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Differential cross sections for elastic scattering of electrons from dimethylsulfide and dimethylsulfoxide in
the energy range from 30 to 500 eV are presented. The cross sections have been measured using a crossed-
beam-type high-resolution electron spectrometer. The measured cross sections have been put on an absolute
scale using the relative flow technique. The measured differential cross sections show an increase in the
midangles at 30 and 50 eV for both the molecules that is characteristic of resonant enhanced d-wave scattering.
Total and momentum-transfer cross sections were derived by integrating over all angles after extrapolating the
data to forward and backward angles using a least-squares fitting procedure based on the Legendre polynomial
expansion. Independent-atom-model-based theoretical calculations incorporating static, exchange, and polar-
ization potentials are also reported and compared with the experimental cross sections. For energies lower than
100 eV, it is seen that the independent-atom-model calculations fail to predict the qualitative behavior of the
differential cross sections correctly, while at energies greater than 100 eV it seems to describe the data
adequately. The effect of polarization and enhancement of cross sections through d-wave scattering at low
energies is also analyzed.
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I. INTRODUCTION

Electron scattering by sulfur containing molecules is an
interesting area of research for a multitude of reasons, the
predominant being atmospheric and tropospheric chemistry.
Several experimental and theoretical electron-scattering stud-
ies have been conducted on sulfur containing molecules in
the recent past �1–4�. It has been observed that there is a
similarity in the energy-dependent features of total-cross-
section �TCS� curves for sulfur containing molecules where
the sulfur atom is placed at the center of the molecule. The
presence of sulfur, therefore, seems to strongly influence the
overall qualitative behavior of the total and differential cross
sections. Further, these studies also provide important differ-
ential and total cross-section data to test first-order theoreti-
cal models such as independent-atom-model �IAM�-based
calculations �5�.

Dimethylsulfide �DMS� is one of the principal volatile
sulfur species found in sea water along with carbonyl sulfide
and carbon disulfide �6�. DMS is generated as a result of
biodegradation of organo-sulfur compounds in marine envi-
ronments, through dimethyl-sulfoniopropionate �DMSP�, a
solute synthesized by phytoplankton for osmoregulation and
cryoprotection �7�. Further, sulfur containing gases also af-
fect the earth’s radiative balance by direct scattering of solar
radiation through the formation of sulfate aerosol particles
�8�. Several studies have been conducted on DMS and its
oxidation products in marine atmosphere and their distribu-
tion in surface waters �9,10�. Thompson et al. �11�, Scott et
al. �12�, and more recently Limao-Vieira et al. �13� reported
the vacuum-ultraviolet spectrum of DMS, while photoelec-
tron spectra, photoionization spectra, electron momentum
density distributions, transition polarizations, and fluores-
cence excitation have also been studied �14–19�.

Dimethylsulfoxide is a highly polar water miscible sol-
vent, commonly used in many pharmaceuticals due to its
increased rate of absorption through organic tissues. It has
been established from gas phase reactions that dimethylsul-
foxide �DMSO� is produced by the oxidation of DMS with
radicals such as OH and NO3 among other products such as
methanesulfonate and nonsea salt sulfates �20,21�. Sze et al.
�22� studied the inner and valence shell excitation electronic
spectra of DMSO using electron energy-loss spectroscopy
and synchrotron-radiation-based x-ray photoabsorption tech-
niques. Apart from photodissociation and energy distribu-
tions of fragmentation products that has been studied using
vuv photons at different wavelengths �23,24�, very little rel-
evant literature exists for electron scattering from DMSO.

To our knowledge there have been no experimental or
theoretical studies relating to electron scattering from DMS
and DMSO. In this paper, we present the first measurements
of absolute differential cross sections for the elastic scatter-
ing of electrons from DMS and DMSO using a high-
resolution electron spectrometer. An IAM-based theoretical
calculation using a two-potential coherent approach is also
presented.

