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Abstract 

We report on a combination of experimental and theoretical investigations into the elastic 

differential cross sections (DCS) and integral cross sections (ICS) for electron interactions with 

dichloromethane, CH2Cl2, in the incident electron energy over the 7.0–30 eV range. Elastic 

electron scattering cross section calculations have been performed within the framework of the 

Schwinger multichannel method implemented with pseudopotentials (SMCPP), and the 

independent atom model with screening corrected additivity rule including interference effects 

correction (IAM-SCAR+I). The present elastic DCSs have been found to agree reasonably well 

with the results of IAM-SCAR+I calculations above 20 eV, and also with the SMC calculations 

below 30 eV. Although some discrepancies were found for 7 eV, the agreement between the two 

theoretical methodologies is remarkable as the electron impact energy increases. Calculated 

elastic DCSs are also reported up to 1000 eV for scattering angles from 0º to 180º together with 

total cross section (TCS) within the IAM-SCAR+I framework. 
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I. INTRODUCTION 

Halogen containing molecules have been identified long ago as atmospheric relevant due to long 

lifetimes in the Earth’s troposphere and their role in the stratosphere local chemistry  [1,2]. In the 

particular case of halogenated methanes (e.g. CH2X2; X=F, Cl, Br, I), once in the atmosphere 

either by natural or anthropogenic emissions, their main sink mechanisms are thermal 

decomposition, reactions with radicals and even ultraviolet photolysis yielding halogenated 

methyl radicals. Although the abundance of dihalomethanes may be small, stratospheric chlorine 

loading can be of particular relevance if these compounds concentrations were to increase [3]. 

Dichloromethane, CH2Cl2, used as a solvent is a volatile organic compound (VOC) with recent 

efforts made to investigate its remediation mechanism through a packed-bed plasma reactor [4]. 

This process presents several advantages for air pollution control in detriment to other traditional 

VOCs removal as with thermal oxidation, catalytic oxidation, and adsorption [4]. In these 

plasma environments, processes are initiated by electron chemical reactions and so 

comprehensive knowledge of dichloromethane electronic structure is relevant to establish 

innovative and more efficient technologies to promote or eliminate a particular chemical 

pathway. This certainly further improves our understanding of the sources and sinks with 

potential environmental implications. Electron impact studies with dichloromethane have 

focused on electron attachment (rates) and resonances [5–12]. Absolute total electron impact 

ionization cross-sections have been obtained by Harland and co-workers [13, 14] and more 

recently Naghma et al. [15] from threshold up to 5000 eV through a semi-empirical complex 

scattering potential method. Other experimental and theoretical studies include transmission-

beam total scattering cross section measurements [16] as well as spherical complex optical 

potential calculations [17], differential elastic (at 20 eV only) and momentum transfer cross 

sections using the Schwinger multichannel method [18]. 

In the present contribution, we report a combined experimental and theoretical study on the 

elastic differential cross sections (DCS) from 7.0 to 30 eV. Intermediate to low-energy electron-

impact DCSs are obtained using two different theoretical methodologies, the Schwinger 

multichannel method implemented with pseudopotentials (SMCPP) and the independent atom 

model – screening corrected additivity rule plus interference (IAM-SCAR+I). As far as authors 

are aware, and given the relevance of dichloromethane in industrial applications, other 

experimental DCSs data to compare with are scarce and as a consequence, we believe the 

present joint theoretical and experimental electronic state DCS efforts are original. Moreover, 

this study is also complemented by new electron scattering theoretical data on total, integral 
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inelastic, electronic excitation and ionization cross sections and compared to the available data in 

the literature. 

The outline of our paper is as follows. In section II, we briefly describe the details of our 

experimental procedure and in section III the theoretical calculations, with our results being 

presented and discussed in section IV. Finally, in section V, some conclusions from this work 

are summarized. 

  

II. EXPERIMENTAL SETUP 

Elastic differential cross sections (DCSs) were obtained in a High Resolution Electron Energy 

Loss Spectrometer (HREELS), VG-SEELS 400, which has been described in detailed before 

[19]. Briefly, a monochromatic electron beam generated with a hemispherical electron 

monochromator is made to cross at right angles with an effusive molecular beam target that 

reaches the interaction region through a 0.95 mm inner diameter hypodermic needle. Scattered 

electrons from the target gas are energy analyzed with a hemispherical electron analyzer that 

rotates about the gas jet from 0° to +120°, with respect to the incident electron beam, and are 

detected by an electron multiplier. The angular acceptance is 1.25°±0.25°. The typical base 

pressure in the main chamber was 5.0×10–5 Pa and, upon dichloromethane admission, this 

increased to a pressure of 1.0×10–3 Pa. The liquid sample was supplied from Fluka with a quoted 

purity of ≥99.9%. The sample was degassed by repeated freeze-pump-thaw cycles prior to use. 

The energy resolution of the incident electron beam was ∼120 meV [full width at half maximum 

(FWHM)], with incident electron currents of a few nA (depending on the initial electron energy). 

For such an energy resolution value, there could be contributions to the elastic signal from some 

of the lower-lying vibrational modes of CH2Cl2. Notwithstanding, for electron impact energies 

above 10 eV, these possible vibrational contributions are expected to be very small compared to 

the elastic signal, and thus are not expected to make any significant contribution to the measured 

elastic cross sections. However, for electron impact energies below 10 eV, special care was 

taken to carefully extract the elastic contribution by deconvoluting the energy-loss spectra with 

the Gaussian profiles. The incident electron energy was calibrated to the elastic peak. Here the 

absolute scale of the elastic DCS is obtained through an independent atom model–screening 

corrected additivity rule calculation with an interference term correction (see Sec. III). 

