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1.1 INIRODUCTION:=
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The problem of interaction of low energy electrons
(~ ¢ 15eV) with atoms and molecules are of 1ﬁterest not only in the
fleld of physiecs but also in Chemistry, Biology, Engineering and '
Medical sciences. The study of this problem is fundamentally
attached with the radiation science because %Imost all kinds of
ionizing radlations when interact with matter ultimately produce
low energy electrons and as matter consists of atoms and molscules
the study of slow electrons interaction with atoms and molecules
is necessary.

When an eleétpon interacts with gas atoms or

molecules different effects are observed. They are distinguished

as elastice collision, inelastic collision ete.

In an elastic collision congervatdon prineiples of
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energy and mqmentum is well'applicable or in other words no energy
exchange take place between the internal motion of a molecule and
an electron. The électron loses some energy in'such encounters
but only because of the finite ratio of their masses, 1t results
in transfer of some velocity to the center of mass of the molecule
as a whole. ‘ _'

Tn an inelastic collision some kinetic energy of
the electron is lost in exeiting internal motion in the moleculeg.
In this type the distinction may be made between ionizing and non -
ionizing impacts depending“on‘whether or not sufficient energy is
transferred to lead to ejectdon of one or more elections from the
atom.

Super elastle collision takes place only between
and eléétrozzand an exéited atom or molecule, such that eleetron )
gains some energy from the internal motion of the atom or molecule.
Tmportant instances of collisions of this type occur between electron
and metastable atoms.

Collision may also ocecur in which electromagnetie
radiation is ;mitted- They are gssentiély inelastic as far as the
electron is concerned, but differ in that the whole or part of the
additional energy 1s lost as radiation. If hhe loss 1s great enough
the electron may be captured to form a negative lon.

) } The complete plcture 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

i1f the kinetic energy of the eleetron in a gaseous medium is below ’

the lonization potential of the molecdialthe élecmron logses energy -
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to electronic excitation as long as’its kinetic energy is above the
first exelitation pétential of the medium; When the electron energy
i1s below the first excitation potential, moderaticn occurs through
elastic collisions and through inelastie collision leading to vibra-
tional and rotational exeitations | |
f 4 subexcitational electron may iose energy also

through various type of eleéfron attachment processes snd through
the exeltation ofwcompopnd negative lon states. Compound negative
ion state can decay purely elastically ( see Ref.161) give vibra-.
-tionally excited molecules (162) ( eg. Hy N, CO ) or lead to dis-

t

-soclative attachment ( e.ge« ¥,0, Halogenated Benzene derivatives
( Sechulz 1961, Compton etal 1966) or all the three processes may
be in competition. The knowledge'of the cross sectlons for the
above processes for varieﬁéﬁ molecules aﬁd as a function of

electron energy¥ls of primary interest to radiation research.

The process of formation of negative lons l1ls very
important because these studies often provide information about

molecular struéture, while the abllity of ﬁolecﬁle to capture low
energy elegtrons andito fogmvstable or temrorary negative ions 1s
believed to play an imporfant role in the blological action of
molecules: such as td the cancer indueing abllity of chemieal
earcinogens (163). While the toxlelty of certain compounds fe.g.
0014) has been related to electron Capﬁure (Grégory 1956}f

Nuelear physicists finds interest in negative ions
for acceleration purposes.

The importance of low energy electrﬁn interaction

particularly electron capture and electron diffusion has recelved
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much recognition.recently. Interaction of slow electrons with
Polar molecuies 1s also the subject of greafest Importance. Many
experiments are performed and theoretical exp;anaticns 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.

B A WA GO0 A W —- - ---an-

Consider a parallel beam of electrons of
homogeneous velocity which is passing through a gas having »Nw
identical molecules. Molecules are imagine to have spherieal shape

in nature and having cross sectional area as *Q'~

. Chances for an ‘electron to collide with molecules
githin a small distance §x is according to probability theory
eéuals to NQSx-: ‘ |

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

;s given by

R ) § - N
e Qg = QEx

on integrating‘ J o
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log T } N Q x
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Where P is any point from which electrons starts to travel

distance ¢§x and the current at P is Ib,

U

Ip-—I Q-NQX""‘""’].'].

if Ip / I is measured as a function or x and N,
Q may thus be found. _

In actual experiment a beam of electrons of
homoggﬁeous velocity is fired in to the gas. In traversing a
certain distance x in the gas a fraction proportional to # of the
electron will be deviated from thelr original paths and lose
energy by collision with gas molecules. All electrons so affectéd
are coﬁ&idered to be lost from the beam. If measurements are made
of the rate at which the current remaining in the beam varles with
X, 1t will again be found thaf,

I - Io =] -'(—x sss a0 102

o« = Absorption coefficient of the gas for the electron

beam. If P is a gas pressure in mm. of Hg. Then,
Nz2.22 X 10°p / 70
and as Q is erfective collision cross section = </ N
=17

Q ._._2.81 x 10 “/P sz L3 XN I ) 1.3

This quantity is called the total collision cross

section of the gas molecules for electrons of the beam velocity.