II. EXPERIMENT

A. Electron spectrometer

The electron spectrometer used in this experiment is of
crossed-beam type and has been described in detail previ-
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FIG. 1. Schematic structure of DMS molecule showing the bond

lengths and bond angles �36� used in our IAM calculations.
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ously �3,25�; hence only a brief description is given here.
Nearly monoenergetic electrons produced from an electron
gun collide orthogonally with the target gas molecules intro-
duced in the collision zone through a fine monochannel cap-
illary tube. Elastically scattered electrons are energy ana-
lyzed with the help of two hemispherical energy analyzers
that identically image the collision zone. The energy reso-
lution of the analyzers is better than 0.2% of the incident-
beam energy over the entire energy range of our present
study. The scattering angle was calibrated by measuring the
angular distribution for a well-known gas such as argon, at

two different incident electron energies and matching the
spectra with the known angular distributions. The same ex-
periment was also used to calibrate the energy of the incident
electron beam since the qualitative behavior of the angular
distributions varies remarkably with the incident-beam en-
ergy. The energy analyzed electrons are detected by channel-
tron multipliers with nearly same efficiencies. The entire
spectrometer is shielded by two layers of mu-metal sheet that
reduces the ambient magnetic field to less than 5 milligauss
and kept inside a vacuum chamber, pumped by a 500 l/s
Turbomolecular pump giving a base pressure of about 2
�10−8 mbar, which rises to about 5�10−7 mbar after intro-
ducing the target gas.

Angular distribution measurements are performed by ro-
tating one energy analyzer over a given angular range, while
the other is used as a monitor for the product of the number
density of the target gas and the incident current. The mea-
sured parameters are related to the differential cross sections
�DCS� as

d��E,��
d�

=
Isc�E,�� − IB�E,��

I0nTl��

cm2 sr−1, �1�

where Isc�E ,�� is the scattered electron current at a given
energy and angle, IB�E ,�� is the background electron counts
at the same energy and angle, I0 is the incident current, nT is

FIG. 2. Schematic structure of DMSO molecule showing the
bond lengths and bond angles �37� used in our IAM calculations.

FIG. 3. Elastic differential
cross sections for e-DMS scatter-
ing at different incident energies.
The solid line is the theoretical
calculation based on the IAM
model and the dotted line on ei-
ther side of the data points is the
extrapolation based on Legendre
polynomial fitting as given in the
text.
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the number density of the target gas, l is the path length, and
�� is the solid angle subtended by the analyzers.

The measured relative DCS is put on an absolute scale
using the relative flow technique �26� by using a standard
calibration gas, argon in our case, whose cross sections have
been measured accurately in the energy range of interest
�27�. The absolute cross section for the gas under study is
given by �28�

� d�g

d�
�

�E,��
=

d�c�E,��
d�

� NcIoc
�mc

NgIog
�mg

Iog
s �E,��

Ioc
s �E,��� cm2 sr−1,

�2�

where Nc and Ng are the flow rates measured directly, Ioc and
Iog are the incident electron currents during the respective
measurements, Ioc

s and Iog
s are the scattered electron currents,

mc and mg are the molecular masses, and �c and �g are the
elastic cross sections of the calibration standard and the gas
under study, respectively. A tenth-order Legendre-
polynomial-based least-squares fit to the experimental data is
utilized to extrapolate the data in the forward and backward
angles. From this data, the total and momentum-transfer
cross sections �MTCS� are calculated.

B. Experimental method

Pure DMS in liquid form at room temperature �vapor
pressure at 25 °C is about 670 mbar �29�� was filled in a

suitable metallic canister that could be cooled to liquid nitro-
gen temperatures. The canister was pumped continuously un-
der frozen conditions to remove atmospheric gases and was
allowed to reach room temperature naturally. Several such
“freeze-pump-thaw” cycles were performed prior to letting
the pure gas into the vacuum chamber. A residual gas ana-
lyzer was utilized to continuously monitor the partial pres-
sure of the target gases in the vacuum chamber. A similar
procedure was employed for DMSO also. However, since the
vapor pressure of DMSO is much less than DMS �vapor
pressure of DMSO at 25 °C is about 0.8 mbar �29��, the
canister containing DMSO was heated to 50 °C and continu-
ously pumped to increase the vapor pressure by nearly five
times.

Measurement of absolute cross sections is a two-step pro-
cess. In the first step, the relative DCS is measured accu-
rately over the entire angular range. For this, all experiments
were conducted in the preset normalized mode �3�. In this
mode, any variation in the number density of the target gas
molecules or the incident electron current is automatically
corrected in the scattered electron count rates. Data were
collected until the count statistics were better than 1%. In the
second step, the relative cross sections were put on an abso-
lute scale using the relative flow technique �mentioned in the
previous section� by measuring absolute cross sections for
argon �the calibration standard� at one particular angle by
setting the flow rates for the target gas �DMS or DMSO in
our case� and the calibration standard for identical Knudsen
numbers.

