
EXPERIMENTAL BACKGROUND

1.1 INIRODUCTION:-

Ihe problem of interaction of low energy electrons 

(-4 lseV) with atoms and molecules are of interest not only in the 

field of physics but also in Chemistry, Biology, Engineering and 

ifedieal sciences. The study of this problem is fundamentally
a.attached with the radiation science because pltaost all kinds of

ionizing radiations when interact with matter ultimately produce ,
\

low energy electrons and as matter consists of atoms ana molecules 

the study of slow electrons interaction with atoms and molecules 

is necessary.
l$ien an ele&tcon interacts with gas atoms or 

molecules different effects are observed. They are distinguished 

as elastic collision, inelastic collision etc.

In an elastic collision conservation principles of
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energy and momentum Is well applicable or in other words no energy 
exchange take place between the internal motion of a molecule and 
an electron* The electron loses some energy in sueh encounters 
but only because of the finite ratio of their masses, it results 
in transfer of some velocity to the center of mass of the molecule 

as a whole*
In an inelastic collision some kinetic energy of 

the electron is lost in exciting internal motion in the molecular^*
In this type the distinction may be made between ionising and non­
ionizing impacts depending on whether or not sufficient energy is 
transferred to lead to ejection of one or more elections from the 
atom*

Super elastic collision takes place only between 
and electron and an excited atom or molecule, such that electron 
gains some energy from the internal motion of the atom or molecule* 
Important instances of collisions of this type occur between electron 
and metastable atoms •

Collision may also occur in which electromagnetic 
radiation is Emitted* They, are essentialy inelastic as far as the 

electron is concerned, but differ in that the whole or part of the 
additional energy is lost as radiation* If fehe loss is great enough 
the electron may be captured to fom a negative ion*

The complete picture of the slowing down of radiation 
in matter requires knowledge of the various processess through which 
low energy electrons interact with matter and lose energy* Thus

if the kinetic energy of the electron in a gaseous medium is below ' 
the ionization potential of the molecule^ the electron loses energy -
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to electronic excitation as long as its kinetic energy is above the 
first excitation potential of the medium* Tiien the electron energy 
is below the first excitation potential, moderation occurs through 
elastic collisions and through inelastic collision leading to vibra­
tional and rotational excitation*

! A subexcitational electron may lose energy also
through various type of electron attachment processes and through 
the excitation of compound negative ion states • Compound negative 
ion state can decay purely elastically ( see Bef.161) give vibra- 
-tionally excited molecules (162) ( eg* Ng CO ) or lead to dis-

i-sociative attachment C e.g. Ng0, Halogenated Benzene derivatives 
C Schulz 1961, Compton etal 1966) or all the three processes may 
be in competition* The knowledge of the cross sections for the 
above processes for varictuses molecules and as a function of 
electron energy is of primary interest to radiation research.

The process of formation of negative ions is very 
important because these studies often provide information about 
molecular structure, -while the ability of molecule to capture low 
energy electrons and to form stable or temporary negative ions is 
believed to play an important role in the biological action of 
molecules; such as t© the cancer inducing ability of chemical 
carcinogens Cl63)* labile the toxicity of certain compounds (e*g* 
CG14) has been related to electron Capture (Gregory 1966)*

Nuclear physicists finds interest in .negative ions 
for acceleration purposes*

The importance of low energy electron interaction 
particularly electron capture and electron diffusion has received
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much recognition .recently. Interaction of slow electrons with 

Polar molecules is also the subject <3f greatest importance* Many 

experiments are performed and theoretical explanations are also 
given to the various aspect of these types of interaction. Still 
■we are not perfectly acquaint with the nature and behaviour of the 
polar molecules*

1*2 GOH.ISION GROSS SiCHON*

Consider a parallel beam of electrons of

homogeneous velocity which is passing through a gas having «N** 
identical molecules• Molecules are imagine to have spherical shape 

in nature and having cross sectional area as ,QI<-

Chances for an electron to collide with molecules
- » . ./

within a small distance fx is according to probability theory 
equals to Nq&k*

Now lihere are all chances that an electron can be 
removed from the beam during such ah impact, for such an escape 
some of the beam current strength will be lost, this loss of current 

is given by

SI n -U q I $x*

• §1 c N Q $x

On Integrating' 
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liftiere P is any point from ■which electrons starts to travel 

distance gx and the current at P is Ip.

Ip e * M i

■ ' V =
ip — e **NQx - -- -- 1*1

If Ip / lo is measured as a function or x and 

Q may thus be found.
In actual experiment a beam of electrons of

homogeneous velocity is fired in to the gas* In traversing a 
C

eerta|ta distance x in the gas a fraction proportional to x of the 

electron will be deviated from their original paths and lose

energy by, collision with gas molecules* ^11 electrons so affected
s ■■are considered to be lost from the beam* If measurements are made

of the rate at which the current remaining in the beam varies with 

x, it will again be found that,

I ■=. 1© e - <x ............. 1*2

s. Absorption coefficient ©f the gas for the electron 

beam* If P is a gas pressure in mm* of Big* Ihen,

W r 2*7 X 1019 P / 760

and as Q is effective collision cross section -z */ N

Q s. 2*81 X 1017*/P ctoS ...........1#3

This quantity is called the total collision cross 

section of the gas molecules for electrons of the beam velocity*
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Ctar definition of Q includes all types of collisions presented by 

a gas molecules5 towards electron of a given velocity v» For 

specifying various types of collision i.e. liastic, Inelastic 

Superleastic and Radiative collision a different probabilities 

which can specify the types of collision should be included*

(!) 5J?FSRBNTl4L_GRgSS_S3CTION.

