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INTRODUCTION

During recent times transition metal oxide glasses prepared
by sol-gel method have provided several advantages like studying
properties of glasses at room temperature. Borate glasses of
oxides of vanadium, copper and iron have been studied exten-
sively because of their numerous uses as optical, magnetic
and electronic materials [1]. Boron trioxide has been consi-
dered to be the best glass forming non-metallic oxides which
revealed the formation of boroxol rings composing of two
dimensional three-coordinate BO3 groups [2] in glass network
of boron trioxide. It was reported that in the presence of V2O5

as glass modifier, transformation of planar BO3 groups into
tetrahedral BO4 groups takes place with the making of diborate
[B2O5]4-, triborate [B3O6]3- and polyborate [(BO2)-]n [3]. Vanadium
pentoxide-boron trioxide glass systems display various struc-
tural aspects of properties because of the existence of multiple
oxidation states of vanadium. The nature of 3d electron in
vanadyl glass matrices was interpreted by a significantly stable
V = O bond and because of it most of the vanadyl glasses are
found to have five-coordinated square pyramidal geometry
with C4v symmetry [4]. The existence of tertavalent vanadium
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(3d1) was studied as a paramagnetic vanadyl ion in the glass
matrices containing V2O5 [5]. Tetravalent vanadium is stabi-
lized by dπ-pπ (V = O) as the most stable oxocation, VO2+. EPR
studies have given significant information concerning the
geometry around VO2+ due to change in the ligand field [6].
Glasses containing vanadyl ions display excellent semiconducting
property because the excited small polarons [7,8] hop from a
V4+ sites (3d1) to a V5+ site. EPR results in combination with
optical data are utilized to investigate the symmetry and diffe-
rent types of bonding in vanadyl glasses. On account of relatively
longer spin lattice relaxation time and high I = 7/2, electron
paramagnetic resonance studies of VO2+ ion (3d1) are easily
done even at room temperature apart from studying at lower
temperature. X-band EPR spectral analysis of glasses contai-
ning VO2+ ion in tetragonally compressed octahedral entity
[9,10] gives the following characteristic parameters, gxx = gyy

= g⊥ > gzz = g|| and Azz = A|| > Axx = Ayy = A⊥. The spin Hamil-
tonian parameters obtained in this paper shows similar results.

Electron paramagnetic resonance lines and structure of
oxide glasses [11,12] containing vanadyl ions were investigated
extensively. The concept of polar on hopping is used to study
the conductivity in P2O5-V2O5-Na2O [13], V2O5-Sb-TeO2 [14]



and V2O5-NiO-TeO2 [15] amorphous systems. The structure
of glasses of V2O5 doped ZnO [16], vanadium pentoxide and
fluoro germinate [17] and vanadate lithium borate system [18]
has been investigated by electron paramagnetic resonance
studies. Semiconducting properties of glass matrix of barium
vanadate glass doped with iron oxides [19] have been reported.
EPR and UV-visible investigations of vanadyl ions, VO2+ in
glass matrices of VO2+: Li2O-K2O-Bi2O3-B2O3 [20], vanadyl
doped Bi2O3-B2O3-Li2O [21], VO2+ ions in zinc lead borate
glasses [22] have been communicated. Infrared and EPR
studies of glass system consisting of lithium borate and VO2+

ions have been elucidated by Cozar et al. [23].
The X-band powder EPR lineshapes of glasses exhibit

significant changes in spin-Hamiltonian parameters and hyper-
fine coupling when the temperature is lowered from 300 to 77
K. The partially resolved X-band EPR of VO2+ at 300 K changes
into a fully resolved hyperfine structure at 77 K due to the
coupling of 51V nucleus having I = 7/2 with the unpaired
electron of tetravalent vanadium. Thermal hopping rate of small
polaron, V4+ (3d1) influence modulation of EPR lineshapes [24].
The calculated spin-Hamiltonian parameters from X-band
powder electron paramagnetic resonance line shapes at 300 K
and 77 K confirm that bonding around V4+ in glass samples
is different. The nature of bonding in glasses is explained by
bonding parameters which is obtained by correlating liquid
nitrogen EPR results and UV-visible data. In present work,
the results are presented regarding the investigation of the
structure of glass matrix obtained with the variation in the
glass composition by means of powder XRD, FT-IR, variable
temperature X-band powder EPR and UV-visible spectroscopic
techniques.

