
INTRODUCTION

During recent years, there has been an enormous interest
in the studies of transition metal oxide glasses because of their
important technological uses in electrochemical, electronics,
tunable solid state lasers and optical telecommunication [1-5].
Fe2O3 forms a potential component for the formation of glasses
by sol-gel technique [6]. Glasses containing Fe2O3 are rela-
tively less studied on account of high melting point of Fe2O3.
Bi2O3 is not a good glass network former because of relatively
small amount of field strength (0.53) of Bi3+ ion. But in the
presence of B2O3 as a glass former, glasses are produced over
a large range of compositions. Inorganic glasses like silicate,
borate, phosphate, germinate, tellurite containing trivalent iron
ions have been extensively studied by electron paramagnetic
resonance spectroscopy [7-9].

Trivalent and divalent states of iron occupy different environ-
ments. Trivalent irons are present in both tetrahedral and octa-
hedral symmetry whereas divalent irons prefer to be in octahedral
environments only. EPR lines at g = 4.2 and = 2.0 for trivalent
iron (3d5, 6A1g) are observed due to transitions inside Kramers'
doublets. Divalent iron ions (3d6) show high magnetic aniso-
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tropy due to strong interaction by L-S coupling whereas trivalent
iron ions (3d5) show small amount of magnetic anisotropy because
of its zero orbital angular momentum (L = 0). The EPR and
electronic spectra together are employed to find out the local
structure and spatial distribution of trivalent iron in the glass
samples. The calculated g-values from EPR spectra do not depend
on the composition of glass samples which indicate that the
symmetry around trivalent iron is unchanged. In the present
work, we study structure-property relations in glasses by means
of XRD patterns, EPR and electronic spectra.

EXPERIMENTAL

Four glass samples of compositions (35-x)B2O3-65Bi2O3-
x Fe2O3 (0.1≤ x ≤ 0.4) were prepared by sol-gel process using
reagent grade chemicals. The 0.05 M solutions of iron(III)
nitrates, bismuth(III) nitrate and boric acid were prepared by
taking their calculated amounts. The sol was prepared by mixing
these solutions with 25 mL of 2 M citric acid solution. The gel
was prepared by heating the resulting sol at ~ 333 K. The gel
thus formed is then heated at ~ 393 K. These dried gels are heated
in silica crucibles placed in an electrically heated furnace for
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about 30 min to prevent volatilization and melted in the range
1313-1374 K and the melt was further maintained at this tempe-
rature for 0.5 h. The melts were then quickly poured on an ice
cold aluminium plate and air quenched by pressing under
another ice cold aluminium plate. The prepared glass samples
were stored in a dessicator to prevent further degradation. The
glass samples are grounded into fine powders to study their
properties.

The glassy phase was ascertained by powder XRD patterns
recorded using a Seifert diffractometer (model XRD 3000)
with CuKα radiation (λ = 1.54056 Å). The EPR spectra of samples
were recorded on a JEOL JES TE100 EPR spectrometer oper-
ating at X-band frequency having a 100 kHz field modulation
to obtain first derivative spectra at room temperature. The
electronic spectra of glass samples were recorded in UV-visible
region on Varian Cary 5000 UV-visible NIR spectrophotometer
at room temperature in the wave length range of 400-650 nm.

RESULTS AND DISCUSSION

Powder XRD patterns of samples A1-A4 are presented in
Fig. 1. Powder XRD patterns show a broad peak around 2θ
value of 30º which disappears at higher diffraction angle confirms
the amorphous nature of prepared samples. The room temper-
ature X-band powder electron paramagnetic resonance spectra
of (35-x)B2O3-65Bi2O3-x Fe2O3 (0.1≤ x ≤ 0.4) glass system
are shown in Fig. 2. EPR spectra of trivalent iron in high spin
configuration have been thoroughly studied in an octahedral
environment. The ground state for high spin trivalent iron ions
is 6S5/2 (6A1g). The observed g-value in EPR spectra should be
2.0023 (free electron value) because of zero L (resultant orbital
angular momentum) value for 3d5 in high spin configuration
[10]. The observed g-values, 4.2 and 2.0 in glass samples are
characteristics of trivalent iron in distorted octahedral environ-
ment. EPR spectra of trivalent iron in high spin configuration
are studied by Zeeman effect and zero field splitting (ZFS).
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Fig. 1. Powder XRD patterns of (35-x)B2O3-65Bi2O3-x Fe2O3  (0.1 ≤ x ≤
0.4) glasses
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Fig. 2. X-band powder EPR spectra of (35-x)B2O3-65Bi2O3-x Fe2O3  (0.1 ≤
x ≤ 0.4) glasses at room temperature

In the absence of magnetic field, zero-field splitting removes
the spin degeneracy of trivalent iron ions (3d5) in high spin confi-
guration. The X-band powder EPR spectra of trivalent iron in
high spin configuration can be explained by the following spin-
Hamiltonian [11]:

H = g βe H S+D [Sz
2 -35/12] + E (Sx

2-Sy
2) + A S I +

1/6 a [Sx
4 + Sy

4 + Sz
4 -707/16] +1/180 F [35 Sz

4 -
475/2 Sz

2 +3255/16] (1)

where S, H and βe are resultant spin (s = 5/2), magnetic field
and Bohr magneton, respectively. The terms D[Sz