C. Error analysis

The largest single source of error in these measurements
is the calculation of the number density of the target gas, or
in other words, the ratio of the flow rates for the gases under
study. Since the flow control meter was not calibrated for all
gases, calibration to the nearest available mass number was
selected. In order to reduce this uncertainty, the absolute
pressure at the reservoir was also measured simultaneously,
from which the number density of the target gas could be
independently estimated. The flow control meter and the ab-
solute pressure measurement gauge are calibrated to better
than 5% each. Thus from this data, it is estimated that the
error in cross section due to the error in the measurement of
flow rates to be less than 8%. Other errors arising due to
counting statistics �1%�, measurement of incident electron-
beam current ��2%�, gas pressure ��2%�, and angular in-
accuracy ��2%� are minimal. The error due to the possibil-
ity of other gases being present in the scattering zone is also
negligible since a background subtraction was performed by
letting the target gas from a side port in the vacuum chamber
until the base pressure in the chamber reached the same pres-
sure as when the target gas was flowing through the scatter-
ing center. This was further corroborated from the partial
pressure data available through the residual gas analyzer
measurements. Further, the spectrometer was also checked
separately for multiple-scattering effects by measuring the
angular distributions at two different pressures of the target
and confirmed that there was no qualitative change in the

FIG. 4. Total-elastic and momentum-transfer cross sections for
e-DMS scattering at different incident energies. The solid line is the
theoretical calculation based on the IAM model.
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angular distribution. Lastly, errors in the absolute cross sec-
tions of the calibration standard gas �in our case argon� also
add to the overall error. Thus, it is estimated that the overall
errors in the differential cross sections mentioned in this
study for both DMS and DMSO are about 14%. The integral
and momentum cross sections have slightly larger errors due
to the extrapolation procedures employed to extract the DCS
at 0° and 180°.

III. THEORY

Independent-atom-model-based calculations using the
two-potential coherent approach of Hayashi and Kuchitsu
�30� have been performed to generate DCS for e-DMS and
e-DMSO scattering. The main aim of these calculations is to
assist in explaining the qualitative behavior of the DCS in
the intermediate energies �30–500 eV�. The DCS averaged
over all possible orientations of the molecular axis as pre-
dicted by the IAM is given by �excluding multiple-scattering
terms� �31,32�

d�

d�
= 	fL	2 + 2	fL	


i=1

N

	f i	cos�	L − 	i�
sin qRi

qRi
+ IS + ISS,

�3�

where f i and fL are the scattering amplitudes due to Vi�r�
�spherical short-range potential located at the ith atom of the
molecule� and due to VL�r� �long-range part of the interac-
tion�, q is the momentum transfer given by q=2k sin�� /2�
with k=�2E the wave number of incident electron of energy
E and � is the angle of scattering. Ri is the position vector of
ith atom from the center of mass of the molecule, Rij is the
distance between ith and jth atom of the molecule, N is the
total number of atoms present in the molecule,

IS = 

i=1

N

	f i	2, �4�

ISS = 

i�j

N

f i
�f j

sin�qRij�
�qRij�

, �5�

and 	 in Eq. �3� is defined as f = 	f 	ei	.

FIG. 5. Elastic differential
cross sections for e-DMSO scat-
tering at various incident energies.
The solid line is the theoretical
calculation based on the IAM
model and the dotted line is the
extrapolation from the Legendre
polynomial fit to data.
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The electron-molecule interaction potential used in our
present calculations is of the form

V�r� = Vi�r� + VL�r� , �6�

where Vi�r�=VStat�r�+VExch�r�, VL�r�=VPolz�r� ·VStat�r� is the
static interaction potential, VExch�r� is the exchange potential
similar to Hara’s “free electron gas exchange model” �33�
which is an energy-dependent potential, and VPolz�r� is the
polarization potential as given by Zhang et al. �34�. The
charge densities 
�r� required to evaluate the potentials of
constituent atoms have been derived from the Hartree-Fock
wave functions of Bunge and Barrientos �35�. Phase shifts
were generated separately for the short-range part Vi�r� and
the long part VL�r� and were used in Eq. �3� accordingly to

calculate the atomic scattering amplitudes and hence the dif-
ferential cross sections. The values for the bond length and
the bond angles for DMS and DMSO used in our present
IAM calculations are shown schematically in Figs. 1 and 2
�36,37�.

