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1 Introduction 
 The 3d transition metals have been recognized as 
colouring agents in oxide glasses1. Each metal can 
exist in several oxidation or coordination states within 
the glass and the equilibrium between these states will 
depend on the melting conditions and the glass type 
and composition2. Each state can give rise to different 
absorption spectra, which have been extensively 
measured and explained by the application of ligand 
field theory3-5. 
 Phosphate glasses have been the object of recent 
interest because of their valuable physical properties. 
They have a very high transmission in the ultraviolet 
region compared to silicate glasses. They are suitable 
materials for high power lasers because of low 
thermo-optical coefficient and large emission6. Most 
bioactive materials are also based on phosphate 
glasses or ceramics7. Also, phosphate glasses are 
useful in immobilization of radioactive wastes8, and 
can be applied in energy storage devices and solid 
state batteries9. Such numerous applications can be 
achieved by proper selection of phosphate glass 
compositions. 
 The first objective of this work was undertaken in 
order to investigate the absorption spectra of the first 
transition metal series in a soda lime phosphate glass. 

The work was extended to measure the effect of 
gamma irradiation on the ultraviolet-visible spectra of 
such doped-glasses. 
 
2 Experimental Details 
 
2.1 Preparation of glasses 
 Glass batches were prepared from the base 
chemical composition P2O5 45%, Na2O 30%, CaO 
25% (mol %) to which was added the appropriate per 
cent of each transition metal oxide to obtain clear 
brilliant coloured glasses as given in Table 1. The 
batches were melted in alumina crucibles in electric 
furnace at 1100±20°C for 90 min, and the melts were 
cast and annealed in a muffle furnace regulated at 
320°C .The muffle was left to cool at a rate of 
30ºC/hour to room temperature. 
 
2.2 Optical absorption measurements 
 Visible and ultraviolet optical absorption spectra 
were measured for highly polished glass samples of 
specified thickness (2±0.02mm) before and within  
15 min after gamma irradiation using a recording 
Uvikon 860 (Kontron, Zurich, Switzerland) 
spectrophotometer covering the range from 200 to 
900 nm. 
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Table 1—Chemical composition of the glass batches (mol %) 
 

Glass 
No. 

Na2O CaO P2O5 Added transition metal 
oxide gm/100gm glass 

 
1 30 25 45 - 
2 30 25 45 5 TiO2 
3 30 25 45 0.5 V2O5 
4 30 25 45 0.05 Cr2O3 
5 30 25 45 0.20.MnO2 
6 30 25 45 1.0.Fe2O3 
7 30 25 45 0.05 CoO 
8 30 25 45 0.07 NiO 
9 30 25 45 0.50.CuO 

 
2.3 Gamma irradiation 
 An Indian 60Co gamma cell (2000.Ci) was used as a 
gamma ray source with a dose rate of 1.5 Gy/sec (150 
rad/sec). 
 
3 Results 
 
3.1 Optical absorption spectra 
 The UV-visible absorption spectra before and after 
successive gamma irradiation of the undoped and 
various transition metal-doped phosphate glasses are 
shown in Figs 1 and 2. 
 
3. 1. 1 Parent blank glass 
 The parent phosphate glass is colourless and reveals 
no characteristic band before irradiation in the visible 
region but showed an ultraviolet band at about 250 
nm (Fig. 1) and this band is usually assigned to iron 
impurities in phosphate glasses10-12. On subjecting the 
glass to gamma irradiation, a shifting of the beginning 
of absorption to higher wavelengths is observed 
together with the resolution of a very broad band 
extending from about 380 to 600 nm with a maximum 
at about 430 nm. With progressive irradiation, the 
intensity of the broad band increases accompanied 
with a progressive shifting of the beginning of 
absorption to higher wavelength. 
 
3.1.2 Titanium-doped glass 
 The measured absorption spectrum of the pink 
TiO2-doped phosphate glass before irradiation is 
given in Fig. 2 which reveals the occurrence of two 
visible bands at 540 and 710 nm accompanied by a 
shifting of the UV absorption towards higher 
wavelengths. Several researchers13-15 have indicated 
that the first-band is related to Ti3+ in octahedral 
symmetry but with some tetragonal distortion. The 
other small band at 710 nm is accepted as a shoulder 
to the peak and is likely to be caused by the Jahn-

Teller effect, giving tetragonal distortion and leading 
to a splitting of the ground state14,15. On successive 
gamma irradiation, titanium ions in phosphate host 
seem to suppress any possible alteration. 
 
