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ABSTRACT

The effect of the different cations Mg?*, Cd**+, Zn®+, Ca?", Gr?+ Ba?*, A, Ti*t and Zr**
on the frequeacies and intensities of the characteristic infrared absorption bands of some selected

high lead silicate glasses, was investigated.

The raw materials used were all of chemically pure grade and finely pulverised. The tem-
perature of melting ranged from 1100 to 1200 C, depending on the glass composition. All the ab-
sorption saeasurements were recorded in the range of 4000-200 cm™1 using URIO fully automa-
tic double beam infrared spectrophotometer. Alkali halide disc technique was used.

The effect of these different cations on the deformation of SiO, tetrahedra was studied,
and it has been found that their behaviour depend on the type, coordination number and quan-
tity of the cations introduced; and also on the introduction of new structural units,

INTRODUCTION

Recently, there has been a growing interest in the glass ceramic
materials and their applications in the modern technology.

Inorganic oxide glasses are of commercial importance and lead sili-
cate glasses have been of particular scientific and technological interest
for many years. They have been extensively studied by several techni-
ques such as X-ray, ultraviolet, Raman and infrared spectroscopy. Inf-
rared absorption spectra can provide many informations on the struc-
ture of different oxide glassesl. The vibrational spectra can be used to
identify the glases or the specific groups which are present in it2,3.
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Piriou! concluded that the structure of lead silicate glasses appears diffe-
rent from that of the alkali silicate glasse; while BaireS suggested that
the structure of lead silicate glasses was identical with that obtained by
Warren et al6 for soda-silica glasses, except that, two sodium atoms
were replaced by a lead atom. Abou El-Azm et al7 stated that the effect
of the divalent metal ions on the deformation of Si0, tetrehedra in glass
is smaller than that of the monovalent ion; also the effect of alumina on
the glass structure was found to depend partly on the formation of AlO,
groups. It was concluded that8 the main absorption bands due to SiO,
groups were displaced towards longer wavelength with the increase of
the lead oxide content.

It was also stated that 9:10 there is a correspondance in the shift
direction of the band maxima with varying lead oxide content in lead
glasses. Furukawa et alll measured the infrared absorption spectra for
some lead silicate glasses and the results obtained were interpreted in
terms of the glass structure. In the present paper, infrared absorption
spectra of some selected high lead silicate glasses containing one of the
divalent, trivalent or tetravalent metal oxides was studied using the
potassium-bromide method; the absorption peaks show scme different
features as compared with the author’s previous work on infrared speec-
tra for different types of glasses.

EXPERIMENTAL

All the glasses were prepared in wt. 9%, using chemically pure grade
materials. The replacements were made on cation for cation basis. Mag-
nesia, lime, strontium and barium oxides were introduced in the form
of their respective carbonates, while zinc oxide, alumina, titania and
zirconia were introduced as such. Lead oxide was introduced in the form
of PbO and sieved to get rid of the coarse particles. Silica was introdu-
ced in the form of finely pulverized Dutch-silver sand washed with 1:1
hydrochloric acid followed by 59, hydrofluoric acid solutions. Melts we-
re made in Pt. 29, Rh crucibles in an electric furnace. The temperature
of melting ranged from 1100 to 1200°C, depending on the glass compo-
sition. The duration of melting was four hours. After complete melting,
the molten glass was annealed at the appropriate temperature. The inf-
rared absorption spectra, for all the glasses studied, were recorded in
the range of 4000-200 cm~! using the alkali halide disc- technique at
27°C.
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RESULT

Infrared absorption spectra for some lead silicate glasses contai-
ning one of the divalent, trivalent or tetravalent metal oxides were me-
asured in the region 4000-200 cm~! using the alkali halide disc- tech-
nique. The chemical compositions of the glasses studied are given in

Table 1

Table 1. Chemical compositions of the lead silicate glasses containing divatent, trivalent and

tetravalent metal oxides.