IV. RESULTS AND DISCUSSION

A. Differential cross sections for DMS

Figure 3 shows the measured absolute DCS for DMS in
the energy range 30–500 eV. DCS computed from
independent-atom-model-based theoretical calculations are
also shown for comparison. Legendre polynomial extrapola-
tions to the data are also shown in the figure. The measured

TABLE I. Measured differential cross sections for e-DMS elastic scattering. DCS’s are in 10−16 cm2 sr−1 units, while TCS’s and MTCS’s
are in 10−16 cm2 units derived after extrapolating the measured DCS’s to 0° and 180°. See text for discussion.

Angle

DCS
�10−16 cm2 sr−1�

30 eV 50 eV 75 eV 100 eV 150 eV 200 eV 300 eV 400 eV 500 eV

15 1.74�1�a 8.91�0� 4.74�0� 2.46�0� 1.77�0� 2.06�0� 2.04�0� 1.43�0� 1.45�0�
20 7.52�0� 3.86�0� 1.77�0� 1.13�0� 1.10�0� 1.30�0� 1.33�0� 7.93�−1� 7.72�−1�
25 5.09�0� 2.23�0� 7.27�−1� 7.50�−1� 6.46�−1� 7.62�−1� 6.80�−1� 5.63�−1� 4.67�−1�
30 2.96�0� 1.25�0� 3.59�−1� 4.92�−1� 4.98�−1� 4.61�−1� 3.43�−1� 3.26�−1� 1.91�−1�
35 1.96�0� 7.76�−1� 2.53�−1� 3.40�−1� 3.60�−1� 3.07�−1� 1.84�−1� 1.71�−1� 9.89�−2�
40 1.57�0� 5.76�−1� 1.57�−1� 2.06�−1� 3.14�−1� 2.27�−1� 1.14�−1� 9.74�−2� 5.22�−2�
45 9.58�−1� 4.02�−1� 9.51�−2� 1.62�−1� 2.36�−1� 1.57�−1� 9.10�−2� 6.77�−2� 4.23�−2�
50 6.27�−1� 2.74�−1� 6.89�−2� 1.08�−1� 1.56�−1� 1.34�−1� 8.64�−2� 4.91�−2� 2.91�−2�
55 3.94�−1� 2.15�−1� 5.34�−2� 9.33�−2� 1.16�−1� 1.09�−1� 7.66�−2� 4.28�−2� 2.09�−2�
60 3.26�−1� 1.67�−1� 6.04�−2� 9.50�−2� 1.09�−1� 9.85�−2� 5.86�−2� 3.64�−2� 1.51�−2�
65 3.38�−1� 1.86�−1� 6.82�−2� 1.12�−1� 1.09�−1� 8.69�−2� 5.29�−2� 3.15�−2� 1.17�−2�
70 3.56�−1� 2.25�−1� 7.76�−2� 1.31�−1� 9.99�−2� 6.61�−2� 4.80�−2� 2.77�−2� 1.04�−2�
75 4.50�−1� 3.21�−1� 7.35�−2� 1.22�−1� 9.61�−2� 5.32�−2� 4.48�−2� 2.34�−2� 8.20�−3�
80 6.44�−1� 4.06�−1� 6.95�−2� 1.26�−1� 8.52�−2� 3.77�−2� 3.65�−2� 2.04�−2� 6.70�−3�
85 9.64�−1� 4.55�−1� 8.61�−2� 1.27�−1� 7.81�−2� 2.97�−2� 3.25�−2� 1.81�−2� 5.40�−3�
90 1.39�0� 4.11�−1� 6.78�−2� 1.09�−1� 6.50�−2� 2.47�−2� 3.02�−2� 1.42�−2� 4.40�−3�
95 1.30�0� 4.45�−1� 5.90�−2� 8.40�−2� 5.00�−2� 2.21�−2� 2.36�−2� 1.11�−2� 3.30�−3�
100 1.59�0� 4.11�−1� 4.27�−2� 6.37�−2� 3.76�−2� 1.54�−2� 1.84�−2� 8.80�−3� 3.00�−3�
105 1.50�0� 4.28�−1� 3.25�−2� 4.83�−2� 3.01�−2� 1.39�−2� 1.36�−2� 6.90�−3� 2.90�−3�
110 1.30�0� 3.15�−1� 2.33�−2� 3.87�−2� 2.34�−2� 1.35�−2� 1.11�−2� 6.80�−3� 2.70�−3�
115 1.40�0� 2.42�−1� 2.13�−2� 2.94�−2� 2.37�−2� 1.58�−2� 8.70�−3� 6.90�−3� 2.90�−3�
120 9.81�−1� 1.78�−1� 2.03�−2� 2.79�−2� 2.41�−2� 1.90�−2� 9.00�−3� 7.90�−3� 2.80�−3�
125 6.30�−1� 1.30�−1� 2.65�−2� 2.75�−2� 2.61�−2� 2.30�−2� 1.02�−2� 8.50�−3� 3.20�−3�
130 4.64�−1� 1.39�−1� 3.45�−2� 3.78�−2� 3.25�−2� 2.80�−2� 1.19�−2� 9.40�−3� 3.30�−3�
Error 16% 16% 14% 13% 14% 14% 14% 14% 14%

