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Abstract. Glass samples of compositions xCuO-(30-x) ZnO-70B,0; and xMnO,-(30-x)
Zn0-70B,03 (where x =5 to 10 mol %) are prepared in the glass forming region. FTIR and
density measurements are carried out for these glasses. IR transmission gives valuable
information about the nature of bonds present in the glass matrix. It has been observed that,
density of MnO,-ZnO-B,0; glasses has greater value. This is observed that the atomic
structure changes more with the incorporation of MnQO,.

1. Introduction

B,0O; is one of the best-known glass formers and it is present in varieties of commercial
glasses. The structure of amorphous B,O3 is made up of planar BOs triangles linked through
B—O-B linkages. The addition of a network modifier to pure B,O; glass may result either in
the conversion of the triangular BOs structural units to BOy tetrahedral or the formation of
non-bridging oxygen atoms (NBOs).

Over the past few years, the study on the role of transition metal ions on the physical
properties of various inorganic glass systems has been the subject of a great deal of interest
[1-2]. These ions are being extensively used in the present days to probe the glass structure
since their outer d-electron orbital functions have broad radial distribution and also possess a
highly sensitive response to the changes in the surrounding actions. The transition metal ions
such as iron, zinc, chromium, copper etc. When dissolved in B,Os glass matrix even in very
small quantities influence the physical properties very strongly. The occurrence of transition
metal ions in different oxidation states with different coordination numbers is mainly
responsible for conveying significant changes in the structural and physical properties of the
glasses. In past many studies have been performed the effect of transition metals on different
properties of borate glasses [3-4].

ZnO has attained a considerable attention due to its widespread applications in the field
of glass—ceramics, thermal and mechanical sensors, reflecting windows, or may be used as
layers for optical and opto-electronic devices, etc. These glasses have a long infrared (IR)
cut-off, and high third-order non-linear optical susceptibility which makes them ideal
candidates to be applicable in infrared transmission components, ultra fast optical switches,
and photonic devices [5-11].

Among various transition metal ions, the copper ion when dissolved in glass matrices in
very small quantities makes the glasses coloured and has a strong influence over the
structural & optical properties of the glasses [12]. In different glasses, copper can exist as a
monovalent (Cu”) ion or as a divalent (Cu®") ion. Bright and prominent bluish green colour
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could be found due to the presence of Cu®" ions from the point of view of ligand field
theory [13].

The aim of the present work is to examine the effect of multiple transition metals on
structural and physical parameters of the ZnO-B,0; glasses. The structural property is analysed
by using FTIR (Fourier transform infrared spectroscopy) and density measurement.

2. Experimental procedure

Sample preparation. Glass samples xM-(30-x) ZnO-70B,03; (where M is CuO and
MnQO,) with x varying from 5 to 20 mol % have been prepared by the conventional melt
quench technique. The experimental details are same as present in previous study [14].

Tablel. Nominal composition (mole %) and density of the glass samples respectively.

Glass code | MnO, (%) | CuO(%) | ZnO(%) | BxOs(%) <g’iir?$tié.’32)g
cuo 0 5 25 70 2.19
cul 0 10 20 70 2.29
cu2 0 15 15 70 2.34
cu3 0 20 10 70 2.32
mn0 5 0 25 70 231
mnl 10 0 20 70 738
mn2 15 0 15 70 2.45
mn3 20 0 10 70 2.49

The errors in the measurement of density and band gap are estimated to be 0.008 g cm ° and
0.0084 respectively.

3. Results and discussion

Density. The density of glasses has been shown in Table 1. It has been observed that
the density of glasses increases with increase in transition metal content in the glass network.
But the value of density has a greater value for manganese glasses. For MnO,-ZnO-B,0;
glass samples, density increases progressively with an increase in manganese content. This is
due to availability of more oxygen’s from MnO; which helps to convert [BOs] to [BO4]. In
Cu0O-Zn0O-B,03, from the sample cu0 to cu2, an increase in density is due to the formation of
tetrahedral borate groups, which helps to compact the glass network. But the value of density
decreases in sample cu3 which is due to formation of [BO;] groups with non bridging
oxygen’s.

