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ABSTRACT

In this work we present theoretical study on electron collision with polar molecules in the low energy range, we
report, the rotational excitation Differential scattering cross sections (DCS) calculated for electron scattering by
polar moleculesH,S, NH, and CH, inthelow energy range (5.0-10eV.). The Born Eikonal Series(BES) approximetion
method and the hard sphere dipole interaction potential model are used to present electron-molecule interaction.
Theresults obtained are compared with experiment and theoretical dataavailable in the literature.
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INTRODUCTION

The study of electron collision withthe polar mol-
eculesisavery widefield of research. In particular, the
collisonsof eectronswith polar moleculessuchasH,S,
NH,, and C,H, among othersplay animportantrolein
several areasof investigation, mainly in atmospheric
Physics, plasmaphysics, radiation biology, chemistry,
astrophysics, biophysics, gaseousé ectronics, solar and
planetary atmospheres, stellar —interstellar clouds and
cometary bodies etc. Many of these molecules are
plasma processing gasesand some of thereare al so of
environmental interest for being green house gases, or
stratospheric 0zone depleting gases. Theimportanceis
recognized as atmospheric pollutantsand in connection
with 0zone depl etion processes. Because of their in-
dustrid and environmenta importance, thestudy of elec-
troninteractionswith polyatomicmoleculesisvery ussful
inthe areas mentioned above.

We present atheoretical study of electron scat-
tering by polar moleculesinthelow — energy range.
The calculationsare donefor el ectrons scattering by

polar moleculessuch asH,S (Three atoms-polar mol-
ecule), NH, (Four atoms-polar molecule) and CH,
(Eight atoms polar molecules). Therotationa excita-
tion Differential Scattering Cross Sections (DCS) of
thesemol eculesareca culated employing Born Eikond
Series (BES) approximation method and the hard
spheredipoleinteraction potential model isused for
present cal culation. The hard sphere cut-off param-
eter “a” is taken as “D/2”, where “D” is dipole mo-
ment of the molecul€*2.

FORMULATION

Inorder totakeinto account somewhat higher terms
of Born series, one can use Eikonal approximation.
Ashiharaet-d (1975) employed Glauber formulationin
Eikona approximation for electron dipolecollisions.
They calculated cross section for strongly polar mol-
ecules. Althoughthisapproximationisoriginaly ahigh
energy approximation, it hasbeen applied successfully
tothelow energy electron atom collision (Gerjuoy et-
a). Inthe present investigations an attempt ismadeto
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employ Born Eikona Series(BES) methodfor thecross
sectional calculations for the low energy electron
polyatomic moleculecollision@.

Theinteraction potentia V(r) can beexpressedin
followingform,

V(r)=-2eq Y. r—l P.(7.9) @

n=odd Iy
Wherer_andr_arethelarger and thesmaller of r and
P.(f,8) istheLegendrepolynomial of theorder-n. “a”
isthe parameter whichindicatesfinitenessof thedipole
and rel ated to the dipole moment by therelation D =
2ag. Taking n=1 only one can get the expression for
electronfinitedipoleinteraction potential anditisem-
ployedincylindrical polar co-ordinate, onecannamea
linear dipolemode. Inthe present investigation follow-
ingform of theinteraction dipolepotentia isemployed?.

V(r,8=V(b,z)=0 forz<ca (2)

V(.9 =V(b,z)=————P,(r,9) forz>a (3)

Where, “a”- is the hard sphere parameter (cut-off parameter).
Theformulafor the Eikond phaseshift function y(b)
isgivenby,
_ 2Dy J- zdz
ki < (b*+2%)%?
‘“y’- isthedirection cosine of the dipole axiswith respect to the
polar axis.
A seriesexpansg on of scatteringamplitudeasgiven
by,
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WhereK (aA) - isaBessdl function, A=|ki-kf}is
momentum transferred. Thedifferential crosssection
(DCS) for threetermsin Born Eikona SeriesApproxi-

mation can beexpressed asfollow,
do . . kf
E(Jomjo_)ij;e)=ﬁ|f51+fE2+fE3|2 8

Summing over m, and averaging over m, onegets
the DCSfor therotationa trangtionj, = j + 1. Differ-
entia Scattering cross-section (DCYS):
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do _ ki 4% [ o+l
do  kf | A% | 3(2j, +1)
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Where A=mDe/ h?
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RESULTSAND DISCUSSION

