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ABSTRACT 
 
 The influence of various gamma-radiation dose on absorptions of PbO-P2O5 + xMnO2 (0<x<0.15) vitreous 
system was monitored by means of electron spin resonance (ESR) and infrared (IR) spectroscopy. Electron spin 
resonance (ESR) of Mn2+ ions revealed their distribution as different structural units in P2O5.PbO2 glass matrices 
doped with MnO2. The absorption line at geff ≈ 2.0 is prevalent in the spectrum and shows the hyperfine 
structure (hfs) characteristic of the 55Mn (I=5/2) isotope that is well resolved for samples with x ≤ 0.15 mol%. 
The ESR and magnetic susceptibility data suggest that in these glasses, the MnO2 ions exist only in the divalent 
state; these ions are isolated or participate to dipole–dipole interactions. IR absorption spectra reveal in the 
undoped and Mn-doped glasses characteristic structural phosphate groups mainly consisting of metaphosphate 
and pyrophosphate units. Gamma irradiation of the samples is assumed to cause changes in the bond angles or 
bond lengths of the structural phosphate units within network as evident in the variation of the intensities of the 
IR bands. 
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Introduction 
 
 Glass systems containing transition metal ions have attracted a great interest for their use as photo-
conducting devices, magnetic materials, etc (Glebov et al., 2000). It is known that glasses containing transition 
metal ions have many colors depending on the chemical composition of the glass system, the type of transition 
metal ion or the valence or coordination of the transition metal ions in the structure. In this work, all samples 
were are of lead-phosphate (PbO-P2O5) glass systems containing manganese ions used to probe the glass 
structure and study any favorable solarization reaction of the glass (Masaru et al., 2004). Manganese (55Mn) ions 
have been frequently used as paramagnetic probes to explore the structure and properties of vitreous systems, as 
manganese ions have a strong bearing on the optical and magnetic properties of the glass. A large number of 
interesting studies are available on the environment of manganese ion in various inorganic glass systems 
(Glebov et al., 2000, Masaru et al., 2004, Chakradhar et al., 2003). There are various techniques to investigate 
the characteristic structure of glass systems, such as Fourier transform-infrared (IR), Raman, ultraviolet-visible 
(UV-Vis) or electron spin resonance (ESR). The ESR and optical absorption studies are recognized as powerful 
tools for probing the local environment of a paramagnetic impurity and mapping the crystal field (Chakradhar et 
al., 2005, Redy et al., 2006).  
 The aim of this article is to establish the influence of gamma radiation on manganese ions introduced in the 
P2O5·PbO matrix. The PbO-P2O5 + xMnO2 (0<x<0.15) glasses were prepared and investigated by means of ESR 
and IR spectroscopic measurements. 
 
Experimental Details: 
 
Preparation of the Glasses: 
 
 The studied lead phosphate glasses were prepared from chemically pure raw materials. Lead oxide was 
added in the form of pure red lead oxide (Pb3O4) and P2O5 was introduced as pure ammonium dihydrogen 
phosphate (NH4 H2 PO4). Manganese metal was added (0.005-0.15 mol %) in the form of its respective pure 
oxide [MnO2] to the base undoped lead phosphate glass of equimolecular composition (50 mol% PbO, 50 mol% 
P2O5). The weighed batches were melted in porcelain crucibles at 800oC for 1 h. The melts were rotated several 
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times and the homogenized melts were poured in slightly warmed stainless steel molds of the required 
dimensions. The prepared samples were immediately transferred to an annealing furnace regulated at 200oC.The 
muffle was switched off and left to cool after 1 h at a rate of 20oC/h. 
 
ESR Measurements: 
 
 ESR spectra were recorded at room temperature using a Bruker EMX spectrometer operating in the X-band 
frequency (9.677 GHz) with field modulation 100 kHz. The microwave power used was 3.196 mW. A 
powdered glass specimen of 0.3g was taken, for each sample, in a quartz tube for ESR measurements.  
 
