JOURNAL OF MATERIALS SCIENCE 40 (2005)4019-4023

Effect of crucible material on optical bandgap and
activation energy of Na,O-CdO-P,0O5 glasses

M. ALTAF

Department of Physics, Bahauddin Zakariya University, Multan 60800, Pakistan

E-mail: altaf_.sal@yahoo.com
M. A. CHAUDHRY

COMSATS Institute of Information Technology, Defence Road, off Raiwind Road, Lahore,

Pakistan

In the sodium cadmium phosphate glasses, the effect of diffused alumina from alumina
crucible has been assessed by measuring various properties such as mass density,
refractive index, optical bandgap and dc conductivity. The results of measurements
corresponding to glasses prepared in alumina crucible have been compared with those of
glasses prepared in platinum crucible with and without adding Al,O3. The Optical bandgap
and direct current (dc) electrical conductivity of the Na,0-CdO-P,05 glasses prepared in
alumina and platinum crucibles have been determined at room temperature. These glasses
have also been electrically characterised in the temperature range 293-423 K. Activation
energy E, of the samples prepared in alumina crucible lies in the range 0.60-0.96 eV
whereas it stands in the range of 0.567-0.94 eV for the samples prepared in platinum
crucible. © 2005 Springer Science + Business Media, Inc.

1. Introduction

Many investigations have been reported on the optical
and electrical properties of non-crystalline materials
such as inorganic glasses prepared with glass form-
ers like silicon or boron oxides [1-5]. Ever since the
discovery of the semiconducting nature of vanadium
phosphate glasses by Denton et al. [6], a number of
publications regarding the optical and electrical prop-
erties of phosphate glasses have been reported in sci-
entific literature [7-10].

Density, refractive index, optical and electrical prop-
erties of glasses like cadmium-phosphate, cadmium-
zinc-phosphate, sodium-cadmium-phosphate, lithium-
cadmium-phosphate have been studied with the change
of concentration of the modifier or glass former at room
temperature. Temperature dependent electrical conduc-
tivity has also been studied by various researchers over
a considerable temperature range [11-20].

Most of the researchers reported that the glasses were
prepared in alumina crucible and few of them had also
prepared the glasses in quartz, gold or platinum cru-
cibles. However, no one described how the diffusion of
crucible material effects various properties of the glass.
The present work was taken in hand to study the role of
diffused alumina in determining optical band gap and
electrical conduction of sodium-cadmium-phosphate
glasses.

2. Experimental

High purity (99.99%) chemicals Na,CO3, CdO, P,05
were used for the glass preparation. The samples were
prepared by using 15 gm ingredients in an alumina cru-
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cible and same series was prepared in platinum crucible
under the same conditions. The samples were prepared
by the melt quench technique and their starting batch
compositions are listed in Table I. The rest of the details
of sample preparation are given elsewhere [11, 13].

A weight loss of the alumina crucible was estimated
after preparing each batch of glass samples. It was ob-
served that loss in the crucible weight increases with
the increase of sodium concentration in the glass sam-
ples. In order to verify that the weight loss in the alu-
mina crucible was caused during glass preparation, an
empty crucible was heated at the same temperature for
the same period of time as for actual samples. The cru-
cible was washed in dilute nitric acid (HNO3) of the
same concentration as used to wash the crucible after
sample preparation. This experiment did not show any
loss in the crucible weight and this confirmed that the
crucible looses its weight during glass preparation.

Four samples of sodium-cadmium-phosphate glasses
with 10, 20, 30 and 40 mole% sodium concentra-
tion were prepared in platinum crucible by adding an
amount of Al,O3 equal to that of the weight loss of
alumina crucible during sample preparation. Density,
refractive index, activation energy and optical bandgap
of the glasses prepared in platinum crucible with the
addition of Al,O3; were then measured for comparison.
The results are listed in Table 1.

The mixture formulae

X% Na,CO3 — (50 — x)% CdO — 50%P,05 (1)
X% NayCO3 — (50 — x)% CdO — 50%P,0s
— mALO;5 2)
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are used to prepare the glasses, where m represents the
loss in mass of the alumina crucible. The maximum
possible error in £, was calculated to be +0.003 eV.

3. Result and discussion

It was noted that the alumina crucible shows a decrease
in its weight after the preparation of each batch as
shown in Fig. 1. It was suspected that the amount of
alumina lost in each reaction has become a part of
the glass samples, and the loss in mass of the crucible
increases with the increase of Na, O in the composition.
The composition of all glasses, presented in this study,
can be described by the Equations 1-2. Starting batch
composition of each sample is listed for reference in
Table I.

The results of density p, refractive index n, activa-
tion energy E,, and optical band gap E,y, measure-
ments corresponding to sodium-cadmium-phosphate
glass samples prepared in alumina or platinum cru-
cibles are listed in Table I for comparison. A close ex-
amination of these results would reveal that for a given
composition, the magnitude of the measured quantities
like density, refractive index, activation energy, and
optical band gap decreases with the increasing concen-
tration of alumina as shown in Figs 2—5 respectively.

Al,O3 is a glass former [21, 22], which have low
glass forming ability, but when it is mixed with other
glass formers, it becomes the part of the structure which
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Figure I Decrease in weight of the alumina crucible with the increasing
concentration of NayO.
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Figure2 Variation of density with the increasing concentration of Na,O
in NayO-CdO-P, 05 glasses.
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Figure 2a Figure 2a Decrease in density with the increase of diffusion
of Al,O3 in the glass compositions.
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Figure 3 Variation of refractive index with the increasing concentration
of Nay O in Na; O-CdO-P, 05 glasses.
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Figure 3a Figure 3a Decrease in refractive index with increase of
diffusion of Al,O3 in the glass compositions.

may cause to flare up the structure. The expansion of
structure causes the increase in the molar volume and
decrease in the density of the glass with the increase of
the alumina addition.

The refractive index depends on the density of the
medium. As medium becomes denser velocity of the
radiation decreases and as a result refractive index in-
creases according to the relation.

n=c/v

where c is the velocity of the radiation in vacuum and
v is its velocity in the medium.
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Figure 4 Variation of activation energy with the increasing concentra-
tion of Na, O in Na; O-CdO-P,05 glasses.
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Figure 4a Figure 4a Decrease in activation energy with increase of
diffusion of Al,O3 in the glass compositions.

The addition of Al,O; to a given composition has
caused a decrease in the density which implies that
the system has lost its compactness to some extent and
consequently the velocity of radiation would increase.
This in turn would reduce the value of refractive index.
The amount of Al,O3 has increased with the addition
of more and more Na,O to the glasses as indicated in
Fig. 1. This is probably due to the reaction of alumina
with the alkali to form alkali aluminate which would
involve more alumina corresponding to high concen-
tration of alkali material.
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Figure5 Variation of optical bandgap with the increasing concentration
of Nay0 in Na;O-CdO-P, 05 glasses.
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Figure 5a Figure 5a Decrease in optical bandgap with increase of
diffusion of Al,O3 in the glass compositions.

The alumina is known to have both the acidic and
the alkaline behaviour whereas Na,O is a known alkali
[23]. It can been noticed from Fig. 1 that a considerable
amount of Al,O3 has passed into the glass samples
at high concentration of Na,O. The addition of two
alkaline substances has decreased the activation energy
which caused an increase in the conductivity of the
glasses.

A glance of the results listed in Table I shows that
optical bandgap energy, Fopt decreases with the in-
creasing amount of Al,O3, which is proportional to the
concentration of the Na,O. It seems as if the addition
of alkali oxide has reduced the band gap energy by
introducing some additional states in the gap.
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