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Aim of the work 

Radiation dosimetry provides the official means of 

regulating and approving any radiation process.  

Borate glasses have many advantages as a material for 

radiation dosimeter applications in view of the fact that their 

effective atomic number is very close to that of human tissue 

as well as it relatively low electrical conductivity. 

The aim of the present work is preparation of new glass 

samples (Lead lithium tetra borate copper glass) and studies 

the possibility of using it as a glass dosimeter.  

The present thesis is concerned with the study of some 

physical properties, thermal, electrical, ESR and optical 

properties of Li2B4O7-PbO and Li2B4O7- Pb3O4-CuO glasses 

before and after irradiation with gamma rays.  

The stability of color centers formed upon irradiation by 

heating either at 27oC, 50oC and 100oC for several time 

periods have been studied.  

 

 

 

 

  



Abstract 
         This thesis comprises a study of the X-ray diffraction, 

thermal, electrical, ESR and optical properties of lead lithium 

tetra borate glass. The objective of this thesis is to prepare 

glass dosimeter and study the effect of several gamma–

irradiation doses on Lead lithium tetra borate glasses doped 

with CuO.  

The two glasses were prepared from chemical reagents; 

Li2B4O7 from ready package, lead and copper oxide were 

added in fixed Proportions. The glass melting was made in 

porcelain crucibles, using electrically heated furnace at 

temperature of 1000 -1100 oC. The melts rapidly quenched in 

air by pressing between two stainless-steel plates mould kept 

at room temperature. The resultant glasses were colorless for 

LPTB and  transparent greenish sheet of LPTBCu glass about 

0.8 mm thick and where polished to meet the requirements for 

optical and electrical measurements.  

The obtained results can be summarized as follows:-  

Density    
It is observed that, for unirradiated samples, the addition 

of copper to LPTB leads to the increase of the number of ions 

in the sample which decreases the inter-ionic distance. As a 



result, the molar volume of LPTBCu decreased and 

consequently its density increased in the range of 10 ± 1 %. 

Irradiation with gamma rays is assumed to create 

displacements, electronic defects and /or breaks in the network 

bonds. Irradiation can cause the compaction of  B2O3 by 

breaking of the bonds between triagonal elements, allowing 

the formation of different configuration. 
Irradiating the LPTB glass with growing γ-doses up to 

25 kGy decreased its molar volume with in 4.07 % and 

consequently increased the density with the same percentage. 

For the glass LPTBCu, the effect of γ-rays appeared as a 

decrease in the molar volume and increase in density with the 

same percentage (12.9%). The addition traces of copper (0.01 

weight %) to LPTB enhanced the effect of γ-radiation on it. 
Crystallization Behavior: - 

X-ray diffraction 
The results show that the obtained X-ray patterns did 

not reveal any crystalline phase in the glass, i.e. they were 

completely amorphous before and after irradiation with 

different gamma doses.    

Differential thermal analysis (DTA): 

The differential thermal analysis (DTA) thermograms, 

shows the two characteristic   glass transition temperature Tg 



and the crystallization temperature Tc. The increase of gamma 

dose leads to an increase in both Tg and Tc. This behavior 

again is repeated for LPTBCu   but with lower values of Tg 

and Tc compared to LPTB glass. From the measured values of 

Tg and Tc it is concluded that Tg decreases by 7% and Tc 

decreasing by 8% on adding traces of copper to the glass 

LPTB. While on the other hand the thermal stability factor (S) 

increased by 13.5 %. This behavior may be explained on the 

basis of the increase of rigidity of the network, which has been 

strengthened by the presence of copper which is participating 

in the formation of the glass network. 

D.C. electrical conductivity of   the two glasses 

The temperature dependence of d.c. electrical 

conductivity measurements of the LPTB and LPTBCu glasses 

show the same behavior. The Arrhenius plot of logσdc versus 

1/T shows two linear regions. The slope of each region gives 

the activation energies Wdc for a given conduction, however 

the activation energy having two different values for the low 

and high region  which increase at the higher temperature 

region ( region II).  

It is observed that as the gamma radiation dose 

increases, the activation energy of electrical conduction 

decreases while electrical conductivity increases. This change 

in activation energy and conductivity may help to detect the 



structural changes as a consequence of increasing the   gamma 

doses. 

The universal curve of ionic conductivity was applied for the 

two glasses for the unirradiated and irradiated glass. 

It was found from the universal curve that the d.c ionic 

conductivities were of the same order of magnitude. 

  The addition of copper to LPTB increase the dc 

conductivity and decrease the activation energy by 19.1 % 

which implies that copper play an important role in the 

conductivity of the glass. This leads to an increase in the ionic 

mobility and the reduction of activation energy, which is in 

accordance with the observed results. 

The density of state at Fermi energy was also estimated 

from Greaves (Variable range hopping) modification and the 

activation energy for electronic conduction from the low 

temperature part. 

 

Electron Spin Resonance (ESR): 

 ESR investigation of oxide glasses doped with transition 

metal (TM) ions has been extensively studied. 

For unirradiated and irradiated samples, g-value and the 

number of spins participating in resonance for LPTB and 

LPTBCu were obtained.   As can be seen from the signals, all 



studied glasses have linear dose response in the applied range 

from 5 to 25 kGy.   

The signal intensity increases with the increase of the 

absorbed dose this signal was chosen for dose evaluation 

because it shows a uniform behavior. 

The ESR data can be used to calculate the change of 

paramagnetic susceptibility of the two glass samples this 

change can also be related to the presence of structure defects 

and impurities in the glass before irradiation. Therefore from 

the g values and shape of the EPR spectra, it can be concluded 

that the Cu2+ ions being located in tetragonally distorted 

octahedral sites. 

Optical properties for the LPTB glass: 

Optical properties for the two glasses with different 

gamma irradiation doses were measured. The optical gap 

obtained from the absorption band found to be in good 

agreement with that calculated at r= 2, which point to the type 

of transition is indirect allowed transition. The calculated value 

of band tail was estimated and was found that it increases  with 

increasing the irradiation dose. 

The absorption spectrum for LPTBCu glass was also 

applied to illustrate the post irradiation stability. The 

absorbance at peak of this glass at 750 nm was measured from 

time to time over a period of 30 days. The stability of 



irradiated LPTBCu with dose 25 kGy and heated up to 

different temperatures were also illustrated. The best condition 

for storing this glass at room temperature than storing at high 

temperatures by considering the absorbance in the time range 

from 6 up to 30 days from irradiation. 

Irradiation LPTBCu glass showed absorption band   at 

750 nm was chosen for dose evaluation. The useful dose range 

of this glass is 0 -25 kGy, so it can be used as dosimeter in the 

field of most of food irradiation applications & medical 

product sterilization.   
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Introduction 

1.1. Definitions   

A glass is any material that can be cooled from a liquid to a 

solid without crystallizing. The final temperature must be so 

low that the molecules move too slowly to rearrange itself to 

the more stable crystalline form (1). Glass plays an important 

role in our life for its great contribution in both the scientific 

research and industry. Special kinds of glass are used in space 

vehicles and some other kinds with fewer requirements are 

used in airo planes for different purposes. Morever, there are 

serious attempts to prepare specific kinds of glasses to be used 

as radiation shields .The protective thinking of using glass as 

dosimeter is now in spread .Mainly, this dosimeter may be 

responsible for measuring radiation dose, which can be used in 

therapeutic purpose , industry, nuclear medicine, and food 

preservation. For these reasons, study of the radiation effect on 

glass is an extremely relevant subject 

In the last four decades a great effort has been devoted to 

the study of glasses containing transition metals. Lithium 

tetraborate, Li2 B4 O7 (LTB), has attracted much attention as a 

developed material which has potential applications to surface 

acoustic wave devices (2). 



In recent years glasses doped with transition metal ions 

have attracted a great deal of attention, because of their 

memory and photoconductivity properties.  

 

A great deal of scientific literature are already dedicated to 

studies of the radiation hardness of glass, in terms of its 

response to UV light, X-rays, g-rays, electrons, ions and 

neutrons(3-5).Many effects  had been previously observed 

leading to the development of structural models. The study of 

radiation-induced defect centers in glasses has been considered 

as an interesting subject of investigation in recent years (6). 

Such studies help in examining the suitability of glasses for 

radiation dosimetry applications. The action of gamma-ray 

irradiation on glasses is to produce secondary electrons from 

the sites where they are in a stable state and have excess 

energy. Such excited electrons may traverse in the glass 

network depending upon their energy and the composition of 

the glass and are finally trapped, thus forming color centers. 

The trapping sites may be the metal cations that constitute the 

glass structure, ions of admixtures to the main composition 

structural defects or due to impurities in glass. Thus, this 

radiation damages process in borate glasses leads to the 

formation of (1) boron electron centers, (2) non-bridging 

oxygen hole centers and (3) boron oxygen hole centers (6). 



Since electronic transitions of these defects often cause high 

absorbance in the UV and visible regions and such defects are 

in analogy to similar absorbencies in crystals, historically 

called color centers (7). Consequently, defect formation has 

been studied by optical spectroscopy, a method that has also 

been used to assess the generation rates of defects during the 

irradiation process (8-9). 

Many research's have been done on the optical effects 

associated with transition elements in glass; primarily because 

these elements are useful coloring agents.B2O3 is one of the 

best-known glass formers and is present in varieties of 

commercial glasses. It is often used as a dielectric and 

insulating material and it is known that borate glass is a good 

shield against IR radiation. It is also of academic interest 

because of the occurrence of the phenomena known as boron 

anomaly (7, 10).  

 
1.2. Charactristics of glassy materials  

1.2.1 Glass transformation 

When a liquid is cooled, one of two events may occur. 

Either crystallization may take place at the melting point mT ; or 

the liquid will become supercooled at temperatures below Tm 

and becoming 



more viscous with decreasing temperature, and may ultimately 

form a glass (11.12.13). These changes can be observed readily by 

monitoring the volume as a function of temperature as in Fig. 

(1.1). Consider a small volume of material at high temperature 

in liquid form. Its state is given by the point "a" on the V-T 

diagram. On cooling, the volume gradually decreases along the 

path "abc". Point "b" corresponds to Tm. At this temperature, 

an infinitely small amount of crystals is in thermodynamic 

equilibrium with the liquid. Crystallization occurs if, and only 

if, (i) there are a large number of nuclei present in the mass, 

and (ii) a large crystal growth rate exists. Volume shrinkage 

generally accompanies the crystallization. Upon further 

cooling, the crystals so formed shrink along the crystal line to 

the point "e". If crystallization does not occur below Tm, the 

liquid mass moves into the super cooled liquid state along the 

line "bcf". The volume, however, shrinks continuously. As 

cooling continues, the molecules become less and less mobile, 

i.e., the viscosity of the system rapidly increases. At low 

temperatures, the molecular groups can not rearrange 

themselves fast enough to reach the volume characteristic at 

that temperature. The state line then starts a smooth departure 

from "bcf" and soon becomes a near-straight line, ending at 

point "g", when cooled fast, or at "h", when cooled slowly. 

The material in the near-straight, low temperature part of the 



curve behaves essentially as a solid. This is the glassy state.So 

one can say that a glass is a state of matter which maintains the 

energy, volume and atomic arrangement of a liquid, but for 

which the changes in energy and volume with temperature and 

pressure are similar in magnitude to those of a crystalline solid 

(14).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1.1)   The volume-temperature diagram for 
            a glass-forming  liquid. 



 

 

 

1.2.2. Glass forming substances 

 Materials that can form a glass may be categorized as 
follows: 
1- Oxide Glasses (15): those are oxide compounds which 
can form a glass spontaneously such as B2O3, SiO2, BeO2, and 
P2O5, etc. or conditionally, by adding a modifier, such as 
Bi2O3, PbO and TeO, etc. 
2- Chalcogenide glasses (16): the name chalcogen refers to 
the elements S, Se and Te. These elements and many of their 
combinations with other elements form a class of non-oxide 
glass, such as: GeSe, Si2Te3 and GeS2   
3- Organic glasses (16): all organic glasses (molecular 
glasses) are artificial such as polyvinyl acetate, PVC, 
polystyrene, and so many others. 
4- Ionic Glasses (16): those are salts which can form a glass 
such as: (nitrates, nitrites, carbonates, sulfates) and so many 
others. 
5- Metallic Glass (11): A metal that is cooled by ultra high 
quenching technique from melt producing non-crystalline 
(amorphous) metal commonly termed with (metallic glass).  
Some kinds of these materials are not considered as a glass, 



because it is crystallized before showing a glass transition on 
heating.  
 

1.3. Structural theories of glass formation  

Due to the absence of long-range order in the vitreous 
states, there is no single experimental technique which could 
produce a direct mapping of the glass net work structure. 
Therefore the explanation of glass structure has become a 
major enterprise involving many different experimental and 
theoretical methods which yield different, often 
complementary, information which can be combined to 
describe a structural model of a certain glass system. 

 
1.3.1. Zachariasen's random network model (17). 

The most important commercial glasses are based on 

oxides, Zachariasen categorize materials as glass-formers and 

non-glass former. The easy glass formers is one from the five 

oxides ( 323222 OAS ,OB ,GeO ,SiO and 52OP ) which can form 

glasses by themselves, moreover they can also form glasses 

when mixed (up to a limiting percentage) with another oxide, 

which are not by themselves glass-formers. Zachariasen 

argued that those materials; would have an internal energy 

only slightly larger in the amorphous state than crystalline, and 

assumed that oxygen polyhedral found in oxide crystals 

(triangular, tetragonal or octahedral) would also occur in 



glasses. The only difference being the relative orientation of 

polyhedral should be variable in glasses, giving rise to a non-

periodic structure (non-periodic arrangement of atoms). This 

result in incorporation of variations in bond angles (for two 

dimensions) or bond angles and ‘dihedral’ angles for three 

dimensions. 

 As shown in the figure (1.2). In this manner continuous 

random network (CRN) can be constructed (18). 

 

 

 

 

 

 
 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 
Figure (1.2) Hypothetical atomic structural representation of 
(a) A2O3 crystal  (b) A2 O3 glass.



 Zachariasen proposed four rules, which an oxide must obey if 

it is to be glass former: 

1-An oxygen atom is not linked to more than two glass 

formation atoms. 

2-The coordination number of the glass forming atoms is 

small (three or four of oxygen atoms)      

3-The oxygen polyhedral share corners with each other, not 

edges or faces. 

4-The polyhedral are linked in three dimensional network (at 

least in three corners) 

Zachariasen then concluded that the following oxides should 
be      glass formers:, 
( 5232325252323222 ONb OV OAs ,OAS OP ,OAS ,OB ,GeO ,SiO and 52OTa )(19)

. At the time of Zachariasen research, only ,OB ,GeO ,SiO 3222  
 OP ,OAS 3232 and 52 OAs  had been made into glass (18). 

Recently, support for the random network model has 

come from the work by Cooper using the concept of topology. 

As Cooper indicates Zachariasen’s rules 1and 2 are sufficient 

to assure geometric freedom to obtain random structure within 

a closure, and hence they are sufficient to give a low internal 

energy differences between the glass and the crystal. Rule 3 

maximize openness and randomness, may be too stringent. 

One could include the possibility of edge-sharing by 

combining rules 3 and 4 and modifying them to state that each 

oxygen polyhedron must be connected directly to at least three 



others oxygen polyhedra. Thus, tetrahedra that share an edge 

and two opposite corners would no longer violate the rules (12). 

 
1.3.2. Stanworth’s Criterion 

        Stanworth has suggested the following criteria (21): 

     -  The cation valence must be three or greater. 

- The tendency to glass formation increases with 

decreasing      cation size.    

- The electronegativity should be between about 1.5 to 

2.1 on Pauling’s scale.  

     By using these criteria, Stanworth find these groups:  

-The strong glass formers Si, Ge, As, P and B, which 

form glass only with “splat” cooling. 

- Sb, V, M, Mo and Te this group from glass with non-

glass forming oxides. 

- Al, Ga, Ti, Ta, Nb and Bi and other oxides that do not 

from glasses. 

13.3. Sun’s Single bond strength criterion 

Sun (24) suggested that the higher the bond strength the   

better the glass formation and this process has to involve 

inability to rearrange the bonds in the liquid state during 

crystallization. He calculated the strength of the  O-M single 

bond in the oxide x/yMO . To calculate the required dissociation 

energy Ed of molecule, first Sun and Huggins divided the 



compound xyOM by y to dissociate the first coordination sphere 

and subsequently divided by the coordination number to obtain 

the strength of the single bond. Note that the coordination 

number is known to change; the values of the single bond 

strength are computed for the different coordination’s. Oxides 

where the singly bond strength exceed about 80 kcal/mol (334 

kJ/mol) could be thought of a glass network formers (NWF), 

but, those less than about 60 kcal/mol were the glass network 

modifiers (NWM). Those having values between 60 and 80 

kcal/mol were the intermediates. 

Rawson (25) suggested that the ability for structural 

rearrangements to occur during crystallization should be 

determined by the ratio of the bond strength to the energy 

available at the freezing point. The higher the value, the lower 

the probability for bonds to break at Tm, and hence the higher 

the tendency for glass formation. Glass formation could be 

easier if the oxides formed eutectic mixture at temperatures 

lower than the melting point of any of the constituent oxides. 

 1.3.4. The strained mixed cluster model  

C. H. L. Goodman (22) has reported that Zachariasen random 

network model has no good predictive ability and insufficient 

for detailed interpretation of some unusual properties of some 

glasses. A descriptive approach of the strained mixed cluster 

model can be considered as shown in Fig. (1.3). According to 



the nucleation theory, when a liquid is cooled to its freezing 

point it cannot immediately nucleate solid unless some seed 

crystals is present. On further cooling below the 

thermodynamic freezing point, solid-like clusters of radius less 

than (3 nm) of atoms increasingly form within the liquid in 

statistical distribution as shown in Fig. (1.3a). these clusters on 

collision with each other form assemblages larger than the 

original clusters. If more than one type clusters were present, a 

polymorphic material in the liquid state, the interfaces forming 

by collision of clusters of two different structures will always 

be strained as shown in Fig. (1.3b). It is clear that clusters of 

different types and with different orientations form more 

highly strained interfaces when brought in contact with each 

other. Thus with further cooling of a melt containing 

polymorphic clusters, progressive agglomeration of clusters 

would occur giving rise to strained interfaces as shown in Fig. 

(1.3c). these strained mixed clusters would continue to impede 

or prevent nucleation as the temperature falls and viscosity 

increases. This process would carry on until a space filling 

random network of clusters was formed as shown in Fig. 

(1.3d). At this point the overall structure will change from 

liquid containing strained mixed clusters to a solid framework 

containing liquid in the intraframework space. This would 

correspond to the glass transition temperature (Tg). On still 



further cooling the residual liquid would finally disappear, 

depositing the remaining material on the strained mixed cluster 

framework. The last part of freeze would be left with a 

concentration of vacancies and residual impurities indicated by 

the small black triangles in Fig. (1.3e).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig.(1.3) Schematic illustration of strained mixed cluster 

model 

    



According to this approach the lower value of density of 

the glass with respect to crystalline materials can be explained 

as follows(16): At any strained surface throughout the glass, the 

atoms on one side are in compression and on the other side are 

tension and the two states are in balance. These bonds under 

compression would compress less than those under tension 

would expand, and the result would be on increase in volume. 

Goodman (22) formulated the definition of a glass former on 

the basis of the strained mixed cluster model as: 

- The glass former must show at least two polymorphic 

forms in the solid state. 

- The polymorphic forms must not be capable of forming 

low strained interfaces with each other. 

- It must be capable of being melted, that is glass can only 

be formed from the liquid state. 

- Bond strength should be high but the relevant elastic 

constants are small. 

1.4.Borate glasses 
 
Borate glasses are composed of structural groupings 

(see Fig. 1.4) as boroxol, tetraborate, diborate,etc, that are also 

identifiable in borate crystals and are linked by bridging 

oxygens. Jan Krogh-Moe (26) investigating borate glasses and 

crystals by infrared technics, has postulated a general rule to 

identify the structural grouping in these compounds. 