3.1.3 Vanadium-doped glass 
 The measured spectrum in V-doped phosphate 
glass before gamma irradiation is shown in Fig. 2. 
The absorption spectra reveal two broad absorption 
bands in the visible region; the first is centered at 
about 450 nm and the second band is split to two 
peaks at about 660 and 690 nm. These bands can be 
assigned to V3+ in octahedral symmetry16. The 
ultraviolet spectrum reveals two UV absorption 
bands, a charge transfer high intense band at about 
230 nm and another small peak is observed at about 
240 nm. Upon first gamma irradiation (dose 0.5×106 
rad), the overall spectrum shows an increase in the 
intensities of the absorption bands. The ultraviolet 
spectrum shifts towards higher wavelengths and the 
visible spectrum reveals a broad absorption band 
extending from about 400 nm to about 500 nm. With 
progressive irradiation the broad visible band shows 
splitting to two peaks, the first at about 500 nm and 
the second at about 610 nm. 
 
3.1.4 Chromium-doped glass 
 Cr6+ has a 3d0 configuration and therefore exhibits 
only sharp charge transfer band giving rise to strong 
absorption around 370 nm because of its large 
intensity5,17. 
 The spectra of Cr-doped phosphate glass before and 
after gamma irradiation are shown in Fig. 2. The glass 
before irradiation is green in colour and gives four 
major absorption bands; one broad in the ultraviolet 
region with maximum around 350 nm and three 
visible bands at about  430, 660 and 880 nm. The first 

 
 

Fig.1—Absorption spectra of undoped parent soda lime phosphate 
glass before and after successive gamma irradiation 
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Fig. 2—Absorption spectra of TM-doped soda lime phosphate glass before and after successive gamma irradiation
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two visible absorption bands are accepted1-5,17 to 
correspond to Cr3+ in octahedral symmetry. The 
absorptions have been shifted towards the infrared 
region as would be expected from a weaker ligand 
field. The absorption band at 880 nm is not previously 
shown in glasses melted under atmospheric condition. 
However, it had been reported that a band around 840 
nm was observed in Cr-containing glasses melted 
under reducing condition14,8. Upon gamma irradiation, 
the band at 430 nm shows a pronounced increase in 
its intensity with the first dose (0.5×106 rad) 
accompanied by a shift to lower wavelength and then 
becomes stable with further progressive gamma 
irradiation. 
 
3.1.5 Manganese-doped glass 
 The Mn-doped glass spectrum in phosphate glass 
before irradiation (Fig. 2) shows an ultraviolet band at 
about 210 nm due to the presence of iron impurities 
and two small curvatures or kinks at about 360 nm 
and about 600 nm. With gamma irradiation, the 
spectrum reveals the pronounced appearance of a 
broad visible band centered at about 530 nm which is 
related to Mn3+ and becomes more pronounced with 
progressive irradiation19,20. The ultraviolet absorption 
shows an increase in intensity accompanied by 
shifting to higher wavelengths. 
 
3.1.6 Iron-doped glass 
 The spectrum of the iron-doped phosphate glass is 
shown in Fig. 2. The glass before irradiation shows an 
ultraviolet band at about 210 nm and another small 
visible band at about 420 nm. These bands can be 
assigned to Fe3+ in predominantly octahedral 
coordinated state2,10. Upon gamma irradiation, the 
intensity of the visible absorption band increases. The 
ultraviolet band remains nearly constant but in the 
visible region progressively increases with radiation. 
With higher doses of radiation another band is 
observed at about 460 nm. 
 
3.1.7 Cobalt-doped glass 
 The experimental spectrum of the bluish cobalt-
doped phosphate glass (Fig. 2) consists of an 
ultraviolet band at about 210 nm and three weak 
visible peaks at about 520, 580 and 640 nm. Recent 
studies suggest the prevalence of octahedral 
coordination of cobalt in sodium phosphate glass22. 
Upon gamma irradiation, the absorption extending 
from the beginning of measurement up to about 600 
nm reveals an increase in its intensity. With 
progressive gamma irradiation two induced visible 
bands are identified at about 460 and 520 nm. 