Infrared Absorption Measurements: 
 
 The infrared absorption spectra of the undoped and Mn doped glasses were measured at room temperature 
in the range 4000–400 cm-1 by a Fourier Transform infrared spectrometer (type Jasco FT/IR-430, Japan) using 
the KBr disc technique. The samples were pulverized into fine powder, and then mixed with potassium bromide 
powder with a weight ratio of 1:100 (0.002 g sample: 0.2 g KBr). The mixture was subjected to a load of 5 
tons/cm2 in an evocable die for 2 min to produce clear homogenous discs. The IR absorption spectra were 
measured immediately after preparing the discs. Also, the IR spectra were measured after subjecting the 
prepared glasses to a specified gamma-ray dose of 30kGy. 
 
Gamma Irradiation Facility: 
 
 A 60Co gamma cell was used as a gamma-ray source with a dose rate of 1.5 Gy/s at a temperature of ~30oC. 
The investigated glass samples were subjected to the same gamma dose every time. Using a Fricke dosimeter, 
the absorbed dose in water was utilized in terms of dose in glass. Each glass was successively subjected to a 
total dose of 10, 30 and 50 kGy. 

 
Results and Discussion 
 
ESR Study: 
 
 The ESR absorption spectra for Mn2+ (3d5, 6S5/2) have been studied by several authors (Padlyak et al., 2009, 
Padlyak et al., 2010, Ardelean et al., 2006). The structure of the absorption spectra strongly depends on the 
MnO2 content of the samples, as can be observed in Fig. 1. At low concentrations of MnO2, the spectrum 
consists of absorption lines centered at values of ≈2.0 for the effective g factor.  The absorption line at geff ≈ 2.0 
is prevalent in the spectrum and shows the hyperfine structure (hfs) characteristic of the 55Mn (I=5/2) isotope 
that is well resolved for samples with x ≤ 0.15 mol%.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Magnetic Field (Glass) 
 
Fig. 1: Esr absorption spectra due to mn2+ ions in glass. 
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Fig. 2: the composition dependence of line intensity centered at g=2.0095 of unirradiated glass. 
 
 The geff ≈ 2.0 absorption line was generally attributed to isolated paramagnetic Mn2+ ions in octahedral 
symmetric sites slightly tetragonal distorted, to dipolar or super exchange coupled pairs of ions (Masaru et al., 
2004). Depending on MnO2 content, our samples show an evolution of the vitreous matrix structure from 
structural units involving Mn2+ ions into well defined vicinities having certain symmetry, to structural 
formations containing clustered ions. This evolution has been revealed by the changes in geff ≈ 2.0 absorption 
lines with the increase of the Mn2+ ion content. 
 The hyperfine sextet (hfs) is due to isolated Mn2+ ions in high symmetric sites (octahedral) that are 
separated well enough from each other to avoid strong dipolar interactions. The g factor value and the well 
resolved hfs support this statement and also give evidence for the predominantly ionic character of the bonding 
between Mn2+ and the O2- ions generating the octahedral symmetric ligand field. These are weak axial 
distortions superimposed on this field varying from one vicinity to another. Their random orientation determines 
the dipole broadening of the absorption line. The decrease of random orientation was observed as a decrease in 
the broadening of the absorption line at geff ≈ 2.0 (Fig.2). 
 The radiation defects induced by 10kGy gamma-irradiation at glass were found to change as seen in Fig.3. 
From this variation the absorption line width can be assumed to follows the linear variation presented in Fig. 4. 
Lowering of line broadening upon irradiating the glass with 10kGy is achieved as seen in Fig.4. 
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Fig. 3: ESR absorption spectra of glasses of different Mn concentrations %(10kGy). 
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Fig. 4: The composition dependence of line intensity centered at g=2.0095 (10Gy). 
 
