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UCT H

The absorption of monochromatic light by matter
sometimes produces unigue primary products but this is
not the case with ionlzing radiations. iere a complex

1=4 .
e «vyen

mixture of primary products 1is slways formed
with a single charged particley, on its first collilsion,

a complex varilety of primary products are possible. The
reaction sequences are always complex, usually langthaand
often interdependent and in no instance, whether it be of
physical, chemical or blological nature, are they adequately
understoods. There are at least four consecutive stagesin
the response of a medium to irradiation. 1In the first
physieal stage, the absorbed energy 1s degraded to the
atomic level and a numbor of diversely activated molocules

is formod having conspicuously non-uniform spatial distrie-
bution. These are ¢alled primary products. They are
unstable and in the physico=chemical stage, promptly undergo
secondary reactionse Ultimately the system attains thermal
equilibrium and there follows a chemical stage in which
nevly formed reactive species such as lons or free radicals
Teact with each other. The biological process covers the
rosponse of the organism to chemical products on irradiatione
In these primary processes no distinction is made between
the effoct of the incldent charged particles or the offect

6
of X=OP gamma ray photons « The quest for knowledge of



the primary products rely chiefly on theory. Only scanty
oxperimental informations are available . Practically all
methods of observations are too slow to be able to detect
the primary products. The quantum theory of stopping
power, the Bethe theory, which has beon extremely succe=-
ssful in accounting for the penctration in matter of
enargetic charged particles do not provide this infore
mation. The Bethe theory explains what happens to the
particle or photon after penctration in the matter and is

not concerned with what happens to the matter.

The processes by whiyh high enorgy radiations and
particles interact with matter have been deseribed in
detail vhethor the radiation is electromagnetic (X-rays
or gamma rays ) or corpuscular’ 1302 ( L or(?> o The
final transfer of onergy occurs by way of charged parti-
cles or excited molecules. The electromagmetic radiations
transfer energy to materials by interaction with atomie
miclei or ecxtranuclear electrons. These particles which
Interaet with atom produce permanent changes in all materi-
als, eithor directly or indirectly. The radiations that
transfer energy to electrons generally deo not cause
extensive changes in matorials such as metals and most
inorganic compounds where electron rearrangemsnts are
often not stabls. This 1s not the case in organic materie-

als where the wvanlence forces are mostly covalent in charactar?-



In organic matorials the electron dislocations and subse=-
quent neutralization of the charged particles formed load
to energy rich fragments which react chemically to fornm
compourds that differ from those originally present.

Hence most organie materials are much more susceptible

to radiation than other materials. Those radiations
interact with the materials according to the elesctron
dengity of the substences and this parameter 1is essentially

constant for low atomic-numbsr atoms of which most organie

molacules are composed of.

Although the eXact mechanism of interaction or the
sequence of reactions which follows the initial act is
not yet completely understood, it is genorally accepted

that the following reactions are probably involvadlo"l4.

M 4 radiation —— e + M*( excitated or normal) 1.

&
u {oxcited) — > R + . LI 2
®
M (oxcitad or normzal) + ea— M (oxcited) 3.
M ( excited ) —> R+ R® 4,

Equation (1) reprasents the primary act of ionization lecading
to an excited or a normal ifon, The excited ion, can then
dismute, by virtue of 1ts oxcess energy to ylold two or

more radicals, one of which may be ionized as in eqn.(2)
The excited or normal ion u* will rapidly be neutralized,

( eqne (3)) leading to the original molocule M which is

richer in energy by an amount, equal, at least to the charge



neutralization energye. This excited molecule can then
rupture to give two or more radical fragments as in egn.(4).
The excess excitation energy may be dissipated throughout
the molocule and subsequently reconcentrated on any of the
bonds present. If the energy can be stored in a relatively
stable part of the nolecule and slowly dissipated as degra-
ded thermal energys edne (2) and (4), may be greatly repre-
ssed. It is also conceded that eqgn. (1) through (4) also
occur when ilonizing radiation interacts with organic materi-
als in the liguid and solid state. The electrons ejocted
as a result of eqn. (1) are genarally energetic enough to

cause further jonization. Theee cases may happen:

1« The incident photon will generally make only
one collision with an electron and 1s elither completely
absorbed or is scattered out of the sample and gives rise
£0 an clectron which has the kinetle energy of the absorbed
photon minua the binding energy of the electron in the
orbit fraom which it was ajected. Thiis type 1s the pre-
dominant process at 1ow photon energies. Suech a process

1s called Thompson Scattering.

2, As the photon energy increases, a small fraction
of the photon enorgy 1s given to the electron depending
upon the angle of scattering and the photon is deflected
with the romainder encrgy. These alactrons called

Compton alectrons have & higher specific lonization than

the Thompson electronse



3« The pair production phenomenon is observed at
very high energies vhere g photon produces an electron-

positron pair after annihilation. This does not come in

our range of workinge.

RADIATION EFFTCTS

Radiation effects can again be separated into tiree
categories. (1) Translent, which are due to excited and
lonized elactronse (2) Displacement radiation eifects,
which are manifestation of the atoms displaced from normal

lattice sites in crystalline solids and (3) Chemical
radiation effectsy which are due to molccular rearrangement

occuring as a second stage to ionizing interactions,

These are concerned with the excitation including
jonization and de=excitation of electrons. Since tran-
sient offects are assoclated with charges in electronie
statas, they usually produce significant changes only in
the eloctrical and optical properties of the material and
in most cases the porturbations are short lived and those
are functions of primary radiation doce rate and they
disappear soon after the irradiation caasesw']‘s- Thege
affects have bocome am important problem in conneotion

with alectronic circults which have to operate in space,

a8  J



The types of perturbations produced in materials by excited
electrons include the followings

In semiconductors the densities of majority and
minority carriers are changedj this results in conducti-
vity changes, a decrease in reverse impedence of recti-
fying junctions and generation of photo-voltages at

Jllnct ionse

In insulators, secondary electrons are emitted {rom
surfaces§ these produce net charges on conducting elements
and induce an internal space-charge distributions, change
in dislectric conductance and polarisation currents. The
production of free electron and holes in insulators 1s
similar to that in g2ses which sturt conducting currents.

These involve the following physlecal manifestationslﬁ.

(1) 1increase in the electrical resistivity of metals, par=-
ticulariy at low temperatures as the result of the enhanced
concentration of electron scattering centres, (41) changaes
in the minority carrier life time, carrier mobility and
offective doping of semiconductors as the rosult of

defect stages, introduced In the forbidden energy gap,

(111) changes in mechanical propertics of materials due

to radiation-induced defects in the lattice and (iv) changes



in the thermal conductivity of materials, as the result
of lattice defects which act as photon and electron

scattering centres.

L. _CUR{ICAL RADINTION EFFRCTSS

These changos are brought about by the interaction
of radiation with the atomic electrons producing free
electrons and positive ions. The positive ions underge

secondzry reactions including churge oxchanges and icon

exchangos.

The Iras olectrons lose energy by inelastic and
elastic scattering and may either recombine with positive

ion or attach to neutral or negative molecules to produce

negative ions.

If they recombine, the product may ba chemically
active freg radicals, which will participcts in secondary

chemical rgactionse

Many types of reactions can be initiated by radie
ation, among them are halogenation, polymerization, oxi~
datlion and changes in 1BOmerism1°'11- The reaction ylelds
are called G-products ( ¥ield per 100 o.v.). Organic
compounds, plasties and polymers which consist of carbon
and hydrogen atoms beund together by cowmlent bonds are
disrupted by rudiation energy. In this respect they difZer
from motals which are primarily crystalline and do not

-2



genarally contain covalent bonds and are not readily
affected by radiation. All types of radiation will

induce chemical changes in polymersl7-2°- As a result
bonds are Lroken and now bonds are formed. Therefore,
most of the rudiation offects in these materials are
irraversible. Radiation induced changes have their origin
in the »upture of covalent bonds in orzanic molecules.
Among, radiation induced changes are those in appearance,
chemical state, physlcal state and mechanical properties.
Chemical changes include cross~ linking, oxidative degra-
dation, polymerizatlion and gas evolution. Physical changes
include effocts on viscosity, refractive index, solubility,
alectrical conductivity, optical rotction, fluorescence,

melting points, X=ray diffraction and other mechanical

propertiass,

Radistion induced changes can be utilized for
measuring radiation doses, which can ultimately be utilized
for a quantitative assay of radiation effect. Therefore,

a brief survey of earller work on radiation dosimetry is
Presented below, covering solid system, liquid system
and solig state dogimetry.

e AN, )

30143 as well as ligquid systems have been applicd
for Tadiation dosimztrys. The notable examples of solid



dosimeters are the polyvinyl-chloride (PVC) plastic dosi-
meter by Artandial (1960) who derived the absorbed dose

from the colour change of the developed PVC aftor irradi-
ation by measuring the optical density at 326 miL on a
spectrophotometer. Tha PMMA dosimeter by Whittaker<o(1967)
in which the radiation induced incraease in the U.V. absorption
of this polymer is utilized for dosimetry>?Z4Z5 ang the
c¢inemoid colour dosimetor by Goldstein26 (1966) 1in which

the optical donsity changes in cellulose acetate films

wara related to the dose absorbedz7. The other dosimeters
in this series wore the Thermoluminescenca dosimeter of
caleium fluoride by Att1x28 (1968) and otherszg'ao'al, the
Hydrogen pressure dcsimoeter by shcldon and MOrrisaa (1966),
piotographic film dosimeter by Beckeras (1966) and Raumagar-
tner34 (1960) and the 'm' or 'p' colar cell dosimeter by
Mulleras (1954) . smongst these the optical transmission
density ( 0. D.) measurements are the straight forward in
carrying out radiation effects dosimetry. These doslmeters
use spectrophotomsterl. The accuracy cf such measursments
depends on g mmber of parameters such as the variation of
responss with radiation type; energy, dose rate, tempcrature
and image gtebility. The reproducible spectrophotometcr
measurements depend greatly on calibration of the instrument,
which includes accurate determinatiun of wavelength, slit
width, absorbance ( O D.) and path length. Measurzble

changes in plastic £ilms require relatively high radiation
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doses 103 rads ) and as such can not be accurately used
for measuring Y~ray doses which are of lower values. Other
limitations are instability and non=linearity of response.
Colour changes tend to show a linear optical density versus
dose relationship over only a limited range and chemical
changes are largely non=linear owing to the continued exhaue
stion of cross~linkage or cleavable bonds. Most glassesss
are also used as dosimeters because they get darkeonad vhen
oxposed to high radiation doses and the spectrophotometric
readings of thia darkening are customarily used to interpret
doses from 107 rads onvards. The changes in refrective

index megsurements have also been used to measure Xeray

dosesa

LIUID SVSTEM posIMUIRXS

Maltitudes of other dose measuring systam537'38 for
fonising radiation specially for gamma ray dosimetry, have
been charactorised as chemical dosimeters because the reac-
tions taking place In ther result only in changes in the
outsr elactron shells of the atoms involved, Any system
in which a measurable change in a chemical property takes
place upon irpadiation m3Y in principle be termed a chemical
dosimeter, The dose absorbed in such a dosimetar is measured
by analysing the quantitative change in a given parameter
in the system. The Fricke dosimetar- 1 was developed more



than 40 years ago and 1s bascd on the oxidation of ferrous
ions in a ferrous sulphate solution to ferric ions. The

dose is derived from the measures of the optical density
changes by a spectrophotometer. This dosimeter is still
widely accapted as a stendard in radiation dosimetry hecause
of its accuracy and reliability. The other notable dosimeters
in this catagory are ths Farrous cupric dosimeter by

Bdergabakkeag (1968)4 Coric sulphate dosimeter by Hartéo’41

(1964« 53), Oxalie acid Qosineter by Holm et 212143 |
Benzeone water dosimeter4"45’4s’{7 and the Gthanol chloro-
benzene dosimeter by Srynjolfssen ct 3158. In these dosl-
meters the chemical roaction proceed linearly with dose
i.0. the primary specles from the radiolysis keep roacting
with the selutes in the same way as long as the supply of
the reacting constituents are not exhausted. Sewveral othar
chemical dosimetorsqgual'hava beon developod deponding upon
the reaction mechaniam of the particular dosimeter system.
But thege systemec are foF from ideal and sc the gsaarch
contimies for the practical pamucoa fcr prcbloms of dosi-
metery, one that is uniform, easily callbrated and capable
of measuring absorb:d dose,y Independent of spectrum, dose

rate, temperature end other envirenmentel conditions.

