
Ab s t r Ac t
The conventional melt-quench process synthesized bismuth borate glasses containing ZnO and CoO. CoO is introduced up 
to a maximum of 0.8 mol% by replacing boric acid. All the prepared samples were tested by x-ray diffraction and scanning 
electron microscopy techniques. Characterization methods confirm the non-crystalline behavior of samples. The density 
of the samples was found to increase while molar volume diminishes against the content of cobalt oxide. UV-visible 
spectra have shown the necessary bands of divalent and trivalent cobalt ions. Infrared spectra display all characteristic 
vibrational bands of different molecular groups. Increasing structural degree of disorder is evidenced from the analyses 
of results, and details are presented.
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In t r o d u c t I o n

Recently, a large amount of concentration has been paid 
to explore the spectral features of cobalt ions in different 

glass systems due to their significant visible and infrared 
emission that makes them potential materials for non-linear 
optical absorbers and fast switching devices.[1-3] When 
cobalt ions are added with heavy metal oxide like bismuth 
oxide enables them as prominent candidates for non-linear 
optical devices. Bi2O3 has the characteristic electron pair 
arrangement that opens pathways for large susceptibility 
coefficients, in turn, suitability for optical switches solid-state 
ionic devices.[4,5] Cobalt ions exhibit divalent and trivalent 
states, where divalent states give characteristic pink color to 
the glass samples. Based on the occupation symmetry of ‘Co’ 
ions in the fundamental borate structure would result in other 
colors. B2O3 is considered a very good network developer 
among various glass formers and could form glasses at low 
temperatures with high transparency.[6] The borate glass 
network allows cobalt and zinc ions and causes structural 
changes by conversion of BO3 to BO4along with non-bridging 
oxygens (NBOs). The structural degree of disorder is very 
much linked with oxygens and leads to changes in physical 
and spectroscopic properties of ZnO-Bi2O3-B2O3: CoO glasses. 
Limited numbers of studies are available on spectroscopic 
features of cobalt ions in zinc bismuth borate glass network. 
However, most of the investigations were focused on spectral 

features of 'Co' ions in borate glasses, silicate glasses without 
zinc oxide.[4,7] Hence, the current investigation is focused at 
the preparation of ZnO-Bi2O3-B2O3glasses doped with cobalt 
oxide and further characterization by XRD, SEM, absorption, 
and infrared studies to explore the usability of samples for 
optical switches applications because of their structural 
degree of disorder against replacement of zinc oxide by 
cobalt oxide. Attention is given to cobalt ions' oxidation 
conditions and their occupational symmetry in the borate 
glass system.

Ex p E r I m E n tA l mE t h o d s
A specific glass composition ZnO-Bi2O3-B2O3: CoO has been 
selected. Composition specifications of samples with their 
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nomenclature are presented below. The glasses exhibited 
transparency up to 0.8 mol% of CoO; thereafter, glass nature 
was present but opaque in nature.
ZC2:  19.8 ZnO- 25Bi2O3-55 B2O3: 0.2 CoO
ZC4:  19.6 ZnO- 25 Bi2O3-55 B2O3: 0.4 CoO
ZC6:  19.4 ZnO- 25 Bi2O3-55 B2O3: 0.6 CoO
ZC8:  19.2 ZnO- 25 Bi2O3-55 B2O3:0.8 CoO

AR grade chemicals of Bi2O3, H3BO3, ZnO, and CoO 
powders in suitable amounts (all in mol%) had been very well 
jumbled using a mortar and liquefied in a platinum crucible 
withinside the temperature variety of 900 to 980oC in a PID 
temperature managed furnace for approximately1 hour. The 
resultant bubble-free melt was then poured in a brass mold 
and subsequently annealed at 300oC. After the annealing 
process, the samples prepared were ground and optical 
polished to the dimensions of 1 cm × 1 cm × 0.2 cm. Samples' 
solid-state nature is tested using an X-ray diffractometer with 
CuKα radiation. Scanning Electron Microscope is used to 
verify the morphology of glasses. With Archimedes' principle 
and using o-xylene (99.99% pure), densities of samples were 
measured. Infrared transmission spectra were recorded on a 
JASCO-FT/IR–5300 spectrophotometer up to a resolution of 
0.1 cm-1 in the spectral range 400–2000 cm-1usingpotassium 
bromide pellets (300 mg) containing pulverized sample 
(1.5  mg). These pellets were pressed in a vacuum die at 
∼680MPa. The absorption spectra spanning from 300 to 1800 
nm were carried out with a spectral resolution of 0.1 with a 
UV–vis–NIR spectrophotometer. 

rE s u lts A n d dI s c u s s I o n
Before proceeding to spectroscopic properties, material 
features are calculated using experimental density values. 
Average molecular weight, density, cobalt ion concentration 
increase with the content of cobalt oxide. It could be due 
to the replacement of zinc oxide by cobalt oxide, whose 
molecular weight is higher than that of ZnO. The increase in 
density is associated explicitly with the cross-linkages with 
boron groups and other available transition metals along 
with interstitial positions/vacancies.[7,8] In another way, the 
interionic distance and polaron radius exhibited decrement 
with the rising content of CoO (Table 1). XRD patterns of 
ZnO-Bi2O3-B2O3: CoO glasses are shown in Figure 1. All X-ray 
scans of ZnO-Bi2O3-B2O3: CoO glasses have exhibited similar 
patterns, including a significant wide band from 20o to 30o 
that assures the non-crystalline behavior of glasses. Scanning 
electron microscopic pictures show no voids. 