Our definition of Q includes all types of collisions presented by
a gas moleculess towards electron of a given velocity ve For
specifying various types of collision 1.e. Elastic, Tnelastie
Superleastic and Radiative collision a different probabilities
which can specify the types of collision should be included.

(1) DIFFERENTIAL CROSS SECTION.

So far we have paid no attention to the srpecifieca-
-tion &f the angular éistribution of electrons undergoing a
\particular type of eollision. Consider for moment an eiastic
collisions The elastic collision cross section Qo may be furtherc

broken down as followse

P ( 9) Sin0da®dd is the probability that in an
elastic collision the electron is seatterea in to the solid angle
dn (=8in8d®d¢ ). Then P ( 9 ) @ Sin 8 4® a4 is called the
differential eross sectdon for ;ilastic scattering in to the soliad
angle da « It is usually written ‘

I, (6) 8in6 daea¢

therefore we have P(O) =1, (8) /g

W.z'r
and ro ¢ ) SINB A8 A% erreneens Tog

In the same way differential cross section for
inelastic collision may also defined. Thus P I, ( &) sinbada¢
1g the dirferential cross section for scattering in to the solid
angle dJ in an inddastic collision invo;ving excitation of nth
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611) DIFFUSION OF ELECTRONS THROUGH GASES :- -

Consider the diffusion of a swarm.of electrons
through a gas at pressure P under the influence of a cons tant
electric field of strength—E.‘This is of interest, not only from
its actplication tolelectric 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 DProduce any electroniec excitation within the moleculs
but may excite vibrational er rotational states. It is important
to study diffusion as it is of historical interest also in as much
as Townsend and Balley ( Loe. Cit.) observed in this way the
anomalous behaviour of slow electrons in argon as long as 1921,
1naependently of Ramsaveris investigations. It is observed that
two sets of results are entirely compatible. We are much interested
in applying the diffusion méthod to the study of energy losses due
to exeitation of molecular vibration and rotation and to the
negative lon formatione

The principle of the method which may be used to
determine the mean free path and mean energy loss ecollision is as
follows,

In the stéady state let

= Megn drift velocity in the fileld directione.

P
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Mean kinetie energy.
L = Mean free path of the eleetrons in a gas.

Fraction of energy loss by an electrom while colliding

»
#

with gas molecules.

¢ = Mean veloeity 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 x¢ / w is

actual length of pathe.

The énergy lost in this collision will be Neex/ wi
For a stedy stateyecx/ wil =B ex. and as ¢=1#2 me2, m = mass of
an electrone

therefore A3/ yw = 2Ee»’~/m sesessse 15

Now let the mean distance traversed in the
direction of field in the interval §t between collisions = w §t

therefore 1/2 Be_§%2 . 4 st.

dpart from the numerical factor of order unity; 5t
may be taken as &/c giving |
2 we = Eol/m.
Since ? { * 1is inversly proportional to the gas pressure Pr,

both 7e? and ?y? are function of B/p. If ¢ and w are measured for

a fixed value of BE/p then [ and ) can be obtained.

In practice { will not be a cbnstant and the
measursments of m ¢ and w will glve certain mean values of L 'and 2
over the velocity digstribution of the eleetrons. We can not there-
~fore horPe to derive from experiments on electron swarm, any «
iInformation as deflnate about collision cross section as may be

obtaired from experiments of the Ramsauer type. It is possible



however, to work with electfons of lower energy than in the more
direct experi;;hté and to obtain information about the‘energﬁ losses
of electrons on eollision with molecules which can not be got in any
,other way e ’

To analyse the diffusion phenpomena in more detail
in relation to ecollision cross section, we shall consider a swarm
. of such small mean energy that inelastiec collision with the gas
atom do not occur. The only loss of energy in elastic eollision
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
subProse that the mean energy of molecule is very much smaller than
that of the electrons. We also subPose that the electron concentra- '
-tion in the stream 1s so small that the inter action between the
electrons can be ignored. Under these conditions it bec;mes Possible
given the results of Ramsauer experiment and also of measurements
on the angular distributions of elastically scattered electrons to
compute.both the drift veloelty and the mean kinetic energy as a
function of £/ps These may than be compared with vaiues observed

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

to aprply the technique with confidence to molecular gases in which
the mean energy loss is not known before hand, and in which

attachment may occure

(111) MOMENTUM TRANSFER (DISSFUSION) CROSS SECTION

_ 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 (1= CosB8) m/ M -
if (m/M)2 15 ignored.