SQLAD JTATZ DOSTMETAX®

Semiconductor materlals function as electronic davie
ces because of impericctions ip their crystal lattice which



provide mobile charge carriers when an electric field is
applied82'84. The excess electrons and holes temporarily

created in a semiconductor by exposure to ionizing radiation
enhance the conductivity of the bulk material. The process

is deseribed as the genoration of electron-hole pairs, pro=-
ducing a non=equilibrium state which is eliminated when the
eXcess electrons and holes recombine. Several investigator 85-92
have reported formulations to describe radlation damage in
Junction transistors, diodes and other devices and bombar=
ding experiments have been parformed at several centres in
UeSeAs Measurements in selected types of transistors vere
performed in the Battelle, 2- megawatt pool reactor in Texase
Moasuremants of electrical parameters were made before,
during and after irradiation but no dosimetrie study was
done at all. ECxperimental data on dicdes and other recti=
fiors indicated that irradlation invariadly increased the
forvard registance and decreases the switching time of those
diodes. The behaviour in the reverse current usually incre-

ased with 4rrudiations Some 200 devices of the following

type wero testeds

212 ( Hofiman and Semcor )
mse1? ( Pacific Semiconductors)
1N210 ( Hoffmen and Semcor )
w660 ( Texas Instruments )
1538 ( General Flectric Cou)e



The aimn wns to detect in the device sample, the failure
point which is defined as the exposure required to change
those devices parameters such that they are outside speci-
fic tolerance limits B r the particular application, Preli-
mimary irradiation experiments have been conducted on almost
2ll s0l4d state devices used in space wvshicles. A full
description has been given in a monogram by F. J. Reidgs.

A recent article by Masafumi and Nagaig‘ has given the
application of radiation damage to radiation dosimetry.
3ilicon planer n-p-n transistors of type 23C33 were used

by these physicists for the experiments and they wore

0

irradiated by ga ma rays with a c0®? source of 1000 curies.

Common emitter de.ce £2in hpp was moasured because L/hpn was
sensitive parameter to study surface damages of transistorsg"gs.
The X-Tay dosimocters making use of the changes in some
parameters of solid state davices by oxposure to X-radiation

have not been developed much although a lot of work has

been done on Xeray damage effccts,
¥ 3 F_THE PRESS 2

Organic and semiconductor materials are seriously
effocted by radiation§'17- The radiation effects in thesze
materials may be classified into two typess transient and
permanentaé. rransient effects may be defined as change in
operaticnal properties that are noted during an irradiation
but which disappear when the radiation fleld is removed.
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Permanent effects bagin during an irradiation but persist
after it has ended. The scope of the present work is limited
to these two effects only.

The second chapter gives the method of calibwation of
the X-ray unit with tho holp of the standard Fricke dosimeter®d~58,
The X-ray dose absorbed at a distance of 10 cms from the exit
window by Fricke dosimeter is measursd to be 10 rads/soc,

The absorbed doses in other aqueous solutions of orgenic
matorials consisting of Hy 0y and Ce atoms are calculated by
Cheek and Linnebom (1960) methodge. Thus dose- conversion
factors for Xylose, Maltose, Galactose, Fructose, Arabinose,

Camphoric acid and some Salts of aminoe~acids have been cale

culated and tabulatede

The third chapter deals with the effects of Xe=radl=
ation on come physically measureable parameters of optically
active substancess2 referred to in the 1I chapter. The
effect of Xepadiation on specific rotation or Molecular
rotation of optically active substances has been measured
by measuring the change in molceular rotation. The linecar
relationships between absorbed dose in rads and molacular
rotation have been fournd t0 hold good in some of the
optically active compoundse The values of the constants
jnvolved in the linecar and subelinoar equations have been
celeulated and tabulated for the relevent substances. Thus
tho aim of dosimetric study has been achieved. The subsequent
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changes in the refractive index of D=fructose and L(+)
Arabinosae duc to X=-ray dose were measurad and Born's
prediction in 1820 that specific rotation was not the
fundamental quantity but the rolation of the form ! L
whore n is the refractive index was fundamental, i; Jxﬁgi-
mentally proved to be true. The values of constant K for

D={mictose and L{+) Arabinose have been worked out.

In the fourth chaptaor, Xeray dosimetric effocts
on some cellulosic matorials in aqueous solutions have been
studiod. The very common and widely used celluloses have
been selectod for irradiation by X=rays. These are the
sodium carboxy methylcellulose, methylcellulose, ethylcellu-
lose and sodium slzinate. These are used as emulsifying
agents, in icecreams, custards, binders and fillers in
tablets, cmulsion paints, dairy products etc. Thesae wore
irradiated and changes in flow rate through Ostwald's
Viscomater versus irradiation time give a linear log=~log
graphe The reduced viscosity changes have been found
reciprocal with the X-ray dose. The lonization current
devoloped during jrradiation has been fourd to have lincar
relationship with the dose absorbed by the cellulesic
solution, Thus a new ¢lass of X-ray dosimeters has been

devaloped,

In the £1fth chapter Xeray dosimetric study of non=-
polar solution of cortain tough polymers (Plasties) in



16

organic solvents has been conducted. These are Polyvinyl-
chloride (PVC) in cyclohexane, Polystyrene in carbon=-
tetrachloride and PMMA in carbontetrachloride. The study
of the radiation induced conductivity in these polymor
solutions is an attempt to investigate the relationship
betwsen dose, (R), ionizatior current (1), produced and the
collscting voltage (V) across the lonization cell. A4n
ompirical relation of the form I = ( aV+ b ) R holds

good 41n a1l these casos. The valuas of constants a and b
have been tabulated. The absorbed X-ray dose (R) has beon
calculated by Fricke Doslmetry as in chapter II.

The sixth chapter deals with the changes in optieal
density52 with X~ray dose of ( IM) Levulose, (2.2M) Sucrose
and (M) Xylose at wavelengths 220 mM 4 565 mu and 555 m u
respectivaly. All of these substances have proved to be
good dosimeters. The dose caleulation has been made on the
basis of Cheek and Linnenbom method as given in caapter II,
The changes in the melting points of certain sugars after
irradiation by X-radiatlon were also measured and on the
basis of this type of change, D=fructose, D=galactose and
ROTO8e ware finally picked up for dosimetric study.

The seventh chaptor deals with the effect of the
1rradiation on two thin film capacitors ( Tantalum oxide
and Mylar ). Induced conductivity in solid dlelectric films
by X-radiation 1is utilised to develop thin film dosimetors,



The leakage current has Deen measured and a sublincar
relation is found to exist botween the dielectric conducte
ance of the capacltors and the dose absorbed. These capa~

citors recover immediately to normal state after the oxpo=

su¥e 1s closede

The eighth chapter deals with the X-radlatlon effects
on BiL ( nhart Flectronic ) and other indigenous solid state
devices, with the aim to develop X~ray dosimeters. It has
boen investigated for the first time oniy in this work.

It 1is well known that there are chang-s in the surface
states of aemiconductors due to X~-radiation and this wvori-
ation in surface states causes degradilation in varions
paramsters of semiconductor devices. In this study, out
of a multitudes of devices some diodes and transistors have
bean ear-marked to be used as very rellable Xeray dosie
metors. Raeverse biased leakage current was measurad in

the case of dlodes and Iypg and hpp parameters in the case
of transistors. DC=-10 DR=25, DS=10, CD-26, CD=38 ond CD=29
gave linear responses with the dose absorbed in verious
ranges and DRw10, CD-26 and CD~-29 proved to be the best
amongst this lot. The Tecovery in all these cases was
ymmediate. In the case of transistors, the following were
jrradiated for dosimetric purposes

AC-125, AC~187, AC=188 { g1l Germanium PNP), CIL~522,
¢ILe523, CIL-501, BC=108 and BC~102 (all silicon NPN).

17



Those were selected out of large number of irradiated
canples beccuse they recoverad immediately after the
gxposure wasg over and gave linear or sublinear response
with the X~-ray dose at various blas conditions. AC=125 and
AC=187 behaved in an unusual waye The sensitive paramoter
hpp ( transistor gain I¢/Ip) increased faithfully with dose
vhile in majority of c¢nses these parameters dacreased.

This has beon explainad in the {oxt.. These transistors
have provad to bz the best amongst this lot of X-ray dosie

meters investigated.

18
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Any proporty or offect of radiation physical, chemical
or biological, which can bo meastred ard relsted to an
observabls change, ospeclally if the relationship 1is linear,
is tho basis of a potential dosimeter. Many sourcoes of
radiation have bsen used and various means of measuring
radiation doses have been employed in studies on radie-
ation effocts. Dosimetric techniques include radiation
induced chemical or physical changes and radiation tran-
siecnt offects on solld-state devices. In general two appro=
aches have boen nmade in measuring and reporting radiation
oxposures 1.e. the description of the radiation field in

terms of the exposure dose andentiyyabsorbed by a sample=- ic

absorbed dose.

The exposuro dose 1s measured in Roentgen. The dose
vhich 4n 1 ml of air at NeT.P. ( 0.001293 gm ) liberates
jons carrying 1 @eS.2e Of charge of either sign 1s called
one Roentgen. and the absorbed dose of any lonising radi-
ation is the energy absorbod by the matorial. If 100 orgs
are absorbed by 1 g:of the substance, it is called 1 rad.

In tho alrs 2 Rocntagen = 087 rads.

Thore are three commonly uscd units for measuring the

onorgy absorbed in a glven Dacerial.
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(1) rrgs gm L
(14) Rads, defined as 100 ergs om™t

(111) ev gm'l ( slectron volts per gm.)

Those units are self oxplanatory and easily intor=-

1 ang rad are cormonly used by those

changeable. The ergs gm
vorking in the field of radiation effects. The absorbed
dose 4s defined in that it allows one to describe the
damage to a material directly in tems of the energy
absorbed in the matorial regardless of the composition of

the sample or the type of radiation field.

