared to the melt having only Nd** ions which are known to be network modifiers. The
substantial non-linear increase in T, when Pr*"0, is present could be understood from the fact that there are 3 times
as many Pr ions as Nd for the same 10 molar percentage of PrsO;; and Nd,Os.

TABLE 1. Composition, density, glass transition temperature and band gap energy of the glasses.

Rare-Earth  oxide Sample ID Density T, (°C) E4 (eV)

included with (gm/cc)

10A1,0,80Ge0,
10La,0, G4 4.1940 816 4.97
5Nd,0;5La,04 G5 42581 822 4.89
10Nd, 04 Gl 4.3301 830 4.87
5Nd,O;5Prs01; G3 4.7130 858 4.66
10PrsOy; G2 4.8835 867 4.55

The X-ray diffraction pattern of the prepared glasses is shown in Fig. 1(a). The broad halo pattern confirms the
amorphous nature of the prepared glasses.

The UV-Visible absorption spectra in Fig. 1(b) shows the transitions from the ground state to the excited states
P, *Giis 2Gop, *Gop, “Ga, *Gso, *Hira, “Fop, *S3n and *F in Nd containing glasses G1,G3 and G5. Also shown
are the transitions from the ground state to the excited states 3P, *Py, *Py and 'D, in Pr containing glasses G2 and
G3.

The relation between absorption coefficient o and the energy of the incident photon energy hv as given by David and
Mott is ahv = B*(hv — E g)r where Ej; is the optical band gap energy, B is the band tailing parameter and r is index
which takes value 2 for indirect allowed, 3 for indirect forbidden, 1/2 for direct allowed and 1/3 for direct forbidden
transitions.
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FIGURE 1. (a) XRD pattern of the glasses (b) UV-Visible absorption spectra of the glasses

Tauc’s plots (ahv)? v/s hv for indirect allowed transitions are shown in Fig. 2(a). The linear region of the curve is
extrapolated to the hv axis inorder to obtain band gap energy Ej;. The results of these are listed in Table 1. It may be
noted that the smallest value of E, was found for the glass with the Pr included in the network. The Pr*" ions of PrO,
could be expected to participate in network formation and have the effect of increasing the total energy of the
random network. The presence of the heavier Pr*" ions acting as network formers as compared to the lighter Ge*
ions of the GeOy, tetrahedral network could be the reason for this higher energy of the random network. Thus, as the
percentage of Pr,O;, decreases in G3 and is replaced by the trivalent modifier ions ( i.e. Nd*" and La’" of samples
G1, G4 and G5), the E; increases on account of the decrease of valence band or random network energy. Thus the

band gap is found to decrease on the addition of Pr in the alumino-germanate glass.
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FIGURE 2. (a) Tauc plots at the UV edge for the glasses (b) FTIR spectra of the glass samples

Figure 2(b) shows FTIR spectra in the range 400 cm™ to 1200 cm™. Broad bands are seen as expected in glasses.
The region at about 450 cm™ is due to the rare earth -oxygen vibrations. The absorption band at 650 cm™ to 700 cm™
is due to the Ge-O-Ge stretching mode in which the Ge has six fold coordination. The structure of glass with Nd
and La inclusions consists of a network with both Ge having four-fold coordination and Ge having six-fold
coordination. The Nd** and La*" ions play the role of modifiers with O around it. The bridging oxygens in the
network are either connecting two tetrahedrally coordinated Ge atoms or connecting one tetrahedrally coordinated
Ge atom with one octahedrally coordinated Ge atom(6). On including Pr in the glass, the structure becomes more
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compact because in addition to the trivalent modifier Pr*" ions, there are also Pr*‘ions. The broad absorption above
450cm™ and the broadening of the band at around 650 cm™ to 700 cm™ in the Pr included alumino-germanate glasses
G2 and G3 indicates that the presence of Pr encourages more of four fold coordination around Ge (symmetric
stretching mode Ge-O-Ge of GeO, units at around 550cm™ - 5700m’1) and that the tetravalent Pr*" ions could
participate in the network formation along with Ge.

CONCLUSIONS

Rare earth (La, Nd and Pr) oxides were included in alumino-germanate glass by the melt quenching method.
Densities of the prepared glasses were measured using the xylene displacement method and the glass transition
temperatures were obtained by differential thermal analysis. Both of these parameters were found to increase with
weight of added rare earth with qualitative evidence for Pr*" participating in network formation in the Pr containing
glasses. The glasses were also studied using FTIR spectroscopy which found evidence for both Pr*" and Ge**
coordinated vibrations in the Pr containing glasses. UV-Visible spectra have been used to determine the band gap
energy Eg in each of these glasses with the participation of Pr*" ions in network formation being used to explain the
decrease of E; when Pr is present.
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