Since P ( 8) Sin® a6'a4 is the probability that on eollision,
the electron be scattered in to the solid angle 4 JL aboute ,

the mean fractional energy loss per colllsion, will be
AT,

2 Cm/M) j(l-Cos 8- )P (8) sing a0 d®

° o

In terms of total and differential scattering cross secthon Q, and

Iodn for elastie scatterigg
P(G?:IOCG)/%

so that mean fraétional energy loss per collision becomes

2 (m/M) Q_
S
where w am
Qd:jj Io (9 ) (1 - Cos 0 ) 31119 de d¢ 0000-106
% g

and is nsually referred as the momentum transfer cross section,
.which 1s some times called diffusion cross section also on account
of its importance in the discussion of diffusion phenomena.

Thus the fractional amount of energy lost by an

electron in traversing a distance x In a gas containing N
molecules/c.cs is 2 (/M) N Qg x. Just as if the totgl elastic
“eross section B when’replacéd by Qa ’and the fractional energy
lost pér collision by gm/M thus for purely elastic collisions we

should take 1= 1/N Q4 and 1 - 2m/Me. It must be remembered however
~
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that in general Qg will be functionz of electron energy.

Qa differes appreclably from §, only when there
1s a pronounced contribution of scattariﬁg in either backward .
direction or forward directions. If Io {8 ) is a constant

independent of § , then Q4 and % are equal.‘

If the mean energy & 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 -
(1 - 4/3 %/E ). If the electrons themselves have a Maxwellian

distribution of mean energy ¢ , the corresponding factor
becqpes‘modified by an amount to 4/3 ( 1 = C"a/‘é:' Ye

W N . G B O W S e W S W S S WA g G T W T O O

' There are three classes of measurements which can
be pverformed. Most desirable, ofcourse, would be a set of measure-
.menté of the differential secattering cross section as a function
of incoming and outgolng energy and angle. From such a set of
measurements, one can directly obtain either the total cross
section or the momentum tranéfer cross section. In prineiple, at
least, a direct measurement of the differentia1 cross section is
straight foryard. All one need do is secatter a monoemergetic
parallel electrén beam by a monoensréetic line gas target. One
than studies the scattered electrons ariving at a detector of
infinite anguiaf'resolution as a function of angle, and as a

function of incoming and outgoing energye.

3
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In practice, the problems assoclated with making
a low energy quasimonoensrgetic electron beam and guasiline was
target together with deteecting the scattered slectrons 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
certain extent, over ;bme by a total scattering measurements.
However the problems associated with finite”energy resolution
becomes more serious as one goes to lower and lower energiles.
Ultimafely the problem of space charge (leading to lpss of 513231
at very low energles) makes it impossible to measure scattering
eross section directly. In any case as the energy is lowered a
measurement of scattering eross section as a point functidn of
energy gradually becomes a measurement of the average value of
the produet of the eross éection and collisional relative
velocity divided by the average value of the relative veloeity.
Thus at sufficiently low energles even a so called direct
measurement ends up with the pProblem of unfolding the desired
cross section for moroenergetiec partieles from measuremegts*
averaged over the energy distribution functions of the colliding
varticles. ~

For experimmntal findings the egsential thing
is to have low energy electrons. There are three important tech-
niques generally used to produce low energy electrons. (1)
,Blectron swarm technigue (2) Eleectron beam technique (3) Swarm
beam combination. ‘

In electron swarm technigue 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 advanfage of the combination of both the mthods.

Electron swarm experiments have provided the
useful informations concerning the interaction of the low energy

elecetrons with and the transvort of electrons through gases (164).

The direet measurements of the electron
scattering cross section both total and diffefential vas first
made by Ramsauer & Kollath ( 1930, 32)4 in the early years of
this century, which was based on the prineiple that 1is used by

Ramsaver (1921) fpr electron atom scattering.

The difficulties associated with direet
measurements of the low energy electron scattering eross section
.has led to the re-emergence of the so called indireet mgthods of
cross section measurements, where in the desired eross section
is extracted from the data only after a falrly complicated
analysis. The oldest of these methods which determines the
mome ntum trangfer eross section from measurements of transport
properties of electron swarm, was Pointed out by Townsend &
Bailey (1922). '

In the indirect measurement usually measured
are the drift velocity and the ratio of the diffusion co- |
-efficiants to mobllity as functioms of the ratio of electrie
field strength B to density N.

The total seattering cross section can be

measured by Ramsauer®’s method while momentum transfer eross



14

section can be measured by Townsend’s method. Some of the results

obtalned by these methods aré discussed in the next sectiom.

l.4 OBSERVED CROSS__SECTION

The method of Ramsauer and Townsend have been

applied to the tdetermination of the total cross seetions for a

mapber of molecules for slow electron.