Youngman et al.(27) have proposed a structural model of B2O3 

glass, in which the glass consists of microdomains rich or poor 

in boroxol rings which are considered as ordered in an 

intermediate range. Figure (1.4): Structural grouping in borate 

glasses: boroxol ring (a), tetraborate (b), diborate (c). 

Adding alkali oxides in borates the viscosity increases and the 

so-called”boron oxide anomaly" appears. This is a gradual 

change in the coordination number of boron from 3 to 4 as 

alkali oxide is added. If the alkali impurity creates non-

bridging oxygen, the connectivity of the B2O3 network 

decreases; however, if an alkali impurity causes boron to 

become tetrahedrally coordinated, the connectivity of the 

network increases. Because the connectivity of a B2O3 glass is 

greatly altered by either of these structural changes, the glass 

properties are also subject to change. Usually, the property 

changes resulting from the creation of non-bridging oxygen 

are directly opposite of the property changes caused by an 

increase in boron coordination. This interesting structural 

phenomenon is known as the boron anomaly. 
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Figure 1.4: Structural grouping in borate glasses: (a) boroxol 
ring, (b) tetraborate, (c) diborate. 
 
1.4.1. Structure of Vitreous Boron Oxide  

In B2O3 glass, the oxygen coordination around each B 

atom is only 3, and hence the basic structural units a BO3 

triangle. All the oxygen’s are bridging between neighboring 

triangles, and hence one negative charge from each oxygen 

satisfies the three positive charges on the boron ion. There are 

two main types of models have been proposed namely the 

random network model and the molecular model (28).  

The boron atom may be regarded as centered in the plane 

of the equilateral triangle, where the oxygen atoms constitute 

the corners. Their corners join the triangles in a random 

fashion, which results in a system of rings as shown in figure 

(1.4). The smallest ring is eight-membered i.e. it has four 

oxygen’s and four boron’s (28). But several authors believe that 

the basic building block in the boric oxide glass is the boroxol 



group (six member rings).The space around any boroxol group 

is not completely filled with linked neighboring groups, for 

examples, at 10 0A separation, are linked by a direct and 

unbroken path of B-O and O-B bonds. For this reason, Mozzi 

and Warren suggest that the structure feature of glassy B2O3 

may have low viscosity as compared with other glass-forming 

(5). Also, this structure is very different from that of any 

crystalline form of B2O3, which may be the reason for the 

difficulty in preparing crystalline B2O3 from the glass (19). 

1.4.2.  Alkali Boric Oxide Glasses 
The boron ion is trivalent positive and is a glass former. 

The introduction of oxygen from a modifier brings about one 

of the two possibilities: 

 
 
 
I-Create a non bridging oxygen (NBO), as ; 

 
 
 
 
 
 
 
by forming BO2/2O-M+. (the “ 1/2 ”subscript is use to identify 
the connection of two cations.) 

 
II -Convert boron from a 3-coordination state to a 4-

coordination state, as; 

  



 
 
 
 
 
 
 
In this case, all the oxygens in the BO4 group remain bridging; the extra 

negative charge on the [BO4/2] group is satisfied by an alkali M+ ion in 

the vicinity. The electron transfer from the M atom (not localized 

between the M atom and any specific oxygen). This association is 

somewhat loose, the alkali ion is expected to become more mobile, the 

connectivity of the network increases, and hence flow-related properties 

i.e. viscosity increases and thermal expansion decreases. 

1.4.3. Boron Anomaly (12-30)  

The properties of borate glasses modified with alkali 

oxide shows a non-linear behavior when the alkali oxide was 

gradually increases. This departure from linearity is termed as 

borate anomaly. There are numerous studies on the so-called 

borate anomaly utilizing electrical conduction through these 

glasses, infrared spectroscopy, and neutron diffraction 

technique (31). Biscose and Warren explained the alkali borate 

glasses by suggesting that, the addition of alkali ion to boron 

oxide causes one boron to change from the B3 state to the B4 

state, no (NBOs) are created. The conversion stops at around 

16 mol % added alkali. Further addition causes the production 

of NBOs, and a resultant increase in expansion and a decrease 



in viscosity (12) as shown in figure (1.5). To support this 

hypothesis, Warren plotted the expansion coefficient, α , 

against an average coordination number, m, for the system 

 322 OB-SiO and 322  -ONa OB  as shown in figure (1.5), the 

addition of alkali raises one boron from the 3B  state to the 4B  

state. α  decreases with increasing m at low values of m from 

m=3 to about m=3.17. The value m=3.17 corresponds to about 

13 wt. % ONa 2 . Later Bray and O'Keefe experimentally 

determined the fraction of boron atoms 4N in tetrahedral 

coordination in alkali borate glasses. Their results are the 

addition of alkali OxR2 to 32)1( OBx− causes one boron to change 

from 3B state to 4B state at about 40=x  mol % or the 

conversion appears to continue right up to about 45.04 =N  and 

only decreases thereafter, approaching zero at around 70  mol 

% as shown in figure (1.5). This new experimental evidence 

confirms the general idea of coordination changes of the 

network-forming cations in glass. Mauro collected the 

experimental data; non-bridging oxygen sites do not become 

apparent until 30 mol % sodium oxide. More recent (25) 

(perhaps more precise) measurements indicates that the 

property anomalies occur over a mach wider range of 

composition, viz., from about 13 mol % to 16 mol %. The 

proposed explanation currently for the boron anomaly is to 



regard the anomaly as a manifestation of the various atomic 

groups as shown in figure (1.6). 

 
Figure (1.5): The fraction N4 of 4-coordinated boron atoms   
     in alkali borate glasses as a function of mol %. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure (1.6): The various borate groups postulated to exist in 
borate glasses having less than 34 % alkali. 
 

1.5.Radiation Effect  

Radiation processing with gamma radiation has been in 

commercial use for nearly four decades for different 

applications. A reliable dosimetry is fundamental for quality 

assurance of the processes and irradiation products. Almost all 

dosimetric systems for high doses present some limitable 

disadvantages for their use. Desirable is dosimeters that fulfill 

the traditional requirements of precision, dose-rate 

independence and post-irradiation stability (McLaughlin et al., 

1989). A dosimetric system for industry needs to be easy to 

use, fast to measure and cheap. Many dosimeters are used 

daily at industrial plants; therefore, dosimeter preparation and 

measurement time must be simple and quick. The dosimeter 

cost should not play an important role in the radiation 

processing final 2-price. Ary de A. Rodrigues Jr.(31) 

1.5.1. Radiation damage Process in Glass  

The nature of radiation damage in glass depends on the 

type (i.e., ionizing or particle) and energy of radiation 

impinging on the material (Friebele 1991)(32). The resultant 

effects may be divided into three categories: 

1- Atomic displacement by momentum and energy transfer. 



   2- Ionization and charge trapping. 

        3 -Radiolytic or photochemical effects. 

 

1.5.2. Ionizing Radiation  

 When ionizing radiation such as gamma-rays, X-rays, 

electrons, ultraviolet radiation impinges on the glass, electrons 

are initially excited from the valance band if the incident 

energy is greater than the band gap. If E >1keV, the electrons 

are excited by the Compton effect, the excess energy is 

converted to kinetic energy and as these electrons travel 

through the material they will either recombine with positively 

charged holes, become trapped to form color centers or 

produce a secondary electron cascade by knock-on collision 

with the other bound electrons. Additional bound electrons are 

ionized by the secondary electrons through coulomb 

interactions. Finally, when the electrons energy becomes too 

low to ionize other electrons, they will be either trapped or 

recombine with holes. 

1.5.3. Particle Radiation  

 Particle radiation creates displacements by knock-on 

processes whenever sufficient momentum and energy of the 

particle transferred to an atom in the glass network. If the 

energy is sufficient to break the bond, that is 4 to 25 eV. The 

struck atom is displaced into an interstitial position .Atomic 



displacement by particles with significant mass, such as 

neutrons, protons, or ions may be treated by classical 

mechanics. 

 It is important to note that the primary effect of 

exposure to ionizing radiation is ionization rather than 

displacement, and the same usually obtained for particle 

bombardment. 

 

1.6. Radiolytic Damage Mechanism 

 Radiation damage by radialytic or photochemical 

mechanisms has been established in alkali halide crystals, 

(Williams et al 1986)(33),but has recently recognized in oxide 

glasses (Griscom 1986)(34). 

In both cases the ionizing radiation creates bound electron-

hole pairs (excitons ).Radioactive recombination of the exciton 

results in luminescence, but if a nonradioactive path is 

followed ,the excitation energy can sometimes result in 

displacement of atoms, thought to be primarily oxygen in 

oxide glasses .Thus, exposure to either ionizing or particle 

radiation results in atomic displacements or broken bonds by 

radiolytic or knock-on displacements. Color centers result 

from trapping of the electrons and holes at these damages sites.    

1.6.1. Trapping sites   



 The trapping sites for the electrons or holes can be either 

preexcesting flaws in the glass matrix, such as oxygen 

vacancies or nonbridging oxygens, or flaws created by high-

energy electrons themselves. 

Intrinsic defects associated with the glass –forming 

cations and anions include both vacancies and vacancy –

interstitial pairs (Frenkel). Since the number of these 

preexcesting defects varies as e-E/kT (Kittle 1968)(35). Their 

concentration will be characteristic of the glass –transition 

temperature where the disorder is frozen into the network. 

 The oxygen vacancy can trap a hole, forming E, center, 

while the peroxy linkage also traps a hole to become a peroxy 

radical. The nature of these defect centers has been well 

established by electron spin resonance (ESR), (Griscom 

1990)(36)  

A second type of trapping sites is provided by cations 

which substitute for the network formers in the glass, eg., 

Al,B,P,or Ge,in SiO2 . If the dopant should have the same 

valence as the network formers, the difference in 

electronegativity may tend to favor trapping by the dopant. On 

the other hand, if the valance of the dopant is less than of a 

network former, as is the case for B or Al in  SiO2, charge 

compensation is accomplished by the presence of a 

neighboring cation (usually an alkali ) in a network –



modifying position . Alternatively, there may be changes in the 

oxygen coordination, as occur when P is doped into SiO2 
 

where a P=O double bond forms to accommodate the higher 

valance of P. 

A third type of trapping sites occurs when network 

modifying cations such as alkali added to the glass. One alkali 

oxide molecule (Me2O) forms two nonbridging oxygen, which 

can trap holes. No longer needed for charge compensation, the 

alkali diffuse away to another site, where it may trap an 

electron and possibly join a cluster of alkali metal atoms 

(Griscom 1971)(37). 

The fourth group of traps consist of multivalent cations 

such as the transition metals and rare earths; they can often 

trap either electrons or holes, changing their valance state in 

the process, (Friebele 1991)(32). 

 

1.7. Radiation Dosimetry 

 Dosimetry is the science of radiation dose measurement. 

There are several reasons why one would like to measure the 

dose. Dose is a parameter or a physical quantity that can be 

measured and compared against biological or chemical change 

in a material. Also it is a useful quantity when one needs to 

transfer the information or experience gained in a laboratory to 

another laboratory or to a commercial radiation facility.                             



 

1.7.1. Borate glass Dosimeters  
       To make a glass dosimeter it must have the radiations 

induced defect centers stable over suitable temperature and 

time range for irradiation and measurements. The different 

type of dosimeter, which can be used, for different types of 

radiations are dosimeter using coloration effects  

-   Radiophoto luminescent dosimeters. 

- Luminescence degradation dosimeters. 

- Thermo luminescent dosimeters. 

- Stimulated luminescence dosimeters.  

        The borate glass, which has been developed in this 

study, belongs to the first type of the glass dosimeters 

mentioned above. This type of dosimeters mentioned above is 

type of dosimeters could be used for the monitoring of 

radiation doses received by those who are subjected to 

irradiation during their daily work. However, since borate 

glasses are known to be highly sensitive to moisture, this    

dosimeter is suggested to be covered by a protective thin poly- 

ethylene film.      Several other glass system have been 

evaluated for dosimeter to measure integrated high doses by 

measuring the optical density as a function of radiation dose 
(20) Glass dosimeter are used in dosimetery in several high –



level exposure applications, employing mainly, 

spectrophotometric or densitometry analysis of color center 

formation (23). 

       In addition to soda –line silicate glass, bismuth lead –

borate glass dosimeter have been developed and have shown 

considerable promise for high – dose gamma measurements. 

This glass has a wider range of sensitivity and much less 

fading of the induced coloration than the existing dosimeter 

glasses(29). However, the color of glass for a given dose 

changes with increasing dose rate (39). 

 
 
1.7.2. Absorbed dose 
       Absorbed dose is a statement of the amount of energy 
absorbed per unit mass of an irradiated material. Its formal 
definition is the quotient.  

               D = d
dm

ε                                (1.1) 

where dε is the mean energy imparted by ionizing radiation to 

matter of mass dm (38). Absorbed dose is therefore a point 

function and is continuous and differentiable and one may 

refer to its gradient and its rate.  

 The unit by which absorbed dose is specified is J.kg-1 

and the special name for this is gray (Gy).   

 1 Gy = 1 J.kg-1                  (1.2) 



 The absorbed dose rate is the absorbed dose per unit 
time: 

  D. = dD
dt

   Gy.S-1           (1.3) 

Table (1.1) Levels of radiation dose relevant for various 

applications.  

 

  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  

 
 
 
 
 
 
 

  

Applications Dose range 

Environmental 1 – 100  µGy 

Diagnosis (medical) 10 – 100 mGy 

Therapy (medical) 1 – 10     kGy 

Food and agriculture 0.1 – 10   kGy 

Sterilization 10 – 30  kGy 

Material modification  50 - 100 or more kGy 



  
  

 ConceptsTheoretical 
  

2.1. Density and Molar Volume 

The density and/or molar volume of a material is an 

important property to understand and control. It is an intrinsic 

property that relates directly to other material properties such 

as thermal expansion, heat capacity, and the various 

mechanical moduli. The structure, bonding, and composition 

of a material all affect its density and molar volume. Large 

atoms, short bond lengths, and compact structures lead to high-

density values and low molar volume. The cooling rate of a 

glass also affects its density. In general, a faster cooling rate 

yields a lower density because the melt has less time to density 

its structure before “freezing.” The volume-temperature 

diagram in figure (1.1) illustrates this concept by showing the 

cooling paths of both a fast and a slow-cooled glass. Since the 

thermal expansion coefficient of glass is very low, 

measurement temperature should not be a significant factor in 

this experiment (30). 

 

2.2. Differential Thermal Analysis (DTA) 

Differential thermal analysis DTA is a technique, which 

involves cooling or heating a test sample and an inert reference 



sample under identical conditions and recording any 

temperature difference which develops between them. This 

differential temperature is then plotted either against time or 

against temperature. Any physical or chemical change 

occurring to the test sample, which involves the evolution of 

heat, will cause its temperature to rise temporally above that of 

the reference sample, thus giving rise to exothermic peak on 

the DTA plot. Conversely, a process, which accompanied by 

the absorption of heat, causes the temperature of the test 

sample to lag behind that of the reference material and leading 

to an endothermic peak. The basic principle of DTA is the 

measurement of the temperature difference between the 

sample and the reference material as they are heated 

simultaneously under uniform rate. Part of a simple and 

analyzed DTA curve is illustrated in the figure (2.1). On 

raising the temperature of the furnace, a small steady 

temperature difference develops between the test and reference 

materials. According, the DTA curve continues in an 

approximately rectilinear manner, until the test sample 

undergoes some physical or chemical change, (AB). At A the 

curve begins to deviate from the base line, due to an 

endothermic process occurring within the test sample. The 

endothermic signals indicate the glass transition. This point is 

defined as the onset temperature of the reaction, or phase 



transition. The exothermic peak temperature C, corresponding 

to the maximum rate evolution detected by the  

 
Figure (2.1) DTA trace showing glass transformation,   

devitrification, and melting. 
 

differential thermocouples. The exothermic process-giving rise 

to the peak BCD becomes complete at some temperature 

between the points B and C. No further evolution of the heat is 

detectable above D, so that the curve returns to a new base line 

DE. The onset endothermic process is indicated by the 

downward deflection of the base line at E, giving rise to the 

endothermic peak EFG. Completion of this process and the 

formation of a new, thermally stable phase are confirmed by 

the horizontal portion of the curve, GH. It is essential to 

remember that peaks on a DTA can arise from both physical 



and chemical change. The former includes melting, boiling 

and solid-solid structure transitions; sometimes a solid reaction 

product will form a low melting eutectic with a sample which 

would not itself have melted. In the case, peaks can results not 

only from reaction of the sample itself, but also from 

secondary reactions of evolved decomposition product (40).  

2.3. DTA Application on Glass 
DTA can provide information on the temperature of 

transformation, such as Tg (glass transition temperature), Tc 

(crystallization temperature), To (onset of crystallization 

temperature) and Tm (melting temperature), where the material 

initially undergoes a glass transition observed as an 

endothermic broad transition, then an exothermic 

transformation corresponding to crystallization of the glass, 

and finally an endothermic transformation representing the 

melting of the crystalline phase, see fig.(2.1).  

The convention for determining the glass transition 

temperature (Tg) and the onset of melting temperature (Tom) is 

to extend the straight line portion of the baseline and the linear 

portion of the upward slope, marking their intersection. In 

most cases Tg can be taking from the top of the endothermic 

peak. The same is done for determining the onset of 

crystallization temperature (Toc or Tx on fig 2.1) but with the 

downward slope. The peak after (Toc) represents the 



temperature at which crystallization terminates (Tc), and the 

bottom of the peak after (Tom) represents the temperature by 

which melting terminates (Tm) (40,41). 

2.4. Electrical conduction in amorphous materials  

 In studding the electrical properties of materials D.C. 

and A.C. conductivity, there is one concept that is applicable 

to both crystalline and non-crystalline materials; this is the 

density of states, which is denoted by N(E). N(E)dE is defined 

as the number of the eigenstates in unit volume for an electron 

in the system with a given spin direction and with energy 

between E and E +dE. At a temperature T, the number of 

electrons in the energy range dE is N(E) f(E) dE, where f(E) is 

the Fermi distribution function(43).  

The density of states N(E) depends on the type of 

scattering of electrons by each atom. If the scattering of 

electrons by each atom is weak, then; the mean free path L is 

large and (∆k/k) << 1, where k is the wave number. If the 

interaction is strong the mean free path is shorter and (∆k/k) ∼ 

1. There is another possibility when the interaction is strong, 

which is that, the states are localized and N(E) is a continuous 

function as shown in fig.(2.2)a and b.  

The study of electrical properties of non-crystalline 

semiconductor depends on the following hypotheses (43). 



1. The main factor determining the density of states for a 
given material are the first coordination number and the 
inter-atomic distance. 
2. The wave number k is not a good quantum number for 

electron state in many non-crystalline materials. Either the 

mean free path is so short that ∆k/k ∼ 1 or the states are 

localized. 

3. In semiconductors that do not have s-like conduction 

and valance bands, localized states occur at the band 

extremities in amorphous phase. The valance and 

conduction bands (localized states) are separated from 

each other by the optical gap and also separated from the 

non-localized (extended) states. 

 
 
 
 
 
 
 
 
 
 
 
 
 

2.4.1 Temperature dependence of D.C. conductivity 

Figure (2.2): Schematic representation of the density of 
states of non-crystalline materials (a): for insulator or 
intrinsic semiconductors and (b): Impurity bands in heavily 
compensated n-type semiconductors.



There are three mechanisms of electrical conduction that 
can be explained as follow: 
I. Conduction due to the carriers excited beyond the 
mobility shoulders. 

In case of conduction due to the carriers excited beyond 

the mobility shoulders into the localized or extended states, the 

current is carried by electrons or holes excited into the 

conduction band Ec or valance band Ev. It is noted that, the 

conduction will occur by thermal activation and not by 

hopping mechanism. If the mean current carried by holes, then 
(44). 
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if the main current carried by electrons, then: 
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where Ec is the energy at the bottom of the conduction band 

edge. Ev: Is the energy at the top of the valance band edge, and 

EF is the Fermi energy. It is noted that, the observed activation 

energy E(0) is not (Ev- EF) or (EF-Ec) because of the band gap 

it self is a function of temperature and linearly dependant on 

temperature as given by the following equation  

 ( ) γT0EEEc −=− F    or   ( ) γT0EEE v −=−F  (2.3) 

γ is a constant called temperature coefficient for the main 
current carried by electrons or holes.  
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
But, at low temperature, the band gap becomes temperature 
independent as shown in fig.(2.3) [52] then:  
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II. Conduction due to carriers excited into the mobility 
edge. 

