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ABSTRACT

RO-P,05-Zn0O-Ph;0,4 (R=Li, Na and K) glasses containing 0.1concentrations of MnO have been prepared. The
structural, optical and physical properties of prepared glasses are studied by XRD, UV-Visible, EPR and FTIR
techniques. The nature of local symmetry and structural information of the neighboring atoms of dopant ions
(Mn?*) in the host matrix have been understood by evaluating the crystal field strength (Dq) and Racah (B & C)
parameters. The combined analysis of optical absorption and EPR spectroscopy has indicated that the
manganese ions exist in Mn®* (in octahedral) local coordination sites. FTIR results showed that PO, are the main

structural unit of the glass system and the manganese ions are located in the glass matrix network.
Keywords - Optical glasses, Amorphous nature, EPR and FTIR.

l. INTRODUCTION

Spectroscopic studies are a potent experimental
techniques used to understand the microscopic
properties of glass such as information about the
glassy network and to identify the site symmetry
around the transition metal ion. Phosphate glasses
have been studied quite a long back [1, 2]. Despite
P,Os being a very good glass former unlike TeO,,
B,03;, GeO, and SiO, but these glasses were not
considered to have any useful applications due to its
hygroscopic nature and high volatility. But with the
addition of certain metal oxides like PbO superior
physical and chemical properties of the phosphate
glasses can be obtained [3, 4]. High ultra-violet and
far infrared transmission [5], low melting and
softening temperatures, make these glasses potential
candidates for many technologically applications,
such as medical use and sealing materials [6].
Phosphate glasses are of great attraction as they can
accommodate large concentrations of active ions
without losing the useful properties of the material.
Phosphate glasses due to their high ionic
conductivity and much stability as electrochemically
and thermally they are employed in the construction
of solid state ionic devices, photonic materials and
biomedical materials [7-9].

Recently lead zinc phosphate glasses have been
investigated due to their nonlinear optical properties
and low melting temperature [10-15]. Manganese
ions are being used as paramagnetic probes to
investigate the structure and properties of various
vitreous systems, as manganese ions have a strong
demeanour on the magnetic and optical properties of
the glass. A great number of interesting studies are

accessible on the environment of manganese ion in
various inorganic glass systems [16, 17]. Lead
phosphate glass systems containing manganese ions
are used as paramagnetic probe to study the glass
structure and study any favorable solarization
reaction of the glass [17]. Mn* exhibits d°
configuration which exhibits octahedral nature [18].
The interest in inorganic glasses containing
transition metal ions has grown because these
glasses have properties of technological importance
in electronic, tunable solid state lasers and fiber
optic communication systems [19]. Spectroscopic
techniques made to obtain information on some of
the structural and dynamic phenomenon of a
material; and to identify the site symmetry around
the transition metal (TM) ions in glasses. The aim of
the present work is to study the structural
phenomenon and properties of the glasses by means
of XRD, UV-Visible, EPR, FTIR spectroscopic
measurements.

1. EXPERIMENTAL STUDIES

The Mn doped glasses were prepared by using
sudden melt quenching technique. The composition
of the glass samples used in the present work is
presented in Table 1. The chemicals used for the
preparation of the present glasses were analar in
grade with 99.99% purity. The chemicals are
weighed accurately using an electrical balance with
accuracy up to fourth digit. Each batch of sample
was grounded to a fine powder and thoroughly
mixed. The batches were melted at 900°C in a silica
crucible in a programmable electrical furnace for 1
hour. The melts were then poured on to a preheated
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polished brass plate and quickly pressed with
another plate. The obtained glasses were annealed at
400°C for 1hr in order to remove thermal strains.
The glasses thus obtained are in circular in shape
with a uniform thickness 0.2 cm and having a
diameter of the order 1-3 cm. The obtained glasses
were polished before taking optical measurements.

Table 1: Composition of glasses (mol %) studied in
the present work

Glass Pb;0, RO Zn0  P,05 MnO

LPZ

Rety 10 20 10 599 01
NPZ

ReNg 1O 20 10 599 01
KPZ

Ry 10 20 10 599 01

The refractive index of the glasses have been
measured on Abbe Refractometer (A = 5893A°) with
monobromonapthalane as a contact layer between
the sample and prism of a refractometer. The
densities of the glasses were measured by using
Archimedes principle, with Xylene as an immersion
liquid. The various physical properties of the
prepared glasses are evaluated by using the standard
formulae [20] and are illustrated in Table 2.

