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Low-energy electron collisions with GHg isomers
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We report integral, differential, and momentum-transfer cross sections for elastic scattering of low-energy
electrons by GHg isomers, namely, 1,3-butadiene, 2-butyne, and cyclobutene. We use the Schwinger multi-
channel method with pseudopotentigilé. H. F. Bettega, L. G. Ferreira, and M. A. P. Lima, Phys. Rev7A
1111(1993] at the static-exchange approximation to compute the cross sections for energies from 10 to 60 eV.
In particular, we discuss tHsomer effectreported by experimental studies for isomers gficand GHg. We
also calculate the total ionization cross section using the binary-encounter-Bethe model for 2-butyne and
1,3-butadiene, and estimate the inelastic cross section for these two isomers.
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Recent experimental studies on electron-molecule colligral, differential, and momentum-transfer cross sections for
sions with GH, isomers, namely, propyne and allene, werethe GHg isomers 1,3-butadiene, 2-butyne, and cyclobutene.
done by Szmytkowski and Kwitnewskil], Nakanoetal.  Our calculations employed the Schwinger multichannel
[2], and Makochekanwaet al. (they also measured total cross method with pseudopotentials at the static-exchange approxi-
sections for positron-molecule collisions3]. These studies mation. Our results are shown for energies from 10 to 60 eV,
reported that the isomers cross sectitiosal, in the case of where target polarization can be neglected and the static-
Refs.[1] and[3], and differential, in the case of R¢R]) are  exchange approximation gives reliable cross secfigrd 2].
very similar above~30 eV, and differ below this energy. Through the inclusion of a third isomécyclobuteng we
The differencegin shape, magnitude, and resonances posimade a comparative study of the elastic cross sections for
tions) seen in the cross sections below30 eV allow to  these isomers and discussed themer effectreported by
distinguish between the different isomers; this is ib@mer  Szmytkowski and Kwitnewski. We also calculated the total
(or isomerig effect Lopes and Betteget] performed a the- ionization cross section using the binary-encounter-Bethe
oretical study of electron collisions with ;8, isomers, (BEB) model[13,14]. From the total, elastic, and total ion-
namely, allene, propyne, and cyclopropene. Qualitativézation cross sections we estimated the inelastic cross section
agreement was found between their calculated integral croger 2-butyne and 1,3-butadiene. The inelastic cross section is
sections for allene and propyne and the total cross sections afvery useful information for plasma modelers.

Szmytkowski and Kwitnewski and very good agreement was The structures of these isomers are very different.
found between their calculated differential cross sections and-butyne belongs to th®5, group and has a triple bond
the results of Nakanet al. They discussed thisomer effect  between the middle carbons, 1,3-butadiene belongs to the
which they found to occur for the three isomers for energie<C,;, group and has two double bonds between,@Hd CH,
below ~15 eV. They also discussed the shape resonancemd cyclobutene has a cyclic structure belonging toGhg
found in the integral cross sections of these isomers, whiclgroup, and has a double bond between the two CH. Although
have also been reported by the experimental studies for atheir structures are very different, they present similar cross
lene and propyne. sections above a given energy, as we will show below and as

