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ABSTRACT

Thia thesis conslsts of two parts. The first part
describes the absorption spectra of some borate glesses
containing iron before and after being irrediated with
gamma rays. The glassea were prepared from pure chemicals
and the mixed hatches were melted in pletinum crucibles in
gn electrie furnece gt the appropriate tempersture.Absorpticn
apectra were megsured for highly polished annealed semples
before and after irradiating with gemmsa raya./The resulted
spectra showed induced characteristic bands for parent blank
glasses and glasgses containing iron. The positiona end inten- .
gities of the induced bands were shown to change with variat.on
in chemicel composition of the gless and with the irradietion
doase. The color centers cbmerved were atiributed to originate
from the effect of irradiation on the slresdy present structural
defects, interstices, multivalent impurities or nonbridging'
oxygena, Released electrons or holes might trap to such defects
gnd new electronic configuration were beliewvid to erise causing
preferential lirht abgsorption or induced bhands.”The effect of
the transition metal, prolonged irrsdlation and the change in
chemical compositiocn on the growth of induced bands were

discussed.”
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The second pari includes thermal conductivity studies
on some alkali berete glasses and high lead boratefglqsaea
containing iron before and after gamma reys irradiation. The
thermal conductivity was measured by the steady state for the
flass discs (18 mm diemeter , 5 mm thickness}using an appe- |
ratus designed specially and celibrated by atandard sampls
from ¢orning glass works, U.S.A.{&he experimantal reasults
gshow that thermsgl conductivity increases with the introduction
of & divalent oxide replacing gcda and decreases with gamne
rays irrediation. In high lead borate glasses,increasing
F9203 in the plass increases its thermal conductivity while
inereasins PbO decreamses it. The results can be understood
when it is realized that hest i3 conduected in glasses by phonons,
The meen free path of & phonon is smaller when the glass
network structure is disrupted. In ctherwords, the thermal
conductivity is saidé to decresse in &8 pless with the increase
of the discrdering of the neiwork structure as a result of the

shortening of the phonon memn free path,
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1. INTRCDUCTION
1.1 Radiation Chemistry

Badiation chemistry is the branch of chemistry wkich
concern with the study of physical and chemical effecte of
high energy, lonizing radiation on materiais. High energy
radiation includes electromagnetic radiation {(X-rays and

8 -rays), particles (o -particles , B-particles or

electrons, protons and neutrone)} and fission fre.uents,

~ There 1s a characteristic distinction between
radliation chemistry and photochemistry that radiation of
high energy causpses lonization in all materiala. In
radiation chemistry, only part of tne radiation energy may
be tranaferred at an interaction end the process is not
gelective. There 18 a sufficient energy 10 break any tound
but in practice certain bounde mey be broken preferentially.
The 1onizing photon or particle and the displaced electiron
are both capable of producing further ionigation. Thus che

incident photon may affect many thousande ¢f molecules,

1.2 The Interaction of Electromagnetic Radiation with

Hatteril'2)

———

From the physical point of view the interaction of
X -~ or 8 -rays with matter takes place according to the

folldwing three processest
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1.2+1 The Photoelectric Effect

In this proceess an incident photon ejects & loosely
bounded electron from &n atom or & molecule, This can
happen whenever the energy of the photon is greater than
the bilnding energy of the electron, and the energy of the
ejected electron is egqual to the difference between the
incident photon energy and the binding energy of the

electron.

In thie reaction conservation of energy is poesitble
through the lmparting of some momentum to the remainder of
the atom. As the phoion energy increases,more tightly
bounded electrons are ejected. The probability of ipterac-~
tion with_a given electron is greaﬁeat when the energy of
the photon 18 just sllghtly greater then the binding
energy of such electron. The probability of photoeleciric
absorption increases rapidly with both decrease in photon
energy and increase in the atomic number oif-ihe irradiated
materiel . Bxcept in the casé of the heaviesi elements,
photcelectron abscrption is rather insignificant for g-ray
energy greater than 1 kiev. Iﬁ the photoelectric effect,
the photoeleciron are mainly responsible for the ioni-

gation produced by low energy photons.
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l.2.2 Compton Effect:

This process is the result of elastic collieicn
between a photon and an eiectron in which part of the
photon energy is iransferred 10 the electron and photon
is scattered with reduced energy as shown in Fig.{1).
The secondly photon travelps in 8. direction different from

that of the primary photon and is called scattered photon,

The compton erfect is more iwmportant for photen
energy in the range from 1.0 to 5.0 Mev, in elements of
high atomic number and over much more extensive range of
engrgies in elemente of low atowic number. It is noteworthy
that this is the major effect obeserved on using 0060

B -radiation.

in fne compton process for low iacident photon
energles, the scattered photon, will have very nearly the
pame energy as the primary energy and as the incident
energy 1s increased, the fraction removed by scattering
decreases and the electiron receives an increasing share

0of the available energy.

1.2.3 Pair production

In this type ©of interaction, the primary photon
disappears and its energy is transferred to a newly formed

poeition and megatron pair. In this process, the incident

Central Library - Ain Shams University



3 Scattered photon
O
hy

electron

Recoil electron

Fig.1.The compton process
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pﬁoton mugt have an energy larger than the total rest mess

of the pair, i.e., larger than 1l.02 Mev.

1.3, £ffect of Radiation on Inorganic Sollde

Defects are produced in the lattice structure of
indrganic polids waen it is exposed to radiation as the
atome or ions displace from its original positicn, and
consequently it produces coloration and changes in the

physical properties o0f the solid.

The term colour center was Ifiret given hy'ruhlﬁj).
It is usbually applied to the speciml elecironic configu-
ration in a g20lid that gives rise to optical absorptlon
in the visible or ultraviolet region. These configuratione
are;

{a}-electIOn traps,

(b) hole traps,i.e., electron deficilencies.

1.3.1 The Electron Trapped Centers:

The classical exauple of these centers is the
"F-center". Thias center is formed by the trapping of an
electron at a negative icon vacancy. Fig.{(2 &) is a
schematic reprepentation of a perfect portion of an NaCl
crystal, while Fig. (2 blrepresents a crystal containing
a single negative ionlvacancy. One ¢f the electrons may be

captured by this negative ion vacancy if the crystal was
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