3.1.8 Nickel-doped glass 
 The spectrum of the glass before irradiation (Fig. 2) 
shows an ultraviolet absorption extending up to 370 
nm, a small visible peak at about 420 nm and a very 
broad near-infrared band with maximum at about 
1000 nm. Most studies suggest that Ni2+ is present 
predominantly in octahedral sites in sodium 
phosphate glass2,5,12,23. The experimental spectra 
reveal no obvious changes with progressive 
accumulated gamma irradiation. It seems that Ni in 
phosphate host resists spectral changes. 
 
3.1.9 Copper-doped glass 
 Before irradiation, the spectrum (Fig. 2) reveals an 
ultraviolet absorption extending up to about 330 nm 
and a shallow visible basin absorption. Upon gamma 
irradiation, a single broad band with a maximum at 
about 840 nm which can be assigned to the 2Eg 
(D)→2T2g (D) transition5. Recent studies confirm that 
this band is characteristic of copper in distorted 
octahedral symmetry24. A new broad visible 
absorption band is also observed at about 420 nm  
and becomes very prominent with progressive  
gamma irradiation. This additional band at 420 nm 
was previously identified by Ohishi et al.25 and 
thought to be caused by transitions in tetragonal 
symmetry. 
 Table 2 gives an account of absorption bands of 
undoped and TM-doped soda lime phosphate glasses, 
their assignments and references. 
 
3.2 Induced spectra 
 Figure 3 shows the induced spectra obtained by 
subtracting the optical densities obtained from the 
studied glasses after successive gamma radiation from 
optical densities of the same glasses before irradiation 
and can be summarized as: 
 
(a) The glasses containing TiO2 and NiO show 

marked resistance to the action of gamma rays 
and their UV-visible absorption spectra remain 
unchanged with radiation. 

(b) The induced ultraviolet absorption band of the 
undoped glass at about 240 nm shifts to longer 
wavelengths accompanied by a progressive 
increase in its intensity with irradiation. The 
induced visible absorption band at about 450 nm 
is observed to split to two absorption peaks at 400 
and 530 nm by high doses of gamma rays. 

(c) The induced spectra of V-doped glass reveal 
some spectral changes with irradiation. The 
induced  ultraviolet  sharp  band  at  about 280 nm 
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Fig. 3—Induced spectra of base phosphate glass 
 

reveals slight increase in intensity with 
progressive irradiation. The induced visible 
absorption band at about 460 nm reveals marked 
increase in intensity together with a shifting to 
about 495 nm with the second dose and assumes 
slight change with progressive irradiation. The 
small kink observed at about 565 nm is highly 
intensified showing quite identification and 
shifting to about 595 nm with progressive 
irradiation. 

(d) The induced spectra of Cr-doped glass reveal 
minor changes with irradiation. The ultraviolet 
band is only visible as a kink at 280 nm with very 
higher doses. A prominent broad band is observed 
with two component peaks, a sharp one at about 
360 nm and a broad one at about 420 nm. The two 
mentioned peaks are stable and almost unaffected 
by progressive irradiation. 

(e) The induced spectra of Mn-doped glass reveal 
stable ultraviolet band at about 280 nm which is 
unaffected by irradiation. The induced visible 
band at about 520 nm remains in position but its 
intensity first increases with gamma radiation to 
the dose of 1.5 M rad and then decreases with 
prolonged irradiation but still higher than the 
intensity of the original. 

(f) The induced spectra of Fe-doped glass reveal 
stable ultraviolet band at about 280 nm which is 
unaffected by irradiation. The induced visible 
spectra show some changes with irradiation. The 
single induced band at about 400 nm shows 
splitting to two component peaks, the first at 
about 380 nm and the second at 430 nm together 
with shifting to longer wavelengths by 
progressive gamma irradiation. Also, a new broad 
band is observed with maximum at about 930 nm 
with the highest dose. 

Table 2—Positions of observed and predicted absorption bands and transitions of TM-doped phosphate glass 
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(g) The induced spectra of Co-doped glass reveal 
relatively stable two ultraviolet bands the first at 
about 290 nm and the second one at about 400 
nm. With progressive gamma irradiation, a new 
induced visible band is observed at about 450 nm 
which is shifted to about 470 nm with slightly 
increasing intensity with higher dose. 