ERICKE DOSIMETLRS

mhe ferrous ferric system was first proposed by Fricke
and Morsol they suggestod tho use of ferrous sulphate, in
oir saturated C.4 M Hg50, as a method for msasuﬁﬁgx-ray
dose. Tae net affcct 1is the oxidation of farrous lon to
ferric ion. The mechanism of the oxidation is not yet
Mlly understood. Since the inception of the method, a
vwumber of modiffcations have been introduced in regard to
the use and analysis of the solutions. Chloride ion was
shown to suppress competing resctions inwolving organic
smpurities during oxidation of ferrocus ion by ilonizing
radiation. newharstz subsequently showed that the chlo-
ride iong do away with certain zdded organiec impurities
in the system. These contributions eliminatea the nece-
sgity of resorting to ultra-pure gsolvents and reagents
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in preparing the ferrous sulphate dosimetric solutions.
This dosimeter is still used to standardise and cali-
brate other dose measuring devices as it is independent

of dosa rato over a wide ronge and has small temperature
and pressure co~efficients of rosponse with no dependonce
upon concentration of reactants and products or acidity
changes which may occur during 1rr¢d1ation3'4. Basides
this, the quality of radiation is not a determining factor

in the response of the dosimster,

The procedure IOr preparing a Fricke dosimeter is

divided intoc the follouing threa stepss

(1) Purification of the solvent ( water): The purity of
uater uced as solvent 1s a major consideration. Ordinary
distilled water is redistilled thrice and finally it is
redistilled from an acid dichromate solution to reduce

the amount of organic lmpurities present.

(11) Clozning of the glasswares lhe glasswaresare freed
of organic metter by treatmont with a strong acid oxidising
agent consisting of concentrated sulphurie acid and some
erystals of potassinm dichromate and then thoroughly
wvashing with aistilloed and subassquently with triply

distilled wvatere
(114) Preperation of the solution: The following quantities

of the materials are useds
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0,10 gm ferrous armonium sulphate (A«R.).

0.015 gm sodium chloride ( A. R. )

5.5 ml Conc. ( 98%) sulphuric acid ( A. Rs)
Those chemicals were dissolved in purified water and the
total volume was made 250 ml., The golution is then C.3N
(0u4) with respect to sulphuriec acid. To prevent the
oxidation of ferrous ions by direccet lipght the meoesuring
flagk, contafning the ebove desimetrie solution is woapped
with carbon papers. Ten nil of the gsolution is filled in
the sample tube and the tube 1s sealed. Ten such sanple
tubas were prepared for irrsdiation.

> D a2 3

The 0.5 hp motor 1s started to elrculate water around
the Xeray tube and after some time the main switch is opera=
ted to stort the current flow in the main circuit. The
transformer plug yhich was originally kept at O ma 1is
pressed on and the humtilng starts. After five minutes,
the other plug is switched on =nd the trancformer currcnt
1s sat at 10 ma and the plate voltage at 39 kve The Xeray
¢ A =o.33 ) start coning out of the four windows. Ini-
tiglly the windows are kept closed, Sample tube is kept
on the stand in front of tho s1it at 2 distance of 30 ems
from the exit point. The =13t is operated ard simultane-
ously the stop clock is started and sllowed the rays to



£a211l on the solution for the requirecd time. Thus ferrous
tonswill be convertod into farrie ions according to time
of irradiation. All samples were irradiated in turn for
differant timings and optical density for each sample

was measured irmedlately by a Beckman DU-2 spectrophoto-
meter at y = 304 mi keeping ron-irradiated solution
as a reference in a 0.5 cm cell. If 0.Dy is the opticul
density of the irradlated sample and 0.D, for the unirra-
diated sample, then accoring to Fricke and Hart5,

rnergy absorbed = 5,253 x 164 ( 0eD4 -O.Du) Radse
( 1 Rad = 6.243 x 1013 av/gm)

The results are given in the table 1 and are plotted in

the graph. This graph glves a complete process of the
Fhg

conversion of re'’ to Fe in the presence of alr at

atmospheric pressureée In the bogining for a few minutes

the oxidstion process 1s rapid. This 1s due to the presence

of oxygen in the sample tube. Dut after a certain time
the process bacomes slow and the absorbed dose rate 1is

linear with the {rradiation time till the gntire Fb*+

is
converted into Fe*+* ond the gbsorbosd dose rate becomes
constant showing that the totsl rea** 4ons present have

R o
been converted to re ions,

From the linocar portion of the graph one can fiml
out the X-ray dose recaived by the dosimetric liquid in



a given tims. Using the inverse square law of intensity,
the caleulated walue of the dose received by this dosi-
motric solution comes to 10 rads per second whoen the

sample is at a distance of 10 ems from the source of

X=rayse.

The mothod given by Chaeck and Ld.nnanbom6 applies to

solution of materials composed of the elements Hy Cy N, O

F, Si, Cl ond Se.

Tho following procedurc 1s adopted for calculation of
the absorbed dose in an queous solution vhen the absorbed

dose in 'ricke dosimeter 1s known.

The incident photon enorgy corresponding to the wave

length ( )\ ) of tho incident photon is calculated. In
this case 1t is 0.0595 MeV,

Corrosponding to this incident photon enorgy the

absorbed dose per unit exposure ( Dy) &s written doun

from the table given by Chock and Linnenbom,

Incident photon Absorbed dose por unit exposure (Dq)in rads
onorgy in MeV in,
H C 0

0.0595 0.216 0.610 0.913
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“he weight fraction ( £4) pf the elements in the sample
material in agueous solution 1s calculated. Obtain D:l
values for the elements in the sample at the incident
photon energy from the table and substitute the waluos
and calcuﬂﬂ@ﬁb ( dose absorbed by sample material) from
Dy = Zfi Dy. In Fricke's ferrous sulphate aqueous dosi-
meter, the weight frections of H and O are C.ll and C.8%2.

‘lence Dyop = Z: £3 Dy

= ( 0.1l X916 ) + ( 0.89 %0.913) = 0.901

As an illustration lut us caleulate the dose absorbded in
Xylose ( Cg H;oQ) if the dose absorbed in the corres-
ponding time undel similar conditions 4in Fricke Dosi=-

pmetric Solution is known.

£
xyloso EL 1 Dy
= (00430.610)4' (0. 0667x0. 916 )"l' (00 533x0. 913)

= O. ?91.

0.791
= 0.877

Dyylose -
P1g0

Absorbed dose in xylose (Cs H,q Og) = Do x 0.877

0,201

=(Dose measured by Fricke Dosimeter x 0.877)

The absorbed doas for the following organic substances in
agueous solutions were calculated and are recorded in the

table 2.
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Sample Irradiation time (0.D4=0.D,;) Dose Absorbed Dose Abse

Nog in minutes. in Rads. orbed in

eV/em

1 5 0.015 787.95  4.918x10%°
2 10 0.018 945,72 5.902x1016

3 15

4 20 0,0200  1050.8  6.560x10%°
5 25 0,021 1103.3¢  6.884x101°
6 30 0.022 1156.88  7.216x101°
o a5 0.023 1208.42  7.539x10%°
g 40 0.0240  1260.96  7.870x10%°
9 45 0.025 1313.4  8.106x10%°
10 50 0.025 1313.4  8.196x10%°
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Substance in aqueous

Multiplying factors to

solution corresponding dose measured
by Fricke Dosimeter.,
M2ltose 0.926
Xylesge 0,877
Fructose 0,872
Sucrose 0.866
Galactuse 0.872
Arabinose 0,877
Canphorie Acid 1.54
Arginine Monohydrochloride 0.810
0.808

Lysine monochloride

SRS A
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The optical. rotatory properties of molscular systems
exhibit extreme senslitivity to very small structural changesl’a.
The optical rotatory power of an asyrmetrie carbon atom
depends upon the composition, constitution and configura=
tion of its four groups. All carbon compounds which in
solution rotate the plane of polarization, possess an
asyametric carbon atcmané. The derivatives of compounds
which are active in solution lose their rotatory power whern
the azymactry of curbon atoms start disappearing. MHence
by expoeing the solut:ion of an optically active substance
to X-radiation the dissyrmetrical order is disturbed, such
that ono kind of molecules exist in smaller number than
necause of the molecular structure the parts

the Other.
of thue ions are not short straight lines but short helics
tuisted in the samd directione The Xeradiation induces

h need 1ot lead to an optical rotation of
The strengh and stiffness of the bonds
et modified by ionlsing radiation by

asymetry whic
the same signe.

between the atoms £
an increase or dacrease of rotatory power. The spatial

configuration of the molacules also gets modified. There
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is correspondingly increase in the polarity of the solvent
and it was proved by He G. Rule” that the influence of
the solvent tconds to relate closely to its dipolemoment.
It has been observed in most cases ( sugars) that an
increase in the polarity of the solvent decreasss the
rotatory pover. In the case of the many samples investl-

gation i1t was found that the specific rotation decreascd

faithfully with increasing X~ray dose.

Lowry and D:!.::kson2 proved that 1tlwas the polarity
of the substituents rather than their masses which detormime
the magnitude of the molecular dissymmetry and hence
degrea of rotation. A molecular model of optiecal acti-
vity requires a connection between refractive indexdbond
structure. A new term electrical polarizability was defined
by Ce Ko Ingolda which 15 the sensitivity to deformation
by electrical fields. Molecular refraction, according to
him 1s given by B = { 471Ng/3) P vhero p 1s the eloctrical
polarizability of a molecnle, N, is the Awvagadro's number

and R 1s molecular rofraction, Gladeston Dales refraction
aquation is R = ( '%' *%" ) (n~ 1), vhere MW is moclecular
weight. lHence the rofractive index (n) is directly limkod
to electrical polarizibility. By passing lonising radia-
tion into the solution of an optically active substance
polarizability 1s induced and as sueh there are corres=



ponding changes in the refractive index of the solut10n7’8.

It was found that the fundamental quantity describing
optical activity was not the specifie rotation but as
Born suggestedl. a quantity of the form (—[%]'—J‘Juhere n is
the refractive index of t;.he solution. The validity of
this relation was tosted arabinose and fructose by

passing measured X=radlation dose in the solutlons and

measuring | <) « . each time,

XP '_.'Rn'f I"E!I AL H

The optically active substances irradiated during
the investigation are given as under. Doubly distilled

water was used as the solvent.

L Arginine Monohydrochloride ( Pudech and Dolder, Swi-tzerland)
1493 gm/100 mle

L(+) Lycine rionochloride, (Merck) S.4 gm/100 ml.

{(Merck) 0.62 gm/100 ml.

p(+) Xylose (Morek) 4 gm/100 ml.

Maltose, (Pifco Labe Detroit (USA)) 245 gm/100 ml.

p(+) Galactose (Merck) S gm/100 ml.

D Fractose( Kyows Hakhl Koayo Co.y Ltd., Tokyo) 5 gm/100 ml.
(Merek) 5 gm/100 ml.

p(+) Comphoric Acid

L{+) Arabinose

Twenty ml of each golution was filled up in each pyrex

glass sample tubs. rour of the samples of a solution were
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exposed to 39 kv photon flux X-rays at a time, by fixing
all of them in positions 10 emsin front of the windows.

The irradiation periods of the relevent samples are given
in the table 1. Optical rotation L and refractive
index measurements wore taken after each cycle of exposure
and the szme procedure was repeated in all casos. The
results hove been tabulated in the tables 1 and 2. <able

3 gives the relation between molecular rotation (Y)ie My 1 143
and the X=ray dose (X) in kilorads, in the form of sub-
1linear and linear equationss The values of the various
constants involved in the equations have also been tabu=
The measurements were taken on a Carl Zelss Polarie

lated ®

moter and Refractometer ( Jena 291947 Germany).

BEJIZ:
It 15 assumod that the changes in the noleculor

rotation and the subsequent changes in the refractive index
of the optically active substances have been brounghtabvout
by breakage of bond
centrae, thus producing a nev optically active molecule ??,

s not involving the asymmetrical carbon

These new optically active molecules now have changed

induced polaxizabilitY- It 45 the polarity of the substi=

tuents rather than their masses which determined the mag=

nitude of the molecular dissymmetry and hence the changes

in the molecular potations and refractive index. The



study shows that lincar and sublinear relations exist
between change in molceular rotation and dose absorbed.
I=Lysine, Galactose, Frudtose and Arabinose can very

well be used as materials for dosimetric purposes. The

o
validity of relation En‘zl_ has been tosted for L(+)

Arabinose and D-Fructose. The valucs of the constant k

for the above two sugars have bean ealculated.



