
JOURNAL OF MATERIALS SCIENCE 20 (1985)  2215-2219 

S-character  of Cd + centre in y-irradiated 
alkali silicate glasses 
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The s-character of Cd + centres and its f luctuation in ~/-irradiated alkali silicate glasses 
were investigated using ESR spectroscopy. With increasing alkali content, the s-characters 
of Cd + centres in sodium and potassium silicate glasses decrease monotonically whereas 
the s-character in lithium silicate glasses shows a maximum and then decreases. The tem- 
perature effect on compositional dependence of the s-character of a Cd + centre is rarely 
observed in l i thium silicate glasses. On the other hand, the temperature effect is clearly 
observed in sodium and it is suggested that local structures around Cd + centres in sodium 
and potassium silicate glasses is relaxed by annealing at room temperature. 

1. I ntroduction 
The state of (ns) 1 centres in glass has been widely 
studied using ESR spectroscopy [ l - 4 ] .  Some 
investigators considered that the structure of 
(ns) z centres is a suitable probe ion for examining 
the structure of glass [5]. The s-character of 
Cd + centres in "),-irradiated oxide glasses was 
investigated by Feldmann et al. [6] and Imagawa 
[5]. Recently, detailed studies on Pb 3+, T12+ and 
Cd + centres were reported by Hosono et al. 

[7-9]  and structural fluctuations of these centres, 
as well as s-characters, were elucidated by ESR 
spectroscopy. In some cases, it is suggested that 
the s-character of (ns) 1 centres can be related to 
basicity of the glass [5]. Close relations of the 
basicity of glass to its structure have been pro- 
posed from various standpoints [10-12]. The 
concept of basicity is useful for selecting a suitable 
composition of metallurgical slag and welding 
flux. Among various basicities, optical basicity 
using p-block ions is listed as an available one [13]. 
However, it is indicated that there exist some 
limitations in the oxide glasses containing metal 
ions which show high symmetry restricted 
covalency [14, 15]. 

In this study, the s-character of Cd + centres 
in "},-irradiated alkali silicate glasses was investi- 
gated using ESR spectroscopy based on the 
previous studies on oxide glasses [5, 7]. The 
relations between s-character and a few proposed 
basicities of these glasses are also discussed. 

2. Experimental details 
Reagent grade SiO2, M2CO3 (M: Li, Na and K) 
and CdO were used for preparing glasses. These 
reagents were accurately weighed, mixed well in 
an agate mortar and pestle in acetone and dried 
well. The mixtures were melted in platinum cru- 
cibles at temperatures 100~ higher than their 
liquidus temperatures for 1 to 3 h, depending on 
viscosity. The initial content of CdO was 1 mo1% 
in every glass. All glasses were produced by 
quenching in air. Pulverized glasses were irradiated 
by y-rays from 6~ for 2h at a rate of  5.0 x l0 s 
Rh -1 to produce Cd + centres. ESR spectra at 
room temperature were measured using a spec- 
trometer of the Varian E-109 type and those at 
173K were measured using JEOLJES-PE-3X 
spectrometer. The reproducibility of ESR spectra 
due to the difference between spectrometers were 
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F2# ] Figure 1 ESR spectra of signal II at room temperature in 
lithium silicate glasses. 

checked in a few glasses. Modulation field strength 4000 44oo 48o0 

was measured by proton resonator. Magnetic field (G) 

3. Results 
Two resonances due to Cd + centres are observed 
near 3400G (signal I) and 4500G (signal II) 
in every alkali silicate glass. The dependence of  
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Figure 2 ESR spectra of signal II at room temperature in 
sodium silicate glasses. 

Figure 3 ESR spectra of signal II at room temperature in 
potassium silicate glasses. 

signal II on glass composition is shown in Figs. 1 
to 3. The positions of  signal II in sodium and 
potassium silicate glasses shift to a lower field 
with increasing alkali content whereas, in lithium 
silicate glasses, the position shifts to a higher 
field up to about 30mo1% Li20 and then to a 
lower field. 

The value of  the s-character of  Cd + centres in 
glasses was determined by the ratio of the hyper- 
fine constant in glass and free ion, that is, A /A  ~ree, 

where 0.4907 cm -1 was adopted as the A~re~ value 
of  the Cd § ion [16]. The value of  A in glass was 
determined by the following spin Hamiltonian, 
assuming g and A tensors are given by scalars 
(Breit-Rabi solution [ 17]), 

~C = ~H'g 'S  + I 'A.S  

that is, A is given by the equation 

A = 2 h u ( h ~ , - g o ~ n ) / ( 1  - 2hv)  

where p, h and go are the microwave frequency, 
Planck constant and g-value which is determined 
by the position of  the signal I due to non-magnetic 
nuclei Cd § ions. 
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Figure 4 Dependence of the s-character of Cd + centres in 
alkali silicate glasses upon alkali content. (Solid and 
broken lines are the results at room temperature and 
173 K, respectively.) 

Fig. 4 shows the dependence of  the s-character 
of  Cd § centres in alkali silicate glasses upon alkali 
content;  the s-character of  Cd + centres measured at 
173 K are also plotted in the figure. The s-charac- 
ter of  the Cd + centre shows the highest value in 
the order lithium, sodium and potassium silicate 
glasses. With increasing alkali content, the s-charac- 
ter in sodium and potassium silicate glasses 
decreases monotonically whereas it increases 
slightly up to about 30 t oo l %L i fO  and then 
decreases in lithium silicate glasses. A slight 
difference between s-characters of  Cd + centres 
measured at room temperature and 173K is 
observed which becomes larger in the order 
lithium, sodium and potassium silicate glasses 
and/or with increasing alkali content. 