(h) The induced spectra of copper-doped glass show 
peculiar spectra with irradiation Fig. 3. All the 
spectra reveal increasing intensity with 
progressive irradiation until the third dose (3 M 
rad) and it slightly decreases with the final fourth 
dose (6 M rad). The induced ultraviolet band is 
broad with maximum at about 280 nm. The first 
dose of gamma radiation develops a decreasing 
broad shallow basin extending from about 380 nm 
to about 600 nm. With further progressive 

irradiation, a new induced band is identified at 
about 420 nm and grows with radiation to the 
third dose (3 M rad) and slightly decreases with 
the fourth dose (6 M rad). A second broad band is 
observed with maximum at about 800 nm. 

 

 Table 3 depicts induced absorption bands of 
undoped and TM-doped soda lime phosphate glasses, 
their origin and references as shown in (Fig. 4). 
 
3.3 Growth behaviour of induced bands 
 Experimental results obtained from undoped and all 
transition metal-doped phosphate glasses (except Ti-
and Ni-doped) show almost an initial fast growth in 
the induced absorption followed by a slower growth 
of the induced bands, reaching some sort of 
equilibrium or saturation condition as the dose rate is 
increased. 

Table 3—Induced bands position and their assignments of undoped and doped-phosphate glass 
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4 Discussion 
 
4.1 Effect of gamma-rays irradiation on glasses 
 The radiation damage processes in glasses are 
generically the same which occur in crystals26,28. 
There are three basic processes: 
 

 (i) Radiolytic processes (ii) Knock-on damage 
 (iii) Electron rearrangement. 
 
4.2 Induced spectra in base phosphate glasses 
 The induced optical absorption bands created by 
irradiation depend on a number of parameters, 
including the glass former (e.g., P2O5), the type and 
concentration of the alkali or alkaline earth oxides, the 
concentration of OH, the redox conditions during the 
glass melting, and the temperature at which the glass 
is irradiated and measured27. Although this presents a 
formidable parameter space, comprehensive studies of 

the silicate system (and to a lesser extent, the borate 
and phosphate. systems) have resulted in a relatively 
unified understanding of the radiation damage in 
simple glasses26,28. The data obtained reveal that the 
three induced bands centered in the 2.0 to 2.3 eV 
range, near 2.9 to 3.0 eV, and at 5.1 to 5.5 eV, are 
common to all three glass systems. Only the 4.0 eV 
band appears missing from the borate and phosphate 
glasses. 
 Schreurs and Tucker29 identified the two low 
energy induced bands in alkali phosphate glasses to 
be due to hole traps and the third induced absorption 
band at 5.1 eV to be due to an electron trap. When the 
2.3 eV (520.nm) and 2.9 eV (420 nm) hole center 
bands were suppressed by competitive trapping in a 
manganese doped glass, a broad asymmetric band 
located at 2.25 eV (550 nm) was observed. They 
identified this band as Mn2+ that had trapped a hole on 

 
 

Fig. 4—Induced spectra of TM-doped soda lime phosphate glass 
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the basis of the similar center energy and shape to that 
of Mn3+. However, the center of the Mn3+ band occurs 
in other glasses at higher energies30, in the range 2.5 - 
2.6 eV (500 to 480 nm). Williams and Friebele31 

assumed that the induced band observed in Mn-doped 
phosphate glass is a composite of Mn3+ and the alkali 
electron center. 
 Bishay32 postulated that the 2.3 and 2.9 eV (520, 
420 nm) bands are attributed to the high and low 
temperature phosphorus-oxygen hole centers (POHC) 
in the doped glass. These two induced defects have 
been determined by Griscom et al.33 to be holes 
trapped on two or one non-bridging oxygen atoms of 
a PO4 structural unit, in analogy to the HC2 and HC1 
defect centers in silicate glasses. The induced band in 
the alkali phosphate glasses near 5.1 eV (240 nm) 
correlates with the 4.8 eV (280 nm) band in p-doped 
silica, the absorption being associated with the P2 
defect comprising an electron trapped in an anti-
bonding orbital of PO2 in induced spectra in glasses 
containing transition metal ions. When a glass  
containing multi-valent transition metal ions is 
irradiated, these ions are available as potential traps 
for the radiolytic electrons and holes. Whether the 
ions trap the charges in preference to the intrinsic 
traps depends on the relative capture cross-section and 
traps depths. The presence of the dopants does not 
alter the intrinsic trapping of the glasses. Rather, by 
providing alternate sites, they sometimes retard the 
formation rate and increase the recovery rate of the 
intrinsic centers32-37. 
 