 he composition dependence of the integral ESR intensity on gamma radiation dose of glass with different 
Mn content is observed in Fig.5. Two prime doses (10kGy and 30kGy) are observed to retain the intensity 
approximately constant. Variation of the integral ESR intensity at such doses with Mn content is traced in Fig.6. 
Mn concentrations (0.005-0.1 mol %)  is assumed to enhance the production of the free radicals. Otherwise, 
such production would be inhibited as illustrated (Fig.6). 
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Fig. 5: The dependence of integral ESR intensity on radiation dose with different Mn content. 
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Fig. 6: The dependene of integral ESR intensity on Mn content at 10kGy and 30kGy. 
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 The contribution of irradiating the glass with 10kGy and 30kGy to enhance the variation of (∆g///∆g┴) was 
investigated and the results are seen in Fig.7. Two regions of interest can be distinguished, first, 0.005– 0.05Mn 
% and second 0.05 – 0.15Mn%. It means that, at doses 10kGy and 30kGy, increasing the Mn content from 0.05 
% to 0.5 % assures that the deviation from octahedral symmetry increases and the Mn2+ ions are in more 
tetragonal distorted sites (Sreekanth et al., 2003, Podgorska et al., 2004). The first region suggests that the 
octahedral symmetry around Mn2+ ion is improved while second region with disordered octahedral symmetric 
sites can be detected up to 0.15 mol % MnO2. Irradiating the sample with dose 30kGy, an inverted behavior of 
the ratio (∆g///∆g┴) with Mn content is noticed. 
 

 
Mn(mol %) 

 
Fig. 7: The change of Δg-parallel/ Δg-perpendicular, at 10kGy and 30kGy, with content. 
 
IR Study: 
Infrared Absorption Spectra of Undoped and Mn-Doped Lead Phosphate Glass Samples Before Irradiation: 
 
 The infrared absorption spectra of the studied undoped and MnO2 doped lead phosphate glass samples 
before irradiation are illustrated in Fig.8. All the IR absorption spectra reveal the following features: 
(a) A strong band at about 472 cm-1. 
(b) A medium band with two peaks at about 719 and 758 cm-1. 
(c) A sharp band at about 879 cm-1. 
(d) A doublet sharp band with two peaks at about 1036 and 1086 cm-1. 
(e) A shoulder at 1209 cm-1. 
(f) A Sharp band at about 1261 cm-1. 
(g) A medium band at about 1653 cm-1. 
 
 However, the IR spectra of the Mn-doped samples reveal an increase of the peaks at 1036 and 1086 cm-1 

and a decrease of the peaks at 719 and 758 cm-1 and showing almost the main IR spectra as the undoped sample 
but with slight variations in the intensities or positions of the main bands. 
 
Infrared Transmission Spectra of Lead Phosphate Glass Samples After Gamma Irradiation: 
 
 Fig. 9 illustrates the IR transmission spectra of the studied glasses after being gamma irradiated with a dose 
of 30kGy. The IR spectra reveal the main spectral features due to phosphate network as in the original 
unirradiated samples before irradiation but with some changes concentrated in the increase or decrease of the 
intensity of some peaks. The observed changes are outlined as follows: 
(1) The intensity of the shoulder at 1209 cm-1 is decreased. 
(2) The intensity of the peaks at 1084 cm-1 1 is increased. 
(3) The peak at 758 cm-1 is shifted to 796 cm-1 with increase in intensity. 
(4) A new shoulder at about 940 cm-1 is resolved. 
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Fig.  8: IR transmission spectra of the unirradiated studied glasses. 
 