Glass No. Glass composition (wt. %)
PbO | Si0, RO R,0, RO,
1 80 20
MgO
2 79 20 =19 PbO
3 78 » =297
4 75 I =5 % ”»
5 70 » =109 7"
CdO
6 79 20 =19 PbO
7 78 » =209 ”
8 75 » =59"”
9 007 |=10="
Zn0
10 79 20 =19% PbO
11 78 » =2 % ”
12 75 bed =5 % 3
13 70 » = 100 9, 7
Ca0
14 78 20 = 2 9 PbO
15 75 ” =59%"”
16 70 » =1097”
S0
17 78 20 = 2 9% PbO
18 79 ” =109%"”
BaO
19 79 20 =19 PbO
20 70 » =109 ”
ALO,
21 80 19 =1 9% Si0,
22 » i8 =2 % 9
23 » 15 =5 % ”
24 ? 10 =10 % »
TiO,
25 80 19 = 1 9 Si0,
26 » 18 =29 ”
27 » 15 =5 % »
Zr0,
28 80 {19.9 = 0.19,Si0,

All replacements were made cation for cation.
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In order to study the effect of replacing parts of the lead oxide
content by one of the divalent metal oxides or replacing parts of the
silica content by one of the trivalent or tetravalent metal oxides, it
should be recalled that the four main absorption bands given by a
lead silicate base glass were as follows:

Compositicn of a base glass (wt. %) Positions of the absorption bands

PbO 80 %, Si0,20 9, 3455, 1500, 937 and 370 cm~1

Effect of the divalent metal oxides:

The experimental results obtained from the glass of the base com-
position PbO 80 %,, Si0,209, in which one, two, five or ten parts of the
lead oxide content were replaced by one of the divalent meotal oxides
magnesia, cadmium oxide, zine oxide, lime, strontium oxide or barium

oxide, Table 2 and Figs. 1-6 showed that:

1- The positions of the absorption bands at 1500 and 937 em—!
mn the glass of the base composition PhO 80 % 510,20 9% (wt.
%) changed to 1236-1132 and 914-817 em-! respectively ac-
cording to the content, while the positions of the absorption
bands at 455 and 470 em~! were not affected.

2— The intensity of all the absorption bands slightly increased with
the gradual increase of the divalent metal oxide content.

Effect of the trivalent and tetravalent metal oxides:
Effect of alumina:

The experimental results obtained, from the glasses in which one,

two, five or ten parts of silica were replaced by alumina, Table 3 and
Fig. 7 showed that.

1- The positions of the abosrption bands at 1500 and 937 cm-!
changed to 1200-1128 and 914-820 cm~! respectively accor-
ding to the amount of alumina content, but the position of the
absorption bands at 455 and 470 cm~! were not affected.

2— A new absorption band at 741-671 em~! was observed.

3— The absorbancies increased with the gradual increase in the alu-
mina content.
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Fig 1. Infra-red absorption spectra for lead silicate glasses of the composition PbO 80 9, Si0, 20
% containing magnesia replacing lead oxide:

1- PO 80 9%, Si0, 20 9.

2- PbO 79 %, Si0,20 %, MgO = 1 9, PhO.
3~ PbO 78 9, Si0,20 %, MgO = 2 9, PbO.
4~ PbO 75 %, Si0,20 %, MgO = 5 9, PbO.

5~ PbO 70 %, Si0,20 %, MgO = 10 9 PbO.

(The curves are displaced vertically relative to each other to aviod confusion.)

EFFECT OF TITANIA:

The results obtained from the glasses in which one, two or five parts
of silica were replaced by titania, Table 4 and Fig 8 revealed that:

1- The characteristic absorption bands were observed at 3455,

1214-1171 874-827 and 470 cm—1 abbording to the amount of
the titania content.
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Fig 2. Infra-red absorption spectra for lead silicate glasses of the composition PbO 80 %, Si0,
20 9, containing cadmium o)ide replacing lead oxide:

1- PO 80 %, Si0, 20 %.

6— PbO 79 %, $i0,20 %, CdO = 1 9 PhO.

7- PbO 78 %, Si0,20 %, 840 = 2 9% PbO.

8- PbO 75 9, Si0,20 %, €CdO = 5 %, PbO.

9- PbO 70 9, 8i0,20 %, €dO = 10 % PbhO.

(The curves are displaced verticallly rclative to each other to aviod confusion.)

2— A new absorption bands at 769-741 cm~1 was observed.

3— The intensity of absorption increased with the gradual increase
of the titania replacing silica.