The Ramsauer effect is used to study the
molecular structure. when slow electrons pass through a gases we
observe a peculiar dependence upon the electron veloeity, of the
total cross section for the interaction of electrons with the |
gas molecules. The effective cross section is taken as the sum of
the eross sections of the molecules contained in 1 Cud at 1 mm. of
Hg, and 0° C. This varies with electron veloeity in accordance
with a curve that is characteristies of the given combound or
given class of compoungs- The data observed'by the Ramsauer
method 1s interesting from the view point of Grimm?s law of
displacement of hydride. The inter molecular field that acts én
the electrons and determines the magnitude of the effective
cross section ( 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 indiecator of the type of valance moleculee.

- The dlatomic molecules whieh have been

investigated in early days are Hy, Gy, Ny, Cl,, Bry, I, CO,
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o Hﬂ, HC1 (165).

The total ercss sectisn far a mmiaerfef mby,_

‘ ef arganic sarias have been measureé :m an attempt to sbsarve |
""cz‘oss sactien eemlatien wit,ta the natura of th& chamieal binaing
The ceﬁtz‘aat was ebserved ‘between the behaviour ef ethane,
; e 197, 2  $3°)'
- vhile in paraffixz series fmxzz methane €CH4) ta butane CGQH” ) a ‘
‘k‘i,,elase similarity behaviour was observsé; by Bmehe fl%@)' It is

~"ethylene, anﬁ aeety%m ¢ Bamzon & Bmsa 1928 Emch_

\ also s:;f‘ interest tg mta the remark:able similaz‘ity 111 behaviam‘ _
“~‘between Mathazm anﬁ Argeu { Bamsaaer & Kellath 1930, Bmche 192?3? 

30, Broda 1925). ?he aetailsd strueture of a hyérecarbon dcas

not seem to axart any imaartant influencs- Esemsrs behave in very{}
naarly tha same way as the ncrmal anﬁ isomaric farms of butane
and gantane fBrache 1’3@) Even ISQmers which differ very
cansiderably 1n strueture such as etbyleualahahel and methyl
 ether N da m@t seem te behave very differently tnwar&s slow
elactrans, SQhemiadar 1930, etﬁar groaps ef ralated erganic
molecules which‘h ve been 1nvastigataa ara tha siﬁgly sabstitatca~ 
methanes 3F, caaaa, Gﬂsﬁﬁ campam with cﬁé, €CHg)3cH,

(ﬁﬁa)gﬂ, sehemieaar 1930 and caacz., ca cl, 63013, ccl Helts &
Holta Ihrk 1931. |

Besults are a},se ebtaimd for . tha pelar

molecules ﬁh‘!ch containg é:lpola memants. Ii 0, ﬂﬂs 2, and Kaa

{166) are st:tzdiad by both the classical matheds. The rsstzl’cs are

: as illasbatad 1::3 grarh=1.
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1. - DEVELOPMZNTS 1IN EXPERIMENTS.

“‘Q”-‘“-"ﬁ_m"-l.-ﬁ-----”ﬂQ""ﬁ"‘““”“-—

After the Ramsauer aﬁdi / @wnsands experimmal

m@estigatiens a varions changes ars _treciueed ixx thasa stan&am_ :

methods . Same of the new 1nstruments am alsa ‘bu;
maastxrmg the varioms factors. ‘
a very extensive measamman‘ts ha‘icbaan made rer .

the angular aistribation functian f’or tbe ele::t _ns seattaraa

elastically and ncn elastically. 4 gemral prm' le af such an .
finstmmeﬁt is 1llu$tratad in rig» 1.1»_ A baam ef elactrons of
definite energy emerges from a sonree " 8 " m tze tha gas

cantaimd in a regien frae from alectrestatic i’ields~ Those

elact:rons scattered f’ram 'khe area.ABG) of the baam thrwgh the
angles in the small range 6,5 and 6,pass ;thmagh the emremer
‘siit L;af{ ag_;ébllectcr. This ~colleetf§r"'i_ncfludé syg';mﬁ analysing :
device to enstzre that vonly seatterea 'eii;éé‘tréns xéiﬁh energles in
the required range are measured. By the mtatign ef the eolhetorf
C the variation in 0 may be maasumd Frcm that tzhe seattaring
itensity per unit salid angla ean be abtaineél- By changing the
design of the calleeter various attempts ara mada. Bullard anﬁ
Massey (1931) used shielded Faraﬁay cylindar« ane of the
investigater used eleat;‘os?;atic ana‘lyaa: Cl@? ) ..Fnr studying

slov slsctrons éeétﬁéring 'Rahiséaafr‘éﬁa'ff(ollath £ 1932 . BN
prepared a. s?eeial instruments where number of Flate callaeters -

usualiy called yenas are used .