More recently, Szmytkowski and Kwitnewsks] carried  shown by Szmytkowski and Kwitnewski for 1,3-butadiene
out total cross-section measurements for electron collisionand 2-butyne.
with C4Hg isomers 1,3-butadiene and 2-butyne, and also To compute the elastic cross sections we used the
with C4Fg (hexafluoro-2-butyne They discussed thisomer  Schwinger multichannel methoMC) with pseudopoten-
effectfor these molecules, which occurs around 10 eV, andials. The SMC methofl15—-17 and its implementation with
also thehalogenation effecthrough the comparison of total pseudopotentialfl8] have been described in detail in sev-
cross sections for 2-butyne and hexafluoro-2-butyne. Thegral publications and will not review these methodologies
reported peaks in the total cross section for thel{dsomers  here. Our calculations were performed at the static-exchange
located around 1 eV, 3.2 eV, and 9 eV for 1,3-butadiene, andpproximation with the ground-state equilibrium geometries
around 3.5 eV and 8 eV for 2-butyne. For 1,3-butadiene, thgiven in Ref.[19] and in theC,, group, for cyclobutene and
two peaks located at lower energies were reported to be agbutyne, and in th&€,, group, for 1,3-butadiene. We used
sociated with shape resonances atAeandBj representa- the norm-conservingseudopotentials of Bachelet, Hamann,
tions of theC,, group, respectivelj6]. The broad structures and Schiter [20]. The basis set we used for the carbon and
with peaks at higher energies were related to contribution®ydrogen atoms are the same given in R&f, except that in
from elastic scattering with contributions from inelastic the calculations for 1,3-butadiene and cyclobutene we have
channels open at those energies. For 2-butyne there are eviet used thep-type function for the hydrogen atom. The
dences that the low-energy peak is related to a shape rescalculated value for the dipole moment of cyclobutene was
nance. In this Brief Report we report calculated elastic inte<0.130 D, which is in agreement with the experimental value
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FIG. 2. (a) Integral cross section an@) momentum-transfer
cross section for gHg isomers. We also show cross sections for
butane (GH;g).

energy (eV)

FIG. 1. Integral cross sectigsolid line) for (a) 2-butyne D),
(b) 1,3-butadiene €,,), and (c) cyclobutene C,,). Total cross
section(crossepof Ref.[5], total ionization cross sectiorfdashed

calculated total ionization cross section for 2-butyne and 1,3-
line) and inelastic cross sectiofdot-dashed lingsare also shown.

butadiene are almost identical in the energy range consid-
ered, which agrees with the observations reported for the
of 0.132 D([19]). Since the value of dipole moment is small, C3Hg isomerg 22]. The same type of similarity is seen in the
we have not carried out any special treatm@trn closure inelastic cross section for the two isomers.
of the scattering amplitudefor the long-range part of the Figure 2 shows the integral and momentum-transfer cross
potential in our calculations. sections for the three {lg isomers. The integral cross sec-
To compute the total ionization cross section we used théion for 1,3-butadiene and 2-butyne become very close
BEB model[13,14]. The binding(U) and kinetic(T) energies around 10 eV, which agrees with the results of Szmytkowski
needed in the BEB model were calculated using the packagend Kwitnewski. This explains the similarity in the inelastic
GAMESS[21] in a restricted Hartree-Fock calculation with a cross section of 2-butyne and 1,3-butadiene seen in Fig. 1.
6-311G+ +(2d,1p) basis set at the equilibrium geometries. The ICS for cyclobutene lies below the ICS of the other two
The BEB model gives cross sections which agree with exisomers and becomes similar to them above 45 eV. Consid-
perimental data within 5%—15% for different molecules, andering now the three isomers, theomer effectoccurs for
for incident energies from the first ionization threshold toenergies below-45 eV. The momentum-transfer cross sec-
several ke 14]. tions of the GHg isomers are close for energies above 20 eV.
In Fig. 1 we present our calculated elastic integral cross In Figs. 3 and 4 we present the calculated differential
section(ICS) from 10 eV to 60 eV. For purposes of compari-
son, we also show the total cross sections measured b 4

Szmytkowski and Kwitnewski5].

