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Influence of molybdenum ions on optical absorption,
ESR and IR OF A,O (A=LI NA, K)-NAF-B,0;glass
system
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A 20A;0(A=Li, Na, K)- 20NaF- (60-x)B203: xMoO3 glass system with x=0 and 0.5 mol % was prepared by conventional
melt quenching technique and investigated by optical absorption, ESR, and IR spectroscopies. The optical absorption
spectra of 0.5 mol% exhibited a predominant broad band in the region 600-800 nm, which can be attributed the presence
of MoO3 ion and also the excitation of Mo>* (4d1) ion in the glasses. It is observed that LNBMO absorption band is more
dominant when compared to the KNBMo, NNBMo. The optical band gap (E,) has been evaluated using Urbach plots. IR
studies reveal that the stretching relaxation of B-O bond, trigonal BO3, and BO4, the bending vibrations of B-O-B linkages
in the borate network at different wave numbers. ESR results show that there is a co-existence of Mo®" ions with Mo®* ion
the glass matrix. The hyperfine structure is nearly smeared out and a relatively broad line with an isotropic g values

characterizes the spectra.
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1. Introduction

Electron Spin Resonance (ESR) spectroscopy is an
experimental technique to obtain information on some of
the structural and dynamic phenomenon of material and to
identify the site symmetry around the transition metal(TM)
ions in glasses. Glasses doped with transition metal ions
have attracted a great deal of attention because of their
potential applications in the development of new tunable
solid state lasers, solar energy converters. It has been well
established [1-5] that alkaline borate glasses can be used
as solid electrolytes in solid state batteries.

Many investigations on MoOj containing glasses had
been done due to their catalytic properties. The
molybdenum ions are characterized by high activity and
selectivity in a series of oxidation reactions in the glass
matrices [6, 7]. Interesting studies are available on the
environment of molybdenum ion in different inorganic
glasses [8-13]. Mo-O bond in molybdenum hexavalent
oxide is identified as significantly covalent. The Mo ion
exist a stable valence state viz., MoV and MoVI in the
glass network. Molybdenum ions act both as network
formers as well as network modifiers depending upon their
concentration and nature of the host network. According
to author knowledge on literature survey a certain physical
properties of lithium oxy borate glasses are available on
20A,0(A=Li  Na, K)- 20NaF- (60-x)B,03: xMo0O;
glasses, but there is no systematic or detailed study on
spectroscopic properties.

In the present study, we report a detailed
investigation of spectroscopic properties of these glasses,

i.e., optical absorption, infrared and ESR spectra of both
molybdenum ions (for x=0 mol% and 0.5mol%) doped
glass systems, 20A,0(A=Li Na, K)- 20NaF- (60-x)B,0s3:
XMoO; for x=0 mol% and 0.5mol%, is expected to throw
some light on the possible use of these glasses in solid
state ionic devices.

2. Experimental

The composition 20A,0(A=Li Na, K)- 20NaF- (60-
X)B,03: XxMoO; (for x=0 mol% and 0.5 mol%) were
prepared by the conventional melt quenching technique.
The following compositions were studied

LNB : 20Li,0-20NaF-60B,03

NNB : 20Na,0-20NaF-60B,03

KNB : 20K,0-20NaF-60B,0;

LNBMo : 20Li,0-20NaF-59.5B,0;: 0.5M00;
NNBMo : 20Na,0-20NaF-59.5B,05: 0.5M00;
KNBMo : 20K,0-20NaF-59.5B,0;: 0.5M00;