Another important factors of which axperimentaily
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L investiga‘tian'is e*ssentia’l are the flrift*veldeitj gfth
~ electron in the molecular gas and the diff‘usien ceefficfﬂ-

Although the é.rift velacities ebtaimd_'by ths varieus swam.;;», -

techniques are reasanably eempatible h ere seems i;a 'be a

‘ :aubstential disagmement between the swarm mathoés fer the

; meastzremnts af the dif‘ftzsien eeeffieiant 3' liffnsiea
| 3ficiam:s have baen stm:’iea pr:!mipally by the wel
';'7“,',:",,;1@9;-31 &iffusieﬂ metho& er ?awﬁsam ¢ 171 ), Bacantly a t
- | flight ¢ ’33! 7 methad has been éawla':_d" { 1 1
which gave 13 values gansrally smalf

btaimd by thg Tawnsend me*t:hod ;‘b y an ameunt"kwiaieh immases with;;f
E/P and aezaandeé stmﬂgly on the gaso. Ab $ie &1ffemnce betueen -

d measnms B :{n a

;pez;ﬁieular te tha applié‘_ ;aleetrie ‘fielé, while the ","ff*ff
 "5$1  & the passible k

- direc*!;ign pe
- Tor matzmat
instrumenal ermrs seem to be excludea the d:! ff-e,ence between

measuras D in ?arallel direc z}

,ay be wgg@stive of an

the D valaas gbtaima by the two metha&
anisatropic alectran acattering at law enargies, 1.6 3 has a

tsnaer charaeter; S

s Tha mseful mformatien about ﬁ aff:lntemctiga
potantial mvolvsd in the eleetran malacule col ,;',‘sicn can be
obtained from measnremam: of W mrs.rt veleeity} n/w, n/a( Mz
electron mability) The masurements ef v pmvi&a the measnramenta
of cross seetign. The veloeity depenﬁame af ttxe cmss aectien S
is éiffieu}.t to datemine, however msasurament af w as z T
function of temzaeratnre T, has provde such information f Pack &

| Phalps 1961, Frost 1%z2, Ghristaphcron etal 19@5). Far e:xam}ale,,
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 the measurement of w for Col, as a function of 7 yi@iﬁéﬁ}§j7

- éeloeity inﬁapen&ant cross section for thgrma;,eiactrgg. L1§§ﬂ: f

(Christophorou etal 1966 ) equal te;f,afavaijo.as,) X 19§ ;mg§g2;f 

Twe &“ﬂect exnitatian ef vibrstiaaal states or

fbeen ﬁesigned ta staéy vibratienal excitatien., is: ue ia partz,
to the small.crass seetions invelvad in the &1ragf7 ;*§77“’ |
excitation and the fact that the direct exmitatian bagins at very'

low enargias where beam experiments ar**&iff1eﬁ

fte Psrfbrm' The
’trappsé electren aata of Schulz anﬁ ﬂbwall € 19@2 ) hawavar were |
mtsrpreted as vibratienal excitaticn gf ’che }!n}, to ¥:8 statas

ef 05. The 1iteratara appears ta be ﬁeveid of ex@eriments ;
reporting en airect vibrational eznitatian by elagtroa 1mpact¢

:On the ether haﬁﬁ swsrm experiments whﬁeh otherwise are ideally
’suitea for the extreme low energy r&gi&ﬁ presant seriaus diffieul-
-ties in the aeductians of cross sectiﬁll for elastic and 1n -
-elastic Prbeasses from the measured swarm,parameters. f detail
analysis of suarm data requires selution of the ap@rcpriate
Boltzman trans@ort eq&ation fer time iﬁdegenﬂent eleetrie fields
and some knawledga ef the energy de@enﬁence of the eross section

for tge‘elashic and inelastie processega £
, ,‘6ther'swanm ax?erimenﬁs € 188 ) ﬁéve farther7
~showm,that ra§§tienal and vibrational e;@itat1¢s$¢f molecules

by g1aetran$'é¢e&r'at low energies. Di?aét‘rataiiénal azciﬁatiaa‘

s not expected to be large, but it may be emhanced through the
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 lomg range interaction of low energy electrons. with ise*3‘5‘1"’;’:3"?‘*“‘-

' quaémpolar molecules ( Ger;may &Stem, 1955 a‘ﬁalli’,

ol . .o
TVib ' .