Since the experimental results shown in Fig. 1 are reIatecNE
to total cross sections, they include contributions from thew
elastic, inelastic, and ionization channels and this explains
the difference between our calculat@dastig cross sections
and the experiment. In order to estimate the inelastic cros
section for 2-butyne and 1,3-butadiene, we calculated the
total ionization cross section. The estimated inelastic cross
section was then obtained @&$,e= 0ot~ (Teit Tion)- TO
do this subtraction we have made three assumptiohshe
theoretical static-exchange cross sections are cofigcthe
theoretical ionization cross sections are correct, @ndthe
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measured total cross sections are correct. These results arerIG. 3. Differential cross section fof@) 2-butyne D), (b)
also shown in Fig. 1. In particular, we observed that thel,3-butadiene,;), and(c) cyclobutene C,,), at 10 and 20 eV.
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FIG. 4. As in Fig. 3 at 30, 40, 50, and 60 eV. energy (eV)
FIG. 5. Angular-momentum contribution for the integral cross
cross sectionéDCS) for the G,Hg isomers at 10, 20, 30, 40, Section.(a) 2-butyne D), (b) 1,3-butadiene €z,), and(c) cy-
50, and 60 eV. The DCS for 1,3-butadiene and 2-butyne arélobutene Cz,).

similar for energies above 10 etthe isomer effecfor these (X=N, As, P, Sh[25], andXH, (X=0, S, Se, TE[26] that

two isomers occurs for energies below 10)eXt energies
) the hydrogens are not good scatterers and that the cross sec-
below 40 eV the DCS of cyclobutene differ from the DCS of tions for the above families are mainly determined by the

the other two isomers, and become similar to them at highejaavier atom. In the case of the present study, although the
energies. Although, in general, the DCS are quite similar fof,estigated isomers have very different structures, we have
the GHg isomers, they present some differences in shape fofoynd that their cross sections are similar in the 10-60 eV
energies below 20 eV. For 20 eV and above, apart fromenergy range. Since we average over all incident directions
slightly different oscillation patterns, the isomers could beto take into account the random molecular orientations in
hardly distinguished by their DCS. order to compare our results with the experiment, this proce-
In order to investigate the oscillatory behavior of thesedure may explain why molecules with different structures
DCS, we follow the procedure used by da Costal. [23] have similar cross sections in a given energy range. To fur-
and defined the rati6") as follows: ther investigate this point, we also show in Fig. 2 the integral
and momentum-transfer cross sections for butane, which is
[ I one of the GH,, isomers and has a similar structure to 1,3-

E 2 d“ki|fLAB(|zi 17m’)|2 butadiene(butan_e also belongs to th@,, g_roup. One can
0 1"—0 me—1" qb;erve from Fig. 2 thgt the cross sgcuons of butane are
= . 1) similar to_the Cross secthns of theldy isomers. These re-
D k| f-AB(R. 17m")|? sults are in agreement with the above discussion.

In summary, we presented elastic integral, differential,
and momentum-transfer cross sections for elastic scattering

The partial-wave cross sections used in this analysis wer@ €lectrons by ¢He isomers. We found that the integral

obtained for scattering processes of incoming electrons in §0SS Sections for these isomers are different belo#® eV
. - . . and that the differences in their differential cross sections are
plane wave with momenturk; to outgoing electrons in a

. , ) ~more evident at 10 eV. These results are in agreement with
sum of partial wavesl(,m/) averaged in all molecular ori- ,pqeryations reported by Szmytkowski and Kwitnewski for
entations. Although we have included in our calculations pary_pwyne and 1,3-butadiene. We estimated the inelastic cross
tial waves up td — 10, we presentin Fig. 5 the partial-wave section for 2-butyne and 1,3-butadiene from the calculated
contribution of thef'” up to I=8. The value ofl shown  g|agiic and total ionizatiofcalculated using the BEB model
above each plot in Fig. 5 tells that the numerator of @3is  ¢ross sections and from the measured total cross sections. We

summed up to this value. According to this figure, high par-5i55 compared the cross sections of th¢iCisomers with
tial waves seem to be more important for 2-butyne, followedi e ¢ross sections of butane. which is one of thel G iso-
by 1,3-butadiene and then by cyclobutene. mers, and found that they are similar.

It has been observed in previous studies concerning elec-

tron collisions withXH, (X=C, Si, Ge, Sn, Pb[24], XH4 M.H.F.B., M.AP.L.,, and L.G.F. acknowledge support

I'=0 m=-1'
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