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40PbO-(60-x)B,0;: (x)CuO glasses with the values of x ranging from 0.1-0.4 mol % in steps of 0.1
were prepared. A number of Spectroscopic studies viz. x- ray diffraction, optical absorption, IR
Spectra and ESR Spectra were carried out. The Optical absorption spectra suggests that Cu®* ions
occupy octahedral positions in larger concentrations in the titled glass network. The EPR spectra of
the glasses suggests that With successive replacement of B,O; with CuO, the values of g tensors are
observed to decrease. The IR spectral studies point out an increase in the degree of disorder of the
glass network. As the concentration of CuO is increased in the glass matrix, the intensity of the
vibrational band due to BO; groups is observed to increase while the band due to BO, structural
units is observed to decrease. Overall the analysis of the results of various spectroscopic studies of
CuO doped PbO-B,0; glasses, there is a gradual increase in the degree of depolymerization of the
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INTRODUCTION

Copper oxide based glasses, like PbO-B,0O; glasses, have
attracted extensive investigation in recent years, in view of
their potential applications in non-linear optical devices in a
number of solid state ionic devices. Attempts were made to
improve the physical properties of PbO based glasses by the
addition of alkali oxides (like Li,0), alkali halides (like NaCl,
Nal) and alkali sulphides (like Na,S, K,S) [1-3]. Alkali
fluorides are expected to make the glasses more moisture
resistant when compared with the alkali oxides and iodides.
Copper ions have strong bearing on electrical, optical and
magnetic properties of glasses. A large number of interesting
studies are available on the environment of copper ion in
various inorganic glass systems [4-8]. These ions subsist in
different surroundings (ionic, covalent) in glass matrices. The
content of copper in different environments exist in the glass
depends on the quantitative properties of modifiers and glass
formers, size of the ions in the glass structure, their field
strength, mobility of the modifier cat ion etc. Hence, the
connection between the position of the copper ion and the
physical properties of the glass is highly interesting. Cu®" ions
are well-known paramagnetic ions and it is also quite likely for
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copper ions to have link with borate groups. Though
considerable number of studies is available on some CuO
containing glasses most of them are restricted to spectroscopic
studies [9-12]. Most of the studies available on lead borate
glasses doped with copper ions are on the understanding of
their structural aspects [3, 13, 14] and some electrical
properties [15, 16]. In this work we propose to investigate the
spectroscopic properties of glasses which may help to throw
some light on the structural aspects of the glasses [17,18].Thus
the clear objective of this paper is to have a comprehensive
understanding over the influence of change of environment of
copper ions (by a progressive replacement of B,O; by CuO) in
lead borate glasses by investigating their spectroscopic
properties.

MATERIALS AND METHODS

Within the glass forming region of PbO-B,0; glass system, the
following particular compositions with successive increase in
the concentration of PbO (with simultaneous decrease in the
concentration of B,O3;) and with variable concentrations of
CuO (0.1-0.4 mol %) are chosen for the present study. The
details are as follows:
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Cy: 40Pb0O-60 B,0O;

C;: 40Pb0O-59.9B,0;: 0.1CuO
C,: 40Pb0O-59.8 B,0;: 0.2CuO
C;: 40Pb0O-59.7 B,0;: 0.3CuO
C4: 40Pb0O-59.6B,0;: 0.4CuO

The glasses used for the present study are prepared by the
melting and quenching techniques[19-21]. The starting
materials used for the preparation of the present glasses were
Analytical grade reagents (99.9 % pure) of PbO, H;BO;, CuO.
The compounds of required compositions were thoroughly
mixed in an agate mortar and melted in a platinum crucible.
The furnace used was a PID temperature controlled furnace.
The glasses were melted at about 950 -1000 C for an 1 h till a
bubble free liquid was formed. The resultant melt was poured
on a rectangular brass mould (containing smooth polished inner
surface) held at room temperature. The samples were
subsequently annealed at 300 'C in another furnace. The
glasses were then ground and optically polished. The
approximate final dimensions of the glasses used for studying
the electrical and optical properties are 1 cm x 1 cm x 0.2 cm.

The density (d) of the glasses was determined by the standard
principle of Archimedes’ using o-xylene (99.99 % pure) as the
buoyant liquid. A direct reading balance (capacity 100 g,
readability 0.1 mg) was used for weighing. The bulk glass was
suspended on a very thin copper strand was set in the
immersion liquid container and weighed in the liquid and
air.Using density and average molecular weight other physical
parameters such as Copper ion concentration N; , the inter
atomic distance r; of these glasses are evaluated. The crystalline
phases in the glass ceramic samples were checked by X-ray
diffraction spectra recorded on SEIFERT Diffractometer Model
SO-DEBYE FLUX 202 fitted with copper target and nickel
filter operated at 40 kV, 30 mA. The optical absorption spectra
of the present glasses were recorded using a Shimadzu-311
UV-VIS-NIR Spectrophotometer in the wavelength range 200-
1200 nm. The electron Paramagnetic resonance spectra of PbO-
B,0;, glasses doped with copper metal ions were recorded
using commercial X-Band microwave spectrometer in the
frequency range 8.8 to 9.6 GHz manufactured by JOEL, Model
No. FA series 200. Infrared transmission spectra were recorded
on a  Bruker IFS 66 V — IR spectrophotometer with a
resolution of 0.1 cm™ in the range 400-2000 cm’ using
potassium bromide pellets (300 mg) containing pulverized
sample (1.5 mg).