Subsequently, structural fluctuation around 
the Cd + centre was considered from the change 
in linewidth of  signal II and g-value of  signal I. 
According to the previous paper [7], the fluc- 
tuation of  the s-character of  the Cd + centre can 
be estimated by the equation 

as = kgo/~(2hu + A )~ AH/A ~ree'l/2h2u 2 

where as and 2xH are the fluctuation of  the 
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Figure 5 Dependence of the fluctuation of the s-character 
of Cd + centres upon alkali content. (Solid and broken 
lines are the results at room temperature and 173K, 
respectively.) 

s-character of  the Cd + centre and the linewidth 
of  signal II, when the second order effects of  
go and A and the contribution o f  the fluctuation 
of  g-value to that of  the s-character can be negli- 
gible. 

The dependence of  a s upon alkali content is 
given in Fig. 5. To examine the degree of  relax- 
ation at room temperature, the values of  a s at 
room temperature are also plotted in Fig. 5. In 
lithium silicate glasses, similar dependences of  
a s upon alkali content are observed at room 
temperature and 173 K. On the other hand, quite 
different dependences of  a s between room tem- 
perature and 173K are observed in sodium and 
potassium silicate glasses. 

4. Discussion 
The s-character of  (ns) 1 centres corresponds to 
the probability of  the outermost electron of  
the centre being an (ns) electron, so that it is 
expected that the s-character of  a Cd + centre is 
connected with the covalency of  the C d - O  bond. 
Because the polarization of  oxygen in oxide glass 
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Figure 6 Relations of the s-character 
of Cd + centres to ionic refraction of 
oxygen (Ro) and oxygen density in 
alkali silicate glasses. Open and filled 
symbols are the data for R o and 
oxygen density respectively. 

is closely related to the average covalency of 
M-O bonds (M; constituent cations), the s-charac- 
ter of Cd § centres in oxide glass can be roughly 
estimated by ionic refraction of oxygen (Ro) in 
glass. The relation between the s-character of Cd § 
centres and R o in alkali silicate glasses is given 
in Fig. 6. In the sodium and potassium silicate 
glasses, the s-character of Cd § centres decreases 
with increasing R o whereas the value in lithium 
silicate glass increases as R o increases. There- 
fore, the average chemical state of oxygens in 
oxide glass cannot be simply reflected in the 
s-character of the Cd § centre. The behaviour of 
the s-character of the Cd § centre in lithium silicate 
glasses seems to be attributable to phase separ- 
ation [18] and/or oxygen packing behaviour of 
the glass [191. 

The relation between the s-character of Cd § 
centres and oxygen density of alkali silicate 
glasses [19] is also plotted in Fig. 6. Although 
the plots of lithium silicate glasses are somewhat 
scattered, a sudden change of slope is not observed. 
Hosono et al. [20] indicated that densification by 
high pressure treatment weakens the Cd-O bond 
and the weakening may be caused by the increase 
in the coordination number of the Cd § centre. 
Because oxygen density is considered to be a 
measure of compactness of glass, the increase in 
oxygen density roughly corresponds to densi- 
fication by high pressure treatment. Thus, it can 
be interpreted that the s-character of a Cd § centre 

increases with increasing oxygen density of the 
glass, which causes a weakening of the Cd-O bond. 

As shown in Fig. 4, the temperature effect 
on the s-character of Cd § centres is more remark- 
ably observed with increasing content of modifier 
oxide and ionic radius of modifier cation. The 
maximum discrepancy between the values measured 
at room temperature and 173 K was about 7% in 
40 K20"60 SiO2 glass. The decrease in s-character 
of the Cd § centre at room temperature is attributed 
to structural relaxation due to the temperature 
effect. On the other hand, it is found from Fig. 5 
that the compositional dependence of fluctuation 
of the s-character of Cd § centres is quite different 
from that of the s-character. The temperature in 
the measurement of the ESR spectrum strongly 
affects the compositional dependence of fluc- 
tuation of the s-character in sodium and potassium 
silicate glasses, although little temperature effect 
is observed in lithium silicate glasses. The results 
indicate that the s-character itself in sodium or 
potassium silicate glasses is not so markedly 
influenced by annealing at room temperature, 
but local structures around the Cd § centre are 
remarkably relaxed. 

The relation between the s-character of a Cd § 
centre and theoretical optical basicity (Ath) is 
given in Fig. 7. The correlation between the 
s-character and Ath is not better than that between 
the s-character and Ro  as shown in Fig. 6 and 7 
and these relations depend on the glass system. 
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Therefore, it is considered that the s-character of 

the Cd + centre is sensitively influenced by the 
species of modifier cation, even in glasses showing 

same basicity. 

5. Conclusion 
S-character of the Cd + centre in 7-irradiated alkali 
silicate glasses was determined using ESR spectro- 
scopy. As alkali content  increases, the s-character 
of a Cd + centre in sodium or potassium silicate 

glasses decreases monotonically and the value in 
lithium silicate glasses shows a maximum at about 
3 0 m o l % L i 2 0  and then decreases. From the 

compositional dependence of fluctuation of the 
s-character at room temperature and 173K, it is 

seen that little s.tructurat relaxation around the 

Cd + centre occurs in lithium silicate glasses, 

whereas a clear relaxation is observed in sodium 
and potassium silicate glasses. It is found that the 

s-character of the Cd + centre to ionic refraction 

(R o)  or theoretical optical basicity (Aria)depends 
on glass composition, so that the s-character of the 

Cd + centre is sensitively influenced by the species 
of modifier cation, even in glasses having the same 
basicity. 
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