Conduction due to carrier excited into the localized 

states at the band edges i.e., at EA or EB is shown in fig. (2.4)a 

and b. If the main current is carried by electrons excited into 

localized states at EA ≤ E ≤ Ec or holes excited into localized 

states at Ev ≤ E ≤ EB, then; the conduction will be by hopping 

and the conductivity can be written as follow (44). 

Fig. (2.3): Temperature dependent: (a) energy 
gap, (b) Conductivity. 
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∆W1 is the activation energy for hopping, EB and EA are the 
energies at the band edge. 
 
 
 
 

 
 
 
 
 

 

 

III. Conduction due to carriers hopping (Tunnelling). 
Conduction is due to carriers hopping (tunnelling) 

between localized states near the Fermi energy. This process is 

analogous to the impurity conduction in heavily doped 

semiconductors, and the conductivity equation can be written 

as: 
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               (2.6) 

Fig. (2.4) Density of states and mobility as a 
function of energy in amorphous semiconductors. 



where 12 σσ ≤ and 2∆W is the hopping energy of the order of 

half the width of the defect band as shown in fig. (2.4)d. As 
the temperature is lowered, it might be favorable for the carrier 
to tunnel to more distant sites 2∆W will fall, and ultimately the 

conductivity is expected to behave like: 

            4
1

BTAln
−

−=σ                                (2.7) 
Figure (2.5) shows that, if the density of states is high then, the 
process “b” will not be determined in any temperature range 
and direct transition from “a” to “c’ will result(44). 
 
 
 

 
 
 
 
 
 
 

 
 
  
 
2.5. ESR (Electron Spin Resonance) measurements  

Electron spin resonance (ESR) is a useful tool for 

investigating the energy absorption spectra of many materials. 

The purpose of this Technique is to show the importance of 

using Electron Paramagnetic Resonance (EPR) or Electron 

Fig.(2.5) Illustration of temperature dependence 
conduction 



Spin Resonance (ESR) technique to study of free radicals in 

different compounds. Where EPR- spectrometer permits the 

investigator to detect the molecules with unpaired electrons 

(free radicals) without destroying these molecules in any 

sample.   

Also EPR –Spectroscopy is an essential tool to study of the 

structure and dynamics of molecular systems containing one or 

more unpaired electrons, where these molecules characterized 

by high oxidizing activity. Each molecular systems contain 

unpaired electrons have EPR spectra. While the molecular 

system which containing paired electrons have not EPR 

spectra. Free radicals tend to react to gain one electron or lose 

its one electron to reach stable state. 

2.5.1 Resonance Phenomena 
The electromagnetic radiation can be regarded as 

coupled electric field (E) and magnetic field (H), where the 

two fields are perpendicular to each other and the direction of 

propagation, and they oscillate by the same frequency v within 

the range from 10¹ to 10¹¹ spins, or from 1 to 100 Giega Hertz 

(1 hertz = 1 cycle per second). 

 Also the electromagnetic radiation consists of stream of 

particles called  “ Photons ” where these photons have no 

mass or net electrical charge but its as wave packets which 

travel by the speed of light, also the energy of any photon is 



equal the quantity h v. And when a photon is absorbed by an 

unpaired electron within the sample, we found that, this 

unpaired electron transfer from ground state to excited state, 

under the condition, ∆ E = h v (resonance condition), this 

means, the absorbed energy h v must equal to the energy 

difference ∆ E between the ground state and excited state to 

occurring transition.                

Where;   
     h    is plank’s  constant.   
     v    is the frequency of the radiation.  
 

2.5.2. ESR Instrumentation  

ESR spectroscopy consists of :- 

(1)-Source of the electromagnetic radiation (generator of 

microwave radiation, its called Klystron -X-band has 

frequency 9.5 Giga Hertz and wavelength is about 3 cm.). 

(2)-Appropriate detection system (cavity sensors) to monitor 

the amount of radiation absorbed by the sample. 

(3)-Electromagnet to give a magnetic field to concentrated the 

electromagnetic radiation on the sample.  

(4)-Waveguide to transfer the microwave radiation from 

klystron to the sample. (5)-Quartz tubes have inner diameter 

about 3 or 5 mm are generally used to contain solid or solution 

samples.(6)-A sample holder. (7)- Computer to operate the 

ESR spectrometer. 



2.6. Optical properties of amorphous materials 
2.6.1. Optical Constants 

In the UV, the dominant photon-material interactions 

are bound-to-bound and ionizing transitions of atomic 

electrons (45,46). These interactions lead to incoherent photo-

absorption or photo-emission and associated coherent, elastic 

Rayleigh scattering and reflection. Phonon processes or lattice 

vibration effects modify band to band transitions in this 

spectral region slightly and are usually neglected. For solids 

and molecular systems, the atoms are considered frozen on the 

time scale of absorption or scattering. In absorption 

measurements, the intensity transmitted i through a sample of 

thickness x of an incident beam of intensity i0 is given by 
xeii α

ο
−=                                       (2.8) 

where α is the absorption coefficient is given by α =ρσ, the 

product of the number density of atoms/molecules ρ and the 

atomic cross section σ. Bulk optical properties are determined 

by Maxwell’s equations, where the photon-solid interaction is 

incorporated in the displacement field D = ЄE, the product of 

the complex dielectric coefficient and the applied electric field. 

The complex dielectric coefficient is directly connected to 

atomic polarizability and oscillator strengths of atomic 

transitions. The dielectric coefficient Є is given by: 

Є=1+4πσР. The atomic polarizability Р can be given by 
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where ƒj , ωj , and  j are the oscillator strength, frequency, and 

half width of the j th transition. For solids, a correction needs 

to be made to account for the polarization of the surrounding 

medium. In addition, the band structure will spread out the 

distribution of atomic oscillator strength for bound transitions. 

The absorption coefficient is given by 

ολπα /4 Κ=                                                           (2.10) 
The forms of optical constants are related by the formulae 

2N=ε                                                                    (2.11) 
22
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The index of refraction N, The complex atomic scattering 
factor f 
 2.6.2.   Fundamental Absorption. 
  The fundamental absorption refers to (band – to – band) 

or to excitone transitions, i.e., to the excitation of an electron 

from the valance band to the conduction band. The 

fundamental absorption can be used to determine the energy 

gap (Eg) of the semiconductor. Because the momentum of the 

photon h/λ (λ: is the wavelength of light and h: is Planck’s 



constant) is very small compared to crystal momentum h/a (a: 

lattice constant, a few angstroms), the absorption process 

conserve the momentum of electrons. The absorption 

coefficient ( )hνα for a given photon energy (hν ) is 

proportional to the probability Pif of the electron transition 

from the initial state to the final state, the density of electrons 

in the initial states, ni and the density of available (empty) final 

states, nf. A process to be summed for all possible transition 

between states separated by an energy difference equal to hν , 

i.e   

                  ( ) fiif nnPAhνα ∑=                                    (2.16) 

For simplicity it is assume that all lower states are filled and 

that all upper states are empty, this condition is true for 

undoped semiconductor at 0 K (47).  

I. Allowed and forbidden direct transition: 
Consider absorption transition between two direct 

valleys where all the momentum–conserving transition is 

allowed fig.(2.6), i.e., the transition probability Pif is 

independent of photon energy. Every initial state at Ei 

associated with final state at Ef is given by, 

     
if EhνE −=                                                (2.17) 

 And the absorption coefficient is given by, 
     2/1)A(α(hν) gEh −= ν                                     (2.18) 



where A is constant. In some materials, quantum selection 

roles forbid direct transition at K = 0 (K is the wave vector) 

but allow them at K ≠ 0, the transition probability increases 

with K2. The absorption coefficient can be represented as: 

 2/3)(A'α(hν) gEh −= ν                         ( 2.19) 

A′  is constant. In both allowed and forbidden direct transition, 
the value of absorption coefficient is in range of (104 cm-1) 
 
 
 
 
 
 
 
 
 
II. Indirect transition between indirect and direct valleys. 
I. transition occurs between the states at the top of the valance 

band and the states at the bottom of the conduction band. If the 

top of the valance band and the bottom of the conduction band 

are not at the same value of wave vector K, i.e., ∆K ≠ 0, then, 

the transition required a change in energy and momentum 

(wave vector), (two step transition). In this case, the transition 

called indirect transition between indirect valleys. Double or 

two–step processes are required, because the photon cannot 

provide a change in momentum. Momentum is conserved via 

Figure (2.6): Allowed direct transition  



phonon interaction (phonon: is a quantum of lattice vibration), 

this can be characterized as in fig.(2.7), then to complete the 

transition from Ei to Ef, a phonon is either emitted or absorbed, 

these processes are: 

pif EEEehν +−=                          (2.19a) 

pif EEEahν −−=                            (2.20b) 

Where the subscript (e) & (a) due to phonon emitted and 

absorbed respectively, Ep is the phonon energy. In this case the 

absorption coefficient is proportional to the density of initial 

occupied states of energy Ei, the density of all allowed empty 

states (final states) of energy Ef and the probability of 

interacting with phonons.  

 

 

 
 
 
 
 
 
 
The phonon itself is a function f(Np) of the number Np

 of 
phonons of energy Ep  which is given by the Bose–Einstein 
statistics, the absorption coefficient for the transition with 

Fig.(2.7) Indirect transition between indirect valleys,  



phonon absorption is,                            
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where Κ is the Poltzmann’s constant. For hν>Eg-Ep; the 
probability of phonon emission is proportional to (Np+1), 
hence the absorption coefficient for a transition with phonon 
emission is given by,  
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for hν > Eg+Ep. Since both phonon emission and phonon 
absorption are possible when hν > Eg+Ep the absorption 
coefficient is then, 

α(hν) = αa(hν) +αe(hν)                                (2.23) 
If semiconductor is heavily doped, the Fermi level is inside the 

band “conduction band in an n-type material” by a quantity of 

ξn. When the states blow ξn is completely filled, fundamental 

transition blow Eg+ξn are forbidden, and the absorption edge 

should shift to higher energy by about ξn, this shift sometimes 

called Burstein-Moss shift (48). 

II. Indirect transition between direct valleys can be 

characterized as shown in fig.(2.8), which is similar to the 

transition between indirect valleys, momentum conserved by 

two–step process such as phonon absorption or emission or 

scattering by impurities or by carriers. If the phonon emission 



and absorption are found together, then Eq.(2.23) is used. If 

the phonons are not used in conservation of momentum then, 
2

g )nξEAN(hνα(hν) −−=                         (2.24) 

nξ : is the quantity of energy by which the Fermi level was 
deep inside the band in heavily doped semiconductor. Then, 
for indirect transition, 
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These two terms represents contribution from transition 

involving phonon absorption and emission respectively, and 

have different coefficient of proportionality and temperature 

dependencies. 

For allowed transition n = 2 and for forbidden transition 

n = 3, that is shown in figure (2.9). Basically the two types of 

transitions “direct and indirect transitions” may occur at the 

fundamental edge of crystalline semiconductors. Both involve 

the interaction of electromagnetic waves and electron in the 

valance band; however, the indirect transition also involves 

interaction with lattice vibration (48). 

 
 
 
 
 
 
 



 
 
 

  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
III. Transition between band tails. 
           The momentum-conserving transitions between 

parabolic bands should result in an absorption edge. One 

usually plots the absorption edge as in fig.(2.10). For direct 

transitions, one expects no absorption below the energy gap 

Figure (2.8): Four of many possible indirect Transitions 
From an initial state Ei to the conduction band. 

Figure (2.9): Indirect transition n =2 for allowed and n = 
3 for forbidden. 



and, therefore, a steeply rising absorption edge. In some 

materials, it is found that; 

                                ( )
( ) kT

1
hνd
αdln =                                           

(3.35)  
This is known as Urbach’s rule. Now it can be described how 

an exponential distribution of states would affect the 

absorption coefficient. If we have a degenerate p–type 

material, the Fermi level is taken to be in the parabolic portion 

of the valance band, so that the perturbed part of the valance 

band lies above the Fermi level. Then the density of states Ni is 

proportional to 2/1
υE where υE  is the energy of the states 

with respect to what would be the parabolic valance band. The 

final states from an exponential tail to the conduction band and 

their density at some energy (E) is given by Nf = No exp(E/Eo), 

Eo is an empirical parameter having the dimensions of energy, 

and describes the distribution of states but not energy 

assignment. The absorption coefficient in this case was given 

by, 
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The slope of the absorption edge on a semilog plot gives: 
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In this model it was assumed that doping perturbs the 

conduction bands, and that the Fermi level is inside the 

parabolic portion of the appropriate band. The transition will 

link a parabolic band with the tail of the opposite band. Then, 

in n–type material it is the tail of the valance band, while in p-

type material it is the conduction band tail, which affects the 

measurements (47). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Figure (2.10): a) Absorption edge of GaAs at room temperature. 
   b) Representation of the transition between band tails. 

b
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2.6.3. Absorption Coefficient and Index of Refraction: 
If we have a plane wave radiation of frequency ν 

propagating in x direction with a velocity υ, the wave function 
of propagation is given by, 

          ( )( )[ ]x/υtπν2iexpoζζ −=                               

(2.27) 
ζ : is the electric field and t: is the time, the velocity of 
propagation through a semiconductor having a complex index 
of refraction .  nc = n- ik is related to the velocity of 
propagation in vacuum, c, by  υ = c/nc

  therefore,  
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( ) ( ) x/c)πν2exp(πxn/c2iexpπνt2iexpoζζ k−−=      (2.29) 

Note that the last term of equation (3.39) is a damping factor. 

The fraction of the incident power available after propagating 

a distance x through a material of conductivity σ is  
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since α is the absorption coefficient, k is extinction coefficient, 
from equation (3.40)  

c
πν4α k=                                                    (2.31) 

since k is the imaginary part of nc. If the electromagnetic 

radiation propagating through an uncharged semiconducting 

materials having a permeability µ, dielectric constant ε and 

electrical conductivity (σ) obeys Maxwell’s equations (47) then, 
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From equations (2.30) & (2.31) then: 
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In all semiconductors we shall consider, µ = 1 thus, equation 
(3.42) can be written as  

222
2
c

2 νc
σ2i

c
ε

c
n

υ
1 −==                      (2.34) 

When the real and imaginary terms of equation (2.34) are 
compared, then, 

                     n2– k2 = ε     &    
ν
σn =k                          (2.35) 

Then, the polarizability of solids is proportional to the real part 

of dielectric constant, so:    
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 Where σ tends to zero as in insulating materials n2 tends to ε 

and k tends to zero hence, the material becomes transparent. 

The complex dielectric constant 2
cnεc   = which depends on the 

frequency ν  of the electromagnetic wave. Polarization and 

absorption are interconnected by Kramers–Kronig dispersion 

relation, 
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since P the Cauchy principle value of integral 
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Since the optical absorption spectra determineα(E) , we will 
express the dispersion relation for the refractive index n(E) in 
terms of α(E) . Thus the complex refractive index is given by 
nc = (n- ik), so the imaginary and real parts of the dielectric 
constants are given by, 

ε1 = n2 - k2  & ε2 = 2nk     (2.39) 
 A plasma oscillation in a metal is a collective 

longitudinal excitation of the conduction electron gas. A 

Plasmon is a quantum of a plasma oscillation; which may be 

excited by passing of electron through a thin metallic film or 

by reflecting an electron or photon from the film(49). The 

reflected or transmitted electron will show an energy loss 

equal to integral multiple of the plasmon energy. The 

calculated plasma energies of Si, Ge, and InSb are based on 

four valance electrons per atom. In dielectric, the plasma 

oscillation is physically the same as in metal(50). 

 

 



2.6.4. Reflection coefficient and optical absorption spectra: 
For normal incidence, the reflection coefficient affecting 

the intensity of the radiation is given by, 

 ( )
( ) k

k
++
+−= 2

2

1n
1nR                               (2.40) 

if k is zero i.e., in the transparency range then 
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If n = 0 then R = 1 and the semiconductor is totally reflecting. 

In both cases, when either n or k is nil, equation (2.40) requires 

that σ = 0 i.e., the medium not be lossy. If   σ is not zero, the 

material neither perfectly transparent nor perfectly reflecting, 

and the radiation experiences losses(47), Then:  
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2.7 Gamma-Rays Irradiation  

The Gamma cell 220 Excel 60Co irradiation facility 

(manufactured by MDS Nordion, Canada) is a compact and 

self-contained irradiation unit offering an irradiation volume of 

approximately 6 L. The activity of this irradiation facility was 

11994.8 Ci at the time of installation (18 Jan. 2002). The unit 

consists of annular sources, permanently enclosed within a 

lead shield, a cylindrical drawer which carries samples to and 

from the irradiation position, and a device mechanism to move 

the drawer up or down along the vertical source center-line. 



The chamber, contained within the drawer, can accommodate 

samples up to approximately six inches in diameter and eight 

inches in height. An access tube in the upper portion of the 

drawer can introduce liquid, gaseous, electrical or mechanical 

connections into the sample chamber. An electrically powered 

digital timer automatically signals the drawer to raise at the 

termination of the sample irradiation. 

The Gamma Cell 220 Excell is equipped with a 

temperature control unit to maintain temperature constant of 

the GC during irradiation in the range from 10 oC – 60 oC ± 0.1 
oC.  The temperature controller system installed in the gamma 

cell 220 Excell was manufactured at National Physical 

Laboratory (UK) and exactly similar to the system installed at 

NPL for controlling temperature of their irradiation facility. 

The system is shown in Fig. (4.5). The oven has across-linked 

polystyrene (Rexolite) shell and an aluminium lining. Samples 

are loaded into the central cavity.  

Heating and, to a lesser extent, cooling are provided by 

means of a Peltier junction mounted in the base of the oven. 

The oven control unit applies voltages of the appropriate 

magnitude and polarity to the Peltier junction. The main means 

of cooling the oven is by use of a CO2 system. Pulses are sent 

to a CO2 flow control valve and liquid CO2 is delivered to the 

base of the irradiation chamber. Platinum resistance 



thermometers are used to measure the sample temperature and 

the temperatures either side of the Peltier junction. The Peltier 

junction controller provides power for the junction and 

displays the required and actual sample temperatures. The 

current meter shows the current flow across the junction. 

The temperatures display units show the temperatures 

side of the junction. The relay system cuts off power to the 

CO2 valve and Peltier junction should either side of the 

junction become excessively hot or cold. The low voltage 

supply powers the relays and current meter. The cooling fans 

are needed to prevent excessive heating of the Peltier junction 

controller.  

The absorbed dose rate of the GC 220 excel was 

measured by using NPL alanine reference dosimeter. The 

absorbed dose rate was found to be in the range 6.078-5.03565 

kGy.h-1 overall the time of the experimental part of this thesis. 

The overall uncertainty of the absorbed – dose rate is ±2.2 % 

at the 95 % confidence level. 

 
  
  
  
  
  
  

  



Literature Survey  
C.R. Bamford (51), Studied the application of the ligand 
field theory to colored glasses in sodium borate glasses 
containing cobalt. The transition metal ions were in 

octahedral co-ordination. The increase in the ONa 2
 content 
in the glasses increased the proportion of metal ions in the 
higher valency state. The intensity and wavelength of the 
absorption bands changed markedly for glasses containing 

more than 15 % by weight of ONa 2
. He found that the color 
of the glasses varies from pink through mauve to blue with 

content increasing ONa2 

For glasses having 5-15 % there is a little change in the 
optical absorption due to the cobalt ions, which consists of 
abroad unsymmetrical absorption. Band centered at 0.55 µ 
(with secondary maximum at 0.52 µ) a very weak band at 

1.2 µ and a band at 1.5 µ having an intensity half that at 
0.55 µ for ONa 2

 contents greater than 15 % the intensity of 
the absorption markedly increases. The band at 1.2 µ 

disappears and the band at 0.55 µ and 1.5 µ shift and split to 
give three resolved peak in each case.  The presence of the 

band 1.2 µ in the glasses having ONa 2
 less than 15 % 

indicates some octahedral coordination of the Co2+ions in 
the glasses. However, the relatively strong band at 1.5 µ 

indicates that the absorption 0.55 µ in these glasses is 
mainly due to tetrahedrally coordinated Co2+ions. 