So far we have paid no attention to the s Pacifica- 

-tion 0f the angular distribution of electrons undergoing a 

particular type of collision* Consider for moment an elastic 

collision* The elastic collision cross section Qq may be further, 

broken down as follows*

P ( 9 ) SinSd0d4*ls the probability that in an 

elastic collision the electron is scattered in to the solid angle

dJl CsSin&dSd* ). Then PCS) Sind dd d4 is called the
e.differential cross section for plastic scattering in to the solid 

angle dA • It is usually written

IQ C 6 ) Sind ddd* 

therefore we have P ( 6 ) klQ ( S ) / %

V iW,
and Qozjj lo C $ ) SinddSd* .......... 1.4

® *

In the same way differential cross section for 

inelastic collision may also defined. Thus 1 ^ ( &■) Sinddfldf

is the differential cross section for scattering in to the solid 
angle dA in an inldastie collision involving excitation of n^k
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state ©f atom*

Cii) diffusion of electrons THROUGH GASES

Consider the diffusion of a swarm.of electrons 

through a gas at pressure P under the influence of a constant 

electric field of strength S* This is of interest, not only from 

its application to electric discharge and other phenomena, but 

also because it can provide valuable information about the 

collision cross section of atoms and molecules towards slow 

electrons* It is particularly useful in determining the mean 

energy loss suffered by a slow electrons in collision with the 

gas molecules* The electrons concerned may have too small an 

energy to produce any electronic excitation within the molecule 

but may excite vibrational or rotational states* It is important 

to study diffusion as it is of historical interest also in as much 

as Townsend and Bailey C Loc* Cit.) observed in this way the 

anomalous behaviour of slow electrons in argon as long as 1921, 

independently of Ramsauer*s investigations* It is observed that 

two sets of results are entirely compatible* We are much interested 

in applying the diffusion method to the study of energy losses due 

to excitation of molecular vibration and rotation and to the 

negative ion formation*
The principle of the method which may be used to 

determine the mean free path and mean energy loss collision is as 

follows,
3h the steady state let

w Mean drift velocity in the field direction*
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<r z Mean kinetic energy*

t ~ Mean free path of the electrons in a gas*

A » Fraction of energy loss by an electron while colliding 

with gas molecules■

c Mean velocity of the random motion of the electron.

therefore number of collisions made in traversing 

a distance x in the direction of field cx / wi since xc / w is

actual length of path*
\

Ihe energy lost in this collision will be^tcx/ wt 

For a stedy sta.te^cx/ w l = E ex* and as &*.l/2 me2, m e mass of 

an electron*
therefore Ac3/ w » 2Sel/m ............... 1.5

How let the mean distance traversed in the 

direction of field in the interval ft between collisions - w St

therefore l/2 Se_£t2 .
si

4part from the numerical factor of order unity, $t 
may be taken as t/c giving

2 w c » Ee ^/m.

Since » ( * is inversly proportional to the gas pressure *P», 
both *0* and *w’ are function of S/p. If c and w are measured for 

a fixed value of S/p then X and A can be obtained.

In practice i will not be a constant and the 

measurements of x e and w will give certain mean values of X and A 

over the velocity distribution of the electrons* We can not there- 

-fore hope to derive from experiments on electron swarm, any - 

information as definate about collision cross section as may be 

obtained from experiments of the Ramsauer type* It is Possible
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however, to work with electrons of lower energy than in the more 

direct experiments and to obtain information about the energy losses 

of electrons on collision with molecules which can not be got in any 

other way*
To analyse the diffusion phenomena in more detail 

in relation to collision cross section, we shall consider a swarm 

of such small mean energy that inelastic collision with the gas 

atom do not occur* The only loss of energy in elastic collision 

therefore arises from definite value of the ratio of the mass of an 

electron to that M of a gas molecule* On the other hand, we shall 

suppose that the mean energy of molecule is very much smaller than 

that of the electrons* We also suppose that the electron concentra- 

-tlon in the stream is so small that the inter action between the 

electrons can be ignored* Under these conditions it becomes Possible 

given the results of Ramsauer experiment and also of measurements 

on the angular distributions of elastically scattered electrons to 

compute both the drift velocity and the mean kinetic energy as a 

function of f/p* These may than be compared with values observed 

by various methods and good agreement is found* This enables one 

to apply the technique with confidence to molecular gases in which 

the mean energy loss is not known before hand, and in which 

attachment may occur*

(iii) MO'IEKTUM_TM JSFER_ ChlSSFUSI ON) CROSS _SSCTION
Tui Ti~ci~si)............................................