TCS 27.12 16.1 6.12 5.08 3.83 3.24 2.83 2.23 2.09

Error 24% 24% 25% 24% 24% 22% 22% 22% 22%

MTCS 12.49 4.22 1.07 1.29 0.95 0.68 0.42 0.28 0.15

Error 28% 28% 26% 26% 24% 24% 24% 24% 24%

a1.74�1� means 1.74�101.
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DCS values are also given in Table I. An increase in cross
section is observed at energies 30 and 50 eV in the angular
range 30 to 90°. Experimental artifacts such as multiple-
scattering effects have been ruled out by repeating the ex-
periment at different target number densities and different
incident electron currents. The resolution of the present ex-
perimental setup is high enough to distinguish between
ground state and the first dipole allowed electronic excita-
tion, 1 1B1←X 1A1, which is estimated to be 5.58 eV �38�.
However, the resolution is insufficient to reject vibrational
and rotational excitations. The measured cross sections,
therefore, could include a small percentage of ro-vibrational
excitations. DMS is a bent molecule where in the sulfur atom
is shielded by the methyl radicals, and since hydrogen is a
weak scatterer, for practical purposes, DMS can be consid-
ered as a tri-atomic molecule of the form C-S-C. Compari-
sons with other sulfur containing tri-atomic molecules such
as OCS or CS2 indicate no increase in the cross section as
observed for DMS at these energies and angles partly be-
cause these are linear molecules unlike DMS.

The possibility of a resonant enhanced d-wave scattering
cannot be ruled out. Low energy �� shape resonances ob-
served in DMS �39� have been attributed primarily to the
formation of �CH3�2S− anion. At higher energies, the nature
of electron-DMS interaction as predicted by the shape of the
potential has a notable 3d character and hence a d-wave
enhancement will increase the cross section values through
the midangles as observed in our present experiment for en-
ergies 30 and 50 eV. However, at present, there are no theo-

retical calculations available incorporating enhancements of
d-wave character through a shape resonance in order to
verify this phenomenon.

Figure 4 shows the experimental TCS and MTCS at vari-
ous incident energies obtained by extrapolating the cross sec-
tions to 0° and 180° and integrating over all angles. At 30
and 50 eV, the cross sections predicted by the IAM theory
are lower by nearly a factor of 1.5 than the experimental
cross sections. For energies greater than 75 eV the IAM cal-
culations overestimate the experimental TCS, while the ex-
perimental MTCS agree reasonably well. The higher error
bars �22%� in the TCS and �24%� MTCS are mainly due to
the extrapolation of the experimental data to 0° and 180°. It
can be seen that for incident energies above 100 eV, the
experimental data agrees with IAM calculations quite satis-
factorily. For energies below 100 eV, the experimental cross
sections differ quite strongly with the IAM calculations. The
present calculations incorporating static, exchange, and po-
larization potential fails to predict the features observed in
the DCS data at low energies. The role of polarization can be
seen clearly in the experimental data where the cross sections
predicted by the IAM theory overestimate at low energies
and underestimate at higher energies. An energy-dependent
polarization function as suggested by Garcia and Blanco
�40�, of the form �p= �xZ+y��E−�, where x and y are free
parameters, Z is the number of target electrons, � is the
molecular polarizability, E is the energy of the incident elec-
tron �in keV�, and ��1, could be incorporated in the theo-
retical calculations to better understand this effect.