The disappearance at the 1.2-µ band at higher 
concentrations of ONa 2

 and the marked increase in the 
intensity of the bands, which can be associated with 

tetrahedral coordination, indicating a greater number of 
cobalt ions in this arrangement. The shift in the absorption 

bands to longer wavelengths indicates a weaker ligand field 
strength for the higher ONa 2

 contents which may be 



correlated with the threefold splitting of the bands indicating 
a distorted tetrahedral structure. 

C.R.Bamford et al (66), The most important classes of 

impurities found in oxide glasses are the first transition metal 

elements (Ti, V, Cr, Mn, Fe, Co, Ni and Cu) which introduce 

optical absorption bands associated with excitation of 3d –

electrons in partially filled inner shell, when these ions are 

introduced into the glass network, energy levels of the free 

ions are split and shifted by the electrostatic fields of the 

nearest neighbor anions, typically oxygen. Ligand field theory 

has been used with good success to identify most of the 

absorption bands associated with transition metal ions. The 

absorption spectra of transition metal complexes arise from 

internal transitions between the d- electrons levels of the 

central ions as modified by ligand field. These bands usually 

lie in the infrared, visible and near ultraviolet and exhibit 

relatively weak molar extinction coefficients. The electronic 

configuration is determined by the number of electrons in the 

d- shell of the ion and is written as dn. Normally the symmetry 

in oxide glasses will be octahedral (six–fold coordination) 

often with varying degree of distortion or some time 

tetrahedral distortion or some time tetrahedral.   

Han et al(52), Assumed that the motion of the alkali ions 

in the glass is very important because of its fundamental 



relation to several properties, such as chemical durability, 

electrical conductivity, ion exchange and diffusion. The 

correlation of the conductivity and activation energy with the 

glass composition and structure has a long-standing problem in 

the conduction mechanism in the glass. 

W. Soppe et al  (53), studied the glass transition 

temperature, density and conductivity of xx OLiOB )()( 2132 − . The 

density increases with increasing value of x  as long 35.0≤x , 

this behavior can be explained employing the results of X-ray 

diffraction experiments of the xx ONaOB )()( 2132 −  glass system. 

It appears that, for 3.00 << x , the OB −  distance various 

modestly with x . The glass transition temperature are 

completely in line with the results obtained for the density, 

also the activation energy of the ionic conductivity decreases 

with increasing OLi2 content. 

E. El Khawaja et al (54), studied the D.C. conductivity 

and IR spectra for 22 2. GeOONa  glasses doped with 32OFe . The 

D.C. conductivity of undoped sodium germinate glass is 

higher than those doped with Fe . However in doped glasses, 

the conductivity increases with Fe content, while at high 

temperature it seems that doping has no appreciable effect. A 

decreases of conductivity of sodium-digermanate glasses upon 

doping with ion could possibly be explained by a “blocking 



effect” of the +3Fe  ion on the overall mobility of Na  ions, 

considering the larger ionic radii of Fe  ions compared with the 

Na  ions. Mackenzie considered a similar argument where 

conductivity of MONaSiO −− 22  glasses was established to the 

ionic. The observed decreases in conductivity with increasing 

concentration of MOMO(  for BaOPbOMgO ,, and )CaO are 

attributed to low mobility and effective blocking by the 

divalent ions of the Na  ions.  Khawaja et al, observed a 

similar effect in CuONaGeO −− 22 glasses. The increase of 

conductivity (at low temperatures) in the Fe  doped glasses 

with Fe  content could possibly be explained by an increase in 

electronic conductivity with Fe . Thus it may be concluded 

that 3222 OFeNaGeO −−  glasses exhibit a “mixed conduction” 

phenomenon in which ionic conduction as well as electronic 

conduction occur in the glass. In the IR spectra, the addition of 

32OFe  did not introduce any new absorption bands of pure 

sodium- digermanate glass. 

M. M. Morsi et al (55), Studied the optical spectra of 
borate glasses as (322 65)( OBBaOONa −+) containing Ti and 

Co in relation to their structure. The cobalt ions are found to 
be presents in two symmetries; as 6CoO units with 

absorption bands around 525-530 nm and 580-595 nm, and 
as 4CoO units with absorption bands around 620-635 nm.  

Replacing Na ions by Ba ions or by increasing the TiO2 
content favor the conversion of 4CoO units into the 6CoO 

ones.  



Takada et al(56), Suggested that structural defects in 

borates are valence alteration pairs. Typical defects are over-

coordinated boron (B4
+) and oxygen (O3

+) centers and under-

coordinated boron (B2−) and oxygen (O1−) centers. These 

defects trap electrons and holes.Shkrob et al. further assumed 

that both BOHC and BEC are identified but no AEC is 

detected in lithium borate glass. The first BOHC is suggested 

to be a hole trapped on the triborate–tetraborate species or on a 

NBO. The second BEC is suggested to be formed when the 

electron is trapped by a positively charged (O3
+) defect or by 

planar BO3 groups. 

A. H. Verhoef et.al (57), studies the infrared reflectance 
spectra of twenty different glasses of the type 

yxyx OCsOLiOB )()()( 22132 −−. The spectrum of pure 32OB shoos 
two broad absorption envelopes one at 1750600 −− cm and 

one at 116001200 −− cm. For the lithium containing glasses, 
we have found the development of additional band at 

11200800 −− cm and 1500 −< cm. The vibrations of boron 
atoms perpendicular of the 3O plane of their triangle yield a 

made around and that boron vibrations in the 3O plane yield 
a mode of 11250 −≈ cm. The simulation also yields a 

shoulder at 11450 −≈ cm. The deconvolution of tetrahedra 
peak is reflected by the development of for bands in the 
region between (according to addition alkali). The intense 

band at 1997 −cm assign to vibration of boron atoms with 
respect to the four oxygen atoms surrounding it. The three 
remaining less intense peaks in these regions can be 

attributed to BOB −− stretching and rocking motions 



associated with 4BO tetrahedra, which are connected to other 
network units in various ways. A broad peak at 1439 −cm is 

present which is attributed to the lithium ionic vibrations. 
H. Wakabayashi (58), studied the alkali ion mobility 

dependence on the type of alkali ion pair for seven mixed 

alkali glss in the system ; 

.8.0,6.0,5.0,4.0,2.0,0(,6..)1( 222 =− kkk NSiOOKNONaN and )1 wer

e immersed in molten salt mixtures of temperature of 

3NONa and 3KNa . The ion exchange treatment was carried out 

at temperature of 350 and Cο500  for sufficient times to attain 

equilibrium in the alkali distribution of both phases. The result 

provides that, the change in the alkali mobility should have a 

strong relation with the sizes of a guest ion. With the larger 

difference in both alkali ion sizes leading to the smaller values 

of the mobility (i.e. the alkali ion mobility decreases with an 

increases with difference between alkali ion sizes, due to 

unlike alkali ion pairs form preferably and a strengthening of 

the Coulomb binding force for alkali ions develops). 

S.A. Abou Mansoor et al (59), Studied the electrical 

conductivity and dielectric constants of 

xCuOOBNax −− 742)100(  25.0,0.0=x and 0.2 mal %. There is an 

increase in conductivity for all investigating samples with 

increasing temperature, and is attributed to thermal agitation, 

which facilitated the movement of +NO  ion in the interstices of 



the boron network. The addition of CuO  to sodium tetra borate 

is considered in this study to be a modifier. When pure glass 

doped with low CuO concentration of 0.25 mol % exhibits a 

decrease in its conductivity by two orders of magnitude 

compared with the conductivity of pure sample. While a slight 

decrease in the conductivity for the sample containing 2.0 mol 

% CuO  is observed compared with the pure sample, (the value 

of σLn at 1.0 kHz and room temperature is 
1685 ).(106.2,108.6,104.1 −−−− Ω cmxxx  for 0.2,25.0,0.0=x  mol % 

respectively). This interpreted as, if there are two elements in 

glass system, which form ions of variable valence, the 

interaction between these ions usually takes place, 

consequently ++ − NaCu  interaction explains the influence of 

CuO  addition on the decreasing conductivity of the pure 

sample. By increasing CuO  leads to an increase in the 

electronic conduction. 

The conductivity behavior consist of three different 

stages, the first stage at low temperature; a fast increase in 

conductivity with increasing temperature. The second stage the 

conductivity decrease with increasing temperature to reduce a 

minimum, then third stage appeared to increase conductivity. 

When conductivity reaches minimum values (between the 

second and the third stages) the crystallization phase transition 

temperature occur for all samples, in these region a straight 



line characterize the relation between the natural logarithm of 

conductivity versus reciprocal temperature which give the 

activation energy. 

A.S. Zyubin et al (60), studied the possible ways of 

rearrangement of random 32OB  network. Interlayer interaction 

was found to be able to form metastable hypervalent structures 

fourfold-coordinate B and threefold-coordinate O atoms. The 

OB −  bonds in such configurations are weaker than ordinary 

ones and similar for intra-and interlayer interaction. As a 

result, in such structures the moderate-energy switching of 

OB −  bonds and linking of neighbor layers are possible. 

Destruction of the network is shown to start puckered regions 

of the network and at the boroxol rings. The formation of 

fragments with OB =−  defects is the most energetically 

favorable, and we expect to find a band in the region of 
12000 −cm (vibration of OB =  double bond) in the IR-spectrum 

of molten 32OB .  Implantation of OB =−  fragment in to the 

OB −  bond of the neighbor layer with creation of interlayer 

linkage is possible. As a result the 32OB  network will have the 

properties of three-dimensional structure. 

A.A. Soliman et al (61), Studied the effect of heat 

treatment and irradiation on some physical properties of 

lithium borate glass containing transition elements. The effect 



of introducing iron, nickel and cobalt oxide on some physical 

properties investigated in this article. The electrical 

conductivity has a higher value in samples containing 1 mol% 

transition metal oxides. The conductivity decreased as the 

content of transition metal oxide increased up to 5 mol% 

which was due to the change of Fe2+ to Fe3+ and increase of Co 

and Ni ions in octahedral state. The effect of heat treatment on 

the conductivity measurements shows a decrease in the 

conductivity values for glass samples with increasing the heat 

treatment time up to 72 h. This decrease could be attributed to 

the change in the structure of the glass samples. The 

investigation of radiation doses with the electrical conductivity 

concluded that the conductivity increased with increase the 

irradiation doses. The reason of that may be due to increasing 

the number of vacancies and vacancy interstitial pairs which 

are created. The magnetic susceptibility measurements showed 

an increase in the magnetic susceptibility as Fe2O3 and NiO 

were increased. While for samples containing CoO the 

magnetic susceptibility changed due to the change in 

coordination number of the Co ions. The effect of heat 

treatment on magnetic susceptibility of the investigated 

samples concluded that the magnetic susceptibilities have a 

random behavior with increasing time of heat treatment. By 

investigating irradiation doses with a magnetic susceptibility it 



was found that the increase of irradiation dose promotes a 

tendency to change the magnetic susceptibility values. This 

change can be related to the presence of structure defects and 

impurities in the samples before irradiation. 

M.M. El-desoky (62), Studied the dielectric and a.c. 

conductivity of sodium borate glasses containing cobalt oxide.  

The a.c conductivity is proportional to B11 and increased as 

cobalt content decreased, this is may be attributed to the 

blocking effect. The value of the exponent `s` decreases with 

increasing CoO  content. From IR spectra, it was found that 

increasing CoO  does not seem to introduce any new absorption 

band. The dielectric constant increases with increasing 

temperature and show very strong temperature dependence 

above 650 K, this is due to dielectric relaxation. The increase 

in the loss factor tangent with increasing temperature, leads to 

a peak in tangent appears at each composition, this peak moves 

to higher temperatures with increasing concentration of CoO . 

Z. A. El-Hadi et al (63), Studied physicochemical studies of 
some borate glasses containing nickel and titanium oxides in 

relation to their structure. Nickel exists in glass as divalent 
nickel ions in two different states of coordination, i.e. 

octahedral and tetrahedral. While titanium ions exist mostly 
in octahedral environments with some tetragonal distortions. 

The states of transition metal ions in the glasses are 
considered to depend on several factors such as: (i) the 

polarizability of the oxygen legends surrounding the 
transition metal ion.(ii) the mobility of the alkali ions and 



their field strengths, and (iii) the opportunity of forming 
network units such as Mo3 or Mo4 for some of divalent, 

trivalent and tetravalent metal oxides. 
The value of dielectric constant for all samples has a 

maximum peak at 378 K, these peaks occur when the phase 

velocity of the phonon within the glass matrix is larger than 

the thermal velocity of the electron. In such situation, the free 

electrons cannot adjust rapidly enough to the screened lattice 

potential. Therefore, the build-up of charge results in the 

enhancement of the interaction with other electrons. This 

phenomenon is known as anti-screening effect. The adding 

CuO with a concentration of 0.25 mol % leads to a three-fold 

increase of 'ε , the corresponding 'ε  value of the pure sample 

1. Increasing the CuO  content to   2.0 mol % leads to an 

increase of the conducting electrons, consequently causing a 

decreasing in the 'ε  value. 

Shkrob et. al(64),  from paramagnetic resonance studies have 

recently identified three main classes of intrinsic defects in 

irradiated alkali borate glasses: (1) boron oxygen hole centers 

(BOHCs), (2) boron electron centers (BECs), (3) alkali 

electron centers (AECs). They concluded that the precursors of 

the electron and hole centers in alkali borate glasses are 

charged defects of the valence alteration type. Clearly, this 

type of glass is different from silica glass where the precursors 

of centers are coordination defects, such as oxygen deficiency 



centers and peroxy linkages .Such charged induced defects in 

borate glasses may attribute to the increased electrical 

conductivity data observed upon gamma irradiation of the 

studied borate glasses. 

M Krishna Murthy, et al (65), studied the infrared spectra 

of 32OB-NaF  glasses doped with certain transition metal oxides 

(viz, 252 ,, TiOOVCuO  and 2MnO ). The infrared spectra show three 

groups of absorption bands  (i) in the region -1cm 1600-1200 , 

due to stretching relaxation of the OB −  bond of the trigonal 

3BO  units. (ii) in the region 11200800 −− cm , due to OB −  bond 

stretching of the tetrahedral 4BO units and  (iii) in the region 
1710680 −− cm , due to the bending of BOB −−  linkages in the 

borate network. When modifier metal oxides are introduced 

into the glass network the intensity of the bands in the second 

group is found to be less for CuO  doped glasses and highest 

for 2MnO  doped glasses; further it is also observed that the 

frequency of this band is shifted towards higher frequencies. 

The metal oxide modifiers enter the glass network by breaking 

up tetrahedral bonds of 4BO  units and introduce coordinated 

defects known as dangling bonds. The increases in the 

concentration of these bonding defects in the glass network 

may increase with the increase in the size of the dopant ion. 

When transition metal ions are added into these glasses the 



dielectric constant 'ε  and the dielectric loss δtan  values at 

room temperature were found to decrease with increasing 

frequency. While the variation of dielectric constant 'ε  and the 

dielectric loss δtan  with temperature at different frequency 

show increasing behavior. The rate of increase of 'ε  with 

temperature is found to be highest for CuO  doped glasses 

(followed by glasses 252 ,TiOOV  and 2MnO ) and lowest for pure 

glasses. Also, it is observed that there is enhanced increase in 

the a.c. conductivity with temperature and decrease in the 

values of dielectric breakdown strength and activation energy 

for a.c. conduction for all the glasses containing transition 

metal ions. DSC measurements reveal that, the glass transition 

temperature gT is observed to increase with added transition 

metal ions from CuO  to 2MnO . 

John Mauro et.al (30), studied the density, band gap and 

glass transition temperature of sodium borate glasses. The 

density increases with increasing alkali content. However, the 

increase is not linear, probably due to the formation of various 

boroxyl groups. In low alkali composition, the band gap 

decreases with increasing alkali until the formation of non-

bridging oxygen. The boron becomes tetrahedrally coordinate 

as the alkali associated with it. But at high alkali content, the 

alkali is associated with highly electronegative non-bridging 



oxygen. In this state the electrons are more tightly held, so 

more energy is needed for electron excitation. Therefore, the 

band gap increases. Glass transition temperature increases with 

respect to alkali content in sodium borate glass. This is 

because as the network modifier increases a fraction of 

tetrahedrally coordinated boron atoms, thereby increasing the 

network connectivity. Higher alkali concentrations would 

further increase the number of non-bridging oxygen sites, 

causing the glass transition temperature to decrease. 

U. Schoo et al (67), Studied the diffusion of Na22  in ion-

conducting 3.00 << x  glasses (x=0.2 and 0.3). The non-

crystallinity of each material was checked by X-ray diffraction 

for the prepared materials and after annealing treatment. The 

absence of sharp Bragg peaks indicates that the materials was 

in the vitreous state before the diffusion anneal and remained 

glassy during the anneal. The glass transition temperature 

OB −  and the glass crystallization temperature xT  were 

measured using DSC, enthalpy-heating rates of 120 −⋅ Km . 

gT =756 and 749 K, xT  =925 and K 878 for x=0.2 and 0.3 

respectively. After the materials had been heated to 1003 K in 

the DSC and cooled to room temperature, the occurrence of 

sharp Bragg peaks shows that now the material is partially 

crystalline. The mass densities for glassy sample when x=0.2 



is 2.208 3−⋅Cmgm  while for x=0.3 is 2.375 3−⋅Cmgm . The 

diffusivity of Na  in the glasses increases significantly and the 

activation energy enthalpy decreases within increasing ONa 2
 

content. 

M. Soliman Selim et al(68), Prepared different xCuO–

(50−x)PbO–50B2O3 glasses, they studied the optical transport 

properties of thin sheets were investigated. The optical density 

and the transmission showed a large band peaking at the 

wavelengtgh λ ≈ 800 nm and a noticeable coloring 

corresponding to λ = 500 nm. The high-frequency dielectric 

constant and the refractive index were calculated from the 

reflection using computer program.The electrical 

measurements carried out showed semiconductor behavior of 

the conductivity as a function of temperature. The activation 

energies (Ea) for the conduction process indicated a thermally 

activated hopping mechanism. The calculated Ea values are 

typically 0.72–0.82 eV. They are higher than those calculated 

from the optical measurements (0.62–0.7 eV). 

Fatma H. El Batal et al(69), Studied the effect of gamma 

irradiation on the electrical conductivity of ternary borate 

glasses. Electrical conductivity was measured for some ternary 

borate glasses before and after being subjected to a specified 

gamma rays dose. Electrical conductivity data revealed that 

introducing alumina to the Li2O·B2O3 glass increases at the 



first addition followed by continuous decrease of the 

conductivity with the increase of Al2O3 content. The data also 

showed that the electrical conductivity increases with 

temperature and with irradiation. Infrared absorption spectra of 

the same glasses were measured from 200 to 4000 cm−1 to 

clarify the structural groupings present in such glasses. The 

absorption bands are related to characteristic structural BO3 

and BO4 groups together with far-infrared bands due to 

vibrations of Li+ cations. Interpretation of the experimental 

data is advanced taking in consideration the conduction 

mechanism in oxide glasses and the freedom of lithium cations 

to move freely in the glass structure. Also the effect of Al2O3 

is considered and evaluated. The effect of gamma radiation is 

discussed in relation to the possible creation of radiation 

damage in such glasses. 

Ravikumara, et. al(70),  Illustrated  the Spectroscopic 

studies of copper-doped ARbB4O7.The EPR and optical 

absorption investigations are carried out at room temperature 

on copper-doped ARbB4O7 (A=Na, K) glasses. The results 

indicate that the copper ions (Cu2+) enter the glass matrix into 

a tetragonally elongated octahedral site. Crystal field and spin-

Hamiltonian parameters are evaluated. The bonding 

parameters indicate that bonding between the metal ions and 

ligands is partially covalent. Glasses have the unique property 



of high durability together with transparency at room 

temperature. Borate glasses are used as electro optic 

modulators, electro-optic switches, solid state laser materials 

and non-linear optical parametric converters. Hence, a good 

deal of research work is being carried out to study the glassy 

systems and their properties. Alkali borate glasses have a 

special place among the glasses due to their ionic conductivity. 