The starting materials used for the preparation of
glasses were analytical grade reagents (99.9 % pure) of
LizCOg, Na,Cos, K,Co;, NaF, H;BO; and MoOQOs.. Each
batch of compositions was taken in agate mortar and was
mixed thoroughly for several hours for homogeneity. Each
batch of the mixed composition taken in a platinum
crucible and was melted at temperature 900 °C for 2 hours
till a bubble free liquid was formed. These glass samples
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were subsequently annealed at 250 °C in another furnace.
Further, the resultant melt was poured on a rectangular
brass mould (containing smooth polished inner surface) at
room temperature. The dimensions (i.e., 1 cm x 1 cm x 0.2
cm) of the glasses are used to facilitate measurements.
These glass samples were polished to give parallel and
shiny surfaces. Samples of uniform were employed for
optical absorption, ESR and IR measurements. Optical
absorption spectra of the glasses were recorded at room
temperature in the wavelength range 200-1200nm up to a
resolution of 0.5nm using JASCO V-670 UV-Vis-NIR
spectrophotometer. ESR spectra were recorded at room
temperature using E11Z Varian X-band (v= 9.5 GHz) ESR
spectrometer of 100 kHz field modulation. Infrared
transmission spectra for the studied glasses were recorded
using a PERKIN-ELMER spectrum BX FT IR system
Spectrophotometer. Infrared Spectrophotometer in the
frequency range 200-2000 cm * by KBr pellet method.

3. Results and discussion
Physical parameters

The physical properties provide an insight into the
atomic arrangements in a glass network. The concentration
of ions is an important parameter, which affects the laser
gain of the host material. The Number of ions (N;) per
cubic centimeter can be evaluated. Physical parameters
such as total molybdenum (calculated as Mo®" ions) ion
concentration N;, mean Mo®" ion separation R;, has been
evaluated by using the equation [14-18].

The transition metal ion concentration (Ni) could be
obtained from

N ,M (mol%)d

N. (ions/cm?®) =
i ( ) N

)

Where d is the density of the glass, N4 is the Avagadro’s

number, M is the mole fraction of the oxides, M is the
average molecular weight or molar mass of the glass

From the N; values obtained, inter — ionic distance (r;)
of transition metal ions could be evaluated

3
Inter —lonic distance I, (A°) = [i} )

The density, d of the glass samples was determined
using Archimedes principle. The density of the glass
samples is observed to increase with the due addition of
alkali oxides in the order Li,O, Na,O and K,O to NaF-
B,03: M0Os glass network. This states that the K,O mixed
NaF-B,0;: MoO; glasses are more rigid than the other
glasses. Thus, we expect that the cross-link density and
oxygen coordination is high for the glass samples KNB
(among MoO; free glasses) and KNBMo (among MoO;
doped glasses).Physical parameters of the studied glasses,
i.e., density d, Concentration of Mo®" ions N; and Inter
ionic distance r; are tabulated in Table 1.

Table 1.
6+

Glass Densityd ~ Avg.Mol. Cor;g.nosfll\\l/_lo Inter ionic
sample (g/cm®) weight(M ) (102°/ch3) distance r;(A°)

LNB 2.4534 56.15 - -

NNB 2.5026 62.57 - -

KNB 2.5129 69.01 - -
LNBMo 2.4649 56.52 131.27 4.25
NNBMo 2.5141 62.94 120.24 4.37
KNBMo 2.5243 69.38 109.51 4.50

Optical absorption spectra

Fig. 1 shows the optical absorption spectra of glasses
in the wave length region of 200-1200 nm. A single broad
peak has been observed in MoO; doped compositions
(LNBMo, NNBMo and KNBMo) in the range of 600-

800nm (Insert Fig. 1), which can be attribute the presence
of MoOj; ion and also the excitation of Mo®* (4d") ion in
the glasses. In fact, for this ion, two optical excitations
were predicted starting from b, (d,) ground state to (dy;.y,)
and (d,”,?) with 5=15000 cm™ and A=23000 cm™ [19].
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Perhaps, due to inter charge transition transfer (Mo®* <
Mo®) in the glass network, the resolution of these
transitions could not be observed. The highest intensity of
this band observed in the spectrum of glass LNBMo points
out that the presence of the highest concentration of Mo>*
ions in this glass. Such Mo®* ions may form Mo>‘0*
molecular orbital states and are expected to participate in
the depolymerisation of the glass network [20, 21] creating
more bonding defects and non-bridging oxygen’s
(NBO’s). The higher the concentration of such modifiers,
the higher is the concentration of NBO’s in the glass
matrix.