For enargias in the electron valt range the eiectron Fassas by

the molecule mnch too fast to allew 3affieient anargy transrar |
fand thus tha eleetren must be temporarily bouﬂd te the meleeula

ﬁia orﬂar ta fulfill aqnatien (+-7 ) Tha larga vibrational

. ;axgitatien preeasses in ﬁé abserved in swarm ezpariments anﬁ
‘ fi1atar 1n beam experiasnxs were interprated as praceeding thrnugh'i‘
’ sach temperary negative ion intermediates¢ It may ba paﬁsible ;
that mtst:{onal emitaticm is erahaneea thrngh tamporary negat:ive?,'
ion states in a similar fashion. ?amparary naggtiva 19a rgs@nan¢e a
were alse ehserved~ror Hé, HB, 29 30, 2@ sgmg hydrecarbans7 
¢ Bouaan ana Miller 1965 ) and bensene égrivatives. When dissc -
-clative attachmznt is ?essible, tha tamyorary n@gative ion may
dissociate the disseciative process baiﬁg in. cam?etitien with

aatoianiaatian .

savaral ’c;ha::»rm:f,u::a'i stuﬂias hava treat&d the

direct vibratianal eznitation of mglecalas by eiectrnn im@act
and have bean guceessful in treating the phenamana mf vibratignal

: smmaﬁc’n of molecules 713 t@m’iﬁomry mgati% 1en stated 1@9 ;o
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In general, low enargy elaetrenii&?adtkgggﬁtz@;-ff"f

i however uas also done with enargy sufficiently'hggh7{ Ez 190 ev ). 

ffﬁlactron ea?turé~has been~$tnaiéa?by baﬁh~syanmfanaf

beanm matheds- The swarm data are usually eamparad by ylotting the
attachmant caerficiant, oy O the prabability cf attachment per .
g@llision, h, vs. E/? or Vs. the maan energy of agitatien,,e {17.)5;
"‘iﬁbst of the aarly wark on slaetren captare aehi&ved by tha swana .

~msthod is cmmpliaatad becaase of unknawn electraﬁ enargy aistrihn~7 
-tion. The beam data on the ether hanﬁ are asually given as
negative 1°n yialds I¢ &), in relativa uaits Vs. the electron
energy, 4& .‘ cent improvement 1n baam method anﬂ its combina~‘ 5’
~tion with swarm exgeriment allousd aetermiaatiun of eaptnra ;‘,;ﬂj

eross section as a function ef elactron energy,j?

e V : :
Iy the capture preeess remaiaa an isolated

evaﬁts, the e}actron will be ejected by aatodetashment genarally

vithin a typleal vibration time ( 10713 _ 3o- “14 oy Dlatomie

negative ieas‘formad by unimolecular eleetron aaptare have
navar been detected dixeetly beeause of thsir s&nrt 1ife times

;cstabilization is aecsssary) ﬁowever a number ef molacules are. o
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' known ( Compton etal 1966 Henglein etal 1961) to at

electrons by unimolscﬁlar'elactrcnyggﬁtgge'f¢r 

’ fbecaasa gf tha lnrge nnmber af final-statss,‘aEQ long 1if tiﬁ&&ff&
‘are aeceunted fcr by the weak eeﬂ?liﬁg batw@ﬁﬂ the 1nitial‘and ? €
any of the final atates: ﬁnder tha assampticnkill) large eruss .

ssctian result from the 1arge traasiti@n.prabaiilities, anﬂ tha;jf

long life t’lmes are due to the time raquimd‘ for the system to
‘raturﬁ to a eenfig&ratian which @111 lead ta‘aﬁtodetachmant.~ s

A detailea aeterminahian ef the variaua

quantities of slow eleetren ?olar malscule interactian has been
made recently bY LeGe. ehristaﬁherna anﬁ his aewwrkﬁrs anﬁ
many interesting data has been &isaeverad by t:his memoa. }A

brief discussicn af the methed is therafers necassaryo

A block diagram of the experimantal~arrangemeatjf
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is given in fig. 1.2. The main’'part of the apparatus 1;
ionization chambery which contalns two parallel gold plates,
eylindrical in shape. Thelower plate B, which forms lowe; end
of the drift space, is held at a negative potential and
constitutes the photo surface from which electrons are eSected
by ultraviolet irrediation. A gas discharge tube (G.M.) is
mounted on tolupper plate T, yhich is held at zero potentlal

and constitutes the upper end of the drift space.

The carrier gas and total gas pPressure were

measured by a Wallac and Tireman mechanical gauge, while the .

samPle gas pressure was measured by a Barton pressure meter.

1

The sample gas was introduced in to the
chamber first, and the sample gas Pressure were measured
~within a tenth of a mieron accuracys Fumping on the samplés
removed traces of alr and di§solﬁed oxygen. None the compound
studied, was purified further except the ethyline ecarrier gas.
Ethyline was passed through a deoxo purifire, a molecular
trap, and was distilled three to four times by liquid nitrogen
" before use. The purifiad ethyline was introduced in to the
lonized chamber at a pressure Py (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 worklng conditions and purity of ethyline.