Themaininterest of the present work isto discuss
rotationa excitation differential scattering cross-section
(DCS) for eectron collision with polar moleculeslike
H.S, NH,, and CH,. Therotational excitation differ-
entid cross-sectionsareca culated using Born Eikona
Series(BES) approximation method and employed hard
sphere dipoleinteraction potential model. The hard
sphere parameter istaken as “a” = D/2, where D-is
dipole moment of respectivemolecules. Present results
are compared with theoretical results of Gianturco et
al¥, Machado et d®, Varellaet d®™ and available ex-
perimenta results. Thedifferentia scattering crosssec-
tion (DCS) for each of these moleculesis discussed
separately below.

e-H_Sscattering

Figures 1 and 2 show present DCSresults calcu-
lated for e-H_Sat energy 5.0and 7.5 €V respectively,
using BES hard sphere dipole potential model. The
present results are compared with theresults obtained
using FBA point, finite dipole potential methods,
Gianturco et a.® and Jain Thompson et .Y, Machado
et al.®l. Itisfound that results of FBA point, finitedi-
pole potentia methods do not show appreciablediffer-
ence. They are overlapping at lower angle. At higher
ang e theresultsof FBA finitedipolepotentid aredightly
lower than those of FBA point dipole potential. The
FBA point, finite dipole potential resultsfrom 20° to
180° are in good agreement with the theoretical results
of Gainturco et a.® and Jain & Thompson et a. as
compared with and Machado et a.®!. But below 40°,
the present BES results arein better agreement with
theresultsof Gianturco et d."¥ and Jain & Thompson
et d.1, FBA resultsand Machado et d .1°l. Above 120°,
the present BES results arein better agreement with
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theresultsof Machado et d .. In generd, qualitative
agreement isobserved between the present and those
of compared results.
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*— Present BES Hard Sphere; —e— FBA Point
—a— FBA Finite?; »— Gianturco et all®
—e+— Jain Thomposon et al'¥; —v— Machado et all®

Figurel: DCS(0-1)for e-H Sat energy 5.0eV.
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*— Present BES Hard Sphere; —e— FBA Point
—a— FBA Finite?; = Gianturco et al®¥
—e— Jain Thomposon et al; —v— L.E.Machado et al®®

Figure2: DCSfor electron scattering from H_Sat energy
7.5€V.

e-NH, scattering

The present DCSresultsca cul ated for e-NH, col -
lision at energy 10 eV, using BES hard spheredipole
potential method areshowninthefigure3. The present
results are compared with the results obtained using
FBA point, finite dipole potential methods and theo-
retical resultsof Machado et al.”®.. It is observed that
present BES hard sphere dipole potential resultsare
in good agreement with the theoretical results of
Machado et al.[,

e-C H, scattering

Figure 4 show our calculated DCSresultsfor e-
C,H, at energy 10.0 €V., using BES hard sphere di-
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pole potential method. The present results are com-
pared with thetheoretical resultsof Varellaet a7, It
isfound that the present resultsat smaller (6 <40°) and
higher (6 > 120°) scattering angles shows good agree-
ment with resultsof Varellaet al.67.
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*x— Present BES Hard Sphere; —e— FBA Point
—a— FBA Finité?; —v— Machado et al®

Figure3: DCS(0-1) for NH, at energy E=10.0¢€V.

—sk— Present BES Hard sphéé; —e— VardlaM.T. et allé7
Figure4: DCS(0-1) for C,H, at energy 10.0€V.

Consdering three, four and eight atomspolar mol-
ecules, thepresent resultsarein better agreement with
theresults of Gianturco et al.l¥, Jain & Thompson et
a ., Machado et . and Varellaet d .57, Thusitin-
dicates that as the number of atomsincreasesin the
molecule, theresultsare not diverted in present method.
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