With the assumptions made, the fraction of its 

energy lost per impact by an electron which is scattered through 
an angle 8 is given by
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2 Cl- Cos 6 ) m/M 

if ( m/M )2 is ignored*

Since M 6 ) Sin 6 d©d4 is the probability that on collision,

the electron be scattered in to the solid angle d Jt about« ,

the mean fractional energy loss per collision, will be
,*ir

2 C m/M ) ( 1 - Gos § ) p C G ) Sin© d© dd>

In terms of total and differential scattering cross section q0 and 

lodjv for elastic scattering

i3 C 6 ) a I0 ( $ ) / Qo

so that mean fractional energy loss per collision becomes

■where

2 ( m/M )

nr
%

Qds VC®) (1 - Cos 0 ) Sind d6 d4> .........1*6

O o
and is usually referred as the momentum transfer cross section) 

which is some times called diffusion cross section also on account 

of its importance in the discussion of diffusion phenomena*
2hus the fractional amount of energy lost by an 

electron in traversing a distance x in a gas containing N 

molecules/e*c* is 2 Cm/M) N Q<j x* Just as if the total elastic . 

cross section Q0 when replaced by Qa and the fractional energy 

lost per collision by 2m/M thus for purely elastic collisions we 

should take 1* l/H Qd and \ = 2m/M* It must be remembered however
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that in general Qd 'will be functions of electron energy.

Qd dif feres appreciably from Q0 only when there 

Is a pronounced contribution of scattering in either backward . 
direction or forward directions. If tQ ( $ ) is a constant1 

independent of & , then % and Q0 are equal.

If the mean energy (t of the gas molecules can not 

be ignored the expression for the mean fractional energy loss per 

collision must be modified by multiplication by the factor 
Cl- 4/3 fco/€ ) • If the electrons themselves have a Maxwellian 

distribution of mean energy , the corresponding factor
becomes modified by an amount to 4/3 Cl- J (r ),

1.3 BASIC EXPERIMENTAL PROCEDURE.

There are three classes of measurements which can 
be performed. Most desirable, ofcourse, would be a set of measure- 
-ments of the differential scattering cross section as a function 
0f incoming and outgoing energy and angle. From such a set of 
measurements, one can directly obtain either the total cross 
section or the momentum transfer cross section. In principle, at 
least, a direct measurement of the differential cross section is 
straight forward. All one need do is scatter a monoenergetlc 
parallel electron beam by a monoenergetlc line gas target. One 
than studies the scattered electrons ariving at a detector of 
infinite angular resolution as a function of angle, and as a 
function of incoming and outgoing energy.
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In practice, the problems associated with making

a low energy quasimonoenergetie electron beam and quasiline was
target together with detecting the scattered electrons at even
some finite angular resolution have proven to be some what
difficult* The problem of unknown or at best variable detection
efficianey arising from finite angular resolution can be, to a

c
certain extent, over pome by a total scattering measurements* 
However the problems associated with finite energy resolution 
becomes more serious as one goes to lower and lower energies* 
Ultimately the problem of space charge (leading to loss of singal 
at very low energies) makes it impossible to measure scattering 

cross section directly. In any case as the energy is lowered a 
measurement of scattering cross section as a point function of 
energy gradually becomes a measurement of the average value of 
the produet of the cross section and eollisional relative 
velocity divided by the average value of the relative velocity* 
Thus at sufficiently low energies even a so called direct 
measurement ends up with the problem of unfolding the desired 
cross section for. monoenergetic particles from measurements 
averaged over the energy distribution functions of the colliding 
particles• v

For experimental findings the essential thing 
is to have low energy electrons* There are three important tech­
niques generally used to produce low energy electrons * Cl) 
Electron swaim technique C2) Electron beam technique C3) Swann 

beam combination*
In electron swarm technique a swarm of electron
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of known energies is used while in beam technique a monoenergy 
electron beam is taken in to consideration. Some investigators 
have found the advantage of the combination of both the mthods•

Electron swarm experiments have provided the 

useful informations concerning the interaction of the low energy 
electrons with and the transport of electrons through gases ClS4)«

The direct measurements of the electron 
scattering cross section both total and differential was first 
made by Bamsauer & Koliath C 1930 , 32)> in the early years of 
this century, which was based on the principle that is used by 
Ramsauer fl92l) for electron atom scattering.

- X

The difficulties associated with direct 
measurements of the low energy electron scattering cross section 
.has led to the re-emergence of the so called indirect methods of 
cross section measurements, where in the desired cross section 
is extracted from the data only after a fairly complicated 
analysis* The oldest of these methods which determines the 
momentum transfer cross section from measurements of transport 
properties of electron swarm, was pointed out by T0WnSend &
Bailey Cl922) •

In the indirect measurement usually measured 
are the drift velocity and the ratio of the diffusion co- 
-efficiants to mobility as functions of the ratio of electric 
field strength 1 to density H.

The total scattering cross section ean be 
measured by Ramsauer?s method while momentum transfer cross



14

section can be measured by Townsend’s method. Some of the results 
obtained by these methods are discussed in the next section.

1.4 OBSERVED GROSS SECTION

The method of Ramsauer and Townsend have been

applied to the tdetermination of the total cross sections for a 
number of molecules for slow electron.