EXPERIMENTAL

Sol-gel procedure was employed to prepare three glass
samples A1, A2 and A3 of compositions xV2O5-(100-x) B2O3

(21 ≤ x ≤ 41) from reagent grade chemicals. Batches for each
glass consisting of calculated quantities of vanadium pentoxide
[V2O5], orthoboric acid [H3BO3] and citric acid were prepared
by means of melting in silica crucibles in the temperature range
963-973 K. The preparation of glasses is achieved by compre-
ssing molten liquid between two folds of ice cold aluminum
plates through air quenching. Synthesized samples are grounded
to obtain a very fine powder for investigating various properties.
Amorphous phase was determined with the studies of powder
XRD patterns recorded on Philips X’ pert with CuKα radiation.
The infrared spectra of glassy samples were studied by Shimadzu
spectrometer with the help of potassium bromide pellet process
in the range 4000-400 cm-1. Powder X-band EPR spectral studies
were performed by JES-FA200 spectrometer having a 100 kHz
field modulation at 300 and 77 K. The room temperature UV-
visible absorption spectra were obtained by JASCO UV-visible
spectrophotometer having wavelength range of 1000-400 nm.

RESULTS AND DISCUSSION

The XRD measurement was utilized to characterize glassy
phase in the prepared samples. Room temperature powder
XRD patterns of glass matrix are represented in Fig. 1. The
XRD patterns of the samples show characteristic amorphous

phase due to the presence of a broad and diffuse peak at 30°
without sharp and narrow peak at higher diffraction angle.
Room temperature FT-IR spectra of xV2O5-(100-x) B2O3 glass
samples are presented in Fig. 2. Infrared spectral studies are
utilized to find the presence of structural groups in the glass
matrix. A sharp band corresponding to symmetric bending
vibration of O-B-O of [BO3/2] unit [25] is found in 546-545
cm-1 region and intensity of this peak increases from A1 to
A3. The bending mode of B-O-B group [26] is represented by
a less intense band at ~ 645-644 cm-1 in the glass samples A1
to A3. The stretching vibration of the V-O-V unit [27] in all
glass matrixes is shown by a sharp and broad band at ~ 781
cm-1 due to high concentration of V2O5. A weak band having
B-O stretching vibrations [28] characteristic of BO4 units in
diborate groups and a stretching vibration of V=O unit [29]
are observed at ~ 884-882 cm-1.
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Fig. 1. PXRD pattern of xV2O5-(100-x) B2O3 (21 ≤ x ≤ 41) glasses
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Fig. 2. Infrared spectra of V2O5-B2O3 glass matrix

The strong band at about 1009-1007 cm-1 region is charac-
terized by the asymmetric vibrational mode of isolated non-
bridging V=O bond [30] of VO5 arrangement in glass samples
A1-A3. The intensity of asymmetrical stretching vibration of
isolated non-bridging V=O bond is found to enhance with the
increase in the concentration of V2O5. An asymmetrical vibra-
tional mode of B-O bond in pyro and orthoborate groups in
[BO3/2] units [28] is confirmed by an intense band in the range
1195-1193 cm-1. A broad and intense band in 1479-1459 cm-1