2-35/12] and
E(Sx2-Sy

2) in the above equation are axial and rhombic compo-
nents of the crystal field, respectively. If D = E = 0, it shows a
free trivalent iron in magnetic field (H). When E = 0, it indicates
an axial crystal field. Rhombic character increases with the
increase in λ = E/D [12]. In trivalent iron with small tetragonal
distortion, D ≤ hν and E = 0 due to the enormously low spin-
orbit coupling, g-values are very close to 2.0. Due to this fact
EPR spectra are observed at room temperature. If D ≥ hν and
λ =1/3, g-value from the middle Kramers' doublet is close to
4.2. The g-value from the EPR spectra of trivalent iron in
silicate, borate, phosphate and sulphate glasses was found to
be 4.2. Kramers' rule [11,13] states if an ion has an odd number
of electrons, the degeneracy of every level must remain at least
twofold in the absence of a magnetic field. According to Kramers'
rule the spin degeneracy of every level of trivalent iron (3d5)
is doubly degenerate. Zero field splitting (ZFS) produces three
Kramers' doublets, |± 5/2 >, |± 3/2 > and |± 1/2 > for trivalent
iron in high spin configuration. The EPR line at g = 2.0 corres-
ponds to the transition from the |± 1/2 > doublet [14] and the
absorption line [15] at g = 4.2 arises due to the transition from
the |± 3/2 > doublet.

EPR line shapes [12] of trivalent iron in glass samples are
represented by an intense, well defined EPR line at g = 4.2 and
relatively less intense lines at g = 2.0 and 6.0 or 10.0 of which,
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the commonly encountered cases are the combination of g =
4.2 and 2.0 [16]. EPR lines [16] at g = 4.2 and 2.0 do not show
coordination number for trivalent iron and it was proposed
that the line at g = 4.2 may arise either in distorted octahedral
or in distorted tetrahedral environment. The above idea was
explained on the basis of group theoretical considerations [10].
The study of EPR spectra of trivalent iron in biological systems
[17] has also revealed that lines at g = 4.2 and 2.0 arise in distorted
octahedral environment. The results of EPR studies in various
glasses show that the EPR absorption lines [18,19] at g value
of 4.2 and 2.0 arise from trivalent iron in distorted octahedral
environment. In (35-x)B2O3-65Bi2O3-x Fe2O3 glass samples, the
EPR lines at g = 4.2 have been ascribed to the remote trivalent
iron in octahedral symmetry having rhombic character [19]
and the EPR lines at g = 2.0 are attributed to the formation of
clusters of two or more paramagnetic trivalent iron which inter-
acted by dipolar coupling in a distorted octahedral symmetry
[20]. The observed g-values from EPR spectra do not depend
on the composition of glass samples which shows that symmetry
and spatial distribution around trivalent iron are identical. The
intensity of EPR lines depend on the composition of glass samples.
At higher concentration of Fe2O3, remote trivalent irons assemble
to form clusters [20] and the characteristic structural units are
less represented due to the complete removal of the nearby trivalent
iron in the glass samples. This may be the reason for less intense
EPR line at g= 4.2 and more intense EPR line at g= 2.0.

The results of EPR studies of glass system revealed that
trivalent iron are in a distorted octahedral environment. The
electronic spectra of (35-x)B2O3-65Bi2O3-x Fe2O3 glass samples
is presented in Fig. 3.
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Fig. 3. Electronic spectra of (35-x)B2O3-65Bi2O3-x Fe2O3 (0.1 ≤ x ≤ 0.4)
glasses at room temperature

There are no spin-allowed transitions for trivalent iron
(6A1g) in high spin configuration and all transitions are not
only Laporte forbidden but also spin forbidden. In excited state,
trivalent iron ions in a weak crystal field provide quartet terms
4G, 4D, 4P and 4F and doublet terms. 4G is the lowest excited

term from quartet terms. The states arising from these quartet
terms in a strong octahedral crystal field are 4G → 4A1g, 4Eg,
4T1g, 4T2g; 4P → 4T1g; 4F → 4A2g, 4T1g, 4T2g and 4D → 4Eg, 4T2g. A
schematic energy level diagram of trivalent iron (3d5) showing
only quartet terms is presented in Fig. 4. Spin-forbidden transi-
tions take place between two different states because the degen-
eracy of the terms is not lifted by first-order crystal field pertur-
bation [21] in a weak crystal field. In the electronic spectra of
trivalent iron in glass samples, spin-forbidden electronic transi-
tions take place between ground state and quartet states but
the transitions from the ground to doublet states are too weak
to be observed. In the present work, one broad intense absorption
d-d band corresponding to the transition 6A1g(S) → 4T2g(G) is
identified in A1.
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Fig. 4. Energy diagram for d5 configuration showing only quartet terms

Two d-d bands are observed in samples A2-A4 which are
ascribed to the transition 6A1g(S) → 4T1g(G), 4Eg (G) in range
410-440 nm (24390-22215 cm-1) and another broad d-d band
is identified corresponding to the transition 6A1g(S) → 4T2g(G)
in the range 530-570 nm (18868-17544 cm-1). The observed
two d-d bands in the glass samples are characteristics of trivalent
iron [9,22-24] in distorted octahedral environment.

Conclusion

The results of X-band powder electron paramagnetic
resonance spectra of studied glasses show more intense line at
g = 4.2 and less intense line at g = 2.0, which are characteristic
of trivalent iron. The EPR lines at g = 4.2 are ascribed to the
remote trivalent iron in octahedral symmetry having rhombic
distortion whereas the absorption lines at g = 2.0 are attributed
to the formation of clusters of trivalent iron ions. The calculated
g-values do not depend on the composition of glass samples
which shows that the symmetry around trivalent iron is identical.
The intensity of EPR lines at g = 4.2 and g = 2.0 are dependent
of Fe2O3 content. At higher Fe2O3 content, EPR line at g = 4.2
is less intense whereas the line at g = 2.0 is more intense. The
electronic spectra of glasses have revealed that trivalent iron
exhibits two bands corresponding to d-d transition in a distorted
octahedral environment.
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