EFFECT OF ZIRCONIA:

When one tenth part of zirconia was intraduced replacing silica,
into the same base glass, the positions of the characteristic absorption
bands were at 455, 1186, 774 and 470 em~1, Table 4 and Fig. 9

DISCUSSION

Inorganic oxide glasses have been extensively studied by several
techniques such as X-ray, ultraviolet and infrared spectroscopy 12715
Infrared absorption spectra can provide many informations on the st-
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Fig. 3. Ibfra-red absorption spectra for lead silicate glasses of the composition PbO 80 %, Si0,
20 9 containing zinc oxide replacing lead oxide:

1- PO 80 9, Si0,20 9.

10- PbO 79 %, $i0,20 %, ZnO = 1 9, PhO.

11- PhO 78 %, Si0,20 %, ZnO = 2 9, PbO.

12— PbO 15 %, Si0,20 %, ZnO = 5 9, PbO.

13- PbO 70 %, Si0,20 9, Zn0O = 10 % PbO.
(The curves are displaced vertically relative to each other to aviod confusion.)

2

ructure of different oxide glasses. The vibrational spectra can be used
to identify the glasses of the specific groups which are present in it2,3.

To explain the effect of different divalent, trivalent and tetravalent
metal oxides on the frequencies and intensities of characteristic infrared
absorption bands of the lead silicate glasses studied. It must be put into
consideration the following, assignements, which had been suggested
by several authorsls:

1- 3460-3000 c¢m~! corresponds to O-H stretching vibrations;

2— 1625-1620 em~! is due to SiO4 vibrations;

3— 1100 em~1 is attributed to Si-O-Si stretching vibrations;

o=
!

1050 em™! is due to Si-O-Si groups (non-bridnging);
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Tig. 4. Infra-red absorption spectra for lead silicate glasses of the composition PbO 80 9%, Si0,
20 9, containing lime replacing lead oxide:
1- PO 80 9%, Si0,20 9%,
14- PhO 78 9, $i0,20 %, CaO = 2 % PhO.
15- PbO 75 9%, Si0,20 %, Ca0O = 5 %, PbO.
16— PbO 70 9, S5i0,20 %, €a0 = 10 9, PbO.

(The curves are displaced vertically relative to each other to aviod confusion.)

5- 920-900 cm~! corresponds to SiQ, tetrahedra;
6

|

765-675 em~1 is attributed to Si-O-Si stretching vibrations;

7- 590-570 cm~! is due to Si-O non-bridning vibrations; and

8- 485-450 cm~! may be due to Si-O-Si bending vibrations or to
the formation of PbO, groups.

Under condition of experiments, no significant absorptions were
found lower than the absorption band at 85-450 em~1

Accordingly, the experimental results obtained can be interpreted
as follows:

Effect of the divalent metal oxides:

The experimental results obtained, Table 2 and Figs. 1-6 can be
discussed as follows:
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Tig. 5. Infra-red absorption spectra for lead silicate glasses of the compositio PhO 80 %, $i0,20
% containing strontium oxide replacing lead oxide:
1- PO 80 9%, $i0,20 9.
17- PhO 78 %, 8i0,20 9%, SrO0 = 2 9 PbO.
18- PbO 70 %, Si0,20 %, Sr0 = 10 9% PbO.
(The curves are displaced vertically relative to each other to aviod confusion.)

The absorption bands at 3455, 12 6-1132, 914-817 and 470 em-1
may be attributed to O-H stretching vibrations, Si-O stretching vibra-
tions, Si0, tetrahedra and Si-O-Si bending vibrations or formation of
PbO, groups, respectively7.

The conclusions drawn as above can be explained on the basis of
the fact that17. in the lead silicate glasses containing onc of the divalent
metal oxides, magnesia, cadmium oxide, zinc oxide, lime, strontium oxi~
de or barium oxide, the divalent cations like Mg2+, Cd2+, Zn2t, Ca2+,
Sr2* or Ba2t form bridges in the glass structure or are eneclosed within
the interstices of the glass. These Cations have relatively high field st-
rengths or ionic potentials which contrapollorize the oxygen ligands as
compared with the effect of the lead ions. Magnesia, cadmium oxide or
zine oxide can also enter the glass structure, at least partly, as network

formers (MgO,, CdO, or ZnO,)1s.
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Fig. 6. Infra-red absorption spectra for lead silicate glasses of the composition PbO 80 %, $i0,20
9%, containing barium oxide replacing lead oxide:

1- PO 80 %, Si0,20 9%.