The Ramsauer effect is used to study the 
molecular structure, ^flien slow electrons pass through a gases we 
observe a peculiar dependence upon the electron velocity, of the 
total cross section for the interaction of electrons with the 
gas molecules* The effective cross section is tateen as the sum of 
the cross sections of the molecules contained In 1 Cm3 at 1 mm* of 

Hg, and 0° c. This varies with electron velocity in accordance 
with a curve that is characteristics of the given compound or 
given class of compounds. The data observed by the Ramsauer 
method Is interesting from the view Point of Grimm’s law of 
displacement of hydride. The inter molecular field that acts &n 
the electrons and determines the magnitude of the effective 
cross ‘ section C for a given electron velocity) - in molecules 
that belongs to each of two classes under consideration has 
similar structure within the limits of a given class. It is 

interesting to find that the effective cross section is a 
sensitive indicator of the type of valance molecule.

The diatomic molecules which have been
investigated in early days, are Hg, QSt Ng, Gig, Brg, Ig, CO,
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m, mi -Ciss) *

The total cross section' for a number" of molecule

of: ©itanio seiies "have teen measured:'-Im-an: attempt to observe a 
/CJB|ss;^:seetion;.e©re;latlon with, the nature.of the; chemical MniihgfY-;: 
The e0ntrast'';waa 'observe# between the-.teha-.viour of .ethane f :
-ethylebe, and acetytlne ( Bannon m Bfose 102i• Bruche 1927, 29,30). 

'Ihlle^ln. faraffin,:fertes;fro»;methate: (CH4) .to- butane a/",..
:..cl®se similarity behaviour was oteerv©B|v^:'Brio|ye';.'(l^0;)*;.lt; la ";;-y 

:also of interest'Ito/'hoto tbe::'ioa«rl^b'ia-, .similarity-' in behaviour "P;'.'. 

between Methane and "Argon" t Ramsauer & KoHath 1930, Bruche 1907, 

sOf.-lyode.. 18gS;l*'-%e.de tailed structure-of a hydrocarbon does 

i^f::.seea" to/'exert"-oaf;'.important influence*.'Isomers behave in very 

nearly the'-' same .-.way-as-- the normal and^fsomeri© forms: of butane 

and pantane (Bruche 1930) * Sven Isomers which differ very 

considerably in', structure such as e th yle-alchoho1; and. methyl 

ether .,;.de^Hpt ;lee»:to .behave -very differently towards slow - 

electrons*'fehesieder^ 1930. Other :groi»s..:of ^related organie 

m©.3ecules - wh.ich''iaye"; teen investigatedYa'te: the'- airily substituted '' 

methanes '.. CH^MEI compared with CH4, (GBj)gCH, -

;&cheidedar 1930/ and;. CH3ci, CHgCl, GHClg, ;;.®Gi4,;;%ltgpS:'v . 

loits.'itesspissi.;.

' Besults ate also obtained for the polar 

molecules' which, contains. dipole moments* HgO, ^3* COg, and NgO 

fIBS')-are studied by both the classical methods* fhe results are 

as illusbated in graph-1*



V



1§ . . '

i*§ ii .Bifiiiwsm*

investigations.- a various changes in thesi;. standard..

methods*''Some of the new instruments are also built up for 

meastiring;';the• various, factors*

■; A very. extensive; meatttieiaehts have been made for 

the angular distribution function for the electrons scattered...': 
elastically ■■•and'".non; elastically.*. 1 ..general principle of ■ suchvan 
"instruae:nt'is::lllttstrate€ in fig'. 1*1 *;:'^.;beaM; of.velectron .©f 
definite, energy',emeries from a. source..:e.;8k*-in t©,-;the.;;g«s 

e©niati»d -in..a. negiorr free' -from electrdetatic::.'fields* Those 

electrons' scattered;: from ths.are*AiBGS'' of/the, beaii;.through the ..-11 

angles in-' the;'small range Q{ , ahd; ;dhpass:/through the entrance . ■ 

slit -I of ©..collector* This collector'include, some analysing. ..■'■■ 

de-vice to.'.ye.hs-.are' that only scattered;.eiectro^-.with energies'-'ln. 
the required; range.- are measured* ly:;'the-":;sotati©n'©f the-collector;

G/the variation in ■ $ -may' be measured«:Ff©m' thatfihe. scattering 
1 tensity 'per 'unit solid angle', ean'be; ©hhalmei., :hy;;changimg-'the ■ 
design ©f-the;-collector various attempts '.are made*. Bullard-, and 
Massey':.Cl§3lJ- used- shielded Faraday cylinder. .Some of .the 
investigator used electrostatic analyser-Cli? ). F0r studying 

slow; electrons, sent taring Ramsauer ana £ Kollath C list-- )'
prepared a.special instruments vhere number of plate collectors.-.'-

%
usually' called :f®ms are used •

Another important factors of -which experimental
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' Investigation'' is essential, a re the drift" velocity of the 

electron la the molecular gas ana the diffusion coefficients• 
Although the" drift > velocities, ©hta'inid;:'::hy>;the various swarm 

techniques are reasonably compatible there seems to be a 
.sabstsatialldisagteement -between thh-Swarm^BethoSs for^the;.; ■ 

measurements of the diffusion coefficient D. Diffusion co- 
-e^ficients have haen studied principally by the well established 