B. Differential cross sections for DMSO

Figure 5 shows the measured absolute DCS for DMSO in
the energy range 30–500 eV. DCS computed from
independent-atom-model-based theoretical calculations are
also shown for comparison. Table II gives the measured DCS
values for DMSO. Unlike DMS, an increase in DCS is ob-
served only in 50 eV, whereas at 30 eV even though the
experimental cross sections are much higher than the theo-
retical cross sections, the qualitative behavior nearly follows
the theoretical cross sections. DMSO is a highly polar mol-
ecule �dipole moment of 3.96 D �41��, in many ways similar
to a water molecule. Comparison of DCS of DMSO with the
recently published data on DCS of H2O by Khakoo et al.
�42� at low energies �30 and 50 eV� shows a different quali-
tative behavior for DMSO. At 50 eV, the observed DCS ex-
hibits a strong d-wave character possibly due to a broad
shape resonance similar to DMS that is not predicted by our
IAM calculations. The qualitative behavior of the cross sec-
tion although seems to be strongly influenced by the sulfur
atom, the highly polar nature of the molecule enhances di-
pole scattering at 30 eV unlike DMS. At 50 eV, polarizability
plays a lesser part and hence there is a d-wave enhancement
to the cross section through the midangles. Theoretical cal-
culations incorporating an energy-dependent polarization po-
tential and enhancements of d-wave character will help in
further understanding the nature of e-DMSO reaction at
these energies.

A clear minimum is seen in the DCS for energies 100,
150, and 200 eV which is again not predicted by the IAM

FIG. 6. Total elastic and Momentum transfer cross sections for
e-DMSO scattering at different incident energies. The solid line is
the theoretical calculation based on the IAM model.
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calculations. It can be seen that the experimental data for 75
and 100 eV show satisfactory qualitative agreement with
IAM calculations, while at all other higher energies the IAM
calculations with polarization potential underestimate the ex-
perimental DCS. This is understandable since the polariza-
tion potential used in the IAM calculations is not energy
dependent and purely depends on the molecular polarizabil-
ity and hence its effect is to reduce the overall cross section.

Figure 6 shows the experimental TCS and MTCS for
electron-DMSO scattering at various incident energies. In
general, better agreement with the IAM calculations is found
for TCS and MTCS as compared to DMS cross sections. The
errors in the TCS and MTCS are 22% and 24% respectively,
largely due to the extrapolation of DCS data in the forward
and backward angles. The TCS data shows a shift at 200 eV

above which the IAM model underestimates the experimen-
tal cross sections. Thus, it can be seen that while dipole
scattering dominates in the forward angles at low energies,
the intermediate and backward angle scattering is largely at-
tributed to the size of the molecule.

V. CONCLUSION

Experimental differential cross sections for elastic scatter-
ing of electrons from DMS and DMSO have been reported,
measured using a high-resolution crossed-beam-type electron
spectrometer. Total and momentum-transfer cross sections
calculated by extrapolating the angle-limited DCS data are
also reported. An IAM-based theoretical calculation employ-
ing static, exchange, and polarization potentials has been

TABLE II. Measured differential cross sections for e-DMSO elastic scattering. DCS’s are in 10−16 cm2 sr−1 units, while TCS’s and
MTCS’s are in 10−16 cm2 units derived after extrapolating the measured DCS’s to 0° and 180°. See text for discussion.