Absorbance ( Arb. Units)

T . T o T b T . T d T . T
300 400 500 600 700 800 900
Wave length (nm)

Fig. 1. Optical absorption spectra 20A,0(A=Li_Na,
K)- 20NaF- (60-x)B,05: xM0oOj3 for x= 0 and 0.5 mol%.

This leads to an increase in the degree of localization
of electrons there by increasing the donor centers in the
glass matrix. The presence of larger concentration of these
donor centers decreases the optical band gap and shifts the
absorption edge towards higher wavelength side (Table 2).
This optical absorption spectra (Fig. 1) of MoO; free
A,O(A=Li Na, K)-NaF-B,0; glasses exhibited lower cut-
off wavelength than that of MoO; doped A,O(A=Li Na,
K)-NaF-B,0; glasses. It seems to comprise lower optical
band gap for the MoO; doped glasses (particularly, for the
Li,O mixed glasses).

From the observed absorption edges, we have
evaluated the optical band gaps (E,) of these glasses by
drawing Urbach plot between (chw) ¥? and he as per the
equation [22]

a(o) he =C (ho - E, )2 (3)

KNB

LNB NNB
10 K

KNBM, ¢
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Fig. 2. Urbach plots for 20A,0(A=Li Na, K)- 20NaF- (60-
X)B,03: XM0O; for x=0 and 0.5 mol%.

Fig. 2 depicts the Urbach plots of all these glasses in
which a considerable part of each curve is observed to be
linear. From the extrapolation of the linear portion of these
curves, the values of optical band gap (E,) are determined
in Table 2.

Table 2.
Glass sample ngitl-e%f;th Optical band gap
) (Eo) (eV)
LNB 305 3.15
NNB 282 3.42
KNB 271 3.75
LNBMo 358 2.55
NNBMo 345 2.66
KNBMo 328 2.81

ESR spectra

The ESR spectra for the samples LNBMo, NNBMo
and KNBMuo of glass system are shown in the Fig. 3. From
the spectral analysis, g g, , Half width are calculated and
presented in Table 3.
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Fig. 3. ESR spectra for LNBMo, NNBMo and KNBMo
of glass system.

The ESR spectra (Fig. 3) of MoO; doped glasses
consist of a main central line surrounded by less intense
satellites. The central line arises from even molybdenum
isotopes (1=0) where as satellite lines correspond to the
hyper fine structure from odd ®*Mo and Mo (1=5/2)
isotopes [23]. Thus the existence of molybdenum ions in
Mo®* state in these glasses is confirmed by ESR spectra. A
considerable intensity has been observed in the spectra of
LNBMo, NNBMo and KNBMo glasses, suggesting that
there is an existence of Mo>*O5 complexes [24, 25]. The
structural disorder arising from the site-to-site fluctuations
of the local surroundings of the paramagnetic Mo ions
can be accounted for the two components of the g values.
The intensity (3 ) of the EPR signal is assumed to be
proportional to the product of the peak-to-peak height (1)
and the square of its width (AB) [26]

3 ~ 1(AB)? (4
The dependence of this factor, for the central line with

the due addition of alkali oxides Li,O, Na,O and K,O to
NaF-B,0s;: MoO; glass network is shown in Fig. 4.

Jrarb. Units)

LNBMo NNBMo KNBMo

Fig. 4. Variation of intensity of ESR signal for LNBMo,
NNBMo and KNBMo glass system.

From the Fig. 4 it is observed that the intensity of the
ESR signal is high in LNBMo glass and it may be
attributed to the presence of higher concentration of Mo®*
ions in the glass network (as it is also evidenced from
optical absorption studies).

Table. 3. Data on ESR spectra of A,O(A=Li Na, K)-NaF-B,0;:
MoO; glasses.

Glass g a Half-width
AByj (MT)
LNBMo 1.8556 1.9261 6.5
NNBMo 1.8599 1.9289 4.6
KNBMo 1.8694 1.9306 3.3

Infrared spectra

Fig. 5 shows the infrared transmission spectra of pure
A,O(A=Li Na, K)-NaF-B,0; glasses exhibit three groups
of bands: (i) in the region 1250-1550 cm™, due to the
stretching relaxation of the B-O-B bond of the trigonal
BO; units (ii) in the region 900-1050 cm™ attributed to the
BO, units and (iii) a band is located at about 710 cm™ due
to the bending vibrations of B-O linkages in the borate
network [27, 28].