 
 
Fig. 9: IR transmission spectra of the studied glasses after been irradiated (30kG). 
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 The IR absorption spectra are interpreted on the basis of the vibration of the phosphate glass structural units 
very close to the corresponding crystalline analogues (Montagne et al., 1996, Efimov 1996). The band at 1261 
cm-1 and the shoulder at 1209 cm-1 are due to asymmetric and symmetric stretching vibrations of metaphosphate 
units (PO2), respectively. The band with two peaks at 1086 and 1036 cm-1 is due to the asymmetric and 
symmetric of pyrophosphate units (PO3), respectively. The band at 879 cm-1 is correlated to asymmetric 
stretching vibration of P–O–P groups. The medium band with two peaks at about 719 and 758 cm-1 is due to 
symmetric stretching vibration of P–O–P groups. The strong band at about 472 cm-1 is correlated to the bending 
vibration of P–O bonds. The effect of addition of Mn is observed in the increase of the peak at 1036 and 1086 
cm-1 and the decrease of the peaks at 719 and 758 cm-1 which means the increase of the pyrophosphate unit’s 
content on the expense of the decrease of the metaphosphate units content. This behavior can be due to the 
occurrence of the depolymerization process inside the glass network  (Metwalli et al., 2004).  
 Previous investigations on the effect of gamma irradiation on the IR spectra due to various glasses have 
arrived to several important parameters which can be summarized as follows: 
a) ElBatal and Ezz-ElDin (2001) claimed that continuous gamma irradiation of borosilicate glasses 

progressively decreases the IR absorption spectra and correlated this result to the weakening in the glass 
network which leads to the observed decrease in the intensity in the IR bands. 

b) El-Batal et al., (2002)  observed that gamma irradiation is seen to be effective only on the IR bands due to 
water or BOH groups while the main bands due to borate and BiO6 groups in bismuth borate glasses remain 
unaffected. The authors assume that gamma irradiation is effective only on such interstitial components 
while the heavy metal Bi3+ ions retard their effect causing shielding behavior. 

c) El-Batal et al., (2007) concluded that subjecting lithium borate glasses to gamma irradiation, causes only 
minor decrease of the intensities of the IR bands accompanied by the lost of their sharpness. They correlate 
their results by the earlier work by Primak (1972) who assume the compaction of Si–O–Si bonds upon 
irradiation. Also, the authors (16) consider the specific work of Hobbs et al., (1996) and Piao et al., (2000) 
introducing some proposed mechanisms for radiation-induced defects generation by irradiation including 
the changes in bond angles and/or bond lengths. The observed decrease of intensity of the shoulder at 1209 
cm-1 and the increase of intensity of the peak at 1084 cm-1 can be assumed to be correlated with the increase 
of the pyrophosphate groups content and the simultaneous decrease of the metaphosphate groups. Also, the 
shift of the peak at 758–796 cm-1 accompanied with the increase of intensity and the appearance of a new 
shoulder at about 940 cm-1 may be assumed to indicate the occurrence of changes in bond angles and/or 
bond lengths of the P–O–P bridges (Hobbs et al., 1996, Piao et al., 2000). 

 
Conclusion: 
 
 Electron paramagnetic resonance (ESR) studies of Mn2+ ions revealed their distribution on different 
structural units in P2O5-PbO2 glass matrices doped with MnO2. The absorption line at geff ≈ 2.0 is prevalent in 
the spectrum and shows the hyperfine structure (hfs) characteristic of the 55Mn (I=5/2) isotope that is well 
resolved for samples with x ≤ 0.15 mol%. The contribution of irradiating the glass with 10 kGy and 30kGy to 
enhance the variation of (∆g///∆g┴) using glass with Mn concentration ranging from 0.05mol % up to 0.1 mol %.  
Infrared absorption spectra of undoped and Mn-doped samples have been measured and the IR absorption 
spectra indicate the presence of main characteristic phosphate structural chains mostly as metaphosphate units 
and the MnO2 ions seem to cause some depolymerization effect. Gamma irradiation on the IR spectra is 
observed to cause some changes on the intensities of the characteristic phosphate bands indicating the possible 
changes in the bond lengths and/or bond angles within the phosphate chain. 
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