Table 2: Varions physicel propestizs of M doped Al Lead Zine Phosphate glasses

Physical property Lz NPZ Kz

Refractve index (te)t 580 3am 1356 138 1340
Density,d g IBHT 307 330307
Avemge moleculrveight ) (¢ 167771 1741007 180.6M]
Mr“onconcentmation Nl o) g3 005 33060
Mean AfomicV olme (grcmf-'atom) 0080 07004 05067
Optical Dielectnc conste 1) L4105 1384 13710
Dielectic corst (¢ 05 2384 2310
Reflecton losses (R)(*) 46865 4560 43
Mol Refacton Ry(cr”) 16573 16608 171503
Plamn adiusty4) 38 0B 27051
Ierioic istance 4 03510 7603 67106
Molecolar Electonie Plasizabily o (™ e 65687 33003 22650
Fild sreagh F(x10°cnr) 1363 28 270

To confirm the amorphous nature of the glass
powder X-ray diffraction spectra for an undoped

glass at room temperature using Cu Ka radiation in
the 0-20 configuration was recorded. The electron
paramagnetic resonance (EPR) measurements were
performed at room temperature using EPR
spectrometer (JES-FA series) operating in X band
frequencies (9.205 GHz) with a modulation
frequency of 100 KHz. The magnetic field was
scanned from 2200 to 4200 Gauss at a scan rate of
250 G min™. The powdered glass sample of 100 mg
was taken in quartz tube for EPR measurements.
Absorption spectrum of Mn doped glass was
recorded in the spectral region 300 - 1100 nm using
JASCO (V-530) spectrometer. The Infrared spectra
of glasses were recorded on SHIMADZU 8201 PC
FTIR Spectrophotometer.

1. RESULTS AND DISCUSSION

Figure 1 shows the XRD spectra of the prepared
glass. The amorphous nature of the glass was
confirmed by recording powder X-ray diffraction
spectra for an undoped glass. The absence of Bragg
peaks in XRD spectra confirms the amorphous
nature of the prepared glasses.
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Fig. 1: XRD pattern of Mn®* doped Lead zinc

phosphate glass

The EPR spectra of Mn** doped lead zinc
phosphate glass are shown in Fig.2. The EPR spectra
of Mn2+ in various glass systems have been studied
by many authors [21, 22]. The EPR spectra exhibits
an intense resonance signal at around g=20
with six line hyperfine pattern, which is a
characteristic of Mn?" ions with a nuclear spin | =
5/2 [23].
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Fig. 2: EPR spectra of Mn?* doped Lead zinc
phosphate glasses

The sextet slowly broadened leaving behind a
single broad line due to dipole-dipole interaction.
The EPR spectra of Mn*, in general, can be
analyzed using the spin-Hamiltonian [24, 25]
H=B(2BxSx+0yyBySy+02:B:5:)+(AxxSxlit Ay Syly+
A B[S, - (5)S(S+1)] + E(S;*- S,)

where g is the isotropic factor, p is he Bohr
magneton, B is the external magnetic field, S is the
vector operator of the electron spin momentum and
A is the hyperfine interaction parameter, | is the
vector operator of nuclear spin momentum and D is
the zero field splitting parameter. Investigations of
the EPR spectra of Mn?* in a variety of glasses have
shown that the spectra have been characterized by an
intense resonance signal at around g = 2.0 with six
line hyperfine pattern, which is a characteristic of
Mn?* ions with a nuclear spin | = 5/2 [24-27].

In case of Mn®* which exhibits d* configuration,
the axial distortion of octahedral symmetry gives
raise to Karmers doublet [28]. The signal at g = 2.0
is due to Mg= |£5/2>, |£3/2> and |+1/2> transition
where M is effective spin component which is an
indication of Mn®* being in octahedral symmetry.
The calculated g and A values are shown in Table 3.
From Table 3 it is evident that the value of g are
approximately same for all glasses, concludes that
octahedral symmetry around Mn®*" ions is
unperturbed by the presence of alkali ion in the
glass. If the g-value shows a negative shift with
respect to 2.0023, then the bonding is ionic and
conversely, if the shift is positive, then the bonding
is more covalent in nature. In the present work, from
the measured negative shift in the g-value, with
respect to 2.0023, it is apparent that the Mn®* ion is
in an ionic environment [29]. The measure of
covalency between Mn*" ions and its ligands is
provided by the magnitude of the hyperfine splitting
constant. When the hyperfine splitting constant is
large the bonding is more ionic [30]. From the above

discussion and by considering the hyperfine splitting
constant, it is observed that the Mn** ions in alkali
lead zinc phosphate glasses are quite ionic in nature.

