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Abstract: The optical adsorption and transmission spectra in (UV-VIS) have been recorded in the wavelength
range 350-800 nm for different compositions of CuO-B,0; glasses. The various optical properties such as
absorption coefficient (a’), optical energy gap (E.y), refractive index (n,), optical dielectric constant (&’.),
measure of extent of band tailing (AE), constant (B) and ratio of carrier concentration to the effective mass
(N/m*) for different glasses have been reported. The effects of composition of glasses on these parameters have
been discussed. It has been indicated that a small modification of the glasses can lead to an important change in
all the optical properties. These results are interesting showing non linear behaviour for all these parameters
investigated. The optical parameters are found to be almost the same for different glasses in the same family.
The physical properties like density, molecular weight, molar volume, hopping distance, polaron radius and
number of ions per cm® have been reported.

Keywords: CuO-B,0; glasses, Optical properties, non-linear behavior, Physical properties.

1. Introduction:

In the recent years, the interest in the study of electrical, optical and structural properties of glassy
semiconductors has increased [1] considerably. The variation of optical density of a few induced absorption
bands in some sodium aluminium borate glasses has been studied by varying the radiation doses of gamma rays
and cerium content by Hussein et al [2]. On the basis of the optical absorbance and transmittance measured at
normal incidence of light in wavelength range 380-780 nm. some optical parameters of glassy Geyy Tego.x Sex
thin films were determined by Shokr et al [3]. Optical and electro-optical properties of Ga,O3-PbO-Bi,0;
glasses were studied by Janewioz et al [4]. Anomalous behaviour in the composition dependence of the
photoacoustic properties of Si-As-Te glasses has been studied by Srinivasan et al [5]. The frequency dependent
optical and dielectric properties of binary semiconducting glasses in the system 60V ,0s-(40-x)TeO,-XPbO were
measured as a function of lead content by Memon et al [6]. Studies on the optical properties and structure for
Si0,-TiO,-PbO, system glass were reported by Zhu et al [7]. A structural model of the glass network was
proposed. Optical absorption, Infrared, differential thermal analysis and density studies were conducted on the
glass system (80-x) TeO»,-XNiO,-20B,05 by Khaled et al [8]. The divalent state of Ni has been confirmed by IR
spectra. The optical properties of the CaO-Al,05-B,05 glasses are reported by Kudesia et al [9]. Linear and non-
linear optical properties of chalcogenide glass were investigated by Hajita et al [10]. Very little work appears to
have been done on the optical properties of oxide glasses. Therefore it has been decided to study the optical
parameters of CuO-B,03; glasses. The intention to study the optical properties of these glasses by UV-VIS
spectra it to investigate the existence of localized states near band edge. Chaudhury [13] have discussed in brief
the general procedure for making glass ceramic superconductors and some of their physical properties. . Dc-
conducting and hopping mechanism in Bi,O3-B,0; glasses has been studied by Yawale et al [14]. The physical
and transport properties such as density, hopping distance, polaron radius, dc-conductivity and activation energy
are reported by them.

2. Experimental Details:

2.1 Preparation of glass samples - The glass samples under investigation were prepared in a fireclay crucible.
The muffle furnace used was of Heatreat co. Ltd. (India) operating on 230 volts AC reaching upto a maximum
temperature of 1500 + 10°C. Glasses were prepared from AR grade chemicals. Homogeneous mixture of an
appropriate amounts of CuO and B,0O3 (mol%) in powder form was prepared. Then, it was transferred to fire-
clay crucible, which was subjected to melting temperature (1300°C). The duration of melting was generally two
hours. The homogenized molten glass was cast in steel disc of diameter 2 cm and thickness 0.7 cm. Samples
were quenched at 200°C and obtained in glass state by sudden quenching method. All the samples were
annealed at 350°C for two hours. The X-ray diffractograms of all the glass samples are determined at regional
sophisticated instrumentation center, Nagpur. The absence of peak in the X-ray spectra confirmed the
amorphous nature of the glass samples.
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2.2 Density Measurement :

The densities of glass samples were measured using the Archimedes principle. Benzene was used as a
buoyant liquid. The accuracy in the measurement of density was 0.001 g/cm®. The densities obtained Qexpr Were
compared with corresponding theoretical values calculated dy., according to the additive rule given by Demkina
et al [15].