RESULTS

Characterization and Physical Parameters
X-ray diffraction Spectra

As glass or amorphous materials do not have long range order,
a diffraction pattern containing sharp peaks is not expected as
in crystalline materials.

The X-ray diffraction pattern for PbO-B,0;: CuO glasses
recorded in the range 10° < 20 < 80° is shown in figl. The
absence of sharp peaks in the pattern indicates the amorphous
nature of the samples.

From measured values of density (d) and calculated average

molecular weight (A ), various physical parameters such as

copper ion concentration (V;), mean copper ion separation
(R;), are evaluated for understanding the physical properties of
these glasses using the standard formulae and are presented in
Table 1.

TIntensity (arb.urits)
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20 (degree)

Fig 1 XRD Pattern of PbO — B,05 glass doped with CuO.

Table 1 Summary of data on various physical parameters
of PbO-B,0;: CuO glasses.

N; (10

Glass d (g/em®) Jen) ri (A)
Co 527 - -
C 5.28 0.18 8.20
C, 5.29 0.35 6.53
Cs 5.30 0.54 5.69
C, 531 0.71 5.18

Infrared transmission spectra

Fig.2 represents the FT-IR spectra of PbO-B,0;:CuO glasses
were recorded in the wave number region 400-1600 cm™. The
spectra exhibited bands due to B-O vibrations in BO3; and BO,
structural units at about 1370 and 1030 cm™, respectively. The
band due to vibrations of B-O-B linkages is also observed at
705 cm™. The peak at 470 cm ' related to symmetric bending
vibration of Pb-O in PbO, tetragonal pyramid (PbO covalent
bond) is also located in the spectra. The summary of the peak
positions of various vibrational bands observed the IR spectra
is presented in Table 2.

Table 2
Glass BO; units BO, units B-O-B linkages PbO, units
Co 1338 1005 705 470
C, 1335 1010 707 473
C, 1332 1013 710 475
C; 1329 1020 712 478
Cy 1330 1017 715 480

PbO, unats

B—O-B nits

B0,

wts l
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Fig 2 IR spectra of PbO-B,0, glasses doped with €uc»
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Further, it is also observed that there is an increase in the
intensity of the band due to BO; structural units and the
decrease in the intensity of the band due to BO, units is
decreased with the concentration of CuO in the glass matrix.
Summary of data on the positions (cm™) of the bands in IR
spectra of PbO-B,05: CuO glasses

Optical absorption studies

Fig.3 represents the optical absorption spectra of PbO-B,0s:
CuO glasses recorded at room temperature in the wavelength
region 300-1000 nm. The spectrum of CuO free glass has not
exhibited any absorption bands. The spectra of CuO containing
glasses have exhibited a broad absorption band at about 765
nm corresponding to 2Blg—>2B2g transition of Cu®" ions [22,
23]; the successive replacement of B,O; by CuO has caused a
shift of peak position towards slightly higher wavelength. The
details of the optical absorption data of the present glasses are
given in Table 3.

Ahsorbance (b i)

] ml T
Wonvelerietl oy
Frz 3 Opireal absorpion spectin of Pho=8.00, plasses dogpsed witls Chacs

Table 3 Data on optical absorption and EPR spectra of
PbO-B,0;: CuO glasses.

zBlg—>zB2g
Glass Band positio) gl gL o’ B
(nm)
Co - - - - -
C 765 2.350 2.085 0.66 0.79
C, 766 2431 2.076 0.68 0.84
Cs 768 2.427 2.077 0.73 0.88
Cy 767 2.447 2.078 0.78 0.98
Electron paramagnetic resonance (EPR) studies
c. S
T T
200 250 300 350 400 450
Magnetic Field
Fig 4 EPR spectra of PbO-B,0;glasses doped with ~ CuO

EPR spectra of PbO-B,O; glasses containing different
concentrations of CuO recorded at room temperature. The
spectra obtained for two of the glasses are shown in the Fig.4.
The structure and the intensity of the signal are observed to be

strongly dependent on the concentration of CuO. The spectra of
the glass C; exhibited an asymmetric signal with a hyperfine
structure partially resolved with a value of gL = 2.085 and a
shallow quadruplet at g|| = 2.35. As the concentration of CuO is
increased in the glass matrix the signal broadened progressively
and the hyperfine structure smeared and exhibited a broad
absorption at g1 = 2.085. The hyperfine parallel components of
the spectra have also exhibited a similar behaviour. The
pertinent data corresponding to the EPR spectra of PbO-B,0;:
CuO glasses are presented in the Table 3.