4.3 Contribution of the optical absorption of transition metal-
doped phosphate glass 
 By correlating the observed absorption spectra of 
doped glasses with atomic transitions predicted from 
ligand field theory as been reviewed by Bates3, Paul5 

and Wong and Angell38, it can be suggested that 
transition metals are predominantly found in 
octahedral coordination in phosphate glasses. This 
would be expected since the stabilization energy 
associated with this symmetry is higher than for 
tetrahedral symmetry. The one exception to this case 
is Cu2+ which is believed to be in tetragonally 
distorted symmetry due to the Jahn-Teller effect. The 
absorption spectra can be interpreted on the following 
basis: 
 
(1) The undoped phosphate glass reveals no visible 

absorption but shows an ultraviolet band at about 
250 nm which different researchers attributed it 
to. the presence of iron impurities10,12. 

(2) Both the pink colour of Ti-doped glass and the 
appearance of the visible absorption band at 540 
nm (Fig. 2) confirm the presence of titanium 
predominantly as Ti3+ in octahedral coordination. 
Also, the appearance of the peak at 710 nm is 
likely to be caused by the Jahn-Teller effect 
giving tetragonal distortion and leading to a 
splitting of the ground state6,12. Titanium-doped 
phosphate is observed to resist the action of 
liberated or freed electrons during gamma 
irradiation. A similar behaviour was observed by 
Kreidl and Hensler39 and Bishay40 in titanium-
doped phosphate glasses. Bishay and Gomaa41 

observed a decrease in the intensity of the induced 
absorption as TiO2 was increased in silicate 
glasses. They attributed this behaviour to the 
formation of Ti3+ ions as a result of gamma 
irradiation. The released electrons may annihilate 
the positive hole centers and thus decrease the 
visible induced absorption or attains saturation. In 
the studied phosphate glass, titanium is assumed 
to be mostly in the octahedral Ti3+ state. The 
stability of this glass towards gamma irradiation 
seems to be a combined effect of both Ti3+ and 
phosphate host acting to trap liberated electrons 
without any visual absorption change or net 
induced spectra. Several researchers have arrived 
to the same conclusion39,40. 

(3) The greenish colour of V-doped phosphate glass 
and the quite appearance of the two visible bands 
at about 430 nm and 660 nm (Fig. 3) combined 
together indicate the presence of appreciable 
amount of V3+ ions in the glass but not excluding 
other vanadium species such as V5+ and V4+ ions. 
The induced curves reveal almost stability of the 
ultraviolet spectra while the visible spectra show 
some increase in intensity with marked splitting 
and specifically in the region where trivalent 
vanadium ions are effectively absorbing. This 
result leads us to assume that some of the minor 
pentavalent or tetravalent vanadium ions present 
have the liability to capture electrons freed by 
gamma-ray irradiation and change according to 
the following photochemical reactions to V3+: 

 

V5+ + 2eـ→ V3+ …(1) 
 

V4+ + eـ → V3+ …(2) 
 
Kutub and El-Manharawy42 and El-Batal and 
Ghoneim16 reached at the similar result 
previously. 



BATAL et al.: SPECTROSCOPIC STUDIES OF GAMMA-IRRADIATED TRANSITION METALS 
 
 

587

(4) The emerald greenish colour of Cr-doped glass 
and the appearance of the two visible bands at 
440 and 660 nm,(Fig. 2) combined together 
indicate the presence of octahedrally coordinated 
Cr3+ ions in appreciable amount but not 
neglecting the possible presence of Cr6+ ions. The 
induced spectra show two induced bands, the first 
at about 385 nm and the second at about 430 nm. 
It seems that the first band is correlated with Cr6+ 
ions and the second band with Cr3+ ions. 
Therefore, it can be assumed that on gamma 
irradiation a new ultraviolet band is developed at 
about 380 nm indicating the formation of Cr6+ 
ions by capturing positive holes, which attain 
equilibrium with the rest of Cr3+ ions on the basis 
of the respective condition of the host glass.  
El-Batal and Ezz El-Din arrived at the comparable 
conclusion for Cr-doped borate glasses17. The 
presence of an ultraviolet band at about 235 nm is 
assumed to be due to iron impurities. 