MoO4( v,) units

40 . B-O-B units
BO3 un:ts BOy4 upits

Transmittance %
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Wave numbcr(cm’l)

Fig. 5. Infrared spectra for 20A,0 (A=Li Na, K)- 20NaF- (60-
X)B,03: xXMoO; for x=0 and 0.5 mol%.

The infrared transmission spectra of MoO; doped
A,O(A=Li Na, K)-NaF-B,O; glasses exhibited another
feeble band at around 900 cm™ in addition to the before
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mentioned bands. This band is attributed to v, vibrational
modes of MoOf’ tetrahedral units/isolated Mo-O units

[29, 30]. Positions of various bands was summarized and
presented in Table 4.

Table 4.
Glass sample BO; units BO, units B-O-B units MoQ, (v4) units

LNB 1345 1012 704 -

NNB 1353 1006 704 -

KNB 1356 994 710 -
LNBMg 1332 1029 700 914
NNBMg 1339 1022 706 906
KNBMg 1342 1015 711 896

It is observed from the infrared transmission spectra
of these glasses, BO, units increase on expense of BO;
units due to the addition of alkali oxides in the order Li,O,
Na,O and K,O respectively to NaF-B,Os;: MoO; glass
network for x= 0 and 0.5 mol%; further, for x=0.5 mol%,

vy vibrational modes of MoOf’ tetrahedral units are

supposed to merge with BO, units [31]. Hence, there is a
possibility for the formation of a single boron-oxygen-
molybdenum framework in the glass network. The atomic
radius and molecular weight of Li" ions are relatively low
in the first group [32]; thus, the mobility of Li* ions is high
(comparing with Na* and K* ions). Hence the Li* ions are
expected to break the bonds B-O-B and B-O-Mo etc.,
which causes the creation of larger number of NBOs in the
glass matrix [33]; whereas the molybdenum ions in the
Mo®" state occupy the network modifying positions and
depolymerize the glass matrix [34]. As a result, highest
disorder in the glass samples LNB and LNBMo takes
place. However, replacing Li,O by Na,O and KO in the
glass system NaF-B,03: MoQs, as the mobility of Na™ and
K" ions is low (comparing with Li" ions) they create lower
number of NBOs in the glass matrix where as the
molybdenum ions in the Mo® state occupy the network

forming positions with tetrahedral MOOj’ units and

polymerize the glass matrix. Such structural units may
alter with BO, structural units and increase the rigidity of
the glass network. As a result, lowest disorder in the glass
samples KNB and KNBMo takes place.

4, Conclusions

The Optical absorption, ESR and IR studies have been
carried out for 20A,0(A=Li Na, K)- 20NaF- (60-x)B,0s:
XMoOQ;3 for x= 0 and 0.5 mol% glass system, which has
been prepared by melt quenching method. From Optical
absorption, the MoO; doped 20A,0(A=Li Na, K)- 20NaF-
(60-x)B,05 glasses show a broad absorption band in the
region 600-800 nm This broad absorption band is
attributed to the excitation of Mo>* (4d") ion. It is observed
that LNBMO absorption band is more dominant when
compared to the KNBMo, NNBMo. It is predicted that
there are two optical excitations from b, (d,y) ground state
t0 (dyzyz) and  (dy,?) with =15000 cm™ and A=23000
cm™ respectively due to the inter charge transition transfer
(Mo>™ < Mo®™) in the glass network, the resolution of
these transitions could not be observed. ESR spectra reveal
that there is a co-existence of Mo®" ions with Mo®" ion the
glass matrix. IR spectra exhibit a feeble band attributed to

vy vibrational modes of MoOf’ tetrahedral units/isolated

Mo-O units at around 900 cm™ to spectra of glasses
without MoO; doping.
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