The eleetron swarm drift velocities were
measured as followss The ultraviolet light emitted by a
mereury pulshed flash tube strikes the eenter of the lower
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plates B, and releases photoelectrons. Thesge elecfrons quickly
come into the equilibrium with the molecules of the carrier gas
and through the action of the applied eleétric field, travell

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

The ﬁltra violet pulse which generate the
electron swarm also triggers a photodiode, anmd the output pulse
1s fed to an oscilloscove at some time » t @, after the display
‘of the light pulse, the pulse from the gas discharge tube is
also seen on the oscilloscore. The time lapse v t & between the

two pulses 1s the electron drift time.

By the help of this technigue Christobthorou ete.
have studied various types of nonpolar, Polar, and molecules
with the mixture of &thyline.‘The necessity for studying
molecules in a mixture with a carrier gag is wmainly 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 #etector

used in théswork.

In the electron swarm exberiments electrons
undergo many collisions and diffuse in the gaseious medium
through which they drift under the influence of the electric
fieldsy Thelr energy has a considerable spreading which is
characterized by a funetion f ( « ,B/P ), defined by £ (& ,E/P)
de.rraction of electrons in an energy range dé& , about & ,E/F
is the » pressure reduced electric fleld ¥ usvally expressed

in volts Cp~t torr'l.'Energy gigtributions in electron swam
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f (e, B/P ) are known for farious 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
ctudies of processes which are stabilized by collisdém. In
general swarm experiments are relatlvely easy to Perform but in

many cases difficult to interpret.

"1.6 GENERAL COMMENTS 0N BHAM TECENIQUE AND SWARM BEAM

proguniigueniag i pie-apiugs s pigREa R e e e e R e e et et i

COMBINATIONS »

A T e Wy L Y e

BEAM TECHNIQUE.

- W B ED DD ED A CF S ER e A el

The beam technique in contrast with swarm

experiments, deal with nearly monoenergetic electrons and
single collision processes. Usually they are restricted to
eleetron energies above 2eV; . which excludes studles in the

interesting range below this energy.

Most electron - molecule collislon Processes
have a sharp depend;nce on the kinetic energy of the ineident
electfon- Thus the most important quality of the beam
exDerimente in addition to correet energy scale, is a mnarrow

electron energy distribution.

The retarding potentigl difference method
(RPD) considerably improved the beam technique, allowing an

energy resolution of 0.leV to be generally obtained. More

-
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recently improved electrostatiec analyzers allowed energy
resolution of 0.012eV was rePorted in the energy loss stectrum

of electron through Hy.

The various techniques based on R¥D method
(e.g+ trapped electron method ) and the various improved
electrostatic analyzers provided the informations on the
position and intensity of allowed and forbldden electronic
transitions, existence of the temporary negative ion states,

and oscillator strength of excitatlon processes. Also the
light omitted from the states excited by an electron impact

has been studied with considerable success. While 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 pProduct of electron Bolecule interaction and
measuring thelr kinetic energy. However the varlous ions
veilds are measured in relative units. Thus limiting the
Setermination of eross sections to total lomization experiments .
This shortcoming can be over come by incorrorating swarm data

wlth beam studies.

(II) SWARM BEAM COMZBINATION

There are certain unique advantages in the

combination of electron swarm and electron beam techniguee.

éuch a swarm beam has been performed, ( Christophorou etal 1985)

L]
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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 eleectron attachment, o ( B/P )Xy (E/P ) is
obtained. Where o« (E/P) is the probability that an electron

will be captured in travelling 1 Cm. in the field direction
when the attaching gas pressure is 1 torr and W (E/P) is the

eleetron swarmm drift velocity.

The capture rate is related to the capture

eross section £,{ & ) and to £ (&, E/P ) by

, o . ,
«( E/FP ) X W (B/P) = N Cz/m)l/zj £(e , E/P) h 6 ()&
} o ses 1e8

where No is the number 6f attaching gas moiecule per cme3 at

1 torr, and * m v 1is the electron masse.

Fﬁom the eleetron beam experimmnts the

negative ion yeilds I ( & ), as a funection of electron ehergy
are obtained in relative units and an identification of the
product of electron moleecule collision is made. Provided the
width of the electron beam is small compared with the widfh

’

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

as )
(&) = K T TI(&) aeees 1.9

C vy ; I
Where Tj is a simple translation of the I ( & ) curve along
the ¢ axes to correet for any uncertainities in the ofiginal
energy calibration and ij.s a constant for each Té which
transform the I ( & ) curves from relative to 'absolute unitz.