;-'laterai"iiffWloa;:»^.tMl©r'*®^#^:'f 171 ) * Recently a time of 

flight t^'method''barbeen developed C Hurst etal 1963,1968)f

uhich give:®' wines ^generally smallar in magnitude than;those ■■ 
obtained by-.'the- Townsend' method by in:.aiiqunt whieh^ increases : wi%r.::.;; 

■ ^/P-'aii. deppMeC.-stiongir©n.the :gas>v§:;basie:'; dlfferebce 'between";: 

'the aetiaots-ls. 'tbab;'tha Townsend method measures '1TI».;;ik:;. 

direct in perpendicular to the applied electric field, while the 
' ^©FimethoCneasures .;D'lh'. parallel direction. Since the Possible 
Inst rujie'htai'errors., seem t©. be^ :e3Dclu#d:';thev;llffet*e®©e;; be tween, 

the D valnes"'obtained by the 'tw'*eth©as;:;'rty';'bi;;#Uigestlve:..of an . 
eieetnen■ seattering- at. low eae'riies.iVi*®. . 9. has: a

■termor charaoter.;

" nseful info-rmiti©n-. aboat';lii;::lnteraeti©n.'

.potential; inv©.lved'':'in the electron molecule collision can be
obtained-from Measurement of' W fDriftv..wel©elty)'.,;::l^%? WA* ( ^ '* .

electron mobility)-* The. measurements'of w- provide- th®''measurements..-
of cross section. The velocity dej^ndohce.;- of'"the,: cross section

is difflcult'-t© ''.determine., however measurement .©f; w as fa
■ *

■function of temperature T, has profit' such"info'rmation C Pack :
*helps 1961, Frost 1962, Chris to phorou etal 1966). For .•sWUP&tv^;

4



the measurement of w for GgH^ as a function of f: yielded,,!^..: 

velocity independent cross section for thermal electron energies 
C<fe*iatoffees** etal lift ) equal to ( 4*37 t 0.26 ) X 10*^1 ©m*0'''\/;

. ■ ■ -The -direct' excitation :©f vibrational., states. of 

molecule, by. electron impact'/is generally "Very small due to the, 

small" electron;to'/molecule/mass ratio* Few beam experiments have 

been designs# to study vibrational excitation. This is due in part 
to the small cross sections involved in the direct vibrational 

excitation and the fact that the direct excitation begins it very
low -'energies where ;bea» experiments are difficult t© 'perform* The .

/©/'I
trappefveleetfon data of Schuls and -|fewell^t:/liii::') '.however/were-' 

interpreted.'hs' vibrational excitation ©;f./the; -#sl. to vas states • '■

of;';©2. The' literature "appears to be devoid of experiments . 

"reporting on direct vibrational excitation by electron impact.
On the:-others band swarm experiments ,whtch: otherwise-' are ideally 

suited■for-the extreme low energy/rsgion'^esebt^serions' difficult 

-ties in'the ■ deductions of cross sections' -for-'elaiti©"and.-in - 
-elastic processes' from the measured-swarm^ parameters*''* detail / 

analysis of swarm: data requires s©lutibii;.©f 'the'-lippim^rlate- • 

Boltzman transport equation for- time- ^l^O^ident-mlect'rielfields 

and some knowledge of the energy -dependence of/''the' cross section

for the elastic and inelastic processes*

/ Other swarm experiments C isg ) -have- further 

■shown that rotational and. vibrational exeitail©n/?pf Molecules 
by/elactrons''occur .-at low energies* Direct -rotational excitation 

is/not expected t© be large., but it may be enhanied through the.,.
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long rang# Interaction of low energy 'S'lectrom^itfe^lar-^m:;.. 
quad rape la? molecules t Gerjuuy & Stein, l®55 O’^ally 1964* 

Sampson-etal l-9«6 )* the possibility of vibrational excitation 

in. an electron- - molecule collision :will;'hevgx»li/ unless the 
duration'©f::" the eolllsion, Tcon, is approximately equal to 

the natural vibrational period of the molecule Tvib i.e.

*or enemies in the electron volt/range 'the{electron:passes, by •:

the mlecule.wch:.too fast to,allow:.:inff#l®^;:»^y:;*rans'f®r 

-end--this'the. electron mast be'-teaPO'ratily^'boaM;% the molecule 

:^:.;©r«e:r::to;fulfill-equation O • T}.-*-'-the ^ dirge vibrational 

-excitation'processes In 'lg observed in swarm experiments and 

-"'later in beam experiments were Interpj^Sd-as.-.proceeding. through 

such' temporary negative ion interi^iiates^ ;dt: mair.be.'possible . 
that' retati^nii'l; excitation is; enhanced";through^-tem^ra.^ negative , 

ion states-;in" a''S''l»ilar fashion. Temporary -negative 'ion, resonance-- :- 

were also-observed'for Hg, Dg, HD, Ng, CO, Ngo some hydrocarbons 

( -Bowman and filler 1965 )- and bemsene,'derivatives* %ea disso - ■ 

-ciative-attachment Is Possible,,. the-''teSpo3^ry-Iftgative ion may 

dissociate-the--dissociative Processpbeiag;.'in-eosiittition with 

aut©i©nisati©n-*'