However, tiny crystal granules are presented that could be 
due to the process of gradual cooling from a molten state 
to normal condition. The SEM images of two samples are 
presented in Figures 2 and 3.

UV-Visible-NIR spectra of all glass samples in the range 
350 to 1800 nm are carried out. An interesting observation 
is that the absorption edges of all samples exhibited redshift 
against CoO content. Every sample has shown relevant bands; 
one small band in the range 520 to 550 nm assigned to 4T1g(F) 
→ 2T1g(H) Co2+ ions occupied octahedrally, second peak is 
in the range 590 to 605 nm attributed to 4A2(4F) → 4T1(4P) 
and third peak in the range 1400 to 1450 nm attributing to 
transition 4A2(4F) → 4T1(4F) of divalent cobalt ions.[8] Another 
noteworthy observation is the very small absorption peak 
from 710 to 725 nm that could be due to transition 5T2 → 2E 
corresponding octahedrally occupied trivalent cobalt ions.[9] 

Table 1: Experimental physical features of ZnO-Bi2O3-B2O3: CoO samples.

Glass Avg. Mol. Wt.
Density 
(g/cm3)

Conc. of ‘Co’ ions Ni 
(1021/cm3)

Inter ionic distance of 
‘Co’ ions ri (A°) Polaron radius RP (A°)

ZC2 171.37 4.701 3.31 0.67 0.27

ZC4 171.69 4.703 6.59 0.53 0.21

ZC6 172.01 4.704 9.88 0.46 0.18

ZC8 172.33 4.706 13.15 0.42 0.17

Figure 1: XRD patterns of ZnO-Bi2O3-B2O3: CoO glasses.

Figure 2: SEM images of ZC4 and ZC8 glasses.
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The subsequent two bands were found to decrease at the 
expense of the first band.

An increasing dopant of CoO has resulted in a decrease 
in the half-width and the intensity of the bands in the range 
590 to 1500 nm, whereas the 550 nm band has risen. These 
variations confirm the slow conversion of “Co” ions from the 
triangular pyramid to octahedral regularity. These ions, along 
with zinc ions, act as modifiers leading to NBOs, causing a 
blue shift in the bandgap.

Figure 4 depicts the infrared transmittance spectra of 
ZnO-Bi2O3-B2O3: CoO glasses. All the samples have evidenced 
the characteristic bands corresponding to all possible cross-
connections among various structural clusters in the glass 
system. Pertaining to borate groups, BO3 units in the range 
1382 to 1398 cm-1, BO4 units in the range 1072 to 1087 cm-1, 
and B-O-B bending vibrations & B-O-Bi in the range 731 to 
739 cm-1 are observed.[10] Two tiny bands in the regions 549 to 
561 cm-1 and 640 to 659 cm-1 are observed and attributed to 
Co-O linkages. The intensity of BO3, B-O-B / B-O-Bi linkages, 
and Co-O bands is found to increase while the BO4 band is 
found to decrease. The information on vibrational bands is 

summarized in Table 2. When the content of CoO is low, i.e., 
0.2 mol% (Sample ZC2), no bands corresponding to CoIII-O 
bands are seen. Another band is located in the range 470 to 
480 cm-1 that could be due to impurities or zinc oxide-related 
vibrational bands.

co n c lu s I o n
Preparation of ZnO-Bi2O3-B2O3: CoO glasses were done using 
the melt quenching method. The XRD studies show the broad 
halo, which is a characteristic non-crystalline nature. The 
scanning electron microscopic images indicated irregular 
shaping of samples. The IR studies have evidenced the 
presence of different borate, cobalt and bismuth linkages. 
From the analyses of IR results, it is very clear that the 
symmetrical structural vibrational groups diminished with 
the increasing dopant of CoO. The optical absorption spectra 
confirm conversational occupational symmetry and the 

Table 2: IR spectral positions of ZnO-Bi2O3-B2O3: CoO glasses.

Glass 

Borate groups (cm-1)

Co-O groups (cm-1)BO3 BO4 B-O-B/B-OBi

ZC2 1398 1072 731 ---

ZC4 1393 1079 733 659, 561

ZC6 1386 1084 736 651, 553

ZC8 1382 1087 739 640, 549

Figure 3: Optical absorption spectra of ZnO-Bi2O3-B2O3: 
CoO glasses recorded at room temperature.

Figure 4:  IR spectra of ZnO-Bi2O3-B2O3: CoO glass samples.
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presence of cobalt ions' oxidation states. All the studies were 
directed to the fact of cobalt ions changing from tetrahedral 
to octahedral surroundings that might be the reason for more 
structural degree of disorder.
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