.
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To obtain both Tj and K; equation ( 1.9 ) is
introduced in to equation ( 1.8 ) and a double least square
procedure is verformed, where oné obtains for each value of
E/P the best fit between the calenlated and the experimental
results through equation ¢ 1.310 )

ﬁ{atNo(z)tkjcaT L(xF (de -« w‘J},o

(XXX} TR ‘.“b)
Equation (1. 10) forms the bases of the swarm beam technique.

It combines informations from the beam experiments [I ( & )]

with that from the swarm exbPeriments (e(XW ) andprovides

Ky (thus 07 ) and Ty { thus energy scale calibration).

T@e method 1s very sensitive in determining
the absolute magnitude of the eross section and in establishing

the ecorreet energy secale.

1.7 DISCUSSTON OF THE EXPERTVENTAL RESULTS.

As discussed above many exbPerliments are
rerformed for different measurementé of low erergy electron
interaction with molecules. Cur aim is to study polar moleeules
only. Some of the interésting results are plotted in the above
pages+ In this particular section we would like to discuss the
resulﬁg obtained on the mthod déveloped by Christorhorou,
vhich is explained in detsil in the last section. Some of the

important results for polar molecules are as follows-

(I) Data are revorted on the temperature
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dependence of electron swarm drift velocities = W » in
ethyline. The analysis of the \data gave a ve;ocity independent
_eross section for momentum transfer, Ug for ethyline at

thermal electron energies. Using a constant qgthe dependence

of We/W, on gas concentration is investigated. Where we is
the drift veloeity in the ethyline and w, that in mixtures of

ethylene with é polar impurity P. Inree regions of concentra-
-tion were distinguished : initial, intermediate and final.
The initial region can Provide information about the velocity
dépendence of 0O, s the intermediate (petter suit for
expPerimentation ) can easily provide ¢y if the veloclty
dependence of @, is known, and the finai region Provides a

new way to measure the drift veleoeity for\pure Polar comPounds
P by simply measuring wg/w, in mixtures of P with ethylene.

~ The latter is extremely important vhen P can not be studied
alone. (Christophorou etal 1968).

(I1) Drirt velocities were measured for thermal
electron swarms traselling through gases and gas mlxtures.
The w w " data are used to calculate average cross sections

for momentum transfer, ¢ 's, whieh are assumed to have

a vl and v~2 dependence for nonpolar and Polar molecules
respectively. An effort ié made to corelate the experimental
values of 0 with the moleculgr polarizabiiity and/or the
molecular dipole moments. The theoretically predicted
corelations are discussed and compared with experiments. It

was observed that Born approximation theory gives better
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agree&ent with experiment (Christorhorou etal 1956 ).

ITI. Mean scattering eross sections and drift
velocities data for thermal electrons for rolar molecules/in

the pure form and in mixtures with¢ ethylene are also observed.
The electriecal molecular dipole moment D ranges from O to

about 4.1 debye. A conclusion can be drawn that the overall

dependence of the experimental cross sections on D 1lndicates

the Possible effeet of the binding of an electron to a molecule

( when D Ehin) and the possible effect of a‘potential
resonance was prédicted by Takayanagi and Itikawa ( Christophorou
etal 1969 ).

IV. The temPerature dependenece of the drift
velocity of thermal electrons travelling through Polar gases
has alsgo been investipated and the data have been determined
more accurately the magnitude and the velocity devendence of
the momentum transfer cross sectlon 0. experessed as o, =
Ao /v 'C’, vhere 4 . is a eonstant for each value of <« « The
values for different polar molecules are found to be close
to the galue of 2, predicted by the Born approximation.

There is a considerable spreading in § for permanent electrie

dipole moments D in the region 1.654& D & 3 debye
(Christophorou & Pittman 1970 )

V. The mobility i of thermal electrons in T
eleatron contalning orgenie molecules flinaear, eyclic and
aromatic hydrocarbons) decreases with inereasing number of
doubly occupied 1 orbitals, For linear hydrocarbons with

two doubly occupied rorbitals, AL inereases with inecreasing
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separation of the two T orbitals (Christophorou etal 1973 )

vI. long lived parent negative lons formed via

nuelsar exclted Feshbach resonances at thermal eleetron

energies have been observe for various molecules. The
measured life time depend on the electron donor - aceceptor
properties of the substitusnt group, and the intramoleenlar
interaction between fhem, which 1s a function of their
relative position around the benzene peryphery. lh can be
concluded that NO, containing benezene derivetives, CN
substituted orgenie ﬁolecules, higher aromatic hydrocarbons,
strained struetures and orgenic molecules containing the
functional groups - COCO = - COCH (CH), - COCH and CHCHO,
capture thermal electrons and formed long lived parent
negative ions via nuclear excited Feshbach resonance

(Had jaintoniou etal 1973 )