TADLE =l

Irradiation
time in hours

COornicoe in
vater in
{gm/100 ml)

Moleacule

Dose

Absorbed fic
in rads
( kilo)

Mol.
rotae
tion

Specil

rota-
tion

L Arginine 1.93
Monochloride

t

L(+)Lysine 6.4
Monochloride

B o & 0 o

o

p (+)Comphoric 0,62

N

o

p(+)Xylose 4

B oo » N O

0
87.48
174.96
291.60
437.40

0
58. 176
116.352
2:2.704
349,066

0
110.880
221760
332.640
443.520

0
63.144
126,288
189,432
252.576

38.976
35,061
3l.32

26G.502
20,549

22.40
20,15
18.0C
15.23
11.81

8e¢1l 11.340
7.656 11.169
7242 10,573
6403 Q0421
5.617 8.200

47.50
44,35
41.93
40,32
30,56

954109
38,80
83.95
80.73
79.21

28.975
26,122
25.3719
24,9218
24.546

19.3
17.4
16.9
16.6
16.35



Maltose

D(+)Gala~
ctose

2.6

5

A\

10
16

o & N O

12

o
66.672
200,016
333,36
933.408

0
64.528
125.568
251. 136
3764704

141.0
135.0
117.0
102.0

91.6

79.9
79.2
785
76.9
76.1

44

508,037
486,413
430.578
392737
3306043

143.856
142,614
141.372
138.564

137.016



TARLE = II.
Molecule  D-Fructose= Cons. in water, 5 gm/100 ml.

Irradintion time Dose abuorbed Specific Molseular Refractive

in hours in kilo. rads rotation rotation index(n)
(20 L *) (Y)
0 0 89.90  161.82 1.33382
2 64,528 88.57  158.426 1.3379
4 125,568 87.20 156.942 11,3376
8 251 136 84,42 151,956 1.3373
12 376.704 81430  146.358 -
Molecule

L{+) Arabinose-Conce in water, 5 gm/100 ml,

e Dose absorhed Specific Molocular Reiractive

Irradiation tim in kilo rads rotation rotation index(n)

in hours (%) (e )
0 0 108, 9 163.485 1.3387
o 63,144 108.2 162,435 1.3385
4 126.288 107.6 161.4 1.3332
8 252,576 106.2 159,33 1.3380
12 378.864 104.8 157.245 -

p=Fructose e
For (-rn . 2' )
[X]

(n2+ 2)

I 28.5

For L{+) &4rabinose



BL = -

Molacule “quation Value of constants
-2
L arginine Y=nmnx+c m = =4.15 x 10
Monoh ydrochloride c = 38.8
L(+) Lysine Y=mx +c m = =1.01 x 1072
!Tonochloride ¢ = 11.7536
D(+) Camphoric acid ¥ =ocye + eg ¢y = 2349
cz - -2'92 X 10-6
¢g = 72,21
CoX
D{+) Xylose Y = ¢,0 + cg ¢, = 4.91
Co = =16 X 10‘5
Ca = 24,065
Cox
Maltose ¥Y=cpe? +c5 ) =20.4
Cphn = 3004
[ -3
p(+) Galactose Y=nx+c = «2 x 10
¢ = 143-5
rructose Y=mnx+ec m = 4,11 x 1072
Cc = =162,111
-2
L(+) Arabinose Y=mx + ¢ = ~1.642 x 10

G B
{

163.475
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The study of the radiation induced conductivity in
non=polar solutions of certain polymers has been done to
investigate the relationship between the dose absorbed and
{onization current produced, in order to develop a dosi-
meter. The radistion induced conductivity 1s an aspect
of the energy transfer. The electron wvacancy loft after
oxcitation or ionlzation can be taken as mobile and the
molecule may be considerad to have hole - conduction.

Plastics are primarily organic materials which consi-

st of carbon and hydrogen atoms bound togethor by covalent

oonds that ave easlly disruptid by the addition of rudie

ation energys A1l types of radiation will induce chemical

changes in polymelrs.
now bonds are formed. Several reactions oscur concurrently

As a result old bonds are droken and

with radiation bub the dominating roactions and the rate
at which they proceed depend upon the chemical structure
of the materisls. The radiation damage to a polymer

solution 1s generally dependent on total dosa absorbed

rogardless of the type of r.distion.

GO



vhen a liquid 1s ionlzed which 1s contained between
two electrodes with an electric potentlal difference applied
between them, an ionization current will flow in the exter-
nal circuit which is several orders of magnitude greater
than the 'dark curront' i.e. the current that would flow
in the absence of ionlzatlion. When the lonlzation ceases
this induced currsnt’ decreases very rapidly at a rate
which depends on the transit time of the slowest lons

between the electr0desl.2.

The ionization current versus the collecting voltage
in a chamber filled with dielectric liquid after a non=
linear intial rise, increases linearly with the applied
voltage between electrodess- After the steady state 1s
reached the lonization current density I ( amplcmz) for

the same collecting voltage V, versus the ionizing radi-

ation can be expressed by I = (av + b ) R where R 15 the

radiation 1ntensity'and a and b are constants which

depend on the radietion kind, on the dielsctric used and

on the chamber goome trTy of the ionization cell, The affe
sctive values of the ionization current are obtained by
subtracting from the measured current the values of the

45

dark current carefully controlled before each measurement™ s
The conduction current in a nonepolar liquid subjected to

an electrical stress is de-pendent on many parameters

other than the properties of the liquid itsslf. This nmakes

it extremely’aifficult to obtaln raeproducible data and as
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a result there is still no general agrecment on the mechanie
sms of charge motion. The principle problem is that of
spurious charge generationﬁ. Since the current is erratic
and unless sufficlent waiting poeriocds is allowed before
taking the reading, the sublinecar relation between current
and dose 1s not available. The small conductance current

is enhanced by inducing conductlon by irradiating the
liquid with Xerayse The problem of measurement of the
jonization current becomes difficult becnuse the charge
generation due toO incident X~ray photons tends to occcur

4n the bulk of the liquid rather tran at a specified plane.
1f sufficient period is given, the current amplitude is
found to be a function of the X-radiation dose R for a
£4xed voltage. AS the voltage is increased for differ-
ent gets of observations the probabllity of recombination
s go that the conductance current 1s enhanced

dacrease

and no saturation 1s observad7- The potential gradient

makas it more difricult for the positive and negative
charge carriors, continuously supplied by irradiation, to
rocombine in the space charge region with the result that
the over all recombination coefficient decreases and the
number of free charge carriers is increased near the

olectrodes and so +he induced current Increases with time

8
after application of an electric field .,
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The following polymers were dissolved in the solvents
noted against each of them.

Polymar Repaating unit Solvent Density of
in the structural solution
formila in gm/cec

H H
! 1
Polyvenyl chloride H—C - C—H
¥ (gyVC) R Cyclohexane  0.732
AT
| L
Po tyreno e G (2 Carhon tetrae- 1.615
Ly asyF 6 i chloride
1 meth v E Carbon tetra~ 0.894
Polymethyl metna _d arbon tetra~ O,
crylate (PMMA) = c;' chloride
H R

The ionization cell consisted of glass windows and parallel
plate electrodes of bronze strips with C.8 cm spacing
between the olectrodess Exact parallelism was maintained
by two teflon spacerse A thermocouple was inserted in a
corner of the cell to keep guard of the temperaturs changes
The area of the electrodes ( 2.2 x 3.2) ca® vas

minary observation to find the optimum

if any.

selected after proli
size to avold adsorption and keeping in mind tho mean free

path in order to kaep tl’ack of the coliisions. The usual
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eyperimental procedure was to connoct the electrodes directly
through a high resistor and to a high voltage power supply
and the desired voltage was kept constant by manual cone
trol in the early stages of polymerisation reactions. After
the constant value of ionization current at s particular
voltage is recorded the voltage 1s turned off before the
next readingse. The electrodes are then short circulted
because, current is often found to flow out of the sample.
These polarization currents are very much existant in non=
polar solution and the polarization charge is generally
stored in the small volumes of the solution under elecrical
stras: and 1s recovered on short circuiting the test ccll.
The 'dark current® is measured for each set and 1s subracted
d ionization current to give the net ioni-

from the observe

.ation current for the voltage applied and for the given

(wray doses. After that the cell ia cleanad, dried and

£11led by the fresh solution and made ready for the next

The elsciric stresg 1s now changed. The obser=

aXposure .
vations are recordod in tables 1 to 3. The wvalues of the
constants a and b are given in the takle 4. The X-ray

doss for any set 1s calculated by using Alamezewski'sg

formala. The following apparatus was used in this studys

Radert ligh voltage pover supply with stabilizer,
typ‘ am ( Eastom Electronics, Faridabad).

p R
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2. D, C. microvolt meter, Phillips GM=-6020
(Two ranses 1 maga ohms and 10 mega ohms) least count

10-12 amperess

3. Xe=ray unit strahlenwschutzzulassung PTB=508, Germany

CONCIISIQONs

A1l the plastics ( Polymers) urder inv:stigation are
being extonsively used for radiation protection bacause
they are radiation rosistant to a good extent. In these
materials the physical or chemical changes are less intense
and the energy transfer covars a number of possible modes
of reaction, from dissipatian of the excitation or ioni-
sation energy without chemical change, to simple transfer
of radicals. The production of ionization current, though
in mimte measuresy is linoarly related tc the radiation
dose rats for fixed values of the woltages applicd. (Taoble
1, 2 and 3 Yo If the constants a and b in the equation
7 =(a¥ # b ) R are found out for each polymer as given in

table 4, celculation of A=ray dose is very simpla, The

oxygen dissolved in these solutions has practically no
rption and hence these common and easlly
lutions can ba used as potential

9
110,11, Polyvinylchloride

a*fect on dose absoO

available polymers in s0
dogimeters for vapious ranges
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in ecyclohexane and polystyrene In carbontetra chloride

( tablesl and 2) are recarnended for Xeray dosimotry
wvhile PMMA in carbontelrachloride 1s very well suited to
noasure very high gamma ray doses. The ionization current
devoloped in this sample is rather insignificant in the
caze of Yeradiation doses ( tadble 3).
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Set Nose.