Several theoretical .studies have::. treated the;.

direct vibrational, excitation of molecules - by elect-son impact 
and have been success'ful in- treating the '-phenomena of'vibrational.---'---', 
excitation of molecules via temporary negative ion stated 16®-.i'-l



In.general, low energy eleetmh'ttPact/sipsctf©*''': 

-scoPy provides a unique tool to investigate th©''strucifflre,:aef 

molecules/. eiii:/exeltati©h functi©ns.,,;in ^Paftieuler* optical./-,; ■ 

seleetionyrnles^'invo'lving/change of multiplicity, angular 

momentum and symentry are greatly relaxed, and a study of both 

optically allowed and optically forbidden transitions becomes 

possible-*• 1 '■ large/ portion' of the work on electronic excitation, 

however was also done with energy sufficiently high C > 100 ev ).

-Electron eaptur©''has'been;gtudie#':by both'awt'iii/aEa

beam methods*..She swam data are usually compared by'.plotting the 
attachment/coefficient, <£ * or the probability of attachment per 
'Collision*' 'fs*-^':or'. Is* 'the'jwan'^m^y^ofyafitation,,.#; fl^/p 

llfest .of'the early work on electron capture achieved 
::aethod-fs'complicated,because^of 'unkno^h.':electigh enefgy^llstribu-/ 

-ti©n.:;:fhej";bea»;vdata on the other ha«;,are-'US-uaiiyygi«aas-' 

negative 'ion ■ yields ■ 1 f ), in yeliibi'Ve; units "'Vs*;-the electron,.' 
energy, 4f .'I'-ieoent lBProveaent;.ln/bea*^me'th©S:: add its comblni- 

•tl©n vith swarm experiment a llowed^/ieterminatipn of'.capture /■ 

cross section as a function of electron energy*
I" '

. Ipc the capture process/remaim-- ah isolated ■ 

events, the, .'electron will'be ejected' by autodetachiient generally 
within a 'typical vibration time 1 I©*3*3VlBy^/aecl* Diatomic 

negative. i©ns formed by unimolecular electron capture ■ have ■ ■. 

never, beenydeteeted directly because of their short .Ufa- times •■•/,/. 

'(stabilisation, is mcessary)*' However a number,of molecules, ere////'



known C Compton etal 19S6 Hanglein etal 1961) to attach 

electrons by untmolecular electron capture for T > 10 Sec*

these mclachlas•.■■aisav.larf*: and generally symetric, so that the 

^ e.jceess ^'r^'liy.>©f;thh:-/captured electron is shared; with the many 

molecular degrees of freedom for a time long enough to be detected 

ifti COhvewtlhaat mass spectrometer* The mean life times were 
determined by modified Bendix TOF mass spectrometer (Compton 

•.etai;:.ji§§}*.::Tn\;jfeoeral large cross section and long life time 

can be visualised in two manners d) Weak transitions from the 
initial state''©f the..neutral molecule directly to * Ihrg# /number ;P 
©f final state of the l©n, and (II) the transition to the nettral 
;mplecttle' to the negative ions\ is';Strc^:3yr,allowed'butythe/e^ess"'^: 
energy is distributed among'the farious/.;iat®rm|degrees-ef . v:;:\; 

freedom* Wider the assumption (X) large cross sections results 

.^because :^of^: the'', large. ■'Uaa^r'/efYfit^ end" ;l©ii::'/:td^|d^f:y:"/';''
■are accounted; for-by'the weakYCOUpding"bbtween;;:|he/ildt'idd.,eM ;y;y

any ©f the^fided-states * Wen the 'afdW^o«rddI)-- lei^e ©Poss; ; 

section' :reiult;: fr» the large t:rawftdon;-;Piobabd.iitJ^S',Yiiipt;'-' dhe, 

/long life tlmes^-sfe due. to the time. .^ddl-n«d^^for the:'.'system t©;.Y y';;:' 

return to a configuration which will;'.'3ead to autodetechment* ■

^ V''-d:''detailed''iete:^ihetion':'.bf the:''various . 

quantities of s-low e .leet ton'Polar^-Secule"; Interaction’ has /been 

made .recently'■ by 1*Q«, %risto#ior©U'; and'; bis .'edwt^bers and
many, interesting lata"has;"been:;discote:red"by "1*is'method*'d- 

brief discussion.of the' method is therefore 'necessary*. ■

& block diagram of the experimental arrangement
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is given in fig. 1*2* The main'part of the apparatus is! 

ionization chamberj which contains two parallel gold plates, 

cylindrical in shape. Thelower plate B, which forms lower end 

of the drift space, is held at a negative potential and 1 
constitutes the photo surface from which electrons are ejected 

by ultraviolet irrediation. 4 gas discharge tube CG*M«) is 

jaunted on to upper plate T, which is held at zero potential 

and constitutes the upper end of the drift space.

The carrier gas and total gas pressure were 

measured by a Wallae and fireman mechanical gauge, while the 

sample gas pressure was measured by a Barton pressure meter.