(5) The Mn-doped glass is faint colour showing no 
characteristic visible bands but only small 
curvature or kinks at about 360 nm and 600 nm 
(Fig. 2) and this may indicate the presence of 
Mn2+ ions which are known to have very low 
extinction coefficients5. On gamma irradiation, 
the characteristic broad band at about 540 nm is 
quite observed and becomes more prominent with 
radiation. The same result was previously 
observed in Mn-doped cobalt glasses and was 
explained by assuming that some fraction of the 
Mn2+ ions present can trap a hole and be 
converted to Mn3+ according to the photochemical 
reaction43. 

 
Mn2+ + hν → Mn3+ + e(3)… ـ 
 
 Also, irradiation of the undoped phosphate 
glass leads to the formation of two induced 
intrinsic bands at 400 and 530 nm (Fig. 2), one of 
which (530 nm) lies very close to the absorption 
band due to Mn3+ions. Thus, the induced visible 
band observed in Mn-doped glass may actually be 
a composite of these two, namely the intrinsic 
base glass and that due to photochemically 
formed Mn3+ ions. 

(6) The experimental result of Fe-doped glass reveals 
the appearance of a marked ultraviolet band at 
220 nm and a small visible peak at 425 nm. The 
induced spectra (Fig. 3) reveal a stable and high 
intense ultraviolet band at about 285 and two 

other peaks at 330 and 450 nm by progressive 
irradiation. Most published work1-5 assume that 
iron is present in both Fe2+ and Fe3+ and the 
relative amounts of each depending on the 
concentration of iron oxide, condition of melting, 
type and composition of the glass. 
 Earlier study on iron in phosphate glasses had 
indicated11 that Fe2+ showed two absorption bands 
in the infrared region, while Fe3+ showed three 
resolved bands. Both states were in octahedral 
coordination and the charge transfer ultraviolet 
band was attributed to Fe3+. Also, Edwards et al.11 

assumed that phosphate glasses compared with 
silicate glasses, are more reducing with respect to 
iron and this effect can be discussed by 
considering the effect of coordination and 
bonding of Fe2+ and Fe3+ on their activity 
coefficients in various glasses. Recent study 
indicates44 that ferrous and ferric ions are in 
octahedral coordination and that, ferric ions may 
occupy two different sites. 

(7)  Both the light bluish colour of Co-doped glass 
and the appearance of the broad triply-split band 
with three peaks at about 520, 580 and 630 nm 
indicate the possible presence of cobalt in both 
tetrahedral and octahedral coordination states of 
cobalt (Fig. 2). On successive gamma irradiation, 
the absorption spectra are seen to be characterized 
by the appearance of a visible band at about 480 
nm and two ultraviolet absorption bands at about 
250 and at 360 nm. The first visible band seems 
to be correlated with Co2+ in octahedral 
coordination. France et al.44 had pointed out that 
cobalt is a useful dopant for determining the 
structure of a glass since the octahedral site 
preference energy is close to zero and the metal 
can easily switch from octahedral to tetrahedral 
symmetry according to the composition. It is 
possible gamma irradiation can do the same 
effect. The ultraviolet bands are, previously 
assumed to be, related with iron impurities10-12. 
 Möncke et al.12 recently postulated that 
irradiation of Co-doped glass produces 
photoxidized [Co2+]+ by the suggested reaction: 

 
Co2+ + (hν)→ [Co2+]+ + e(4)… ـ 

 
The difference in the spectrum could be related to 
the formation of the electron centers accompanied 
by the evolution of hole centers to which the 
[Co2+]+ would belong. 
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(8)  Both the pale yellowish colour of the Ni-doped 
phosphate glass together with the appearance of 
the visible band at about 420 nm and the broad 
near infrared band with maximum at about 950 
nm support our assumption of the presence of 
nickel predominantly in octahedral coordination 
in phosphate glass with marked resistance to 
radiation. 
 Experimental results reveal that progressive 
gamma irradiation produces coincidence of the 
obtained absorption spectra after radiation with 
that before without any change in the entire 
ultraviolet and visible spectral region. 
 However, Cotton et al.45 in their recent 
reference book assume that this behaviour is 
related to some structural changes. In a recent 
publication by one of the authors37, the absorption 
spectra of nickel-doped silicate glasses are 
observed to show obvious changes with 
progressive gamma irradiation. It is therefore, 
assumed that the stability of the present glass 
towards gamma irradiation is partly dependent on 
the phosphate host and partly on the suppressing 
action of Ni2+ ions. Further work is needed to 
justify this behaviour. 