Constant voltages
across the clectro- zation current in

Net walue of loni-~

Caleulated
balue of
X=ray dose

des in wolts , Gup.
1 200 0,062 x 107
2 400 0. 16 x 107°
3 600 0. 24 x 1070
4 800 0. 35 x 10°°
5 1000 0. 43 x 20°°
6 1200 0. 54 x 1076
> 1400 0. 63 x 107°
8 1800 0. 82 x 107°
o 2000 0. 84 x 107°

25614
62083
88133
125440
1425C0
170720
190360
<37260
260910




o ton. Smgtent wltegs | Wt iter  Coleulaat vuie

des in volts current in amp. rads/hr.
3 200 1x 1078 2410
2 500 x 10'8 11000
3 800 10 x ].0'8 20400
4 1000 13 x 1072 23300
5 1400 18 x 1073 33500
6 1500 20 x 1078 34600
” 1800 25 x 1078 40700
8 2000 27 x 1072 42200
9 2500 33 x 1078 47000




O RF ™ vy

et Nos. Constant voliage Net wvalue of Caleulated
across the slectrodes ionization value of Xe-ray
in volts current in amp. doss in rads/hr.
1 100 0.01 x10™° 3847
2 200 0.10 210”0 41.3
3 500 0.15 10”0 48.2
4 600 0.16 %109 53.6
5 800 C.18 x10™Y 5742
6 1000 0.20 x10™2 60.5
7 1400 0.24 x10™° 66.2
g 1500 0.26 120”2 6745
9 1700 0.28 x10™° 72e4
10 2000 0.32 x10°° 779
11 2200 C.34 :10"9 79.7
12 2500 Ce36 x107° 79,8
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Solution Value of Valug of

a
Poslyvenyl chloride 8.6 x 10"17 3.4 % 10-1:3
in cyclohexane '

=16 -

Polystyrena in 1.9 x 10~ ¥ 5,44 x 10”3
Carbontetra-chloride
PMMa 4n Carbontetra= 1.3 x 10716 3,53 x 10”33

chloride
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X=RAY DOSIMRTRIC STUDY OF SOME CE ZRIALS:
LNIRODUCTION s

Cellulose is an organic material which is least
resistant to Xeradiation. It is a polymer which consists
of carbon and hydrogen atoms bound together by covalent
bonds, which are easily disrupted by radiant enorgy 1213,
The increasing interest in reactors and other devices that
deal with high energy radiation and the desirability of
employing fabricated polymeric materials in such installa-
tions demands that a great deal of information regarding
the radiation stability of cellulosiec materials dbe studled.
The number of collulose bonds cleaved in the solution increa-
ses linearly with dosee Ience cellulosic degradation can

be a basis of a good and wideerange dosimeter. With this

zim the following cellulosic polymers have neen selected
for irradiation by Xerayst

1. Carboxy Mothyl Cellulose ( CMC )

e
3, Fthyl Cellulose ( ether)

sodium Alginate (Sodium salt of Alginic Acid)e.

Methyl cellulose ( ether)

4

of simpla organic compunds but are much more pronounced in

Lo
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polymers and amongst the above category, the bond clea=
vages have been rather spsedy. Some physical changos ari-
sing due to the bond rupture such as viscosity, conductivity,
and flowrate have been taken up for investigatione. These
are all due to radiative degradation of these polymers.

B (ETHYL CELIULOSEs (CMC)

This cellulose 1s widely used as a detegrent in
toxtile printing paste, drilling fluid, emulsion paints,
o1l and grease resistant papers, cotton fabries of all
typos, ice- creams, custards, pudding, dairy products and
pharmaceuticalse It is the widely used water solublae cellu=-
lose derivative and is prepared by the reaction of sodium
chiloroacetate with alkall cellulose. A number of products
of differing properties is obtained depending upon degree

of substitution and degree of polymerization or the chain

length o

The variation of specific wviscosity with ’ﬂ for a

olution of CMC has been studied by K. Mianesﬁ,

dilute s .
Rerlinsteglitz and Swans' demonstrated the high viscosity

in dilute solutions of CMC at pH 7 by a linear plot of'nsWL

against very low values of concerntration e« The constants

for relating intring

obtainod by qitarsmaiah 2
ViSGOﬂity of CMC solution has been studied by

jo viscosity, to molacular weight wore
nd Goring7. The effect of tempor=-

ature on the
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the Herculos Powder Coe.y Willington, Del., U.S.A. in 1963.

Here is intended to study the changes in its flow
rate through the capillary of an Ostwald viscometer after
irradiation with X=-rays. As the compound forms part of
most finished cotton fabriecs, it was thought worthwhile to
{rradiate it and study 1ts resistance to X-radiation and
chanpes in viscosity, which are the main factors in 1ts use

as antiredeposition agent. Here the effact of radiation

on polymer solutions ln wvater was studied because the
diffusion of adjacent macroradicals is facilitated in a
solvent. If the solution 1is fairly dilute, the average
distance between two molecules will be much larger than
in the bulk state 80 that the chances of crosse~linking of

wo different molecules after chain scission are decreasod

t
and the relative inportance of dagradation will be increased
in an irradiated solution of the polymer.

It has been found experinmentally that the number of

polymer bonds clea
of both molecular woel :
increases linearly with doses Paul Y. Feng has given a

rolationship among init
atione Accordingly

vod in a polymer solution are independent
ght and polymer concentration but

4al and final average moleculcor

veights versus radl

Me No — , Mr = final average molecular weight.

Ny + PR Mo = initlal average moleculor woight.



N. = initial numher of polyer molecules.
= no. of polymor bonds cleaved por
unit dose.

R total radiation dose.

il

The average molecularl weight is also related to the intrinsie

viscogity of a polymer

RRLE x® where K and a are constants.
t

Also (ng] = ( t/to -1)/c) vhere ty 1s the flow time for the

solvent L::L;Pé' 1:1:;) flow type viscometer and t is the corresponding

time for the golutione.

" a
Thorefore l(',, = KMg
v a
and @0 N = Kig
= K G-IQNOAg +PR)®
V".'.No
=
( N, +PR)®
7%(;
M s by § o
A log- log plot of lis or N against ( Ny + P )
ght 1inoe.

should be a stral
¢ration of the solution remains constant’[m‘.]

rtional to ( ~X~ = 1), it
45 the flow time for the solution at

1f conosn

folloys that 3f ®r
doge r and t, 18 bhe

/ ?L— a1l against dose should be linear, where
of ( %- -

slow time at zTo dose,*log-log plot



ty = flow time for solution at dose r
t. = flow time for solution at zero dose.

flouw time for vater.

(2.
i

As dose 1s proportional to the irradiation time, the graph
plotted converts the whole system to a very good dosimeter

Five gms of CMC vas dissolved in 250 ml of doubly

distilled watele Ostwald type Viscomster was used for

viscosity measurements,
vlscomatar's were cleaned with fraesh, filterad

the temperature was maintained at

o5%, The

chromic acid solution and throuzhly rinsed and dvied belore

each rune
acid solutione.
arent timese.

was adjusted to

plant although wat
motors The sample was pipetted in pyrex

olls and 5 dush samples were put for

when not in use they were kept filled with chromie
in all five runs were taken for t, at Qiff-

The X-ray plant was kept at 39 kve The current

10 mA to avoid unnecessary heating of the

or was kept circulating found the plants

by a 0e5 HoP o

¢lags irradiating ©
gnlts of these runs can 5lso be oxpressed

grradiation. The r¢

orms of reduced viscosity.

1
i’ )= ~

( reduced ¢ ( “b% -1)
/100 ml of solution, V) s the

4n ¢
where C 4s the

concentratlion of MG in gn

<o



viscosity of the solution and ", 4s the viscosity of water,
the solvent. The ratilo “'/',l; is equal to the ratlio of

the outflow time of the solution to that of the solvant.
Finally by using an ionization cell with plein perallel
electrodas tho ionization currents produced by X-ray dosecs
in the CMC solution at a fixed roltage were measured and
making use of I. Adamazeuskig ralation 1linking the ioni~

zation curront with radlation dosesy the X~ray unit was

calibrated in ter:s of 3onization current versus radiation

doso inorder to utilize QIC for radiation dosimetry.

Caleulated voiues are due to computer. The wvalues are

rocorded in table 1 and 2.

AESULLS
The study shows that CMC gets degraded apprecisbly
jon represents cleavages of actual linkages.

and the degradat
Y| ( roduced ) versus irradistion time (Fig. 2)

A graph

shows that the reduced viscosity does not go to infinity

but approaches 8 14miting value and the increase in reducod
y with inoreasing radi
ot on 1o0P” cpening reactions. The rupture of

viscosit ation dose indicates an accele-

erating effe

many weak linkages gtarts at mild doses and as the dose

nd moTres the rupture of stronger linkages

lowlye
an be used as dosimeter for Xeray doses.

increases more a
The FPige. 1 and 3 show that a

gtarts siowly and S

1inear relationshiP ¢

W
I



TARLEE =1

Carboxy-methyl Cellulose (CMC)

t, = 57.3 sece C = 2 gms/100 ml.
t, = 23 sec. Temporature = 20°C
Le
sr. Noo tp in 08|z, ]IPradiation Log T  Calculated
of muns £6Ce - Cime T in value of
1;: -l ]hours
e o )
L( reducad)
1 55.3 ~0,0235 1.3 01139 0. 256
2 53.6 -0.0@2 2.0 OISOIO 0.3'?5
3. 5103 "'000820 4.0 0.6021 004%
p. A8 .6 —001255 D5 09777 0.449
5, 4646 =0.,1612 20,0 1.3010 0.487
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Carboxynethyl Cellulose (CMC)

‘-

<

anrrent in /mperes Calculated values of Xeray
Ionizatlon ou dose in Tads par hours.

10

& b

&

19 % 10
wd
21.5% ]-o

50.C0
125,00
174.00

X

X

xz

23400 x

283,00
3€4.CC
£210.20
455,00
511.00

102

10?
10%
10%
10?
10

10%

10%

10%
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Methyl Cellulose is mothyl cther cellulose and 1

soluble in cold water and disperses in it forming a visco
gcous

colloidal solution. It is added to about one third the

required amount of boiling water. When the powder is thoy
ou

ghly hydrated, the renainder of the water, prefarably in the

forms of 1co,
It is incensitivo to pll.

is added ond stirred until it is horogeneous

Tho same procedure as in the first sample ( i.e. caboxy
ne-hyl cellelose ) was adoptod in this case. This time two

oront sets of observations were taken, first at Xeray

daire

plant at 39 kv and the sacond at 46 kv. The currcnt was
Flow rezding

kopt fixed at 10 mAe v rezdings for t, were taken aflter

hours ( table 3). The same procecdure was

gher doses at 46 kv ( table 4.). The irrg-

repeated with hi

gistion time was also ephanced upto 12 hours. The same
jonization coll uas used foF mezsuring the ionization
voltage for differenmt dosas ( table 5)

currents at constant

SEULIGL

The

study of the 4rradiated mathyl cellulose in

sater shovs that this cellulose can very well be used as a
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I_LBLE-QQ
Mothyl Cellulose

Temperature o0%C ty = 695 sec. X-ray operation at 39 kv

. = 22¢5 8eCe C=1 gm/].OO ml

Sre NOe in Calculated Irrzdiation Iog~T Calculated
of runs :gc. value of time T in value of
b hours ;
| et Vl(reduced)
“| te -1
\ e
1. 5867 =0+1135 2 0.3010 0.6215
o, 472 ~0.2789 5 0,6950 0.,9109
3., 42.8 =0, 3645 ? 0.8451 14108
«0,4125 9 0.9542 1.230

4o 4047




T ADBLE =4
Methyl Cellulose

Tomparaturae 20%

to = 2245 seCe C = 1 gn/100 ml.

70

ty = 695 gacs X=ray operation at 46 kv

3re NOe tp in Calculated Irvadiation Log T Calculated
d value of tine T im value of
of runs 8¢ iy o)\ hours
L8 -.' t e '| |
-Hnt?-l ﬁ "I {roeduced)
1. 57_8 -001238 2 0-3010 006373
a 41.2 «0,4001 8 0.9031 1..203
04711 12 1.0792 1,415

4. 38.4
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Methyl Cellulose

Caloulated value o- X=ray dose

Ionization current in Amp.

in rade por hour.