Lithium, sodium and potassium are introduced into the borate 

glasses so as to modify the electrical and optical properties. 

Na2O/K2O in the borate network is found to modify the host 

structure through the transformation of trihedrally coordinated 

boron atoms into tetrahedrally coordinated boron. Transition 

metal ions are incorporated into glasses as spectroscopic 

probes in order to characterize the local structure of glass. 

Copper is extensively used in several commercial glasses, such 

as red glass hematite, aventurine and rubbies. CuO containing 

glasses are important because of their semi conducting 

properties and other potential applications. Electron 

paramagnetic resonance (EPR) and optical absorption are 

recognized as powerful tools for probing the local environment 

of a paramagnetic impurity and mapping the crystal field. New 

LiRbB4O7 glasses doped with transition metal ions are recently 

reported. The present spectroscopic studies are undertaken to 

present a comprehensive view and correlation of EPR and 



ligands field parameters of copper-doped ARbB4O7 (A=Na, 

K) glasses. 

Gancheva et al(71),  Investigated Several types of 

laboratory glasses such as: “Jena”, “Rasotherm”, “Th¨uring” as 

well as window and windscreen  glasses were studied by the 

method of EPR spectroscopy as possible emergency radiation 

dosimeters for γ -ray irradiation. The most appropriate values 

of modulation amplitude and microwave power were found to 

obtain best sensitivity for the measured signals. Dose 

measurements have shown a linear dependence between the 

EPR signal intensity of radiation created defects in glasses and 

applied dose in the dose range 50–500 Gy. “Th¨uring” glass 

was found to be the most sensitive sample to radiation. The 

magnitude of window glass absorbed dose was evaluated as 

the difference between the intensity of its EPR signal recorded 

after irradiation and the background signal, obtained after 

thermal relaxation of the former. 

H. Kudo et al(72), Studied the radiation effects on SiO2 

glasses are well studied but not fully understood especially 

towards ion beam irradiation. In this work, SiO2 glasses, with 

an OH content of 400–1000 ppm and a thickness of 0.1 and 1 

mm, were irradiated with proton beams of 1 MeV or 2.5 MeV 

to fluences of 1x1015 or 1x1016 cm_2, at a Van de Graaff or a 

Tandetron accelerator at room temperature under vacuum. The 



range and stopping power of the ions in SiO2 glass are 14 µm 

and 0.17 MeVcm2/g for 1 MeV proton and 66 µm and 0.29 

MeVcm2/g for 2.5 MeV protons, respectively, according to the 

SRIM (stopping and ranges of ion in matter) code. The 

materials were subjected to micro-fluorescence spectroscopy 

and electron spin resonance (ESR) measurements. The micro-

fluorescence spectroscopy uses excitation light of 532 nm and 

induced fluorescent light at 653 nm resulting from O3 formed 

upon proton beam irradiation was measured with a spatial 

resolution of 2 µm in depth. The depth profiles of fluorescent 

light showed good agreement with those of energy deposition 

based on the SRIM code. 

The ESR measurement was carried out at room temperature 

and detected a signal of dangling bonds on Si. The radical 

density increased linearly with fluence for 1 MeV protons 

whereas it saturated for 2.5 MeV protons. The radical yield 

(the number of radicals per 100 eV absorption, G-value) was 

1.1x10-4 for 1 MeV protons and 2.5x10-4 for 2.5 MeV protons, 

which increased with stopping power. 

B. Harihara, et.al(73), Studied various glass 

compositions in the system (100 _ x)(Li2B4O7) _ x(SrO–Bi2O3–

0.7Nb2O5–0.3V2O5) (10 6 x 6 60, in molar ratio) were prepared 

by splat quenching technique. The glassy nature of the as-

quenched samples was established by differential thermal 



analyses (DTA). The amorphous nature of the as-quenched 

glasses and crystallinity of glass nanocrystal composites were 

confirmed by X-ray 

Powder diffraction studies. Glass composites comprising 

strontium bismuth niobate doped with vanadium 

(SrBi2(Nb0.7V0.3)2O9_d 

(SBVN)) nanocrystallites were obtained by controlled heat-

treatment of the as-quenched glasses at 783 K for 6 h. High 

resolution transmission electron microscopy (HRTEM) of the 

glass nanocrystal composites (heat-treated at 783 K/6 h) 

confirm the presence of rod shaped crystallites of SBVN 

embedded in Li2B4O7 glass matrix. The optical transmission 

spectra of these glasses and glass nanocrystal composites of 

various compositions were recorded in the wavelength range 

190–900 nm. Various optical parameters such as optical band  

gap (Eopt), Urbach energy, refractive index (n), optical 

dielectric constant, and ratio of carrier concentration to the 

effective mass (N/m*) were determined. The effects of 

composition of the glasses and glass nanocrystal composites 

on these parameters were studied. 

R.P. Sreekanth et.al(74), Investigated the  Electron 

Paramagnetic Resonance (EPR) and optical absorption spectra 

of 0.5 mol% CuO doped xLi2O–(30 _ x)Na2O–69.5B2O3 (5 6 x 

6 25) mixed alkali glasses. The EPR spectra of all the 



investigated samples exhibit resonance signals characteristic of 

Cu2+ ions in octahedral sites with tetragonal distortion. It is 

found that the spin-Hamiltonian parameters do not vary much 

with x. It is interesting to observe that the number of Cu2+ 

ions participating in resonance (N) and its paramagnetic 

susceptibility ( χ ) exhibits the mixed alkali effect with 

composition. It is observed that the temperature dependence of 

paramagnetic susceptibility ( χ ) obeys Curie–Weiss law. The 

paramagnetic Curie temperature (θ p) is negative for the 

investigated sample, which suggests that the copper ions are 

antiferromagnetically coupled by negative super exchange 

interactions at very low temperatures. 

 A broad band corresponding to the transition 2B1g to 

2B2g in the optical absorption spectrum shows a blue shift with 

x. By correlating the EPR and optical absorption data, the 

molecular orbital coefficients α 2 and β 1
2 have been 

evaluated. It is interesting to observe that the optical band gap 

(Eopt) and Urbach energies (∆ E) exhibit the mixed alkali 

effect. The theoretical values of optical basicity ( Λ th) have 

also been evaluated. 

F.H. El-Batal et.al(75), studied the gamma-ray 

interaction with copper-doped bismuth–borate glasses. 

Ultraviolet (UV)–visible, infrared (IR) and Raman 

spectroscopes together with thermal properties of Bi2O3–



B2O3–CuO glasses were measured before and after gamma 

irradiation. It was shown that the UV–visible spectrum of the 

undoped Cu-free glass reveals before irradiation intense charge 

transfer UV bands due to the interference of trace iron 

impurities and Bi3+ while the visible spectrum shows no 

absorption bands. The CuO-doped glass reveals a broad visible 

band characteristic for Cu2+ ions. The absorption spectra of all 

the glasses show resistance to successive gamma irradiation. 

This shielding behavior is related to the high atomic mass of 

the metal ions (Bi3+). IR and Raman measurements reveal 

absorption bands which are characteristic for various groups of 

borate network and [BiO6] octahedra. 

 

 

 

 

 

 

 

 

 

 



 

Experimental Techniques 
4.1. Preparation of glass samples 
  The starting materials used in this work were (Lithium      

tetraborate-Lead Oxide) [50Li2B4O7-50PbO] in molar fraction. 

This glass was labeled as LPTB. 

The second glass is [50Li2B4O7–50PbO] in molar fraction 

doped with 0.01CuO% in weight fraction. This glass was 

labeled as LPTB Cu. Pices of each glass are needed for the 

different investigations. 

All the chemicals are weighted and accurently in a 

digital balance Aldrich Chemical Company, Inc.  Batches of 

10 g were mixed together and melted in porcelain crucibles at 

1000-1100 C°  in an electrically-heated furnace and were kept 

as a melt for 2 hrs. In order to reduce the tendency to 

volatilization, the crucible was initially heated for 30 min. at 

300oC. The melt was stirred from time to time to promote 

complete mixing.  

The glass molten were removed from the electrical 

furnace and then rapidly quenched in air by pressing between 

two stainless-steel plates mould kept at room temperature; 

hammer and anvil technique. The result was a transparent 

greenish sheet of glass about 0.8 mm thick, and polished to 

meet the requirements for optical and electrical measurements.  



 
 
4.2. X-RAY Power Diffractometry 

The prepared glass samples were confirmed to be in the 

vitreous state using X-ray Diffraction measurements on the 

powder samples. The X-ray Diffraction measurements were 

carried out with [Shimadzu - XD-D1I= 30mA, V=40 Kv, 

Cu 54056.1=αK Å] radiation at room temperature, the 

diffraction spectra was collected by scanning at constant  (2θ ο ) 

steps of 0.080 ο  starting from the angle (2θ ο ) = .704 °toο  range. 

Experimental diffraction patterns were obtained for each 

of the prepared glass samples. The sample preparation consists 

of grinding the sample in a mortar and pestle and placing a 

flattened pile of salt on a glass plate. The plate is then placed 

into the sample holder and a diffraction pattern is obtained 

using the wavelength of Cu 54056.1=αK Å, isolated with a Ni 

foil filter). The data were printed taking intensity as a function 

of scattering angle (2θ ο ). Each set of reflections will be 

analyzed to determine the structure and the unit cell 

dimension. 

4.3. Density Measurements 
The density of the glassy samples were measured using the 

Archimedes's method, which is the most convenient. If the 

samples are weight in air is aW  and when immersed in (Carbon 



tetrachloride ( 4CCl ) tW with known density dt, which has 

density (1.592 3/ cmgm ). This method states that: 

 

 
 
where, d , is the sample density,  

The molar volume of the prepared glass samples was 

calculated by means of the following relation: 

 
 

where,  mV   is the molar volume, M  is the atomic weight in 
( ./ molg )  and  ρ   is the density in ( 3/ cmg ). 

 
4.4. Differential Thermal Analysis (DTA) 
 Differential thermal analysis measurement was carried 

out on finally powderd glass samples which were performed in 

a thermal analyzer [model: Shimadzu DTA-50TA] with a 

heating rate of 10 C° /min in the tempreature range 300- 1000 
0C in air. 

DTA may be defined formally as a technique for 

recording the difference in temperature between a substance 

and a reference material against either time or temperature as 

the two specimens are subjected to identical temperature 

regimes in an environment heated or cooled at a controlled 

,
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wdd
−

= )/( 3cmgm (4.1) 
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ρ
MVm = 4.2)( ./3 molcm



rate. The key features of a differential thermal analysis kit are 

as follows Fig.(4.1) (76,77): 

1. Sample holder comprising thermocouples, sample 
containers and metallic block. 
2. Furnace. 

3. Temperature controller. 
4. Recording system. 

The essential requirements of the furnace are that it 

should provide a stable and sufficiently large hot-zone and 

must be able to respond rapidly to commands from the 

temperature programmer. A temperature controller is essential 

in order to obtain constant heating rates. The recording system 

must have a low inertia to faithfully reproduce variations in the 

experimental set-up. 

The sample holder assembly consists of a thermocouple 

each for the sample and reference, surrounded by a block to 

ensure an even heat distribution. The sample is contained in a 

small crucible designed with an indentation on the base to 

ensure a snug fit over the thermocouple bead. The crucible 

may be made of materials such as Pyrex, silica, nickel or 

platinum, depending on the temperature and nature of the tests 

involved. The thermocouples should not be placed in direct 

contact with the sample to avoid contamination and 

degradation, although sensitivity may be compromised. 



Differential thermal analysis (DTA) of the prepared 

glass samples was used to determine the temperature of 

transformations, such as Tg (glass transition temperature), Tc 

(crystallization temperature), To (onset of crystallization 

temperature) and Tm (melting temperature) and to confirm 

their glassy state, where the material initially undergoes a glass 

transition observed as an endothermic broad transition, then an 

exothermic transformation corresponding to crystallization of 

the glass, and finally an endothermic transformation 

representing the melting of the crystalline phase(78,79) 

 
 



 
Fig(4.1): Schematic illustration of a DTA cell. 
 
4.5. D.C. Electrical Conductivity 

The temperature dependence of D.C. electrical 

conductivity for all samples was measured by means of two-

probe method, which appropriate for high resistance materials. 

Silver painted electrodes were pasted on the polished surface 

of the samples then situated between two polished and cleaned 

copper electrodes. 

The setup which was used in the measurement is shown 

in Fig.(4.2), and the current )(I  is monitored by means of an 

electrometer [model: 425A HP], milivoltmeter for measuring 

the temperature over temperature range (300-620 K ) with 

heating rate (5 min/K ), constant voltage source (24 V), a 

home-made furnace. The conductivity of the sample could be 

calculated by: 

 
 
where, )(d  is the sample thickness, )(A  is the electrode area, 

)(V  is the applied voltage and )(I  is the monitored current. All 

temperature dependence measurements have been done up to a 

temperature (T<Tg, where Tg is the glass transition 

temperature), and measurements have been taken during 

heating and cooling to assure that, no structural changes have 

VA
Id

cd =..σ

)( 11 −−Ω m (4.3) 



been occurred during measurements. 

  
 
 

 
Fig.(4.2) Setup of measurement of temperature  dependence 
DC Conductivity;  
1- Shielded cables,  

2- Controlled oven,   

3- Type (K) thermocouple,  

4- Temperature monitor. 

 
4-6. Optical measurements 

The optical transmittance (T) and reflectance (R) spectra 

of the present glasses were recorded at room temperature in 

the wavelength range 190–900 nm using Jasco V-570 

Spectrophotometer Fig.(4.3). Then the calculation of the 



absorption coefficient, optical gap, band tail width, refractive 

index, and extinction coefficient were evaluated using the 

following relations. 

 
The optical absorption coefficient α of the glass samples 

was calculated using the relation: 

⎟
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where T is the transmittance, R is the reflectance, and d is the 

sample thickness. For incident photon energy greater than the 

band gap and above the exponential tail, the optical absorption 

follows a power law: 
r

Ehνhνα(hν). ⎟
⎠
⎞

⎜
⎝
⎛ −≈

op
B                                    (4.5) 

Where B is a constant, Eop is the optical band gap energy, and r 

is the exponent. The exponent r determines the type of 

electronic transitions causing the absorption and takes the 

values 1/2, 3/2, 2, and 3 for direct allowed, direct forbidden, 

indirect allowed and indirect forbidden transitions, 

respectively. The optical energy gap for the glass samples, was 

obtained by extrapolating the straight line portions of the 

(α hν )1/r versus hν  curves.  

The extinction coefficient k for the glass samples was 
calculated according to the following equation:  

                  
π4

αλ=k                                                        (4.6) 
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Fig.(4.3) Optical absorption experiment setup 
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On the other hand The refractive index n can also calculated 

according the following equation: 

 
R
Rn

+
−

=
1
1                                                         (4.7) 

For k << n. 
The real and imaginary parts 1ε & 2ε of dielectric 

constant are calculated according to the following equation: 
22

1 nε k−=       &    kn2ε2 =                             (4.8) 

The width of the localized states Er (band tail energy or 
Urbach energy) estimated from the slopes of αln  versus νh  
plots. 
 
 
  
 
 
 
 
   
 
 
 
 

 
 

 
 
 
4.7. ESR (Electron Spin Resonance) measurements 



Electron spin resonance (ESR) is a useful tool for 

investigating the energy absorption spectra of many materials 

Fig.(4.4). 

The purpose of using this Technique is to show the 

importantance of using Electron Paramagnetic Resonance 

(EPR) or Electron Spin Resonance (ESR) technique to 

studying of free radicals in different compounds.  

. Resonance Phenomena..14.7 
The electromagnetic radiation consists of stream of 

particles called “Photons” where these photons have no mass 

or net electrical charge but its as wave packets which travel by 

the speed of light, also the energy of any photon is equal the 

quantity h v. And when a photon is absorbed by an unpaired 

electron within the sample, we found that, this unpaired 

electron transfer from ground state to excited state, under the 

condition,  ∆ E = h v (resonance condition), this means, the 

absorbed energy h v must equal to the energy difference ∆ E 

between to the ground state and excited state to occurring 

transition (80).             

Where;   
     h    is plank’s  constant.   



      v    is the frequency of the radiation.  
 
 

 
Fig.(4.4):ESR Spectrometer 

 

 

4.8 .Gamma-Rays Irradiation  



The Gamma cell 220 Excel 60Co irradiation facility 

(manufactured by MDS Nordion, Canada) Fig.(4.5) is a 

compact and self-contained irradiation unit offering an 

irradiation volume of approximately 6 L. The activity of this 

irradiation facility was 11994.8 Ci at the time of installation 

(18 Jan. 2002).  

 The absorbed dose rate was found to be in the range 

6.078-5.03565 kGy.h-1 overall the time of the experimental 

part of this thesis. The overall uncertainty of the absorbed – 

dose rate is ±2.2 % at the 95 % confidence level. 

 
 

Fig. (4.5): An irradiation gamma facility equipped with 

temperature controller system. 



Results and Discussion 

5.1. X-Ray Diffraction 

X-ray powder diffraction is carried out for as a 

necessary technique for proving the amorphous nature of the 

samples. The selected sample which, visually tested, don’t 

contain any crystalline spots on its surface, was grounded to 

fine powder using an agate mortar before measuring.  

Fig. (5.1) shows the XRD patterns for LPTBCu glass 

system at room temperature before and after irradiation. It can 

be noticed that the obtained patterns did not reveal the 

crystalline phase on the glass, i.e. they were completely 

amorphous before and after irradiation with different gamma 

doses. 

 It can be seen that XRD patterns of the sample exhibits 

one broad hump characteristic of the amorphous structure, the 

broadening hump of the glass samples slightly increases as the 

radiation dose increase, indicating the high homogeneity of the 

prepared glasses. 
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 Fig.(5.1):X-ray diffraction patterns of gamma irradiated LPTBCu glass system
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 Density and Molar Volume.2.5  

  
The density and molar volume is usually used as a tool for studying 
the distribution of different ions in glass networks (53). The obtained 

results of density and molar volume are summarized in tables (5.1) & 
(5.2). Fig. (5.2) and Fig. (5.3). represent the variation of density and 

molar volume as a function of gamma radiation doses for the two 
glasses.  

The density of the two glasses   LPTB (Lithium Lead 

Tetraborate glass) 50Li2B4O7-50PbO and LPTBCu, (Lead 

Lithium Tetraborate copper) 50Li2B4O7-50PbO-0.01CuO were 

determined by the Archimedes method in which the glass 

sample was weighed in air and then in carbon tetrachloride at 

room temperature. Other related physical properties, such as 

average molecular weight (M), molar volume (Vm), and inter-

ionic distance (R), have been computed by using the relevant 

expressions shown below. The ion concentration N is obtained 

from (82, 83). 

  
w

A

M
NcmionsN ρ.)/( 3 =  

Where, NA is the Avogadro’s number. ρ is the density of the 

glass sample, Mw is the molecular weight of the composition. 

Using the magnitude of N, we could determine the two 

other related physical properties, Inter-ionic distance R (nm) 

and Polaron radius; rp (82): 

(5.1) 



            rp = 1/2(π /6N)1/3                                    (5.2)      

                     R (nm) = (1/N)1/3                                     (5.3) 

         The use of the molar volume in the discussion of the 

structural modifications is preferable because the analysis in 

terms of density might be misleading. It is possible that 

dilatation of the glass network might be undetected if the mass 

of the ion responsible for the dilatation effect is considerably 

greater than those of the ion which it replaces.  

 

 

Where, Vm  is the molar volume, M  is the atomic weight in 

(g/mol) and  ρ  is the density in ( 3/ cmg ). 

 

 

 

Table (5.1): The variation of density and molar volume, 

concentration of ions (N), and inter- ionic distance R for  

LPTB  glass. 
 

Dose 

(kGy

) 

Density 

( 3/ cmg )

Mol. 