dineo = (Mo01% of CuO x density of CuO + Mol% of B,O; xdensity of B,O5) / 100

3. Theory :

The absorption ‘A’ and transmittance ‘t” of the glass samples were
measured by means of CARY —2390 varaian make double beam automatic scanning
spectrophotometer (at Regional sophisticated Instrumentation Centre, Madras) in the
spectral range 350-800 nm at normal incidence. The glass powder pellet thickness
used was approximately 0.05 mm at room temperature. The resolution of the
instrument used was 0.1 nm. The optical absorption coefficient o’ of the glass
samples was calculated from the relation A = o’ x d” where d’ is the thickness of
pellet. The spectral dependence of both A and t on composition of the glasses is
shown in figure (1)

TRANSMITTANCE (%)

g
g The optical absorption coefficient a’(v) at the given frequency (v) is given
g by

02 4G min (hv - Eqpn)’

o’(v) = e (1)
Cno AE hv
o s a0
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Fig.1 : Spectral Where o, is the extrapolated dc-conductivity at T = oo, ng is the
dependence of both refractive index, C is the velocity of light, AE is the measure of the extent of band
absorbance and tailing, hv is the photon energy, Eqy is the optical gap, y = 2 is a number which
transmittance for characterises the transition process, and

six different

samples GA{, GA,, A6 min

GA3, GA4| GA51

s B = ——— s constant
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The reflectance R was calculated using the equation
t = (1-R)2exp (-A) r(2)

where R is the reflectance, ‘t’ is the transmittance and ‘A’ is the absorbance.
The relation between optical dielectric constant, £” and the square of the wavelength 1°%, is
given by

1++R g? N
72

g=n"=[——]=¢€u- — . —.h  reeerc. (3)
1-vR nC*  m*

where ¢’ is the dielectric constant, e is the electronic charge and N/m* is the ratio of carrier
concentration to the effective mass. By knowing the values of absorbance A reflectance and transmittance and
various optical properties were calculated.

4. Results and Discussion:

4.1 Physical properties :
The physical parameters such as density (d), molecular weight (M), molar volume (V), hopping
distance (R), polaron radius (r,) and number of ions per unit volume (N) are reported in table 1 for CuO-B,0;
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glasses. The density, molecular weight and number. of ions per cm® increases with increasing mol% of CuO but
molar volume, hopping distance and polaron radius decreases with increasing mol% of CuO. In glasses the
structure depends on the glass network in which the number of ions enter. In what way they entered and what is
the nature of the ions, decides the density of the glass. The increase in the density with increasing mol% of CuO
suggest the decrease in the number of non-bridging oxygen ions. The hopping distance is reduced with the
increase in CuO mol% in the glass system. This indicates that the conduction processe becomes fast, because of
the small hopping distance the polaron requires smaller time to hop between nearest neighbour place. The values
of physical parameters reported are found to be of the order of glasses reported in literature [16-19].

Table 1 : Physical parameters of CuO-B,0; glasses

Glass Composition | Density Molecular | Molar No.of ions |Hopping | Polaron
No. (mol%) CuO- weight volume per cm® |distance radius
B,O; M(gm) Viem®¥  |Ncem?®) x [R(A%) ro(A°)
dthe dexpt mol) 1022
gm/cc |gm/cc
G Al 10-90 1.91 2.254 163.75 28.28 2.14 3.60 1.45
G A2 15-85 2.16 2.413 |64.63 26.78 2.28 3.54 1.42
G A3 20-80 2.40 2.515 |65.51 26.04 2.33 3.51 1.41
G A4 25-75 2.64 2.655 |66.39 25.00 2.43 3.46 1.39
G A5 30-70 2.89 2.836 |67.27 23.72 2.54 3.40 1.37
G A6 35.65 3.13 2.891 ]68.14 23.56 2.56 3.39 1.36
: jé% 4.2 Optical Properties : The results regarding the various optical properties
s 4 GAL such as optical energy gap (Ep) constant B, measure of extent of band tailing
3 1% ol Sf;%, (AE) mean refractive index nq infinitely high frequency dielectric const. &’,, and
) ratio N/m* for different glasses is listed in table (1).
_}; ° o Figure (2) Shows the plots (ahv)*? versus hv for different compositions of glass
2 6 samples. The most satisfactory representation is obtained by plotting the
) quantity (ahv)*%as a function of hv. Similar behaviour was also observed by
L. other workers [11]. The observed behaviour suggests forbidden indirect
25 30 transition for some glassy and amorphous material. The values of optical energy

. hy(ev)
Fig. 2 : Plot of o’hv
verses hv for samples
GAy, GA,, GA;3, GA,,
GA:, GAs,

gap E,p; obtained from the extrapolation of the linear region and constant 8 from
the slopes of the derived curves.