29 x 10°° 7.43 x 10°

51x 10°° 12,90 x 10°

20 x 107 17.7 x 10°

a0t B g 22.6 x 10°

100 x 10-6 26.9 x 3.0‘5

550 x 10-6 31.0 x 10°

e 37.0 x 10°
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substance for dosimetrie purposes ( Fig. 4 and 6). The
increase in reduced viscosity ( Fig. §) with increasing

radiation dose indicates an accelsrating eff~et on dena-

turation reactiOn?- For dosimetric purpose the dose absprbed
can be calculated for the time it has been given to the
solution as in chapterIl. A linecar plot between current

and dose helps in developing a methyl cellulosie dosimeter.

By increasing ihe intensity of the X-rays, the physical

effoets are only oncanced ( Fige 4 and 5)a

2thyl celluld
The xeradiation rupturss woak bonds of

g3 1g a thermoplast water soluble

cellulose ethole

othyl c¢2llulose ropidly 2
saches & 11mit

nd stronger vonds slowly. The

ing value. There is a lincar relaw-

d and ionization currents,
tthyl cellulose

vigscosity r
n the 40s@ absorbe

wniéh can be gtilired for 8 dosimotors
< o sl B8 a binder and £13ler in dry vitamin
opulalsy
1s pop i i J1s0 a5 8 protactive cozline Cor vitaminsg
ons s
preparab g ke gince polymors are affacted by radi-
s a
and uine ¢ protectianlof this compound against
-6 tne pover °
’ sons VS tested with the ain of finding
tio
dia 14n28r ralationship batween changes

y of & as
proparties and the radlation dose

tion betwee

ation
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i i s
0.5 1687013 Se 1724
047 02847 249678
1.0 54575 247394
1.5 324.0 245105
o 200.9 23010
e 1692.3 2.2287
3 134.2 261277
i 901.14 19597
. 79,11 1.8983
6.0 58,28 1.7682
- 24,35 1.5372
7098 1.2549

2.0
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Icnization current in niecyo Caleulated dose in M=rad
v =30 Se

amp »
1.5 Do
3.5 1.0
5.5 1.5
7.5 2.0
110 28
i8.8 S50
29,0 74

51,0 12.9

0.0 17.7
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Five percent solution of ethyl collulose using
toluene~ ethanol ( 603 40) as solvent was prepared and 20

samples in exactly identical pyrex glass cells were made

ready for exposure. Four samples at a time could be exposed

by fixing them in positilons against the 4 windows of the
X=ray ( 39 kv ) plant. The time of irradiation was uni=
formly increased in all cases and the viscosity was measured
by an ootwald viscomoter. [inally the lonization currecnts
developed were measured snd the dose absorbed in oach case

wos calculated. A1l obsorvetions were made at the room

0
tempsrature ( 20 C) and are recoreded in tables 6 and 7.

The value of viscosity decreases quite rapidly with

dose which indicatos the rupture of weak bonds. (Fig. 7).
e of change decreases with time showing the slow

This rat
ger bondse Ultimatoly viscosity appro=-

rupture of stron

aches a 1imiting even stronger doses are not

valu: amd
The linear relationship between the ioni=~

much effectiver
dose absorbed prove that othyl cellulose

zation eurront and

ged foF¥ dosimetric measurements { Fig. 7).

can be u

n 5
4, ODINM AIGINATE
study sodium alginate, a sodium salt of

In this
It is slowly soloublae in wator

alginic acid,
qution and 1s used as a suspending and

gorning n viseous &
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enulsifying agent and in icecreams. It 1s also used as o
binding agent in the marufacture of tabletss Thoreforg the
viscosity changes in the sequecus solution of sodium alginate
due to Xeray doses of 32 kv photon flux was studied to devolop
an Xeray dosimeter. The changes in flow rate ang reduced
viscosity changes have also been related to the absorbed

dose.

stir 1.0 gm of the sample with 25 gms of cold water,
Add 70 ml of boiling wator, stir for a fev minutss, cool,
dilute to 100 ml with wator and allow to stand for 24 hours,
Take 25 ml. of tho solution iIn a pyrox tube and irradinte the
Four such samples were taken at a time and the 4

sample .
vindows of the X~ray plant were used for irradiation. The

X=roy working voltage was kept fixed at 39 kv and 10 mA.
The four pyrex glags sompls tubes were exactly idantieal,

5 cms away from the windows so that

The sample wera kept

jrradiated for 2 bBOIFSs 4.5 hours, 9 hours and 16 hours
raegpecivelye. A pirth sample was irradiatod in exactly
similar conditions £OT 44 hours. After respeotive irrae
diations, 10 ml of each sample was pipetted out in Ostwald's
viscometer and the glow time was noted in each cagee The
apod with fresh and filtered chromic acig

viscomoter was ¢le
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solution each time, rinsed again with distilled water and

dried. The flow time for unirradilated solution amd Iresh

water ( solvent ) was also noted.
wore taken and the mean flow time 1s recorded in

A% least 10 runs for

aach sot

ha tadble 8.

A graph ﬁ(l, ( roduced ) versus irradiation time

chowz ( Fize 9) that raduced viscosity does not g0 to

anfinity but approaches a liniting value and the increased
4n »aduced viscosity with increasingy dose indicatss the

rupture of many weak linkages at the start and as the dnse
1neroasas MOTe and more with Uime of irradiation, the

strengoy bonds also gtats but at an extremoly

maptura oF
The linea’ rolutionship shows that thiy system

glow rate.
ns a ¥=ray dosimoter ( Fige 8 ).

can bae used
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T ABLT -8
sodium Alginate

= 77 sac.

to e 22.5 secCe.

T = Irradiation Period
Temperature = 22°C
C = 04 gm/100 m1

Noe ggcfn 52113213;0‘1 %ﬁgd%ation Log T gﬁgglggea

Lujﬁiigfix ’VL(rcducad)
€e .

1e 73.6 =0 028 2 hours 0,3010 1.10

2, 68.5 =0.0737 4,5 4y 6.6582 1.22

3, 63.4 »0e 1247 9 4,9  0.9540 1.375

4, 6048 =041550 16 4y  1.2041 1.462

5., 5560 =04 2246 44 »o 1.,6435 16730
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IHIBQDHEEIQH'( Changa in opticcl densi ty)

The optical density changss due to Gamma ray ir
Iram
samples ( solids and 1l4quids) have “een

diztion of certain
1=5
*

ased to msasure Gaamd ray doses by wany invastlsators
In the present study aqueocus golutions of some organic
substances { sugal ) of various molsr strengths have been
triod fOr g-rgy'dosimstric purposes.

Ir I, 4s the intonsity of the incldent light and
n of the incident 1ighl transmitted by

I is the fractic

the thickness t ©f the
transpittences 00 °pt1°1
= 108 ——0_ for the glven wawelength.

medium, then It/1, 1s called the
al density ( 0.D)of the medium is

of cptical density 1

4ncident 1ighte
~-length at which optical

thus a mediud
It is, therefore,

tpansmits 10% ©

y £irst ¢

4s the paxisl
4pic for th ul
4g spese o perticular sample,

then measured at this peak

o fixup that wave

necessat
for thea sanplee. T™his 13 called the

density
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The Teciman Model DU-2 Ultraviolet SpactmmotmGt
er

has been used to moasure optical density. It offeps groater

Proclsion and iuproved oparating convenience in the vave

length range Trom 190 to 1000 uwillimierons. The optical

density also changes with temperature and 4n this appratus
the temperature may be maintained at any desired leyel within
the range from 0°C to 100°C by a ‘hermospacer set, g

M suerose and py levuloge
are plotted.(Tables 1, 2 and 3 and Fig. 1, 2 anq 3), From
those the peak wavelengths have been found to be 555 m Aq

for Xylose, 565 mit for Sucrose and 280 my J

absorption spectra of M Xylose, 2.

for lemlo“.
The samples were then irradiatod for definite periodgs of
time and the doses absorbed were calculated ag in chapter 13,
The corresponding optical density changos in the varioys
sauples were measurad at the ralevent paak wavelength

and are tapulated ( Table 4, 5 and 6)s

R23ULT

The grapi® ( ¥ige 1y 2 and 3 ) » X~ray doge Versug
jgy show linea¥r rolationship und lionce thig
"

tical don
P ad T dosimetiric purposes.

study may be us
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aAbsorption Spectrum of Sucrose

wavelength in oM

Optical density

345
375
420
440
475
600
530
550
565
600

680

0.05
0.07
C.12
Cel5
0,23
0.27
0.32
0.34
0,38
0.34
0,30
0.25




TADLE = 2o

Absorption Spectrum of Xylose

wavelength iIn By

Optical density

375
420
440
475
500
550
556
500
640
680

0,065
0.035
0.13
C.18
0.25
Oe31
0.37
0.41
0.32
0.25
0.20
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TABLE=3S.

A
bsorption Spectrum of Levul
ose

vavel
ength in mAL Optical
al density

250
C.

255 .

0.
260 .

0e7
265 :

0,94
270

1.10
275

l.242
280

1.30
285

1.27
290

1. 135

0.91

295




LL.B_,L_S._"_, 5.

3CUROSE (2.5 M)
Absorption sSpectrum at ) = 565 m AL

pose in Kilo Rads Optical density

O» 0. 180
23,220 O.192
46,440 0,205
69,660 0.219

0.232

92.880
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ZADLR- 5,
Xylose ( Q1 )
Absorption Spectrum at ) = 555 m U

Dose in Kilo Rads. Optical densi ty

O 000452
23,678 0.0525
47.358 0,060,
71.03? 000680
94,716 0. 0785
LABLE =08,
Levalose {( 1 M )
) = 280 MM—

Absorption Spectrum at

4n Kilo Radg. Optical density
Dose

0.501
0.

o5 0.532

.5
G o 0.561

125.6
0.591
. 193,584 0.620
251136 0.650

322,640
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INTRODUCTION: ( Change 4n melting point )

one of the basic applications of the melting ponint

« g critorion of purity. If a substance 1s

is its use as
e melting point will usually be sharp. It has

pure, th
ipportant physical

property for characteri=

become the nost
ndent jfication snd estimat

When a pure erystalline solid melts,

jon of purity in o

zation =21d 1§

systhesized compound «
srranged in 3 nigh degree of order in a

o separated b tharmal forces ( tempora=
state in which they ara in come-

the molecules

cryatal 1.ttine 4%

ture ) to foru the 1iquid

24 an abrupt jnereass in entropys Thus

plote diqozder due
ing a crystalline solid ( ege sugars)

the phonorsenon of nelt

involves the gransition of
aryatulline 1gttic? 4n which oo
a definitec meanl positim, to a d

+he molacules from an ordersd,
ch atom or nolacule occupies

ggordored 1iquid.

a crygtglliﬂo substance 1s 4rradigted by

iattice is
g of

disturtud due to bond
amoller intensity may
holding the molecules

olting poimt of the

AS sueli the 14

in the solid iav .
4110 601‘:'11 ooy deer

osse z2nd this decreanse
proportioned to the

course ¢are has to
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be taken about the availability of purest form of the
sugar sample for 4rradiation. The degradation of the
parent sample into fragments of lower moleculer weights
adds an eloment of impurity into the sample which also

helps in docreasing tho merting point of the substance

bacause any forclgn material, even of the same catagory

but of different molecular weight, acts as an impurity in

the nuront ahatuncoe.

typa of investigalious, L=Fructose,

p-Gluzcose and Sucrose samples were taken in 1.0 ma capiliary

s in turn and exposad to 39 K
sx4t windows In this case the samples

avr hour ( Raf. ChapterIl) equi-

rar thic

tube v X=ray flar {rom a dictance

of 3 cm from the
8 x 106 rads p

recaived 3
Certain precautions sheuld be obgerved in

valont in waters
nd £11xing the capillary tubes. The tubing

constructing 2
cpom which the capillariess are made should be washed and
copa they arve drawme

an until thay are put to use. The
jon be well packsd into the bottom

4ried Do They should be sealed at both

o under exaninat
maximum contuct between the

tube. The sugar samples under

he walls of the

gample and *
purest foru aveilable frow Merck,

{nvostigablon
The irradiation S

wore of the
cheme {s glven 4in tablaslNose. 1, 2 and 3.
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For measuring the melting poimt just after the

irradiation of the sample for specific time and for a

d
ofinite quota of dose, the following epparatus was uscde

Capillcry Melting Boint Apparatus
Arther He Thomas Compe
Philedelphia DA UeSeAe
s apparatus the capillary tube cortaining the

comple is imeerseé in 2 woth ( Gilcore 0il ) adjacent to the
The tenp rature is predeally radsed and the
when the crystaline sumple just soems
d{4s heated

In thi

thormemetel.
tonperature 3s noted
te polt. =no path 1s sutomatically wall stire
at an even rate aboud 19 per minute in the vieinity of the
the appsrati
the thormometol .

g gnsures unrestricted visibility

melting Pointe
The rate of

of the capllliary tube and

heating should ne kept 1ow for maximum aceuracy in the

melting pointe

If X reprasents the melting point and X represaents
radge s TaEN the following empirical

the X~ray dose in M.
ablisheds

jons may be ast

rolat
ayorose 3 Y= «0,778X ¢ 187
D-—Glucongl Y= w0, 206K ¢ 142
D—Fructoset = w0e 333X ¢ 160
relationship betwaeon dose

ot the 3inee¥
414s0d to develop doaimeters.