Volume 

( ./3 molcm ) 

N 
 
 (x1021cm-3) 

 

R 

(nm) 

0 4.67 ٠٫٥٣٣٦٧  ٦٫٥٧٩٣١  ١٠٩٫٦٢٠١٣  

5 4.74 ٠٫٥٣١٠٣  ٦٫٦٧٧٩٣  ١٠٨٫٠٠١٢٧  
10 4.76 ٠٫٥٣٠٢٩  ٦٫٧٠٦١١  ١٠٧٫٥٤٧٤٨  

,
ρ
MVm = 5.4)(  ./3 molcm



15 4.78 ٠٫٥٢٩٥٤  ٦٫٧٣٤٢٩  ١٠٧٫٠٩٧٤٩  
20 4.83 ٠٫٥٢٧٧١  ٦٫٨٠٤٧٣  ١٠٥٫٩٨٨٨٢  
25 4.86 ٠٫٥٢٦٦٢ ٦٫٨٤٦٩٩ ١٠٥٫٣٣٤٥٧ 

 
 

 

Table (5.2): The variation of density and molar volume, 

concentration of ions (N), inter-ionic distance R, for 

LPTBcu  glass. 

 
Dose 

(kGy) 

Density 

( 3/cmg )

Mol. Volume 

( ./3 molcm ) 

N 
 
(x1021cm-3) 

 

R 

(nm) 

0 5.1 ٠٫٥٢٤٦٤  ٦٫٩٢٤٨٢  ٨٦٫٩٣٣٧٣  
5 5.42 ٠٫٥١٤١١  ٧٫٣٥٩٣١  ٨١٫٨٠١١١  
10 5.49 ٠٫٥١١٩١  ٧٫٤٥٤٣٦  ٨٠٫٧٥٨١١  
15 5.56 ٠٫٥٠٩٧٦  ٧٫٥٤٩٤١  ٧٩٫٧٤١٣٧  
20 5.7 ٠٫٥٠٥٥٥  ٧٫٧٣٩٥  ٧٧٫٧٨٢٨١  
25 5.76 ٠٫٥٠٣٧٩ ٧٫٨٢٠٩٧  ٧٦٫٩٧٢٥٧  
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Fig(5.2): The variation of density and molar volume for LPTB with 
different gamma doses.
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Fig (5.3):The variation of density and Molar volume for LBTBCu with
 different gamma doses.
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5.3. Thermal properties 



Differential thermal analysis of unirradiated and 

irradiated LPTB and LPTBCu glasses were done in the 

temperature range (300-1000 K) and (300-900 K) respectively.  

DTA charts for LPTB samples exhibit an endothermic 

change between 820 and 840 K, which is attributed to the glass 

transition temperature Tg and an exothermic peak due to the 

crystal growth of the glass are also observed (Tc ) between 

870K and 905 K an endothermic 761 to 767 and exothermic 

802 to 825   are observed Tg and Tc respectively in LPTBCu 

samples. The appearance of a single endothermic peak due to 

the glass transition in DTA curves of all the glasses indicates 

the high homogeneity of the prepared glasses.  

Tables (5.3)&(5.4)  represent the glass  temperature 

(Tg), the  crystallization temperature (Tc) and the glass stability 

factor (S) for the two glasses before and after subjecting the 

glass to to different gamma radiation doses Figures 

(5.4)&(5.5) show the DTA charts of the two glasses.  From the 

value of (Tg) and (Tc), the glass stability factor (S) has been 

calculated (89). The glass stability factor (S) presents the 

stability of the glass against devitrification. 

 

 

 

 



I. Effect of the glass composition: 

As it well known, the transition or dilatometric 

transformation or softening temperature (Tg) is related to the 

glass structure, i.e; it depends on the density of covalent cross 

linkages between oxygen and cations. It was found that (90) the 

glass composition has an effect on the different thermal 

properties of the glass, such as the glass transition temperature 

Tg. It is probably that this dependence originates from 

structural variations. It is also assumed that a decrease in the 

formation of boron atoms in fourfold coordination in the glass 

upon increasing the size of the alkali attributing it to the 

preference of large alkali cations to induce the formation of 

non-bridging oxygens. (91) 

In the following the effect of both Pb and Cu on the Tg 

is summarized. 

II. Effect of Pb3O4  

Although Pb3O4 is known to decompose at 500 oC to 

form (3PbO+O), it has been used to benefit the glass formation 

due to the excess oxygen (92). 

According to table (5.3) the glass transition temperature 

for the LPTB (base glass) decreases from 819 K to 761 K for 

the LPTBCu glass. From the Fig (5.5) it observed that when 

the glass subjected to different gamma doses the glass 

transition temperature Tg is increased. 



Fig (5.7) Illustrate the decrease in the Tg values for the 

LPTBCu glass in comparison with the base  LPTB glass  ( 50 

% of PbO ) this may be because lead oxide is acting as a glass 

former rather than a glass modifier in the high lead oxide glass 
(93) so it inters the glass network causing changes in the 

coordination of BO3  and the presence of bridges between BO3 

and  BO4. The ratio of the BO4/ BO3 would depend on the 

amount and type of the added alkali oxide and on its definite 

influence on the glass structure. The oxygen ions which are the 

main constituents of this glass are polarized under the 

influence of their neighboring cations boron or lead an alkali 

cation on one side and either boron or lead cation on the other 

side. In the presence of alkalis, it is possible for these alkali 

cations to provide additional oxygens for lead oxide to form 

PbO4 group to preserving the electro-neutrality. The presence 

of lithium in the studied glass containing lead oxide will 

decrease the BO4/ BO3 ratio. 

Wright et al, (94) studied the alkali borate structure 

containing only superstructure units and no independent BO3 

triangles. Accordingly the situations in which the second oxide 

has considerable intermediate character can behave as a 

network forming oxide at least at high concentration of the Pb-

O  bonding, and revealing the presence of considerable 



covalent character with short bonds on each Pb atom forming 

PbO3  and PbO4 pyramids . 

III. Effect of copper 

From the measured values of Tg and Tc it is concluded 

that Tg decrease by 9% and Tc decreasing with 8% on adding 

traces of copper to the glass LPTB. While on the other hand 

the thermal stability factor (S) increased by 11±1 %. This 

behavior may be explained on the basis of the increase of 

rigidity of the network, which has been strengthened by the 

presence of copper  which can be partially participating in the 

formation of the glass network. 

5.3.2. Effect of gamma irradiation  

It has been assumed that those defects induced by 

gamma rays irradiation in alkali borate glasses are due to 

electrons trapped by oxygen vacancies in neighboring alkali 

ions. The fact that these defects are very sensitive to the kind 

of alkali in the glass and the electron trap center must be in the 

vicinity of alkali cation. This defect center appears to shift in 

position according to the type of the alkali cation present (95). 

Variation of Tg and Tc with different gamma dose for 

LPTB glass is illustrated in fig (5.6). The increase of gamma 

dose meets an increase in both Tg and Tc. This behavior again 

is repeated for LPTBCu Fig (5.7) but with lower values of Tg 

and Tc compared to LPTB glass. 



When Tg is increased, no special rearrangements in the 

overall structure occur, but rather an intensified opening of the 

bonds. In this way, the cohesion of the structure is diminished; 

the thermal vibration can have stronger impact. Also the 

elastic forces in the glass are affected with temperatures (96). 

On the other hand, the increase of Tg with gamma doses, 

makes the glass to constitute a crystalline if temperature is 

higher than that of the unirradiated samples.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table (5.3): Tg and Tc change with different gamma doses 
for the LPTB glass. 
 

Dose 
(kGy) 

Tg(K)  
 

Tc(K) S=Tc-Tg (K) 
 

0 ٨١٩  870 51  
5 ٨٩١  ٨٣٨  53  

10 ٤٢ ٨٩٢  ٨٥٠  
15 ٤٢  ٨٩٨  ٨٥٣  
20 ٤٨  ٩٠٠ ٨٥٢  
25 ٥٣  ٩١٠  ٨٥٧  

 
 
Table (5.4): Tg and Tc change with different gamma doses 
for the LPTBcu glass.  
 

Dose 
(kGy) 

Tg(k)  Tc(k)  S=Tc-Tg (K) 
 

0 ٤٧7  ٥٧  ٨٠٤  

5 ٥٥  ٨٠٦  ٧٥١  

10 ٥٥  ٨٠٩  ٧٥٤  

15 ٥٩  ٨١٥  ٧٥٦  

20 ٦٣ ٨١٧  ٧٥٤  

25 ٥٨  ٨٢٥  ٧٦٧  
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5.4. D.C. electrical conductivity of  the LPTB glass 

The conduction mechanism in oxide glasses has been 

generally ascribed to ionic motion of modifier cations 

(especially monovalent ions). An earlier concept has been 

accepted by which a mechanism of the monovalent cations 

jumping along the interstices or vacancies within the glass 

network explains the electrical conduction in the glass. The 

probability of jumping has been assumed to be controlled by a 

great number of the interdependent factors such as the number 

and charge of the mobile ions involved, the average distance 

between the centers of the interstices, the number of the 

accessible surrounding interstices, the temperature dependence 

and the frequency of the mobile vibrations within the network 

interstices, because of the disordered structure and from the 

point of view that the glasses have a salt like typically of 

strong electrolytes (97,98).  

5.4.1. Effect of glass composition The electrical conductivity 

of the glass (LPTB) is known to depend on the movements of 

the Li+ ions and on their freedom to migrate through the glass 

under the driving force of the applied electric field. There are 

two factors affecting the electrical conductivity. Some of the 

Li+ ions are tightly bound or within the neighborhood of the 

formed tetrahedral groups (BO4) to neutralize the excess 

negative charge. This will of course slightly decrease their  



 

freedom to transport.  

Fig. (5.8) shows the temperature dependence of the 

measured dc conductivity σdc for the LPTB glass. The 

Arrhenius plot of logσdc versus 1/T shows two linear regions of 

temperature (168). The slope of each linear region gives the 

activation energies Wdc for conduction of both. However, 

having two different values and increases at higher 

temperatures region. For these linear regions with different 

slopes the electrical conductivity σdc is apparently expressed in 

the following relation (106): 

                 )exp(0 Tk
w

B

dc
dc

−
= σσ                  

Where, oσ  is the pre-exponential factor depending on the 

separation between the conduction carriers, Wdc is the 

activation energy, kB is the Boltzmann constant.  

It is observed in Fig. (5.8) that logσ  increases smoothly 

(from -10 to -4 Ω -1cm-1) with increasing temperature in the 

range (300 – 620K). The results of these data are reported in 

table (5.5). In the low-temperature region (region I), since the 

conductivities in this region are low and the barriers are also 

low, the concentration of lithium ions which contribute to the 

dc conductivity can be expected to be much smaller  than the 

concentration of Li ions involved in the conductivity at the 

5.5)(  



high temperature region. Further, it is suggested of the 

presence of a connected (percolating) pathway characterized 

by low barriers and a small population of Li ions (100,101); while 

in the high-temperature region (region II) the mobility of Li+
 

ions increases and contributes to conduction process (101,168). 
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Fig(5.8): D.C.electrical conductivity log σ vs.(1/T) 
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5.4.2. Effect of gamma irradiation on the electrical 

conductivity of LPTB glass  

 Fig (5.9) shows the DC electrical conductivity and the 

activation energy as a function of the radiation doses for 

LPTB. We noticed that the conductivity increases with the 

increase of irradiation doses for the samples. From table (5.5) 



show that the dc.conductivity increased by 25 %   when the 

LPTB glass samples are irradiated with 25 kGy and the dc 

conductivity increased within the applied irradiation range. 

The reason for increasing the electrical conductivity 

may be due to the increasing number of vacancies and vacancy 

interstitials pairs which are created. Vacancies and interstitials 

recombine or the vacancies immigrate to the glass surface. 

This makes it much easier for the alkali ions to emigrate 

through the glass network structure, and causing to increase in 

the electrical conductivity (103,106). 

It can also be seen from table (5.5) and Fig (5.9) that 

both of Wdc and the pre-exponential factor ln σo decreases with 

an increase of the gamma ray doses. 

 The relation between the activation energy (Wdc) and 

the mean distance (R) between   ions is illustrated in Fig. 

(5.10). In the range of measurements, Wdc depends on the 

inter-ionic distance R. These results show that there is a 

prominent positive correlation between Wdc and R. This agrees 

with the results suggested by Sayer and Mansingh (115).  

 

   

 



Table (5.5). Physical properties of , Wdc,  log ..cdσ , R 

(interionic distance ) and the pre-exponential factor log oσ  

for LPTB glass. 

Dose 

(kGy) 

Wdc(total)

(eV) 

region 

(II) 

log ..cdσ (total) 

( Ω -1cm-1) 

region 

at 400 K 

R 

(nm) 

 

log oσ  

( Ω -1cm-1) 

 

0 ٠,٨٧  -10.3 0.3
91  

2.2  

5 ٠,٨٢  -9.23 0.3
89  

٢ 

10 ٠,٨  -9.0  0.3
89  

١,٧ 

15 ٠,٧٨  8.7-  0.3
88  

١,٤٥ 

20 ٨,٢٩  ٠,٧٤- 0.3
87  

١,٤  

25 ٧.٨-  ٠,٧٤ 0.386 ١  
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Fig(5.9): The effect of  gamma dose on DC conductivity 
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5.5. D.C. electrical conductivity for the LPTBCu glass 

  Conduction in the glass containing transition metal 

oxides is generally considered to take place by "Hopping" of 

carriers from one strongly localized state to another. These two 

states are the possible two valence state or coordination state 

of the transition metal ion. Different processes contribute to 

the electrical conduction at different temperature ranges 

leading to the different values of activation energy. In the 

present study, the conduction mechanism was examined on the 

basis that the activation energy for electronic dc conductivity 

in glass is generally lower than that due to ionic conduction. 

The distinction between these two mechanisms and the 

contribution made by each can be determined by measuring 

the dc conductivity over a wide temperature range (48,115). 

Fig. (5.11) shows the temperature dependence of the 

measured D.C. conductivity (log σdc vs. 1/T) for the glass 

LPTBCu. In this glass samples the obtained D.C. electrical 

conductivity log σdc have values ranged from - 8.68 to - 3.4 Ω-

1cm-1, see table (5.6), and within the temperature range 300 to 

620K. From the linear fitting of the data, Fig.(5.11) the slope 

of the curves gives the activation energies for conduction for 

both the two regions. However, having two different values, 

which increases at higher temperatures. Wdc in high 

temperature region (II) is shown in Table (5.6). 



  In the low-temperature region the conduction is 

attributed to being electronic, while in the high-temperature 

region Li+ ions may become mobile and contribute to 

conduction process (102,167). 

5.5.1. Effect of Copper on the electrical conductivity and the 

activation energy of LPTBCu glass . 

 Table (5.6) shows that the addition of copper to LPTB 

increase the dc conductivity and decrease the activation energy 

by 19.1 % which implies that copper play an important role in 

the conductivity of the glass. This leads to an increase in the 

ionic mobility and the reduction of activation energy, which is 

in accordance with the observed results. 

5.5.2. Effect of Irradiation on the electrical conductivity of 

LPTBcu glass. 

Fig. (5.12) shows a plot of the activation energy wdc and 

electrical conductivity at constant temperature (400 K) as a 

function of radiation dose. It is observed that as the gamma 

radiation dose increases, the activation of electrical conduction 

decreases while electrical conductivity increases. This change 

in conductivity and activation energy may help to detect the 

structural changes as a consequence of increasing of gamma 

doses. Generally; it is known that addition of PbO to the glass 

increases the electrical conductivity as a result of increasing 

the non-bridging oxygen ions concentration (112,113). This may 



increase the degree of open structure (i.e. the non-bridging 

oxygen ions), through which the charge carriers can move with 

higher mobility. 

Fig (5.13) shows the increase of the number of copper 

ions concentration due to gamma radiation doses which 

decrease the average distance between copper ions from the 

expression
Mw

NmolCuOcmionsN A ρ.%)/( 3 = . 

The relation between the activation energy (Wdc) and the 

mean distance (R) between transition metal ions is illustrated 

in Fig. (5.14) and  table (5.6). In the range of measurements, 

Wdc depends on the site-to-site distance R. The lowest value of 

Wdc=0.583 eV for LPTBcu glass suggests that the dc 

conductivity is controlled by electron hopping that is 

dependent upon R (120).  These results show that there is a 

prominent positive correlation between Wdc and R. This agrees 

with the results suggested by Sayer and Mansingh (115) El-

Desoky (119) and Bahgat(110,111,169)
  delineated the dependence of 

dcw  on the mean distance between TM ions. It can also be seen 

that from table (5.6) and Fig (5.12) that for different gamma 

doses both the activation energy Wdc and pre-exponential 

factor log οσ decrease with an increase in gamma dose simillar 

result was obtained for LPTB. 



Table  (5.6). The physical properties, dcW , ,R, rp, log ..cdσ  and 

log oσ  at 400K for LPTBCu glass. 
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Fig(5.11) D.C.electrical conductivity log σ vs.(1/T)  

for LPTBcu glass with  different gamma doses)
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Fig.(5.15) shows the relationship between the gamma 

dose and the conductivity (at T=400 K) for the two glasses. It 

appear that the conductivity increase from -10.3 for 

unirradiated LPTB  to -8.4 for unirradiated  LPTBCu where 

the addition of traces of cupper ions play important role in 

increasing the conductivity. 

Fig. (5.16) show that the decrease of the d.c 

conductivity with the increase of the   inter- ionic distance R.  
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5.5.3. Universal curve of ionic conductivity in lithium borate 
glasses 

Extensive studies have recently been made for obtaining 

a ‘universal’ equation (or “master curve”) from the glass 

structure 

Stand point of view. For example, Nascimento et al. (149) 

presented 23 and 30 binary rubidium and cesium silicate 

glasses, respectively, that follows a ‘universal’ conductivity 

rule. Swenson and B¨orjesson (147) proposed a common cubic 

scaling relation between σ and the expansion volumes of the 

networking forming units in salt-doped and-undoped glasses. 

This fact suggested that the glass network expansion, which is 

related to the available free volume, is a key parameter 

determining the increase of the high ionic conductivity in some 

types of fast ion-conducting glasses. 

According to Adams and Swenson (165), the ion 

conduction should be determined by the ionic motion within 

an infinite pathway cluster. For various silver ion-conducting 

glasses (149) it was found that the cubic root of the volume 

fraction F of infinite pathways for a fixed valence mismatch 

threshold is closely related to both the absolute conductivity 

and the activation energy of   the conduction process: 

log σi ≈ ( F)1/3 = logσo− 0.43 Wi /kBT ,                          (5.6) 

where  σo is the pre-exponential factor (in Ω-1cm-1). The cubic 

root of F may be thought of as proportional to the mean free 



path length of the mobile ion (164). Nascimento and Watanabe 
(150) have recently verified this ‘universal’ finding in binary 

silicate, borate and germinate glasses, considering both Eqs. 

(5.5)  and (5.6). Fig.(5.8) and Fig.(5.11) illustrates the D.c 

conductivity for both ionic and electronic conductivity.   

The ionic conductivity can be estimated as follow 

σt = σe +σi ,  log σi  = log(σt -σe ), (σt is the ionic conductivity for 

the all temperature range. 

 σe is obtained from the linear fitting of the region II of 

Fig.(5.8) 

and (5.11) for the two glasses . 

Fig. (5.17) and (5.18) shows Arrhenius plots of σi for 

unirradiated and irradiated LPTB and LPTBCu glass samples 

in the temperature range 400 to 650 K. 
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Fig.(5.17) :Arrhenius plots of ionic conductivity of LPTB for 

different gamma doses. 
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Fig(5.18) :Arrhenius plots of ionic conductivity of LPTBCu for 

different gamma doses. 

 
 

Fig.(5.19)and (5.20) shows modified Arrhenius plots for  

unirradiated and irradiated  LPTB and LPTBCu  glass samples 



at temperature range 400 to 650 K . The range of activation 

energy  wi lie between 0.5 and 0.8 eV as shown in table (5.7) 

and (5.8) in all glasses studied. These data were compared 

with the ‘universal’ equation (Eq. (5.6)) using σ0 =50 Ω-1cm-1. 