19- PbO 79 %, Si0,20 9%, BaO = 1 % PhLO.

20- PbO 70 Y, Si0,20 9, BaO = 10 9, PbO.
(The curves are displaced vertically relative to each other to aviod confusion.)

The effect of these divalent metal oxides would be expected to de-
pends upon!9: (i). The type, coordination number and quantity of the
divalent cation introduced and (ii). The introduction of new structural
units such as MgO, or ZnO, groups. The relative effect of these oxides
can be attributed to their polarizing power.

Effect of the trivalent and tetravalent metal oxides:
Effect of alumina.
The results obtained, Table 3 and Fig 7 can be explained as follows.

The absorption bands at 455, 1200-1128 914-820 470 and 741-671
em~! may be attributed to O-H stretching vibrations, Si-O stretching
vibrations, SiO, tetrahedra and Si-O-Si bending vibrations or formation
of PhO, tetrahedra and Si-O-Si bending vibrations or formation of PhO,
groups, respectively16. The new absorption band at 741-671 cm~1 may
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Fig. 7. Infra-red absorption spectra for lead silicate glasses of the composition PO 80 %, $i0,20
9, containing alumina replacing silica:
1- PO 80 %, Si0,20 9%.
21- PbhO 80 %, Si0,19 %, ALO, = 1 % Si0,.
22- PbO 80 9%, Si0,18 %, ALO, = 2 9 Si0,.
23— PbO 80 %, 5i0,15 %, ALO, = 5 % SiO,.
24— PbO 80 9, Si0,10 %, ALO, = 10 = SiO;.
(The curves are displaced vertically relative to each other to aviod confusion.)

be due to Si-O-Si stretching vibrationsi6 The above attributions can be
explained on the basis of the fact that8, when alumipa is introduced
replacing silica in the glasses studied, every aluminium oxide molecule
introduced will acquire an oxygen from the lead oxide forming AlO4 gro-
ups because, as far as it is known, this is the only stable state for the Al+3
ion in the glass structure, beside the Si0, tetrahedra, having the lead
ions in the interstices formed by SiO, or AlO group.

Effect of titamia or Zirconia:
The results obtained in this case can be explained as follows:
1- In the glasses containing titania replacing parts of silica, the

displacement of the absorption bonds, which are due to SiOy
groups, with the gradual increase of titania content may be due
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Fig. 8. Infra-red absorption spectra for lead silicate glasses of the composition PhO 80 9, Si0,
20 9, containing titania replacing silica:

1- PbO 80 95, Si0,20 9.
25— PbO 80 %, Si0,19 9, Ti0, = 1 % Si0,.
26~ PhO 80 9%, Si0, 18 9} Ti0, = 2 % Si0,.
37- PbO 80 %, Si0,15 %, TiO, = 5 % Si0,.

(The curves are displaced vertically relative to each other to aviod confusion.)

to the effect of TiO, groups on the frequency of Si0, groups,
while the displacement of the absorption bands may be due to
the vibrations of the TiO, groupsl0 Table 4 and Fig. 8.

2— In the glass containing zirconia replacing 0.1 part of silica, the
results obtained can be explained on the same basis as in the case
of the glasses containing titania, Table 4 and Fig 9.

The above conclusions can be understood by putting into conside-
ration that when titania or zirconia is introduced replacing silica in lead
silicate glasses, TiO, or ZrO, groups would be present and the oxygen
ligands tend to be less polarizable.

All the above conclusions are in complete agreement with the ex-
perimental results obtained.
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Fig. 9. Infra-red absorption spectra for lead silicate glasses of the composition PbO 80 %, Si0,
20 9, containing zirconia replacing silica:
1- PbO 80 9, Si0,20 9.
28— PhO 80 %, Si0,19.9 %, Zt0; = 0.1 9 Si0,.
(The curves are displaced vertically relative to each other to aviod confusion.)
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