The fige. shows th

a and melting point can ve ut

cbgorbo



(1) SUCROSR
Irradiation time in hour Dose absorbed Melting Point
5 0 188%
. 3.6x108 185°¢
5 7.23106 181.9°
“ 10.8x10° 178.8°
) 18.0%10° 173.0°C
g 28.8x10° p, 163.9%
) 43+ 2 Ai0 54 47C
(2) D-FRUCTOSE
. o 104°%
5 10.33’106 100.4°%¢
. 21.6%10° 96.9%
° a0, 4x10° 93,2°¢
s 46,8x10° 88.5°
(3) D=GLUOCOSE
‘ 5 148°%
2 . ox10° 146%¢
: 18.02106 144,2°%
; D 141.9°%
21 39,6x10° 139,8%

90
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INTRQQUQIIQN:

Induced conductivity by X-radiation in solid

dioloctric films 1s utilised to develop Xe-ray dogsimeters.

In these materials the conductivity may be increased by

saveral orders of magnitude by lonizing radiation and the

return to normal value does not take much time. A sub-

1inear relation oxists botween induced dielectric condu=

ctance and the d0se absorbed, thus, making this study

useful for docimetric purposese.
the results of exporiments performed to study tho effects

to yxeradiation on lo/u,f tantalum oxide and

This chaptsr deseribes

of exposure

Q/uxf mylar capacitorse

The basic processes occuring in insulators are

e in semiconductors involving the

vory similar to thos
and holes which attain constant

production of electrons
nobility™"2
The X=radiation can cause cha
f capacitors by changin
The rad jation loses @
Thege enorgy losses produce free

and subsequently rocombine via defect states,
nges in the electrical pro-

portios o g the properties of the

dleleoctric.
through the capa
alectrons in the ca

nergy as it passes

citore.
pacitor dielootrise The charge carriers
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drift in the presence of an applied fiold and increase the

current in the dielectric. The induced conductivity takes

some time to build up to the equilibrium level, The induced
conductivity results from absorption of energy radiation,
excitation of charge carriers from non-conducting states

to conducting states and return of charge carriers from
conducting states to non-conducting states™v4, Fowler J,
F5, assumes that ionizing radlation produces free electrons
and an equal number of holes through out the volumo of the
substance. Since less then 1 in 103 of thase will bz fast

electrons produced by primary ionization, the majority
of the froe electrons have thermal ensrgy. The drift of

thegse electrons when an electric field is applied 1s

measured as induced current. Ionic conductance is negli-
gible since it requires very high activation energiles.

y enorgy band structure is not obvious

The existence of an
However if an electron is given

in these materials

sufficient energy py the lonizi
become free to move through the substance and many be said

The term dielectric con-

ng radiation, it may

to exist in a conduction band.
e is used to distinguish this quantity from metallic

es and it sounds more logical to speak of 44~
ance in paterials like Tantalum Oxide and

electric conduct
Mylar which are normally thought to be insulating. It is

the ratlo of the ourf

ductanc

conductanc

rent neasured at a specifisd dose to the



steady dc wvoltage applied to the spocimen throughout the

irradiation period.

a0 ;
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This is a thin film of Tantalum Oxide (4000 x 108

cm) on Tantalum deposited by anodization method. The
Tantalum Oxide is then flushed with silver oxide which
gives riseo to an ohmic contact on the plate. The thicker
the more uniform the density distribution and

jve and reproducible the dcsimeter. Mylar
polyester with wide comuerciul applications

thB film’
tho more sensit

is a crystalline
names as dacron, torylene etc. These

under such trade
in characterstics and easy to

capacitors are superior
Their stability and performance are unaffe

mamafacturoe.
high as 60 kv dosess Even after repsated

the reproducibility of the same
These capacitora recover

ected at as
voltage and dose cyeling,
condition romainse
1me to the originel value, onoe the X«ray

The applied woltage On thoge capacitors

measuring
after somo t

unit is closede
was 1«26 Z 105 volts/cme

The method depends upon tho measurement of the

current through the
f£lux at 53 kv 4is inclde

gpecimen when a constant X=-ray

leakage
nt on it. The specimen is

photon



connscted to the circult efter applylng the fixed bias
The X-ray unit 1s started and as the window is

Wltﬂg@ ®
current with time is made after

opened, the moasurement of

adjusting the gain as near full scale deflection as possible

and noting the current at the end of the electrification

period. The dc¢ dlelectric conductance is then computed

for various periods. The dose absorbed in a particular

e thin film capacitor 1is calculated as

time period by th
d by water in a Fricke Dosimeter.

equivalent toO absorbe
ure that stray and unwantad currents

Care must ba taken to ens
surement except the dark current

before exposing the sanple
1lved in this measurenment

do not influence the meca

which is already taken care of
As the currents invo

to radiation.
-10

or OF 10 10 ampere, the connections to the

thick ebonite planks

of charges boing induced in the maezsuring

A1l measurements
aments below room tem=
ssibility

agazinst posibility
civcuit by moving objactse were made at
o5%C) as measur
oblem because of the po

on the surface of the spoeclmen.

room temperature (
present special Pr
q4on of moisture
given in Table 1 amd 2.

perature
of condensat

The results are

pLsCUs3IQHa’
¢ oaloulating the

no direct mathod O
y thin £ilm eapac
to onsure unifor? th

4tors because (1) it
jekmess of the films

Thare i8

y dose absorbed b
dirrioult

X=Tra
49 extremely
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(2) 1in the case of Mylar the structural formula as well
as the percentage of different functional groups is never

knowvn. Tharefore the best way to use such capacitors for

dosimeter purposes 1s to note the diffarent periods of
irradiation of the capacitors for which the lonizatlon current

is accurately measured at a fixed voltage. The dose absorbagd

by the thin fiim 1is then calculated in terms of its sgui-

valent in water ( Fricke Dosimeter Chaper I1) for which

the X~ray unit is already calibrated. The induced dieloctrie

conductanceia has been found to be a function of dose
absorbed by the dielectric materials under investipation

4
and can be empirically related by'fb = KR where K and §

are the material constantse The logarithm of induced

diolectric conducatnce Vversus Jogarithm of dose absorbed,
give a straight line graphe The slopes of the straight
lines for two materlals under study are 1.8 and 2.4 for
Tantelum Oxide and Mylar respectively. Thus the study is

useful for developing X=ray dosimeterss The Tantalum
e and Mylar dosimoters have rang:s from 50 K rads to

0xid
100 K rads and from 100 K rads to 300 K rads respectively,
Above these ranges the dosimeter readings become unstable

and hence unreliable.
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IABL =l

Tantalum Oxide Capacitor

Dielactric conductance Dose (Squivalent in water)

in ohms™1 in Kilorads.
2031 x 1077 57,900

1.60 2070 64,800

1.80 x 1077 72.000

s, 5 20 764600

.30 x 2077 81.000

2,60 x 107° 84, 960

s.0L % 107 91.800

3.30 x 1070 97,200

9 102,600

3,50 x 10~
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I LD LE=2
Mylar
ploloctysc couciance  posg, (oattyslont 4n vater

6.1 x 10°2 144.0
10,2 x 1072 178.1
14,0 x 1072 204.9
17,0 x 1072 227.6
sesn g YT 247.4
0.5 & 1072 272.€
g 5 L0 289.2
a5, 05z 10~ 303.8

317.4

-9
40,0 = 10




LOGARITHM OF

OGARITHM . OF DOSE .
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( DIODES )

ILLTAODUCTIONS

Transient radlation effects are defined to be

manifestations of clectrons excited in materialsl and
many of these disappear with very short relaxation time,
These effects are distinet from (1) displacem-nt radi-
ation effects, which are the manifestation of atoms that
have been displaced from their normal positions in crystg-
114ne lattices and (1) chemical radiation effects, which
are due to the rearrangements of molecular bonds. Sur-
face effects become noticeudble at radiation dose of

1000 Rads, a8 ccmpared to 107 Rauds for bulk effectsz.

The most radiation sensitive parsmeters have bsen found
to be the reverse-bias leakage currents for diodes and
Igpo and hpy for transistors. For diodes the leakage
current may inerease as mach as several orders of magnie
tudes and may or may not saturates The degraded charace
torigticg show partial and sometimes complete recovery.
ocmoted by baking, forward bilasing and

Recovary is pr
ation without blas. Tie surface effects

exposure to radi
gnificant. The magnitude of the

of ambient are also sl
ds upon the relative humidity.

reverse current also depen



A majority of the tosts during this investigation was
perfortmad on group of dlodes. Junction capacitances were
monitored during irraodiation for several bias conditions.
The amount of degradution produced by Xeradiation was
dependent on electrical blas, with the degradation in
ravarse=blased junction being the nost severe. The
impedence of a rectifying junction in semiconductor
dovices 1s even more susceptible to transient radiation
effects than the bulk conductance because the properties
of' these Junctions4 aespecielly wvhen biased in the reverse
direction are determined not so much by the majority

carrier concentrPetion bul by the very much smaller mino-

rity carrier concentration®. fence very lou radlation

dose rates are capable of chonging significantly the

minority carrier concentration. ;

oRA" 38

The problem of deseribing and measuring radiation
in units that are proportional to the amount of ionisation
45 solved when the unit of a rad 1is adOptedea Any material
has rocioved one rad of exposure when 100 ergs are dcposited

in one gramez of the material. The simple relationship of

13
silicon, that a rad eraatas 4 x 107 hole-salectron pairs

per cm”y pormits a diroct convarsion between radiation



and carrier genoration in & silicon device. The curront
generated by a diode when exposed to an ionising radi-

ation of R rads/sec is

I=egoR Vore

where Bp =4 X 1013 hole-electron pairs per ema and v;,,
i1s the effective volume caleulated and for the silicon
samples it 1is equal 13.5 x 10™° cms, e 1s the charge
of an oloctrone lence 1f the generated reversed biased

current 1s measured the corresponding radiation dose in

rads can be calculated.