The “universal” equation, following   appears in Fig. (5.19)  

and Fig.(5.20)    as a dashed line. The substitution of the 

mobile ion by another kind of mobile ion introduces 

modification of the glass structure, as well as its ionic 

conductivity in various ways. Therefore, the results shown in 

Fig.(5.19) and Fig(5.20) are remarkable in the sense that so 

many different alkali borate glasses present linear curves of  

log σ versus wi/kBT very close to each other and to the 

“universal curve”. This relationship between σ and wi values 

gives evidence for the validity of Eq. (5.6). Also one can 

conclude that the pre-exponential factor σ0 varies only weakly 

with glass composition. There is a relationship between σ and 

wi values in a wide temperature range, i.e., σ is strongly 

determined by wi/kBT according to Eq. (5.6). It is interesting to 

note that the increase in ionic conductivity with alkali content 

is almost entirely due to the fact that the activation energy  wi 

required for a cation jump decreases, as presented in Ref. (164) 

considering silicate glasses. Thus, the σ0-value in Eq. (5.6) is 

affected only weakly by alkali content. It is important to note 

that the σ-values for several alkali borate glasses lie close to a 



“universal” curve. For a given value of wi/kBT, the difference 

between large to small values of σ is only one order of 

magnitude considered in Fig.(5.19) and Fig. (5.20).               

this means that, once obtained σ-value at a given temperature, 

the approximate value of wi can be obtained from the 

“universal” equation, i.e., taking σ0 =50 Ω-1cm-1 as the average 

value. The values of σ for different temperatures can then be 

obtained using this wi value. 

Of course, if wi value is obtained by some other way, the ionic 

conductivity of a glass can be calculated using Eq. (5.6). The 

frequency of σ0 distribution is shown in Fig. (5.21). It is 

possible to note that the medium value σ0 = 50 Ω-1cm-1 is near, 

the intercepting value at y-axis of Fig.(5.19) and Fig(5.20) 

Considering 6 alkali  borate glasses . 
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Fig(5.19): Modefied Arrhenius plots of ionic conductivities for LPTB 

glass for different gamma doses .The dotted line is the universal curve 

with  

σo=50  ( Ω
-1cm-1). 
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Fig(5.20): Modefied Arrhenius plots of ionic conductivities for 
LPTB Cu glass for different gamma doses. The dotted line is the 
universal curve with σo =50 ( Ω

-1cm-1). 
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Table (5.7) Activation energies   and pre-exponential factor 
from modified Arrhenius plots for LPTB glass. 

 

 
 
 
Table (5.8) Activation energies   and pre-exponential factor 
from  modified Arrhenius plots for LPTBCu glass . 
 

Dose 
(kGy) 

Wdc(total) 
eV 

Wdc(ionic) 
eV 

Wdc(electronic) 
eV 

σo
i 

(Ω -1cm-1) 

 

0 ٠,١٢  ٠,٦١  ٠,٦٨  10  

5 ٢٩  ٠,١١  ٠,٦٠  ٠,٦٦  

10 ٥٠  ٠,٠٩٤  ٠,٥٧  ٠,٦٥  

15 ٠,٠٨  ٠,٥٧  ٠,٦٣  50  

20 ٠,٠٧٤  ٠,٥٢  ٠,٦  50  

25 ٦٩ ٠,٠٧٣  ٠,٥  ٠,٥٥  

 
 
 

Dose 
(kGy) 

Wdc(total) 
eV 

Wdc(ionic) 
eV 

Wdc(electronic) 
eV 

σo
i 

0 ٠,٠٦  ٠,٨  ٠,٨٧  15.8  
5 ٢٩  ٠,٠٨  ٠,٨  ٠,٨٢  
10 ٥٠  ٠,٠٧٩  ٠,٨  ٠,٨  
15 ٠,٠٧٦  ٠,٧٩  ٠,٧٨  50  
20 ٠,٠٧  ٠,٧٢  ٠,٧٤  50  
25 ١٠٠  ٠,٠٨  ٠,٧  ٠,٧٤  



5.6.Electronic conduction mechanism for LPTBCu 
 

The nonlinear nature of the conductivity indicates that 

the conduction is electronic in nature. To know whether the 

hopping mechanism is adiabatic or non-adiabatic in nature.  

Austin–Mott SPH model (48) was applied to the DC 

conductivity obtained by (eq. (5.5), in the temperature region I 

shown in Fig. (5.22) for LPTBCu glass based on the single 

optical phonon approach in the strong electron- lattice 

coupling.  

The dc conductivity in the Mott model for the nearest 

neighbor hopping in non-adiabatic regime is given by  

⎟
⎠
⎞

⎜
⎝
⎛ −

=⎟
⎠
⎞

⎜
⎝
⎛ −

−−
Ν

=
KT

W
TKT

WRCC
KT

Re expexp)2exp()1(
22

οο σανσ      (5.7) 

    The pre-exponential factor, οσ , in Eq. (5.7) is given 

by                                                                                                                   

                        )2exp()1(
22

RCC
KT

Re
α

ν
σ ο

ο −−
Ν

=                     

In the adiabatic hopping α R become   negligible, the pr-

exponential factor is then described as (92) 

)1(
22

CC
KT

Re
−

Ν
= ο

ο
ν

σ  

where ον  is the optical phonon frequency α  is the tunneling 

factor (inverse of the wave function decay), C is the ratio of 

concentration of an ion in the low valence state to the total 



concentration of the transition metal ion for Cu+ and Cu++, N is 

the concentration of cooper ions calculated from the batch 

composition and measured density as given in table (5.2), R is 

the average hopping distance, W is the activation energy, e is 

the electronic charge, k is the Boltzmann constant and T is 

absolute temperature. The term ον exp (-2α R) describes the 

overlap of wave function on neighboring hopping sites, and 

ον exp (-W/kT) represents the hopping probability of localized 

electron to a new site. 

Fig.(5.22) shows the arrhenius plots of electronic 

conductivity of LPTBCu with in the low temperature region. 

Fig (5.23) shows the relationship (log σ  against Wdc,) at 

a fixed temperature (T = 300K for low temperature region (I)). 

Thus, σ  gives logσ = log οσ –Wdc/ (2.303kT), indicating that 

the slope of σ  at a fixed temperature versus activation energy 

of different glasses should be -1/(2.303kT) (104). 

 It might be noted that the data fall on a straight line for 

the entire interval of Wdc. From the slope of the plot, the value 

of temperature (T= 438K) is estimated, which is not more 

different from the temperature chosen (T =312 K).A least 

squares straight line fit of the data yields a temperature 

indicating adiabatic hopping in the present glasses  (105,117). 
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Fig.(5.22): Arrhenius plots of dc electronic conductivity of LPTBCu glass at

different gamma doses for low temperature region.

 0 kGy
 5 kGy
 10 kGy
 15 kGy
 20 kGy
 25 kGy

 

0.07 0.08 0.09 0.10 0.11 0.12
-8.5

-8.0

-7.5

-7.0

slope=-1/2.303kBT

θ

lo
g 

σ e  
   

   
   

   
   

Ω
-1
cm

-1

We
dc          (eV)

Fig.(5.23): Effect of activation energy W,on the D.C onductivity,
at 300K,for the  LPTBCu glass.

 
 



5.7. Variable-range hopping model (VRH) 

The term hopping refers to suddin displacement of a 

charge carrier from  one position to another (116). Fig.(5.22) 

shows the Arrhenius plots of electronic conductivity of 

LPTBCu at  low temperature (region I) the activation energy 

for this glass were given in table (5.8) . For the occurrence of 

VRH conduction, the requirement α R >1 (α-1 and R in Ao ) 

and Wo>kT should be satisfied. The density of states for 

thermally activated electron hopping near the Fermi level is 

given from (117): 

         N (EF) = 3/(4ΠR3) Wo                                               (5. 8) 

The optical phonon frequency, ( ον ) was taken as   

ον =1013 s-1 which is a common factor for glasses           (5.9)                      

The procedure suggested by Greaves (100,108,118) as a 

modification of Mott’s model of variable range hopping (105,119) 

could be applied at intermediate temperature where the 

following expression was proposed for the dc conductivity: 

                         ⎟
⎠
⎞

⎜
⎝
⎛ −

= 4/1
2/1 exp

T
BATσ                                       

(5.10) 

Where A and B are constants which B is given by 

                        4/13 )](/[1.2 FEKNB α=                                   (5.11) 

A plot of log ( 2/1Tσ ) versus 4/1−T is shown in Fig. (5.24). 

A good fit to the experimental data of expression (5.10) in the 



low temperature range (region I), suggesting that Greave‘s 

variable range hopping may be valid in these glasses over the 

entire temperature range. Using the slope obtained from this 

linear relation and the value of N(EF) given in Table (5.9) we 

can apply expression (5.11) to calculate the factorα . These 

values of α  and N (EF) are reasonable for localized states 
(119,116,121). Values of the density of state at Fermi level 

calculated from the parameter B are consistent with those of 

usual semiconductiong oxide glasses. Also, this VRH model is 

found suitable to explain the low temperature conductivity 

data of these glasses. 
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Table (5.9) Parameters for variable range hopping 
conduction for LBTBCu glass. 
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(kGy) 

١,٤٣  ٠,٩٠٣  ٧٨,٤  ١,٣٧٢  0.51820 

١,٦٦  ١,٥٤٨  ٨٢  ١,٩٠٦  0.50785 

١,٩٦  ١,٥٤٨  ٨٠,٦  ٢,١٠٠  0.505610 

٢,٣٣  ١,٥٠٥  ٧٧,٢  ٢,١٠١  0.503515 

٢,٥٩  ١,٧٦٣  ٧٩  ٢,٥٦٢  0.499320 

٢,٦٥ ١,٦٧٧  ٧٣,٢ ١,٩٣٢ 0.497625 



5.8. Electron Spin Resonance (ESR) Technique 
5.8.1. Introduction 

Electron spin resonance (ESR) spectroscopy is an 

experimental technique sometimes capable of determining the 

coordination and environment of paramagnetic ions in glasses. 

Several studies have been made on the ESR spectra of 

transition metal ions in various oxide glasses. (122-124). EPR 

investigation of oxide glasses doped with transition metal 

(TM) ions have been extensively studied to obtain information 

on the glassy network and to identify the site symmetry around 

the TM ions (125-127). Copper is the most amenable ion for EPR 

studies. The main advantage of using Cu2+. as the spin probe is 

that its EPR spectra can easily be recorded at room 

temperature, the spectrum is simple and the spread of the 

spectrum is large enough to detect minute changes in the 

coordination sphere (128). Irradiation of glass leads to the 

formation of certain defects which can be characterized by 

electron spin resonance (ESR) .It was found that when alkali 

borate glass are irradiated at room temperature, the most 

prominent induced ESR signal is that due to vacancies trapped 

on bridging or non-bridging oxygen .  

 

5.8.2. ESR for LPTB glass. 

Fig.(5.25) shows ESR spectra of the LPTB  base glass 

irradiated with different absorbed doses of 5,10,15,20 and 25 



kGy. This figure shows that no EPR signal for unirradiated 

LPTB glass, indicating that there are no paramagnetic 

impurities present in the starting material. When irradiating the 

LPTB glass system to different gamma doses the EPR spectra 

exhibit resonance signals similar to those reported for other 

borate glass systems (129).  

From paramagnetic resonance, studies have three main 

classes of intrinsic defects in irradiated alkali borate glasses 

are presented at, (1) boron oxygen hole centers (BOHCs), (2) 

boron electron centers (BECs), and (3) alkali electron centers 

(AECs). It may be concluded that the precursors of the 

electrons and holes centers in alkali borate glasses are charged 

defects of valence alterated type. Clearly, this type of glass is 

different from silica glass where the precursors of centers are 

coordination defects, such as oxygen deficiency centers and 

peroxy linkages (130). Such charged induced defects in borate 

glasses may attribute to the increased electrical conductivity 

data observed upon gamma irradiation of the studied borate 

glasses.       

Takada et al. (131) suggest that the structural defects in 

borates are valence alteration pairs. Typical defects are over-

coordinated boron (B4
+) and oxygen (O3

+) centers and under-

coordinated boron (B2
−) and oxygen (O1

−) centers. These 

defects trap electrons and holes. Shkrob et al.(160) further 



assumed that both BOHC and BEC are identified but no AEC 

is detected in lithium Borate glass. The first BOHC is 

suggested to be a hole trapped on the triborate–tetraborate 

species or on a NBO. The second BEC is suggested to be 

formed when the electron is trapped by a positively charged 

(O3
+) defect or by planar BO3 groups.  

 The ESR spectra of the studied glasses exhibited the 

same spectral features and the intensity of the peak increases 

with the increase of the doses. For irradiated samples, g-value 

and the number of spins participating in resonance for LPTB 

are shown in table (5.6). The origin of the signal at g=2.0046 is 

related to the oxygen hole centers (161), thus should arise with 

formation electron centers. It was also noted that the g-value 

for the hyper-fine splitting (hps) was indicative of the nature of 

the bonding in the glass. If the g-value shows a negative shift 

with respect to ge= 2.0023, then the bonding is ionic and 

conversely, if the shift is positive, then the bonding is more 

covalent in nature (132). On the other hand if the radiation effect 

on the B-O bond, the covalence bond must be broken, because 

boron can only trap an electron if not all bonds are complete. 

An oxygen vacancy follows as a consequence of which affects 

the alkali ions. This bond very weak and when broken will 

forming an alkali vacancy interstitial.  



Dose–response graphs for all investigated glasses are  

given in Fig. (5.25) the peak-to-peak intensities from ESR 

signals in Fig. (5.25) have been used as a dose response for the 

corresponding type of glasses. The obtained results are 

normalized to the same gain. As can be seen from the signals, 

all studied glasses have linear dose response in the applied 

dose range from 5 to 25 kGy. However Fig (5.26) illustrates 

the number of spins with different gamma doses for the LPTB 

glass estimated from the ESR spectrum which gives a linear 

relation with different gamma doses. From the spectrum of  

Fig.(5.25) we shows that the signal intensity increases with the 

increase of the absorbed dose. This signal was chosen for dose 

evaluation because it show uniform behavior, as can be seen in 

Fig.(5.26).  

5.8.3. ESR for LPTBCu glass. 

For the glass system LPTBCu, when Cu introduced into 

the Li2B4O7 glasses the ESR spectra of the all samples exhibit 

absorption lines.  

ESR spectra for unirradiated and irradiated Cu doped 

LPTB glasses were shown in Fig (5.27). This observation is in 

agreement with those reported by G. Ramadevudu et al. (133) on 

the shape of ESR spectrum of Cu2+ at room temperature. 

The ESR spectra of Cu2+ ions for the studied glasses 

exhibited the same spectral features similar ESR line shapes 



were observed earlier in oxide glasses doped with Cu2+ Ions 
(134 -137). The Cu2+ ion (S=1/2) has a nuclear spin (I=3/2) for 

both Cu63 and Cu65 (69.09% and 30.91% isotopic abundance, 

respectively). Therefore the different allowed orientations (2I 

+ 1), i.e. four parallel and four perpendicular hyperfine lines 

could be observed. In all the ESR spectra recorded in the 

present investigation three weak parallel components were 

observed in the low field region. However, the perpendicular 

components are not resolved leading to an intense line in the 

high field region as shown in Fig. (5.27). 

The absence of the parallel hyperfine structure can be 

explained on the bases of hopping rate of charge carriers in 

this glass.  

The general nature of the ligand coordination can be 

obtained from the fact that g|| > g ⊥  > ge [ge = g   factor of free 

electron = 2.0023] where g|| and g ⊥ are the parallel and 

perpendicular principal components of the g tensor, 

respectively. In the present investigation it is observed that g|| 

> g ⊥  > ge 
(138). A change in g values is attributed to the 

structural change in the environment of Cu2+ ions. Therefore 

from the g values and shape of the EPR spectra, it can be 

concluded that the Cu2+ ions being located in tetragonally 

distorted octahedral sites (138,139). Detailed calculations have 

shown that the elongated structures are usually more favorable 



than the compressed structures. Various experimental data also 

confirmed that the Cu2+ ion generally exists in solutions, 

crystals and glasses in octahedral symmetry with a tetragonal 

distortion. The high g|| values indicate the presence of a Cuo6 

chromophore (133,140). 

The dependence of g|| value with gamma doses is shown 

in table (5.7). It is observed that g|| value increases with 

increase of gamma doses. When dose changes the ligand field 

is expected to be change, due to surrounding ligands which 

reflects a change in g|| values. As there are changes in g|| 

values, it is understood that the ligands that are situated in z-

axis are vibrating more effectively with temperature causing a 

change in the inter-nuclear distances with the central metal ion 

which results in a change in g|| values. 

From the ESR spectrum the number of Cu2+ ions 

participating in resonance can be calculated by applying the 

following relation (162)   

N=k.[H0(∆H)2A/2]/[ HmGe(PH)1/2]                                   (5.12) 

Where, 

N: Number of spins/m3 

k: factor depending on the experimental 

 condition of the spectrometer 

Ho: Magnetic field at peak in gauss 

∆H: width peak to peak, 



A: Height intensity in cm, 

Hm: modulation field, 

PH: Power in mW, 

Ge : gain of the detector  

 
H0 
G 

k 
cm 

Hm 
 

Ge 
G 

PH 
mW 

3480 
 

1013 
 

4 
 

5020 
 

2.012 
 

  
Height intensity A and width peak to peak ∆H can calculate by 

computer programmer of the ESR spectrometer and illustrated  

on table (5.6) and (5.7) 
Fig (5.29) shows the number of spin versus different 

gamma doses for the LPTBcu glass as estimated from the EPR 

spectra. This   give a linear relation with different gamma 

doses. From the spectra of Fig (5.27) we show that the signal 

intensity increase with the absorbed dose; this signal was   

chosen for dose evaluation because it shows uniform behavior, 

as can be seen from Fig.(5.26). The ESR data can be used to 

calculate the paramagnetic susceptibility of the sample using 

the formula (141), 

             
    χ= Ng2 β J (J+1) / 3kBT                                       (5.13)  

          χ = 1χ x    where, 1χ =Ng2, 
          x =[ β J (J+1) / 3kBT]= constant (at room temperature)    



Where N is the number of spins per m3, β  is the Bohr 

magneton, J is the total angular momentum, kB is the 

Boltzmann constant and T is the absolute temperature. The 

number of spins N can be calculated by double integrating the 

first derivative EPR spectrum and g =( g||+2 g ⊥ ) /3 taken from 

EPR data. The paramagnetic susceptibility and the number of 

spin were calculated and are presented in table (5.6) for 

different gamma doses. 

Fig (5.30 and 5.31) shows the effects of irradiation 

doses on the magnetic susceptibility of the two glasses LPTB 

and  LPTBCu respectively. Irradiation of these glasses of 

different compositions, results in the displacement of electrons 

in their structure. These displaced electrons circulate in the 

glass network until they are trapped somewhere in the 

network. This can be explained by the presence of a number of 

intrinsic defects in the glass structure before irradiation. As the 

glass samples were irradiated, these defects may trap electrons. 

As a result of this new electronic configuration, the magnetic 

susceptibility of the glass samples would be changed. The 

increase of irradiation dose was found to change the value of 

the magnetic susceptibility. This change can also be related to 

the presence of structure defects and impurities in the glass 

before irradiation. As the glasses are irradiated the number of 



intrinsic defects which have no trapped electrons or holes 

decreases with increased irradiation doses (53). 

Table (5.10) the g-value and number of spin at different 

doses for the LPTB glass system. 