region is on account of antisymmetric vibrational mode of
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B-O-B units [26] in the glasses which arise due to linkage
between planar [BO3/2] and tetrahedral [BO4/2] groups. The
X-band powder EPR lines of glass matrix measured at 300 K
and liquid nitrogen temperature are depicted in Fig. 3. Electron
paramagnetic resonance line shapes show partially resolved
isotropic hyperfine structures exhibiting perpendicular feature
with very poor parallel feature at 300 K. This partially resolved
hyperfine line is attributed to the rapidly activated hopping of
a small polaron from a V4+ (3d1) to V5+ (3d0) and the anisotropic
hyperfine features gets smeared out to give isotropic lineshapes
at 300 K. When the temperature is reduced from 300 to 77 K,
EPR spectra displayed significant changes in their hyperfine
structural features. The glass samples exhibit a fully resolved
anisotropic hyperfine feature consisting of 8 parallel and 8
perpendicular lines due to slow hopping rate of polaron at 77
K. The fully resolved EPR hyperfine structure is characteristic
feature of VO2+, arising because of interaction of unpaired 3d1

electron of VO2+ ion with the nuclear spin quantum number of
vanadium nucleus in an axially symmetric ligand field. The
EPR spectral studies indicate that V4+ exist as VO2+ in C4V

symmetry with 3dxy as ground state [31]. The EPR lineshapes
of vanadyl ion are elucidated by the following spin-Hamil-
tonian operator [32].
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Fig. 3. X-band powder EPR spectra of xV2O5-(100-x)B2O3 (21 ≤ x ≤ 41)
glass matrix at (a) 300 K and (b) 77 K

H = βe g|| Hz Sz+ βe g⊥ (Hx Sx + Hy Sy) +A|| Iz Sz +
A⊥ (Sx Ix + Sy Iy) (1)

From partially resolved EPR spectra in A1-A3 at 300 K,
the calculated isotropic g-value is found to be 1.97. The aniso-
tropic spin-Hamiltonian parameters evaluated from observed
X-band EPR lines at 77 K are presented in Table-1. Negative
g-shift is shown by the samples at 300 and 77 K because of
positive sign of λ. The spin-Hamiltonian parameters A||, A⊥,
g|| and g⊥ obtained from EPR spectra in the given range of
temperature are related to the local symmetry of the crystal
field. The EPR parameters show similarity with the reported
values of vanadyl glasses [33,34]. The EPR parameters, gzz =
g|| < gxx = gyy = g⊥ < ge and Azz = A|| > Axx = Ayy = A⊥ [35] are
characteristic of vanadyl ion in tetragonally distorted octa-
hedral environment. Different g- and A-values may be assigned

TABLE-1 
EPR POWDER PARAMETERS OF xV2O5-(100-x) B2O3  

(21 ≤ x ≤ 41) GLASS MATRIX AT LNT 

Sample 
No. 

g|| g⊥ 
A|| 

(0.0001/cm) 
A⊥ 

(0.0001/cm) 
A1 1.932 1.973 166 69 
A2 1.934 1.975 170 70 
A3 1.934 1.975 170 70 

 
to the overall ligand field effect in the glass network caused
by the change in temperature at 300 and 77 K. The similar
g-values at different concentrations in the samples A1-A3 at
300 K indicate identical symmetry and environment around
paramagnetic site. The changes in EPR parameters, g- and A-
at 77 K at variable concentrations in the samples A1-A3 show
that the distorted octahedral geometry is dissimilar in terms
of nature of bonding centered at VO2+ ion. It is also confirmed
that VO2+ ion is a paramagnetic site where V4+ exists in a tetra-
gonally compressed octahedral symmetry. The EPR results
are in good agreement with FT-IR studies in terms of geometry
of VO2+ ion.