AP SRIMENTALS

The X=~ray unit was switched on at 53 kvy 10 mA

and the diodes were exposed to X-radiation, the focussing

distance always belng 10 cms from the window. =Rach diode

was put into the circuilt under various reverse bias

voltages successivelye The following diodes with the

reversed =bias noted against sach ware ultimately selg-

ctod for dosimetric purposes after many trials of reverse

voltage and dose cyeclings

Roversed Voltage 20 volt Se
’e ’) 120 volts,
’s ” 15 volts,

CD -~ 38 Silicon

Ch - 29 0
CD - 26 ')
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DR = 25 ermanium Reversed woltage 10 volts.
(non=-passivated)
DR = 10 - ’9 X 10 volts.

The reverse voltage was supplisd by Systronics

transistor power supply, type 611, S. No. 8076, and the
leakage current was measured by DC micro voltmeter, Phl=-

114ps GM. 6220 ( two ranges: 1 megaohm and 10 moga ohms)

laast count 10-12 ampere. The X-ray unit strahlenschut-

z'nlassung PTB 508 ( Germany ) was operated on the copper

t&'{get »

BESULTS?
The diodes CD=-38 and CD»36 are ( Fig. 1) not reco-

mmended for dosimetric purposes because the rate of reco-

mbination of electrons and holes 1s very large even at

lover doses. This may be due to impurity states in the

At higher doee: the saturation in the l-akage

davice.
Of course CD=36 is a bit better than CD=3Be

current startse

DR=10 ( Germanium ) can ba use
gaturation of the leakage current

d to measure very small

Xeray doses although
starts soon after ( Fig. 2)s CD=26 is extremely reliable

4n tha range 700 rads to 2500 rads ( Fige 3)e CD=29 gives

g to 50000 rads

a linear relation in the range 200 rad
4) ] In the

and is the best amongst its family ( Fige
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Gormanium family DR = 10 is very usefulZ as a dosimcter
upto 70000 rads ( Fig. 2 ) All the above diodes rocover
immediately after the X-ray plant 1s switched off.

an lonisation chambar is generally used as a
radiation dosimetocT, put it is very difficult to handle

4t, Here the study of the quasipermanent effects of the

drradiated semiconductor devices and obgervations on the

variation of oloctrical parameters due to irradiation of

transistors are presented. AC 187 ( pnp ) Germanium,
ac 125 ( npn ) Germanium,
were {rradiated DY 46 kv photon T

schutzzulassing pTB 508 ( Germany )
O examined the application

and other transistors ( Table 1),
lux Xe-rays from Strahlan=-
X=ray plant. Masa=-

guchi and Osamu Haxni

fumi Yama
damage of silicon planar npn transistors

of radiation

of type 28C 33s

pacause Whpg ¥
A( Lhpg ) was

changes Of surface
doses, the lattice a

was proportional to n

Cormon emitter dc gain hpy was measured
as sensitive parameter. At lower dose
not proportional to radiation dose since

states were dominant. DBut at large

dominant
amage becamd and Zk(l/hFE)
umbar of rocombination centrss

induced bY jrradiation.



In the present study BEL transistors were mostly

irradiated for dosimetric study under various bilas condie
tions depending on the specifications given by the manu-

facturers. ( Table 1) In the case of AC-187 ( npn)

Gormanium and AC-125 ( pnp ) Germanium, the observations

were very exciting in the sense that the transistor gailn

hpg increased 1inearly with time ( i.0. dose ) which is

very rate phenomenon in transistorsa, bt a very useful

phanomonon for developing Xeray dosimeters. These tran-
sistors recover immediately after the irradiation is
in the case of AC~188 the Iincrease in hp, with

atoppede
5). Bc"los’ HC"].OS, CIL"SBE,

Xeray dose was glow ( Fig.
1-523 and CIL~591 showed a usual decrease in the hppe

e of BC~108 and =109 ( Fig. 6) the fall iIn
diation time was quite rapid but not strictly

cl
In the c¢as

hFE with irra

l1inear. CIl~522 cIL~-523 and CIL-591 showed very slow

( Fig. 7) and are recormendad for

degradation in Bgp
Regarding the change in the para=-

Garma-ray dosimetrye
the AC-187, A
g8) with X-ray dose, but in different

meter Icpos C-125 and AC-188 gave lincar
ralationships ( Fige

g of irraediatilon time and can be used as dosimeters.

range
cIL~-522, C1L=591 and

t the othely transistors,

Among s
CIL»528 show approximately 1incar responsas after a time
gap ( Tig» 9) tut pC~108 and nc-109 do not come uplithe aXpe=

ctationas ( Fige 10}
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DISCUSIONs
Ionization due to Xe-radiation creates localized

charged energy states on semiconductor surfaces. As a

result of changes in surface potential, the surface rocome
bination may be increased causing device degradation7"ll.

Channel formation may occur at any pn junction. then a

diode 1s under reverse blas, the revarse current increo-
ases because the channel increases the effactive aren of

-8
3unction7 o The Inpg for the transistor behaves in a

gsimilar way to diode-jnnction reverse current.
also incroased by the formation of a channel

Hence the

Iopo is
across the hase region so as to provide leakage path from

emitter to collector.

Ie
The current gain ( bpo = E;—“ ) of transistor

is affoctoed by channols as well as by surfaca recombinations

in the region of the cmitter base Junction. Tho common

4s influenced through Iy« I, 1s increa-

emitter gain hFE
sed to supply-majority carriers for recombination because

base transport factor of & transistor is decreased

sed surface rocombination at the base surfaceg-ll‘
mat Aif the channel extends

from t he collector to the

the
due te incres
Hence hFE 1s decreased .

across the entire base surfsce
scombination will be reduced due to

emitter, the surface ¥



roduction in the concentration of holng?, Although a
large increase in Icpo would result but under these
conditions the hpp, may actually increase since the
increase in Igpg would appoar as an increase in I, with-
out any increase in Ipe This has happened with devicas
AC~187 ( npn ) Germanium and AC~125 ( pnp ) Germanium

( Fig. 5)e 1In the case ef CIL~522 ( npn ) silicon and

others ( Fige 6y 7 ) the hy, decreased as usual and

1.np increased more or loss 1inearly with dese after

10 minutes of irradiation ( Fig. 8y 9y 10 )s It was alse

obgerved that Germanium AC~125 ( pnp ) showed saturation
of Isng while silicon CIL-522 d4id not. The I,n, 4n the
case of silicon transistors goes on increasing linesrly

wvith dose‘u.

%7

The hgg iumprovaments in transistors AC~187 and

AC=125 and X cpo changes in all samples urdor study
except Tn-lm anﬂ 130-109 aftor 1rmdiat19n and hﬂw baen

recommendod for X=ray dosimetric purpesess



TABLE-= 1.

148

Bias Conditions during the measurements of ICBO and hpn

Parameter Device Bias Comditions

hpg AC 125 Vor =1 volt I, =35mh
AC 187 V,p =1volt I, =5mA
AC 188 Vep =1 volt Ic = 5 mA
Cil 622 Vop =10 volts I, = 10 mA
CIlL 523 Vog =10 volts I, = 10 mA
CIL 591 Ve = 5 volts I, = 10 mA
B3¢ 108 Vop = 5 volts Ic = 5 mA
3C 109 Vag = 5 volts I,= Smi

ICBO AC 1285 VGB =20 volis
AC 187 Vop =15 wlts
AC 188 Vop =20 volts
CIL 522 Vap =25 volts
CiL 523 Vep =15 volts
cIL 591 Vep =10 wolts
e 108 Ve =25 volts
e 109 VeB 225 volts
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The storage time, t8 is an important parameter in

transient and high frequency performance of diodeslz. There-

fore, the study of this parameter also becomes important

inorder to know the behaviour in fast electronic circuitry

put into radiation environment. Silicon planar diodes CD 29

and CD 38 were selected for this study. The circult used

for this is shown in Fig. 11. 3y adjusting E; and potenti-

meter P,y a forward current in the test diode D 1s adjusted.

Eo and Pg along with R, are used to balanecc out tho initiael

thermionic emission current of the vacuum diodes. On top

of this d.c. blas, the diode is driven by a square wave

capable of reverseblasing the diode. when the diode D

45 forward biased, all the vacuum diodes conduct, shorting

the output resistance Rg and allowing the forward current

to pass through the vacuum diodes. When the test dlode D

4s raeverse blased, the vacuum diodes are cut off and the

current through the diode, Dycan be measurad across Rg
Thus the constant current period tg can be mea=-
The photographs of the C.R.0. patterns
sed at a desired

directlyo

sured,( Fig. 12 )e

taken by high speed polaroid camera u

are
ty 45 measured from the photographs.

time. The storage time,

The calculated values are given in Tables 2 and 3.
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vhem the device 1s irradiated by X-rays, gencration
of electron-hols pair can occur within the silicon dlode,
Under the influence of junction fleld, there will be 5epa =

ration of charges resulting in tho inversion of the surface
The Junction bet-

of the cathode region near the junction.
The

ween p=type channel and n-type cathode 1s formed.

channel on the surface of the base is connected ohmically

to the diffused emitter junction. It 1s shown by Redqjlé

that the application of forward blas can result in the

injection of carriers not only from the anode region, but

also from the channel. This concept can be made use of in

jdentifying the cause for an increase of ts in X-rgy
radiations as followss vwhen a reverse voltage, Vp is
applied to a diode, junction remains under forward bins
until the stored charge in tho n-region 1s removed such
that the edge concentration falls to zero. During the
process of recovorys there is no injection from the anode,
However, the injection of minority carriers from the channel

continues which gives excess carriers and thereby delaying
the process of recovery. Thls mechanism accounts for the

increase in storage time tg-
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IADLE =8
Diode CD 38 Time 5Seale in Tektronics
oscilloscopes 1 cm = 0.25 micro-~se
Irradiation time Base length Storage time tg in
in minutes in cms. micro-sec,
0 269 0. 725
30 33 0.825
60 Sed 0.850
120 3.6 0. 900
1590 3.7 0.925
T ABLE =3¢
piode CD 29 Time Scaley, 1 ¢m = 0.25 nicro-sec,
Jage iength Storage time tg in
iﬁ;rggggg.g? time in cms micro-sec.
20 2,80 0,700
40 2,90 0. 720
3.w 00750

€0
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One of tho most important problems dealt with haro

43 tho propor choice Of a dosimetry systems For absorbod

dose measurcments, the dosimoetric characteristic which is

of greatost importance 1s its lleray onergy responsc. Other

characteristics whieh are of secondary importance are tiae

size, space and its compntibiléty with the environment in

vhieli the dosimoter ic to e uzed. In many instancos a

dosinoter must bo able to withstand highly corrosive and
orosive onvironment and extremss in temperature and hunldity,

“ssddes that in deciding vhat to rocord and what not to
record the nim hos been to zeusurs only those parameters

which come within the capsbilitiasg of available instrunonts.

fon had been to develop somo

During this study the intont
oh that the response to dose 1s

new Xeray dosimetors o
Although many dusimaters have come up to

thigs expectations and oven thosa that give subelinear but

steady regponse have boen eqally sppreciated. The solld
spancistors ) that have also

mostly lincars

atate dosingtors ( dicdas and
been seloctod will sastain the
dose rangess It 15 cortain that

4r roputation for nsdiun
they aroe going to be very

useful in the spsoo ragoorch Propramios, atomic power
stations and radiology. A sumary of the vorious dosimoters
investigated in this work is given ahsad in tatuler form.
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