The sample gas was introduced in to the 

chamber first, and the sample gas pressure were measured 

within a tenth of a micron accuracy. Pumping on the samples 

removed traces of air and dissolved oxygen. None the compound 

studied, was purified further except the ethyline carrier gas. 

Ethyline was passed through a deoxo purifire, a molecular 

trap, and was distilled three t© four times by liquid nitrogen 

before use. The purified ethyline was introduced in to the 

ionized chamber at a pressure Pg (usually 100 torr ) and the 

drift velocity in pure ehtyline were measured. This purification 

procedure was repeated before each series of experiments to 

insure the same working conditions and purity of ethyline.

The electron swarm drift velocities were 

measured as follows* The ultraviolet light emitted by a 

mercury pulshed flash tube strikes the center of the lower
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plates B, and releases photoeleetrons • These electrons quickly 

come into the equilibrium with the molecules of the carrier gas 

and through the action of the applied electric field, travell , 

the drift space B and ultimately trigger the gas discharge tube*

The ultra violet pulse which generate the 

electron swarm also triggers a photodiode, and the output pulse 

is fed to an oscilloscope at some time » t «, after the display 

of the light pulse, the pulse from the gas discharge tube is 

also seen on the oscilloscope. The time lapse " t « between the 

two pulses is the electron drift time.

By the hfelp of this technique ChristoPhorou etc. 

have studied various types of nonpolar, Polar, and molecules 

with the mixture of dthyline. The necessity for studying 

molecules in a mixture with a carrier gas is mainly because a 

number of interacting compounds have low vapour pressure at 

room temperature. Also some compounds have high capture cross 

section for low energy electrons, thus if used without dilution, 

no electrons would be left to trigger the electron detector 

used in this work*

In the electron swarm experiments electrons 

undergo many collisions and diffuse in the gaseious medium 

through which they drift under the influence of the electric 

fields« Their energy has a considerable spreading which is 
characterized by a function f ( Gr ,E/P ), defined by f C ,E/P)

JLfc- fraction of electrons in an energy range J.& , about ,E/P

is the « pressure reduced electric field H usually expressed 
in volts Cm'1 torr"1. Energy distributions in electron swarm
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f C it, E/P ) are known for Various gases and mixture of gases*

In the swarm experiments no direct identifica­

tions of the product is made but certain parameters such as 
the rate of electron attachment can be measured absolutely.

Also swarm experiments are performed at high pressure and allow 

studies of processes which are stabilized by collision* In 

general swarm experiments are relatively easy to perform but in 

many cases difficult to interpret.

"1 GENERAL COMMENTS OH BEAM TECHNIQUE AND SWARM BEAM
COMBINATIONS *

BEAM TECHNIQUE.

The beam technique in contrast with swarm

experiments, deal with nearly monoenergetic electrons and
(

single collision processes* Usually they are restricted to 

electron energies above 2eV$ which excludes studies in the 

interesting range below this energy*

Most electron - molecule collision processes 

have a sharp dependence on the kinetic energy of the incident 

electron. Thus the most important quality of the beam 

experiments in addition to correct energy scale, is a narrow 

electron energy distribution.

The retarding potential difference method 

CRPD) considerably improved the beam technique, allowing an 

energy resolution of O.le? to be generally obtained. More
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recently improved electrostatic analyzers allowed energy 

resolution of 0»0l2e? was reported in the energy loss spectrum 

of electron through Hg.

The various techniques based on BPd method 

(e*g* trapped electron method ) and the various improved 

electrostatic analyzers provided the informations on the 

position and intensity of allowed and forbidden electronic 

transitions, existence of the temporary negative ion states, 

and oscillator strength of excitation processes. 41so the 

light omitted from the states excited by an electron impact

has been studied with considerable success* iiiiile the well 
known Ramsauer method (with various modifications) has 

provided the most useful results on total scattering cross 

section*

The beam experiments are easily adopted for 

identifying the product of electron Molecule interaction and 

measuring their kinetic energy* However the various ions 

yeilds are measured in relative units* Thus limiting the 

determination of cross sections to total ionization experiments* 

This shortcoming can be over come by incorporating swarm data 

with beam studies*

CII) JS WAHM^BB AM_C CMBINAT X0®(^.

There are certain unique advantages in the

combination of electron swarm and electron beam technique*

Such a swarm beam has been performed, C Christophorou etal 1985)
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and has provided a new tool for the determination of electron

capture cross sections, briefly from electron swarm experiments

the absolute rate of electron attachment, qC C I/P )2W Cl/P ) is 

obtained* %ere vC (S/P) is the probability that an electron

will be captured in travelling l Cfe. in the field direction 

when the attaching gas pressure is 1 torr and W CE/P) is the 

electron swam drift velocity.