Table 2 : Variation of optical energy gap (E,p) dielectric constant at infinite freq. (&’,), refractive index
(n,), constant (B), measure of the extent of band tailing (AE) and the ratio of carrier concentration to the
effective mass (N/m*) with different glass compositions.

Glass | Glass Optical Constant Measure | Mean Infinitely Ratio of
No. composition energy of extent | refractive | high carrier
(mol%) gap (cm™ev¥) | ofband | index frequency | concentrati-
Eopi(eV) tailing No dielectric on to
Cl0 B, AE(eV) constant €., ilf/fre;cllzlfmrg?s)f
10%
GAl 10 90 0.32 23.04 0.114 2.33 8.6 0.49
GA2 15 85 1.44 77.44 0.044 2.03 8.2 2.33
GA3 20 80 0.85 36.00 0.066 2.30 8.8 2.09
GA4 25 75 1.22 27.04 0.26 1.70 5.0 1.23
GA5 30 70 0.95 57.76 0.105 2.52 11.8 3.07
GA6 35 65 2.20 449.44 0.031 1.93 12.8 5.15
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The extrapolated dc electrical conductivity, o, at t = o is obtained from the plot of logo versus 1/T
(plot not shown). The values obtained for Ey for the six different compositions of glass samples are found to be
non-linear. Similar observation are reported in case of As-S, Ge-Se, As-Se and Ag-As systems investigated by
Hajto et al [10].

The dielectric constant &’ versus A°* plots shown in Figure (3) are linear,

o GAY 4, verifying equation (3), Values of ¢, and N/m* determined from the
O vy extrapolation of these plots at A’ = 0 and the values of the ratio of carrier
M : s concentration to effective mass are listed in Table 2 as a function of glass

2 composition. The dependence of refractive index and dielectric constant on
10 20 30 composition of glasses is rather non-linear and is observed to be similar to

2inm?yx1g” other amorphous materials [10]. The values of refractive index n, are

Fig. 3 : Plot of optical calculated from optical dielectric constant ¢” for all the wavelengths of A%

dielectric constant & verses These values are found to be more or less same throughout the wavelength
22 for six samples GA,, range (350-800 _nm). Therefore average values of N, are reported in this
GA,, GAs, GA,, GAs, GAg, wavelength region. The average value of refractive index n, shows
dependence on CuO composition.

The variation of AE, the width of the tail of localised states in
& the normally forbidden gap against CuO (mol %) is shown in Figure

= = | (4). The optical energy gap Eqp is found to be minimum for the glass

% 02! "N ? 120 Sé sample having 10 (mol %) of CuO and AE for 35 (mol %) of CuO. The
E ok e L e w [ decreasing Frend of the_band tailipg energy _suggests the presence of
: P o < 1 sharp localised states in the ratio of carrier concentration to the
——10——*—2-0—*—70—‘ effective mass. N/m* has been calculated from the slope of the plot ¢’

Cu0 (Mol %e) sl versus A2 (Fig.3). The values of N/m* for different glass samples are

tabulated in Table 2. It has been observed that the values are found to
be of the order of 10?* which are in agreement with the values reported
by other workers for oxide glasses [12] and calculated by other
methods. The value of AE shows dip at 15 mol% and peak at 25 mol%
of CuO. It is observed that the nature of plot of E,, and AE verses

Fig.4 : Plot of optical energy gap
Eqprand band tailing energy AE
verses mol% of CuO composition
of six different samples

composition is opposite to each other. The decreasing trend of the band tailing energy suggests the presence of
sharp localized states in the band gap.

The ratio of carrier concentration to the effective mass, N/m* has been calculated from the slope of the
plot £ verses A2

5. Conclusion:

The optical parameters such as absorption coefficient, optical dielectric constant, refractive index,
optical energy gp, constant 3, measure of extent of band tailing, infinitely high frequency dielectric constant and
ratio of carrier concentration to the effective mass are found to be composition dependent. The linear behaviour
is observed in (o’hv)Y? with hv suggesting forbidden indirect transition. The value of optical energy gap
(Eopr)are found to be non-linear with composition. Non-linear behaviour is observed in measures of the extent of
band tailing (AE) with composition (mol%). The ratio of carrier concentration to the effective mass (N/m*) is
found to be to the order of 10* cm™®.
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