(9)  Before irradiation, the colour of the Cu-doped 
phosphate glass is faint showing no absorption 
bands in the studied spectrum (Fig. 2). With the 
first irradiation dose (0.5 M rad), an ultraviolet 
broad band in observed centered at about 280 nm 
followed by a shallow basin spectrum extending 
from 350 to 600 nm, is further followed by a very 
broad band centered at about 850 nm. On further 
successive gamma rays irradiations, the 
ultraviolet band remains stable and unchanged 
and a new medially broad band is observed at 425 
nm and the near infrared broad band at 850 nm 
remains in position but increases in its intensity 
with irradiation until the 3 M rad dose. With the 
last dose (6M rad), the intensities of both the two 
visible bands slightly decrease. The appearance of 
the two mentioned visible bands indicates the 
formation of Cu2+ ions with progressive gamma 
irradiation. 

 

 Before irradiation, the copper seems to be present 
in the studied phosphate glass mainly as Cu+ ions as 
distinguished by the pale colour. Cu+ has a 3d10 

configuration and therefore exhibits no d-d transitions 
and consequently has little absorption5. The nature of 
coordination of Cu+ ions in phosphate glass was 
identified by Denath et al.46 and found to be trigonally 

distorted octahedral coordination and exhibited 
ultraviolet bands at 215 and 243 nm. The following 
suggested photochemical reactions are believed to 
occur by gamma irradiation: 
 
Defect + hν → trapped electron + free hole …(5) 
 
Cu+ + free hole→ Cu2+ …(6) 
 
4.4 Contribution of the growth behaviour 
 Formation of the induced colour centers is certainly 
not a simple capturing process at existing intrinsic 
defects50, which would contradict the linear relation of 
absorption and radiation found by Weeks and 
Sonders51. It can, therefore, be assumed that gamma 
radiation create defects which subsequently trap 
electrons or holes. Lell et al.50 reported that some 
researchers distinguished two phases in the formation 
of colour centers, an initial fast growth rate and a 
second slower rate frequently reaching saturation; 
they also indicated that some interaction between 
defect centers of various types would be possible. The 
change of, the rate of formation of colour centers, was 
initially attributed by Arnold and Compton52 to 
population of existing defects in the glass by the 
radiolytic charges and the linear behaviour at higher 
doses to concurrent defect production and trapping. 
Another postulation was reported by Palma and 
Gagosz53, that at high dose rates, additional 
mechanism of radiation annealing i.e., actual removal 
of defect sites and healing of the glass network during 
irradiation may occur. 
 The results of growth behaviour can be understood 
when it is considered that the induced absorption in 
glasses of deferent chemical composition is the result 
of equilibrium between the formation and annihilation 
of colour centers. This equilibrium is influenced by 
the polarizing power, the coordination number of the 
network forming and modifying ion concentration, 
and the abundance of non-bridging oxygen. 
 Ionizing radiation will cause both intrinsic defects 
and impurities which may be present in glass to be 
converted to colour centers and Levy54,55 assumed that 
the rate of conversion should be about the same for 
both. However, the number of colour enters formed 
by impurities must be limited to the number present in 
the glass and once all of a specific impurity has been 
converted, the absorption band created should reach a 
fixed saturation value. If ionizing radiation causes 
defects to be formed, this will be an inefficient 
process in most instances and the total number of 
defects will increase very slowly. The different 
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growth behaviours are simply based on the 
assumption that there are numerous colour centers 
with different growth rates contributing to the 
absorption at a specific wavelength. A further 
postulation may be recognized that there are several 
rate determining processes operating concurrently 
during gamma irradiation16,20. 
 
5 Conclusion 
 Absorption spectra of 3d transition metals-doped 
phosphate glasses have been measured before and 
after successive gamma rays irradiation. The optical 
absorption before irradiation revealed characteristic 
spectra for each transition metal indicating the 
presence of predominantly in octahedral environment 
except for Cu-doped glass. Experimental data reveal 
obvious induced changes with gamma irradiation 
except with Ti- and Ni-doped glasses revealing 
resistance to the action of gamma rays irradiation. The 
response of the doped-glasses to gamma rays 
irradiation and the growth behaviour of the induced 
bands reveal fast growth at first followed by almost 
saturation after prolonged irradiation. This behaviour 
is related to several possibilities in formation and 
annihilation of the induced colour centers. 
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