Angle

DCS
�10−16 cm2 sr−1�

30 eV 50 eV 75 eV 100 eV 150 eV 200 eV 300 eV 400 eV 500 eV

15 1.01�1�a 5.41�0� 5.86�0� 5.28�0� 6.60�0� 5.99�0� 4.21�0� 5.22�0� 4.02�0�
20 3.65�0� 4.12�0� 3.46�0� 3.47�0� 4.35�0� 3.10�0� 2.52�0� 2.94�0� 1.62�0�
25 3.40�0� 3.01�0� 2.08�0� 1.92�0� 2.53�0� 1.82�0� 1.54�0� 1.58�0� 8.09�−1�
30 1.42�0� 2.07�0� 1.39�0� 1.10�0� 1.56�0� 1.13�0� 1.02�0� 1.01�0� 4.94�−1�
35 1.39�0� 1.50�0� 8.63�−1� 7.73�−1� 8.38�−1� 7.59�−1� 6.45�−1� 6.26�−1� 3.11�−1�
40 9.85�−1� 1.36�0� 5.50�−1� 4.68�−1� 5.60�−1� 5.91�−1� 4.96�−1� 3.66�−1� 2.14�−1�
45 6.94�−1� 1.09�0� 3.56�−1� 3.18�−1� 4.04�−1� 4.23�−1� 4.12�−1� 2.97�−1� 1.29�−1�
50 5.90�−1� 7.49�−1� 3.13�−1� 2.80�−1� 3.05�−1� 3.14�−1� 3.51�−1� 2.58�−1� 1.02�−1�
55 4.87�−1� 5.71�−1� 2.41�−1� 2.54�−1� 2.58�−1� 2.60�−1� 2.93�−1� 2.03�−1� 7.39�−2�
60 3.80�−1� 4.43�−1� 2.77�−1� 2.45�−1� 2.54�−1� 2.22�−1� 2.34�−1� 1.71�−1� 5.70�−2�
65 3.20�−1� 3.78�−1� 2.30�−1� 2.75�−1� 2.23�−1� 2.15�−1� 2.02�−1� 1.33�−1� 4.12�−2�
70 3.09�−1� 4.21�−1� 2.85�−1� 2.59�−1� 2.24�−1� 1.84�−1� 1.68�−1� 1.29�−1� 3.04�−2�
75 2.90�−1� 5.62�−1� 2.91�−1� 2.78�−1� 1.92�−1� 1.78�−1� 1.63�−1� 1.12�−1� 2.14�−2�
80 3.45�−1� 7.00�−1� 3.29�−1� 2.72�−1� 1.98�−1� 1.49�−1� 1.36�−1� 9.10�−2� 1.78�−2�
85 3.86�−1� 7.96�−1� 3.03�−1� 2.77�−1� 1.74�−1� 1.19�−1� 1.31�−1� 9.16�−2� 1.34�−2�
90 3.77�−1� 7.50�−1� 2.97�−1� 2.57�−1� 1.76�−1� 9.52�−2� 1.04�−1� 7.47�−2� 1.26�−2�
95 4.24�−1� 6.82�−1� 3.03�−1� 2.25�−1� 1.43�−1� 6.62�−2� 8.85�−2� 5.99�−2� 1.04�−2�
100 4.64�−1� 7.15�−1� 2.58�−1� 1.84�−1� 1.11�−1� 5.03�−2� 7.54�−2� 4.38�−2� 9.71�−3�
105 4.37�−1� 7.69�−1� 2.15�−1� 1.33�−1� 7.97�−2� 3.90�−2� 6.01�−2� 3.99�−2� 8.29�−3�
110 4.92�−1� 6.53�−1� 2.17�−1� 1.12�−1� 6.71�−2� 3.41�−2� 5.37�−2� 3.79�−2� 8.20�−3�
115 4.64�−1� 5.22�−1� 1.66�−1� 9.90�−2� 5.89�−2� 3.28�−2� 5.56�−2� 4.02�−2� 7.26�−3�
120 4.65�−1� 4.31�−1� 1.53�−1� 1.00�−1� 5.99�−2� 3.46�−2� 6.01�−2� 4.09�−2� 7.49�−3�
125 4.81�−1� 3.85�−1� 1.63�−1� 1.14�−1� 6.63�−2� 3.90�−2� 6.42�−2� 4.51�−2� 7.26�−3�
130 5.55�−1� 3.92�−1� 1.88�−1� 1.34�−1� 8.13�−2� 4.21�−2� 7.08�−2� 4.95�−2� 7.74�−3�
Error 18% 16% 14% 14% 14% 14% 14% 14% 14%

TCS 30.05 13.11 10.56 8.33 6.74 6.97 6.07 5.02 4.02

Error 18% 18% 16% 15% 16% 16% 16% 16% 16%

MTCS 6.87 8.26 4.74 3.99 2.26 1.46 1.35 0.91 0.58

Error 18% 18% 16% 15% 16% 16% 16% 16% 16%

a1.01�1� means 1.01�101.
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presented as a guide to understanding the qualitative behav-
ior of the measured DCS. A large increase in cross section is
noticed at low energies and at intermediate angles for the
both the molecules, which is characteristic of d-wave scat-
tering through the decay of shape resonance. At low ener-
gies, the qualitative behavior of the IAM-based theoretical
DCS deviate considerably from the measured DCS. It is sug-
gested that theoretical calculations incorporating d-wave en-
hancements to the scattering amplitude, valence-bond distor-
tion, and energy-dependent polarization functions can help
understand the nature of electron-molecule interaction better,
while at higher energies the IAM calculations with static,
exchange, and polarization potentials seem to describe the
cross-section behavior adequately.
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