UV-visible absorption spectra of xV2O5-(100-x) B2O3

glass samples measured at 300 K in the region of wavelength
of 400-1000 nm are depicted in Fig. 4. In a regular octahedral
symmetry of VO2+ ions, a single d-d band with respect to the
transition, 2T2g →2Eg is anticipated. EPR studies at 300 K and
77 K confirm that there is tetragonal distortion in octahedral
coordination entity. In a tetragonal symmetry (C4v), the ground
state of VO2+ (3d1) ion is 3dxy. For VO2+ ions, three expected
d-d bands are 2B2 →2E (3dxy→3dxz, 3dyz), 2B2 →2B1 (3dxy→
3dx2- y2) and 2B2 →2A1 (3dxy→3dz2) the transitions [36,37] in
tetragonal field. The two broad and intense d-d transitions,
2B2 →2E and 2B2 →2B1 occur at ~ 840 - 860 nm and at ~ 680 -
690 nm respectively. The transition 2B2→2B1 is a measure of
10 Dq. The presence of two d-d transitions, 2B2→2E and
2B2→2B1 are characteristic to VO2+ ions in octahedral symmetry
having tetragonal compression.
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 Fig. 4. UV-visible absorption spectra of xV2O5-(100-x) B2O3  (21 ≤ x ≤
41) glass matrix
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The UV-visible spectral results are in conformity with EPR
studies in terms of local geometry and site symmetry. The
data obtained from EPR studies at 77 K and UV-visible results
are correlated to the M O bonding parameters according to
the formulae [38].

g|| = ge [1 - 4λ β1
2β2

2/∆E1 (2B2g→2B1g)] (2)

g⊥ = ge [1 - 2λ β2
2 γ2/∆E2 (2B2g→2Eg)] (3)

where, ge and λ = 170 cm-1 [23] are free electron g-value and
spin-orbit coupling constant of V4+ ion respectively. In eqns. 2
and 3, the terms β1

2, β2
2 and γ2 explain in-plane σ bonding, in-

plane π bonding and out-of-plane π bonding, respectively [39].
The calculated g- and A-values, g||, g⊥ and A||, A⊥ are corrrelated
to the M O parameters by the eqns. 4 and 5.

A|| = p [- k- 4/7 β2
2 + 3/7 (g⊥-ge) + (g||-ge)] (4)

A⊥ = p [- k+ 2/7 β2
2 + 11/14 (g⊥-ge)] (5)

By combining eqns. 4 and 5, an expression of β2
2 in terms

of EPR data, A||, A⊥, g|| and g⊥ is obtained.

β2
2 = (-7/6) [(A||-A⊥)/p + (ge-g||) - (5/14) (ge-g⊥)] (6)

Eqns. 2 and 3 are used to calculate β1
2 and γ2. Using p for

V4+ ions as 0.0128 cm-1, β2
2 the k are calculated with the help

of eqns. 4 or 5. These bonding parameters are presented in
Table-2. k describes density of unpaired electron at the V4+

ions and mixing of 4s orbital into 3dxy in tetragonal field. β2
2

clearly shows poor in plane π bonding in V=O. γ2 is lower
than β1

2 confirming that out of plane π bonding is moderately
ionic and in plane σ bonding is more ionic.

TABLE-2 
MOLECULAR BONDING COEFFICIENTS AND DEGREE OF 

COVALENCE OF VO2+ IN xV2O5-(100-x) B2O3 (1 ≤ x ≤ 41)  
GLASS MATRIX SYSTEM AT LNT 

Sample No. β2
2 β1

2 γ2 k 

A1 0.81 0.937 0.633 0.750 
A2 0.84 0.878 0.561 0.768 
A3 0.84 0.865 0.555 0.768 

 
Conclusion

XRD analysis confirms amorphous nature in the samples.
FT-IR analysis reveal the presence of prominent groups like
triangular [BO3/2] and tetrahedral [BO4/2] and V=O units in
the network of glass matrix. EPR lineshapes show partially
resolved isotropic hyperfine feature exhibiting more perpen-
dicular and less parallel feature at 300 K. The g- and A-values
from powder X-band EPR lineshapes at 77 K show that tetra-
valent vanadium exists as vanadyl ion in tetragonally compre-
ssed octahedral environment having C4v symmetry. UV-visible
studies indicate that two d-d bands assigned to the transitions
2B2→2E (3dxy→3dxz, 3dyz) and 2B2→2B1 (3dxy→3dx2-y2) are
characteristic of vanadyl ions in tetragonal field. The molecular
bonding coefficients obtained by combining EPR results at
77 K and UV-visible data of VO2+ ions have revealed that in
plane π bonding character in V=O is poor. From the numerical
values of γ2 and β1

2, it is found that out of plane π bonding is
moderately ionic in nature and in plane σ bonding is more
ionic.
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