The capture rate is related to the capture 

cross section Cc( fr ) and to f , S/P ) by

fCfc , E/P) fc*1 

0 • • • 1*8

where Nq is the number ifif attaching gas molecule per cm*3 at
I

1 torr, and " m " is the electron mass *

Prom the electron beam experiaants the 

negative ion yeilds I ( (Sr ), as a function of electron energy 

are obtained in relative units and an identification of the 

product of electron molecule collision is made* Provided the 

width of the electron beam is small compared with the width 

of the negative ion current,.a trial function can be constructed 

as
crb3 ( Gr ) - T T ( fr ) .......... 1.9

%ere is a simple translation of the I C €r ) curve along 

the Cr axes to correct for any uncertain!ties in the original 

energy calibration and K^is a constant for each which 

transform the I ( Cr ) curves from relative to absolute units*
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To obtain both T^ and equation C 1.9 ) is 
introduced in to equation ( l.g ) and a double least square 
procedure is performed, where one obtains for each value of 
E/P the best fit between the calculated and the experimental 
results through equation C 1*10 )

L 1>. Ksj** Tj. I Cc-)X i.if) Jlfr - <(Uc fj s O
^ ® **" »•».* { |.|oJ

Equation (1.10) forms the bases of the swarm beam technique.
It combines informations from the beam experiments [l ( Cr ) "J 

with that from the swarm experiments ) andprevides

(thus 62 ) and T^ ( thus energy scale calibration).

The method is very sensitive in determining 
the absolute magnitude of the cross section and in establishing 
the correct energy scale.

1.7 DISCUSSION OF THE EXPERIMENTAL RESULTS.

As discussed above many experiments are 
performed for different measurements of low energy electron 
interaction with molecules* Our aim is to study polar molecules 
only. Some of the interesting results are plotted in the above 
pages* 1R this particular section we would like to discuss the 
results obtained on the mthod developed by ChristoPhorou,

which is explained in detail in the last section. Some of the 
important results for Polar molecules are as follows*

(I) Data are reported on the temperature
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dependence of electron swarm drift velocities n ¥ " in 

ethyline* The analysis of the 'data gave a velocity independent 

cross section for momentum transfer, 0^ for ethyline at 

thermal electron energies* Using a constant the dependence

of ^e/% on gas concentration is investigated* Where we is 

the drift velocity in the ethyline and ^ that in mixtures of 

ethylene with a Polar impurity P* 2hree regions of concentra- 

-tion were distinguished • initial, intermediate and final*

The initial region can provide information about the velocity 

dependence of 0^ , the intermediate (better suit for 

experimentation ) can easily provide if the velocity 

dependence of C£ is known, and the final region provides a 

new way t0 measure the drift velocity for pure Polar compounds 

P by simply measuring weA^ in mixtures of P with ethylene. 

The latter is extremely important when P can not be studied 

alone* (Christophorou etal 1966X*

(II) Drift velocities were measured for thermal 

electron swarms traselling through gases and gas mixtures*

The « w " data are used to calculate average cross sections 

for momentum transfer, (r*s, which are assumed to have 

a v”1 and v“2 dependence for nonpolar and Polar molecules 

respectively* An effort is made to corelate the experimental 

values of (T with the molecular polarizability and/or the 

molecular dipole moments* The theoretically predicted 

eorelations are discussed and compared with experiments* It 

was observed that Born approximation theory gives better
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agreement with experiment (Christophorou etal 1966 )•

III. Mean scattering cross sections and drift 

velocities data for thermal electrons for Polar molecules in 

the pure form and in mixtures ylthf ethylene are also observed. 

(The electrical molecular dipole moment D ranges from 0 to

about 4»1 debye* k conclusion can be drawn that the overall 
dependence of the experimental cross sections on D indicates 

the possible effect of the binding of an electron to a molecule 

C when D > Dmin) and the possible effect of a Potential 

resonance ms predicted by Takayanagi and Itikawa ( Christophorou 

etal 1969 ) •

IV. The temperature dependence of the drift 

velocity of thermal electrons travelling through Polar gases 

has also been investigated and the data have been determined 

more accurately the magnitude and the velocity dependence of 

the momentum transfer cross section or. experessed as ^ * 

k </v<9 where 4< is a constant for each value of < • The 

values for different Polar molecules are found to be close 

to the calue of 2, predicted by the Born approximation.

There is a considerable spreading in d^for permanent electric 

dipole moments D in the region 1.65 4 D £ 3 debye 
(Christophorou & ^ittman 1970 )

V. The mobility M. of thermal electrons in TT 

electron containing orgenic molecules (linaear, cyclic and 

aromatic hydrocarbons) decreases with increasing number of 

doubly occupied IT orbitals, For linear hydrocarbons with 

two doubly occupied TTorbitals, A increases with increasing
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separation of the two "TT. orbitals (ChristoiShorou etal 1973 )

Vi. long lived parent negative ions formed via 
nuclear excited ^eshbach resonances at thermal election 
energies have been observe for various molecules* The 
measured life time depend on the electron donor - acceptor 
properties of the substituent group, and the intramolecular 
interaction between them, which is a function of their 
relative position around the benzene peryphery* Ifc can be 
concluded that K0g containing benezene derivatives, Cl 
substituted orgenic molecules, higher aromatic hydrocarbons, 
strained structures and orgenic molecules containing the 
functional groups - COCO - - CQCH CQH), - COOH and CHCHO,

capture thermal electrons and formed long lived parent 
negative ions via nuclear excited Feshbach resonance 
(Hadjaintoniou etal 1973 ) .