The increase in the density reveals more compaction of the glass structure with
increasing MnO, content as compared to CuO containing glasses. The variation of density
with changing MnO, and CuO contents has been shown in Fig. 1.

FTIR. The Fourier transform infrared spectroscopy is used to analyze the influence of
transition metal incorporation in the transition metal oxide borate glass network.

According to literature survey, the borate spectra are divided into following three
regions [14-15]. The regions are:

(I) 600-800 cm™" for the B-O-B vibrations;

(I) 800-1200 cm™ for BO4 groups;

(I1T) 1200-1600 cm™ for BO; groups.

There is another band from 2300-3000 cm™, which is due to hydrogen bonding in OH
group [16-17].
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Fig. 1. Density of MnO,-ZnO-B,0; and CuO-Zn0O-B,0; glasses.

FTIR spectra of CuO-ZnO-B,0;3; glasses. The FTIR spectra of CuO-ZnO-B,03
glasses consists three major peaks at 679, 984, and 1344 cm™ in sample cu0 as shown in
Fig. 2. The band centred at 679 cm™ has been assigned to B-O-B bending vibrations of BOs
and BOy4 groups [18]. With an addition of copper oxide content, this band is shifting towards
the higher wave number and an increase in intensity of this band has also been noticed. The
band present at 984 cm’ is due to B-O bond stretching of BO4 groups [19]. As the
concentration of CuO is increasing, this band is also shifting towards the higher wave number
side. The increased intensity of this peak indicates an increase of BO4 groups. The band in the
region 1200-1500 cm™ centered at 1344 cm™ is due to B-O stretching of BOs groups [20]. It
has been revealed from the Fig. 2 the intensity of the band at 1344 cm™ has greater value than
the intensity of band at 1007 cm™ which indicates presence of more [BO3] groups than [BO4].

FTIR spectra of MnO,-Zn0O-B,03 glasses. The infrared transmittance spectra of
MnO,-ZnO-B,05 glasses in the 400-4000 cm™ region as shown in Fig. 3 has prominent
characteristic bands at 691 cm'l, 996 cm'l, and at 1370 cm™.
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Fig. 2. FTIR spectra of CuO-ZnO-B,0; glasses.

The band centered at 691 cm™ has been assigned to B-O-B bending vibration of BO;
and BO4 groups. Its intensity increases with an increase in MnO, concentration. In the sample
WAL the band observed at 996 cm™ is due to B-O bond stretching of BO4 groups. This band
is shifting towards the lower wave number (from 996 to 984 cm™) side in other samples with
an increase in the percentage of MnO.. Its intensity also increases which is due to an increase
in tetrahedral BO4 groups in the borate network [21-22]. This is due to availability of more
oxygen’s from manganese contents in glasses.

The band in the region 1200-1500 cm™ centered at 1370 cm™is due to B-O stretching
of BO; groups in ortho and meta-borate units [22]. It has been observed that the intensity of
peak at 1378 cm™ also decreases with increasing MnO, content.

Above results show that the incorporation of CuO and MnO; has shifted the position
and changed the intensity of the bands. This is due to change in coordination of borate
network either due to formation of [BO;3] or [BO4] units. It has been observed that for MnO,-
ZnO-B,0; glass system the intensity of band in 800-1200 cm’ region increases
corresponding to a decrease in intensity of the band from 1200-1600 cm™ with an increase in
the manganese concentration. This shows that the manganese provides the oxygen’s to form
more [BO4] groups in the glass network. In case of CuO-ZnO-B,0; intensity of the bands
between region 800-1200 cm’! has lesser value than MnO,-Zn0O-B,05 glasses. Also at higher
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concentrations, copper helps to form more [BO;] groups which have been revealed from the
sample cu3 in Fig. 2. Hence manganese incorporation helps to form more stable glass as
compared to copper addition.
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Fig. 3. FTIR spectra of MnO,-Zn0-B,05 glasses.

4. Conclusion

The FTIR study shows the incorporation of MnO, and CuO in ZnO-B203 helps to modify
the borate network. It has been observed that MnO, content helps in converting more [BOs]
group to [BO4] units. This reveals that manganese ions have a dominate role in zinc borate
glass system.
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