DISCUSSION

B,0; is an strong glass network former and participates in the
glass network with BO; and BO, structural units. Pb and CuO
act as modifiers. When the concentration of CuO is increased
the intensity of band due to BO; structural units is observed to
increase with increase of CuO content. The observed increase
in the intensity of the band due to BOj; structural units at the
expense of band due to BO, units with the increase in the
concentration of CuO indicates an increase in the degree of
disorder in the glass network.

The free i 1on term Cu2+ (d%) is 2D In octahedral crystal ﬁeld it
splits into E and ng with E being the lower level.
generally sphts due to Jahn- Teller effect. Therefore Cu** 1s
rarely found in regular octahedral site. Accordingly, in the
present investigation, Cu*" is taken to be octahedrally
coordinated by six oxygen atoms and octahedron is tetragonally
distorted. Hence in the tetragonally dlstorted octahedrtal
envrronment the E level splits into A1 and Bl, and ng level
into “E and Bz, the ground state being B1 With this model the
EPR spectra are explained on the basis of the conventional
spin-Hamiltonian [24]

R = B,H,S +SAI (M

here [, is Bohr magneton, S=1/2 for Cu** ions and 1=3/2 for

copper nucleus, “Cu / ©Cu. The first term represents electronic
Zeeman interaction and the second term represents the
interaction of unpaired electron spin with the nuclear spin.

The observed g| and gv values (g =2.35 and g1 - 2.085 ) in
EPR spectra of PbO-B,05:CuO glasses are characteristic of
Cu”" ions coordinated by six ligands which form an octahedron
elongated along the z- axis [25]. Because g > g1 > 2. 0023 the
ground state of the paramagnetic electron is the d.”.’ - orbital
¢ B, state). The EPR and optical absorption spectra data can be

correlated to understand the environment of Cu’’ ions PbO-
B,0; glass network as follows [22 ]:

4202

g| =2.0023 1- z—ﬂl 2)
E( BZg) i
1a 282 ]

g1 =2.0023 | 1 — 2—ﬁ , 3)
ECE,) |

o’ =E/ [1-g1; g ]
B’ =En/4k o’ [1-g| ge]

where A is the spin-orbit coupling coefficient and the bonding
coefficients o, PB,* and B> ( =1.00) characterize respectively,
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the in —plane & bonding, in —plane © bonding and out of —plane
n bonding of the Cu(Il) complexes. Their values lie between
0.5 and 1, the limits of pure covalent and pure ionic bonding
[23]. The value of [32 may be expected to lie sufficiently close
to unity as to be indistinguishable from unity in the bonding
coefficients calculations [25]. Since only one absorption band
corresponding to the transition 2B1g—>2B2g has been observed,
the position of the second band has been estimated using the
equation [23]:

2k A

E(*B;,—~’Ey)= —————
(Bim'E 2.0023-g,

“4)

where ku is the orbital reduction factor (k. = 0.77 ) and A the
spin —orbit coupling constant (= -828 em™) [26].

The values of g|| and g1 are obtained for the present glasses are
comparable to those obtained for a variety of other glass
systems (Table 4)

Table 4 Comparison of g values of Cu®" ions in different glass

systems.

System g| gL Ref.
SrO-B,03 2.308 2.044 [27]
Zn0O-B,03 2.321 2.039 [28]
PbO-B,03 2323 2.042 [28]
CdS04-B;0; 2422 2.084 [29]
Li,SO4 — CdSO4-B,03 2421 2.089 [29]
Na,S04-CdSO;4 -B,0; 2.420 2.086 [29]
K5S04- CdSO4-B,03 2.420 2.089 [29]
CSzSO4- CdSO4-B203 2421 2.086 [29]
Li,CO;-BaCOs-H; BO; 23284  2.053 [30]
Na,CO;-BaCOs-H; BOs 2262 2.049 [30]
K»,CO;-BaCOs-H; BOs 2.259 2.048 [30]
Li,B407-PbO-TeO, 2323 2.067 [31]
Na,B407-PbO-TeO, 2293 2.056 [31]
K»B407-PbO-TeO, 2.291 2.051 [31]
Li,B405-TeO, 2.310 2.063 [31]
Na,B407-TeO, 2.303 2.060 [31]
KyB407-TeO, 2294 2.056 [31]
LiRbB4O; 2.445 2.0561 [32]
NaRbB,O; 2.443 2.0505 [32]
KRbB,O; 2421 2.0590 [32]
20 LiF-09.6 Sb,0s-70 B,O5 :0.4  2.456 2.065 Present
CuO study

The optical absorption spectra of CuO doped PbO-B,0; glasses
exhibited a broad absorption band at about 765 nm. This is the
characteristic of distorted octahedral symmetry. Thus the band
can be assigned to 2Blg—>2B2g transition [22,23]. As the
concentration of CuQ is increased there is a gradual increase in
the concentration of structural defects such as dangling bonds,
non-bridging oxygens (NBO’s) in the glass matrix that lead to
increase of the disorder in the glass network. Such increase of
disorder in the network results decrease in the optical bandgap
and shifts absorption edge towards higher wavelength side as
observed in Fig. 3 for the glasses C; to C4. The increase in the
intensity of the band due to vibrations of BO; structural units
with the increase of CuO may also be explained based on the
similar conclusions.
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