Table 3: The g value and hyperfine splitting
constant A value for Mn** doped Alkali Lead Zinc
Phosphate glasses

Glass System g A(x10™ T)
LPZ 2.009 101.07
NPZ 2.009 100.65
KPZ 2.008 100.08

Optical absorption spectra of Mn?* doped alkali
lead zinc phosphate glass are shown in Fig.3. The
absorption spectrum shows Mn?* (d°) can occur in
glasses both in tetrahedral and octahedral
environments. If the Mn* are in octahedral
symmetry, broad bands are predicted in the visible
region (from the ground state 6Alg(S)) at about 515
nm (19500 cm™) from the level, “T14(G), and at 445
nm (22500 cm™) from the level *T,,(G), and a sharp
band at 416 nm (24000 cm™) from the “Ay(G),
“E4(G) levels. If the Mn* ion is in a tetrahedral
symmetry, broad bands are predicted at 442 nm
(22650 cm™) from the “T{(G) level, and at 422 nm
(23700 cm™) from the “T,(G) level, and at sharp
band at 416 nm (24000 cm™) from the *A.(G), *E(G)
levels [31].1t can be observed from the spectrum that
each glass has exhibited two bands at positions as
shown in Table 4.
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Fig. 3: Optical absorption spectra of Mn*" doped
Lead zinc phosphate glasses

WWW.ijera.com 161|Page



S. Sreehari Sastry et al. Int. Journal of Engineering Research and Applications

WWWw.ijera.com

ISSN : 2248-9622, Vol. 5, Issue 4, ( Part -6) April 2015, pp.159-165

Table 4: Optical absorption band positions of Mn**
doped alkali lead zinc phosphate glasses

. Observed Calculated
Transition ‘A3

S?E[{SS rnston &9 Wavelength Wavenumber Wavenumber
EL 1 1
(nm) cor) (o)
LPZ J‘T;;(G) i1 2369% 23309
P2 440)+E0) 388 1518 25520
NPZ j‘1';%.((3) 44 354 il
ML M6)+ Ed(G) 404 17 25070
KPZ T(G) i1 236% 22689

KPZ 430)+ &) 399 25062 25020

These bands are characteristic of Mn®* in
octahedral symmetry. The ligand field bands are
sharp, when the energy expressions for the transition
are independent of Dq whereas the bands are broad
when they depend on Dg. The crystal-field
parameter Dg and the inter-electronic repulsion
parameters B and C have been evaluated by the
energy matrices [32] for the d® configuration. In the
analysis of the optical spectrum, Trees' correction
parameter '’ = 76 cm” [33] has also been
incorporated to obtain a good fit between the
observed and calculated values. The Crystal fields
and inter-electronic repulsion parameters are given
in Table.5. The deviation of the calculated and
observed values also indicates the distorted
octahedral environment. The evaluated parameters
are in tune with the other reported investigations
[25,18]. Thus, the site symmetry around the Mn?" is
ascertained to be distorted octahedral.

Table 5: Crystal fields and inter-electronic repulsion
parameters of Mn?* doped alkali lead zinc phosphate
glasses

Glass Dg 1 1
Svstem (Em-l:] (ml-l:] Clem) Afem’)

LPZ 810 833 3100 16
NPZ 810 803 3100 16

KPZ 810 800 3100 16

Fig. 4: FTIR spectra of Mn*" doped Lead zinc
phosphate glasses
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FTIR absorption spectra of glass samples LPZ,
NPZ and KPZ are presented in the Fig. 4. The band
at about 1280 cm-1 is attributed to (PO,)
asymmetrical stretch and/or to P=0 stretch [32].

The band observed at ~1080 cm™ is assigned to
a normal vibrational mode of PO,> group arising out
of vz — symmetric stretching [33]. The observed
strong band in the region 870cm™ in the spectra of
all the investigated glasses, which is the
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characteristic of linear phosphates, suggests the
presence of linear chains in them [34].  Another
band in the region of 760 - 780 cm™ is due to P—-O—P
symmetric stretching vibrations. The vibrational
modes observed at 600 cm™ for all the glasses are
due to the bending mode of the phosphate polyhedra
and/or Pb-O and Zn-O vibrations and/or correspond
to the Mn-O bond. These shifts can be due to
depolymerization process inside glass network.
Alkali oxides enter in to the glass network, as a
network modifier; and when modifier cations are
added to phosphate glasses depolymerization takes
place through the breaking of P-O-P linkages and
formation of ionic cross bonding between phosphate
chains.

V. CONCLUSION

Amorphous nature of the glass sample has been
conformed from its XRD profile. The increase in
density for the glass system reveals the change in the
structure of the glass with addition of alkali content.
The optical absorption spectrum exhibits absorption
bands related to characteristic of Mn* ions in
octahedral symmetry. EPR investigations indicated
the presence of an isotropic one at g = 2.0 which is
due to Mn? in an environment close to the
octahedral symmetry. From EPR and optical spectral
studies reveals the nature of the bonding is
dominantly ionic and its site symmetry is octahedral.
FTIR spectral features indicate a depolymerization
process of the phosphate network with successive
substitution of alkali content. This implies an
increase of the number of NBO’s.
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