 

 

 

 

 

 

 

 

 

 

 
Dose 
(kGy) 

g –
value 
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(cm) 

 
∆H 

Number 
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(N)/ m3( 
x1017) 

Susceptibilit
y 1χ  

(10-4  m3kg -
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5 2.0046 
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25 
2.0082 

 

13589.25
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Table (5.11) the g-value and number of spin at different 

doses for the LPTBcu glass . 
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(cm) 
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of pins 
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٦١٫٤٦٠ ١٣٫٢٤٠٥ ٨٠٫٩٣ ٣٤١٠٫١٤٨٦  

5 ٢٫٠٩٨ ٢٫٢٦٥٦ 
 

١٠١٫٠٢٥ ٢١٫٧٧٦٨ ٧٧٫٦٩  ٦٠٨٦٫٢٩١  

10 ٢٫٠٩٧ ٢٫٢٦٦٠ 
 

١٥١٫٦٩٠ ٣٢٫٧١٤٢ ٧٧٫٦٩  ٩١٤٤٫٧٢٩  

15 ٢٫٠٩٧ ٢٫٢٦٦٤ 
 

٢٢٢٫٧٧٣ ٤٨٫٠٣٨٢ ٧٧٫٦٩ ١٣٤٤١٫٨٣٤  

20 ٢٫٠٩٨ ٢٫٢٦٧١ 
 

٢٤٢٫٦٦٣ ٥٢٫٢٨٣٦ ٧٤٫٤٦  ١٥٩٤٤٫٥  

25 ٧٤٫٤٦ ١٩٧٢٦٫٩٢ ٢٫٠٩٩ ٢٫٢٦٧٥ ٣٠٠٫٧٤٤ ٦٤٫٧٥٩٤ 
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5.9. Optical properties . 



In many amorphous semiconductors, the absorption 

edge has the shape as shown in Fig. (5.32). It is available to 

distinguish between the high absorption region (A) (α >104 

cm-1), the exponential part B which extend over 4 order of 

magnitude of α  and the weak absorption tail (C) region (49).           

 

 

 

 

 

 

 

 

 

 (I) A high energy range (part A in Fig (5.32) (α >104 cm-1) 

where the data obey the Tauc law (49), 

     
r

Ehνhνα(hν). ⎟
⎠
⎞

⎜
⎝
⎛ −≈

op
B                                (5.14a) 

The exponent r =1/2, 3/2 for direct transition is allowed or 

forbidden in the quantum mechanical sense, and r=2, 3 for 

allowed and forbidden indirect transition, respectively (144). 

Equation (5.14a) has been used to define the optical gap as 

distinguished from the electrical gap determined from the 

temperature dependence of electrical conductivities (49). As 

Fig. (5.32): parts A, B and C of the absorption edge.     



well  as the conduction mechanism the optical gap can also be 

defined as the energy where α =104 or 103 cm-1  (50). 

 

(II) An intermediate region (part B in Fig(5.32)), α  from 1 cm-

1 or less up to 104 cm-1 (50) or (50< α <5x103)(50),. Where α ( νh ) 

follows an exponential behavior of the form according  to 

Urbach (50). 

α ( νh  )=α o exp( νh /Ee)                                               (5.14b) 

This is related to tails of localized defect states at the band 

edges, Ee is the band tail width. 

 

(III) Below the exponential part of the absorption edge, an 

absorption tail is observed part C in Fig (5.32) . Its strength 

and shape found to be dependant on the preparation, purity, 

and thermal history of the material. A low   energy range 

appears where α ( νh ) flattens out, indicating additional optical 

absorption ascribed to deep localized defect states (50).  

5.9.1. Band gap determination 

Typical property of the fundamental absorption band of 

crystalline semiconductor is relatively sharp structure as 

shown in Fig.(5.33 a). This is due to the singularities of the 

joint density of states to which 2ε  is proportional in the 

crystal. Actually, the sharp structure of the fundamental 



properties of semiconductors, which basically impossible to 

interpret without involving the long-range order.  

 This point of view is fully confirmed by the change in 

the fundamental absorption spectrum occurring when long-

range disappears as shown in Fig. (5.33 b). This figure shows 

that, the fundamental absorption band is often smooth band. 

When the spectra of the corresponding amorphous and 

crystalline materials are compared, then, a shift of absorption 

may occur in either direction, going from crystal to amorphous 

materials. The fundamental absorption band can be determined 

from the measurements of reflectivity at normal incidence and 

the subsequent use of the Kramers-Kronig analysis, see section 

(2.6.2). The absorption band obtained when the imaginary part 

of the dielectric constant is plotted as a function of photon 

energy. 
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Fig.(5.33): Fundamental absorption bands of; 
(a) Crystalline Ge and (b) amorphous Ge (49). 
 

5.9.2. Optical properties for the LPTB glass  

Fig.(5.34&35) show the reflectance (R) and 

transmittance (T) which are measured at room temperature at 

normal incident as a function of wavelength in the spectral 

range from 190 nm up to 1100 nm for the LPTB (Lithium 

Tetra borate) glass.  

The optical absorption coefficient,α  which is the 

relative rate of decrease in light intensity along its path of 

propagation, was calculated from the transmittance and 



reflectance data in the wavelength range 190–900 nm. The 

nature of the optically induced transitions was determined 

from these data.  

Fig.(5.36). Shows a plot of α as a function of photon 

energy for the glass LPTB at different doses. The optical 

absorption coefficient α of the glass LPTB was evaluated 

using the relation (142,146). 

⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛ −=
T

R 2)(100ln
d
1α(hν)  5.15) 

where T is the transmittance, R is the reflectance, and d is the 

sample thickness. The optical absorption coefficient of glass 

system near the fundamental absorption edge was found to be 

exponentially dependent on the photon energy. The 

exponential dependence of the optical absorption coefficient 

may arise from the electronic transitions between the localized 

states, which have tailed off in the band gap. 

To obtain the optical gap Eop for the LPTB glass 

Equation (5.14 a) will be used, but, which value of "r" must be 

applied to have the exact value of the optical band gap?  
Accordingly we may say that it is not adequate alone to be 

used for the determination of both the type of conduction and 

the optical gap ; it is necessary but not sufficient(166) . Different 

value of "r" were applied to the experimental data as present in 

Figs.( 5.38 - 5.41). 



On the other hand Fig. (5.37) shows the variation of lnα  

with incident photon energy νh for the glass system LPTB, as 

was found to be linear in the absorption region near the 

fundamental absorption edge. The absorption edge is found to 

be exponentially dependent on the incident photon energy and 

obeys the empirical Urbach rule eqn. (5.14 b) (145,156). The 

width of the localized states Ee (band tail energy or Urbach 

energy) estimated from the inverse slopes of αln  versus νh . 

The optical gap Eop for each samples obtained from Eq. 

(5.14 a) will be used, but, which value of “r” must be applied 

to have the exact value of the optical band gap, different 

values of “r” was applied to the present experimental data for 

glass LPTB, It is found that the obtained optical gap changes 

with      changing the value of the exponent “r” as shown in the 

Fig. (5.38)  to Fig.(5.41) . 

Table (5.8) shows that, the obtained values of the optical 

gap have changed according to the value of the exponent “r”. 

This is together with that the change in the value of Regression 

coefficient does not give good indication of which is the real 

value of “r” which can be selected. So, equation (5.14 a) may 

be used only for determination the type of conduction 

mechanism and the optical gap itself should be determined 

using another parameter, by which the exact value of exponent 

can be selected. The selected parameter is the imaginary part 



of the dielectric constant ε2, which is a function of refractive 

index n, and extinction coefficient k; 

                               ε2=2nk 

Plotting the imaginary part ε2 versus the photon energy 

Fig.(5.42), the optical energy gap is calculated and found to be 

(2.59-3.15) eV. Which is in close agreement to the one 

calculated for r = 2 i.e the transition mechanism is accordingly 

indirect allowed transition, (Regression = 0.997±0.001, the 

best fitting R= ±1). 

 

Table (5.12). The obtained values of optical gap at different 

values of the exponent (r) for the LPTB. 

Urbach 

energy  

(Ee) 

eV 

optical 

band gap 

(α E)2 

eV 

optical 

band    

gap 

(α E)2/3    

eV 

optical 

band 

gap 

(α E)1/3 

 eV 

optical 

band 

gap 

(α E)1/2 

 eV 

optical 

band gap 

from ε2 

eV 

Dose 

(kG

y) 

٠٫٦٣٦٩٨  3.45 3.04 2.٢٫٩٤ ٧  2.99  0 

٠٫٧٦٢٠٨  3.6 3.2 2.8 ٣٫١٥  ٣٫٠  5 

٠٫٧٩١٧٧  3.56 3.0 2.6 ٢٫٩١  ٢٫٩  10 

٠٫٨٤٧٠٣  3.48 2.9 2.54 ٢٫٧٨  ٢٫٧٩  15 

٠٫٨٤٧١٧  3.38 2.85 2.5 ٢٫٦٥  ٢٫٦١  20 

٠٫٨٥٠٢٤ 3.32 2.8 2.31 ٢٫٥٩ ٢٫٥  25 

 

 



5.9.3. Effect of Irradiation on the Optical Properties  

Irradiation effects on the band gap and the width of the 

energy tail, shown in table (5.8). 

Fig (5.43) shows the band gap has decreased, and the 

width of the energy tail has increased after irradiation. These 

changes can be explained by an increased electronic density 

after gamma irradiation. The interaction of gamma rays with 

materials is dominated by the Compton Effect, the cross 

section of which is proportional to the atomic number. 

Therefore, with increasing PbO and B2O3 content, the cross 

section for the Compton Effect increases. Hence, there are an 

increasing number of energetic electrons in the glass network 

with increasing heavy metal oxide content. This electronic 

ionization will increase the electronic transitions between 

localized states, so that the band gap decreases and the width 

of the energy tail increases after irradiation. Similar behavior 

was observed in phosphate glasses. The decrease of the band 

gap after irradiation can be related to the heavy metal oxide 

(HMO) content and to the change in the structure of the glass 

matrix. It has been shown that irradiation leads to expansion or 

compaction of the glass (151,152). Radiation induced expansion 

includes hole trapping by bridging oxygen causing the B–O 

bond length to increase. Radiation compaction includes 

displacements, electronic defects and breaks in the B–O bonds 



(153). Allowing the structure to relax and fill the large interstices 

in the interconnected network of boron and oxygen atoms. 

Decreasing band gap indicates a compaction of the glass 

network after irradiation which in agreement with the data 

obtained from the density and molar volume.   
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 Fig. (5.41). The relation between Energy eV and (αE)2
 for unirradiated 

and irradiated 25 kGy LPTB and LPTBCu glasses   for the 
 R: is the reability of fitting , best fitting R= ±1 
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Fig (5.42) the relation between Optical dielectric constant ε2 and         
phonon Energy for LPTB glass. 
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5.10. Optical properties for the LPTBcu glass  

Figs.(5.44,45) shows the optical transmittance (T) and 

the reflectance (R) which are measured at room temperature at 

normal incident as a function of wavelength in the spectral 

range from 190 nm up to 900 nm for the LPTBCu (Lithium 

Lead Tetra borate cupper) glass.  

The same procedures as LPTB was applied to the 

determination of the conduction mechanism and optical band 

gap can be calculated as shown in Fig.(5.46) to(5.51). 

 Equation (5.14 b) can used to determine the band tail  

Ee which is the reciprocal of the slope of the linear region of 



such plots between lnα  with incident photon energy νh  a 

shown in Fig.(5.51) for the LPTBCu glass. The absorption 

edge is found to be exponentially dependent on the incident 

photon energy and obeys the empirical Urbach rule. The 

values of Urbach energy, Ee and optical energy Eop were 

calculated and are also listed in table (5.11). Fig (5.52) shows 

the variation of Urbach energy with radiation dose and it is 

observed that Ee, increase with increasing gamma radiation 

doses reaches saturation around 20 kGy. This figure also 

shown that the optical energy Eop decreases (2.66 to2.36 eV) 

with increase the gamma doses which is close agreement to the 

one calculated for r=2 i.e the transition mechanism is 

accordingly indirect allowed transition. 

 In accord with the general rule formulated by Yoffe and 

Regal (170) the magnitude of the activation energy   Wdc  is 

roughly 1/2 of that of the optical gap Eop . This is commonly 

interpreted as (intrinsic) conduction at mobility edge by 

carriers whose concentration governed by Fermi energy Ef  

which is pinned near the gap center. In this work the type of 

glass   effect of certain additives has been noted, and explained 

in terms of small shift of Ef toward one of the bands, and thus , 

decreasing Wdc (171) . On the other hand the Fermi level shifted 

toward the valence band but still within the gap,   and the 



material behaves as extrinsic semiconductor with an indirect 

electronic transition associated with phonon coupling.  

The refractive index increases from 1.4 to 2 with 

increasing gamma doses.  

The refractive index n (as given in section 2.6.2) is 

plotted as a function of γ-radiation for both LPTB & LPTBCu 

glasses. 

The refractive index could be accounted for by the 

change in density using a relationship between density and 

refractive index derived from the Lorentz- Lorenz 

equation(172). 

n= [(1+2ρc)/(1-ρc)]0.5 ,                                            ( 

5.16) 

Where C is a material constant related to the dielectric 

constant.  

Fig. (5.53) shows that, the values of refractive index n 

increases with gamma radiation doses. The increase of the 

density and refractive index of the glass with irradiation may 

be due to ionization or atomic displacements that resulted from 

gamma ray collision with the glasses, which may change the 

internal structure in the glass. As mentioned before induced 

damage by an irradiating species can cause the compaction of 

B2O3 by the breaking of bonds between triagonal elements, 

allowing the formation of different ring configuration. The 



average ring size is then smaller, leading to the observed 

increase in density and therefore, increases of refractive index 

(87).  

5.10.1. Effect of Copper on the Optical Properties  

It is also illustrated from table (5.8) and (5.9) when 0.01 

% of CuO added to LPTB glass decrease the the optical gap 

from 2.94 to 3.66 eV without irradiation, hence, there are an 

increasing number of energetic electrons allowing the structure 

to relax and fill the large interstices in the glass network.  
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         Fig (5.46). The relation between Energy eV and (αE)2/3  for the    
         LPTBCu  glass.   
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 Fig  (5.49). The relation between Optical dielectric 
constant 
            ε2 and phonon energy for LPTBCu glass. 

 
 
 
 
 
 
 
 
 
 
 
  

 
  

    



                                              
Table  (5.13). The obtained values of optical gap at 

different values of the exponent (r) for the LPTB Cu . 
Urbach 

energy 

(Ee) 

eV 

optical 

band gap 

(α E)2 

eV 

optical 

band gap 

(α E)2/3 

eV 

optical 

band gap 

(α E)1/3 

eV 

optical 

band gap 

(α E)1/2 

eV 

optical 

band gap 

from ε2 

eV 

Dose 

(kGy) 

٠٫٥٣٢  2.86 2.79 2.47 ٢٫٧  ٢٫٦٦  0 

٠٫٥٧٧  2.83 2.8 2.43 ٢٫٧٢  ٢٫٦٨  5 

٠٫٦٣٢١  2.8 2.77 2.34 ٢٫٦٩  ٢٫٦٤  10 

٠٫٧٢٢  2.81 2.74 2.3 ٢٫٦١  ٢٫٦  15 

٠٫٧٢٤  2.74 2.7 2.24 ٢٫٥٨  ٢٫٤٩  20 

٠٫٧٣٢ 2.68 2.63 2.14 ٢٫٤٨ ٢٫٣٦ 25 
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5.11. Optical absorption Spectra of LPTBCu  



Fig.(5.54 )shows the UV–visible spectra for the LPTBcu glass 

before and after gamma irradiation the  spectrum reveals a 

very broad band centered at about 750 nm. The visible 

absorption band observed from the Cu doped glass can be 

understood and related to the presence of Cu2+ ions.     

Extensive studies cited in several reviews (32,154) indicate that 

irradiation of ordinary silicate, borate and phosphate glasses 

can induce numerous changes in the physical properties and 

especially to visible coloration, and for this reason the defect 

centers causing this are often referred to as ‘‘color centers’’. 

However, a recent study, (157) has indicated that some TMs 

(specifically Ni and Cu) doped phosphate glass show obvious 

resistance to successive gamma irradiation. The observed 

shielding behavior can be realized by considering that heavy 

metal ions (such as Pb and Bi) are frequently introduced into 

glass composition to provide shielding from radiation (154,155), 

especially when the glass is used as a window in nuclear 

reactor, hot cell or other radiation source. Relatively large 

quantities of these metals can be added without adversely 

affecting glass forming or enhancing crystallization, e.g. 

commercially available double-extra dense flint glass contains 

approximately 80% PbO. It is generally accepted (158,159) that 

the absorption and scattering of gamma radiation are related to 

the higher density and effective atomic numbers of the 



material. It is also known that a good shielding glass reflects 

small effects on its mechanical and optical properties. The 

addition the broad visible band centered at about 750 nm 

slightly increases with radiation but remains in its position. 

This band may be  used for dosimetric  evaluation . Fig.(5.54) 

shows the absorption for unirradiated and irradiated LPTBCu 

indicating the strong radiation induced absorption in a broad 

band around 750 nm wavelengths . The optical density at 750 

nm the absorbed dose is shown in Fig. (5.55). Saturation is 

reached at about 25 kGy. It is evident that 25 kGy may be 

considered as being the sensitivity of the dose  limit for 

dosimetric evaluation using LPTBCu. This glass which 

contain small amount of copper  can be used especially for 

applications in food irradiation and medical purposes in the 

range up to 8 kGy because the change in the absorbance is 

strong  and almost linear in this dose interval. If the LPTBCu 

dosimeter is compared with other high-dose dosimeters, e.g. 

chemical dosimeter, thermoluminescent dosimeter and silver 

metaphosphate glass dosimeter, (LiF (Eu, Mg), Li2B4O7 (Mn), 

CaF2) require both expensive and complex readers. However 

LPTBCu glass dosimeters to be used in food and medical 

dosimetric purposes and also radiation sterilization projects 

can be preferred since they are small, easy to transport, easily 

available and economic. The LPTBCu glass dosimeter also 



may be used independent of energy. However, the LPTBCu 

glass detector is in solid phase, and is easy to decontaminate 

using liquid cleaners. 
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5.12. Post-Irradiation stability 

The stability of color centers formed upon irradiation 

was studied by following the measurements the spectral 

absorption of LPTBCu glass after irradiation at absorbed dose 

25 kGy. The absorbance at peak   of this glass at 750 nm was 

measured from time to time over a period of 30 days. As 

shown in Fig.(5.56), the variation of   absorbance at 750 nm 

was reported as a function of time considering the initial 

absorbance that corresponds to zero decay time. It is shown 

from this figure that the irradiated glass sample has a quick 

initial fading; up to 6 days. After such time, the specific 

absorbance has a constant value   during the same period 

interval. Fig. (5.57), on the other hand illustrates the  stability 

of irradiated LPTBCu glass irradiated with dose 25 kGy and 

heated up to different temperatures. The glass was measured at 

different intervals during 30 days using Uv-spectrophotometer 

at the 750 nm wavelength. From the figure, it may be 

concluded that the stability of irradiated LPTBCu glass stored 

at 27 0C, 500C and 100 0C is the best storage condition which 

was found to decrease about 10-12% in a period of 6 days. It 

can conclude that the best condition for storing this glass at 

temperature range  from room temperature to 100 0C 

considering the absorbance in the time range from 6 up to 30 

days from irradiation. 
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Conclusion 
 

In the present work, density and molar volume, X-ray 

diffraction, differential thermal analysis (DTA), d.c. 

conductivity, ESR and optical measurements were carried out 

on two glasses LPTB and LPTBCu.                                                             

⇒ Density results show an increase with increasing gamma 

radiation doses. The molar volume show opposite trend 

for the two glasses. 

⇒ The amorphous nature of the glasses was ascertained 

from X-ray diffraction analysis for the two glasses 

before and after irradiation with different gamma doses.   

⇒ DTA results show increase both of Tg and Tc with 

gamma radiation doses. 

⇒ D.c electrical conductivity for the two glasses it is 

observed that as the gamma radiation dose increases, the 

activation energy of electrical conduction decreases 

while electrical conductivity increases. This change in 

activation energy and conductivity may help to detect 

the structural changes as a consequence of increasing 

the   gamma doses. 



⇒  The ionic universal curve was satisfied for the two glass 

samples where the pre exponential factor is closed to 50 

Ω-1 cm−1. 

⇒  ESR study, the ESR signal   was chosen for dose 

evaluation because it shows a uniform behavior with the 

dose range. 

⇒ Optical measurements,  the optical band gap energy Eop 

decreases with increase the gamma radiation dose the 

band tail width Ee shows opposite trend for the two 

glasses.  

⇒   It can be predicted that these glasses can be used as a 

dosimeter for a variety of hospital physicians and other 

related application of radiation sensors.                                                  
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