 

III. COMPUTATIONAL METHODS 

The experimental DCSs have been interpreted with the aid of two complementary theoretical 

methodologies that permit to establish the angular behavior of scattered electrons from 
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molecules in a wide range of electron impact energies from low- to intermediate-energy (≤ 30 

eV) and intermediate- to high-energy (≥ 20 eV). These are based on the well-established 

Schwinger multichannel method (SMC) and on a corrected form of the independent-atom model 

(IAM) known as SCAR (screening-corrected additivity rule), which are briefly presented below. 

Such joint experimental and theoretical procedure has been implemented recently in our 

laboratory in the case of electron scattering from acetone [20] and chlorobenzene [21], and 

revealed to be very reliable when compared to other available data in the literature. Therefore we 

are confident that the procedure implemented here for dichloromethane differential cross 

sections can be relied upon across the energy range studied (7.0–30 eV). 

 

A. Schwinger multichannel (SMC) method 

To compute the differential and integral elastic cross sections of dichloromethane we employed 

the SMC method [22, 23] implemented with pseudopotentials (SMCPP) [24]. The SMC method 

and its implementations were recently reviewed in detail recently [25], therefore, we will only 

discuss the theoretical aspects related to the present calculations. Our calculations were carried 

out in C2v symmetry group employing the experimental molecular geometry [26]. The 

pseudopotentials of Bachelet et al. [27] were used to replace the core electrons of the carbon and 

oxygen atoms, whereas the valence electrons are represented by six s-type, five p-type, and two 

d-type Cartesian Gaussian functions, generated according to Ref. [28]. For the hydrogens we 

employed the 4s/3s basis set of Dunning [29] augmented with one p-type function with exponent 

0.75. In order to avoid linear dependency in the basis set the symmetric combinations of the d-

type orbital were excluded. The scattering cross sections were computed in the static-exchange 

plus polarization approximation (SEP), where the configuration state functions (CSFs) are built 

from products of target states with a single-particle wave function. In the simplest 

approximation, in which the polarization effects of the electronic cloud are neglected (known as 

the static-exchange, SE, approximation), the CSFs are given by a direct product between the 

target ground state, which is described in the Hartree-Fock level, and a single-particle function. 

In the SEP approximation, the direct space is augmented by considering direct products of N-

electron states, obtained by performing single (virtual) excitations of the target from the 

occupied (hole) orbitals to a set of unoccupied (particle) orbitals, and a single-particle function 

to represent the scattered electron. We used the modified virtual orbitals (MVOs) [30], as 

generated in the field of the cation with charge +6, to represent the particle and scattering 

orbitals. All the valence orbitals were employed as hole orbital and the first 48 MVOs were used 

as particle and scattering orbitals, resulting in 23135 CSFs, when singlet- and tripled-coupled 
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excitations were employed. In order to check the stability of our calculations and the influence of 

triplet couple excitations we also performed two extra calculations: the first one also employed 

the first 48 MVOs as particle and scattering orbitals but employed only singlet-coupled 

excitations whereas the second extra calculation (only for the resonant symmetries A1 and B2) 

employed the 68 first MVOs, also considering only singlet-coupled excitations. Table I 

summarizes the number of CSFs for the three calculations performed with the SMCPP method. 

Finally, we employed the standard Born-closure procedure [31] to account for scattering of 

higher partial waves, due to the long-range character of the dipole potential. Our computed value 

for the dipole moment was 1.91 D, which is about 19% larger than the experimental value of 

1.60 D [26]. 

 

B. Independent-atom model (IAM) 

Full details of the independent atom model–screening corrected additivity rule calculation [32, 

33] have been presented in several occasions, whereas with an interference term correction 

(IAM-SCAR + I) [34] it has been recently used within the context of electron scattering from 

para-benzoquinone [35]. Briefly, Blanco and García [34] have shown that even at high electron 

(and positron) impact energies, multiple scattering effects are not negligible and the interference 

terms can modify appreciable both the differential and integral calculated cross sections. Their 

modification and correction to the original additivity rule in the IAM-SCAR method [32, 33] by 

including the contribution of such terms has been validated [34] by solving the three-

dimensional Lippmann–Schwinger equation for multicenter potentials further to a procedure 

established by Polasek et al. [36]. This method has improved to the former IAM-SCAR to 

produce reliable elastic scattering differential cross sections to within 10% of the experimental 

data at energies greater than 30 eV, and even at impact energies above 10-20 eV in some 

molecular targets (see e.g. Ref. [37] for phenol molecule). To the best of our knowledge, no 

other experimental or theoretical DCS data for dichloromethane is currently available at this 

impact energy. As so, we make use of IAM- SCAR+I to obtain the qualitative behavior of the 

experimental elastic scattering DCS data to within 10%. Additional differential rotational cross 

sections are calculated by considering dipole interactions within the framework of the Born 

approximation. 

 

IV. RESULTS AND DISCUSSION 

In this section we present a comprehensive discussion on the experimental and theoretical elastic 

differential cross sections showing the strong agreement between experiment and theory as well 
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as total (including rotational), integral inelastic, electronic excitation and ionizations cross 

sections. The results are compared with previous data available in the literature whenever 

possible. Dichloromethane, CH2Cl2, is a polar molecule with appreciable permanent dipole 

moment (1.60 D) and molecular polarizability (α) of considerable magnitude, 6.656 Å3 [26], and 

we can anticipate that this is expected to play a key role in determining the magnitude and the 

angular and energy-dependent behavior of the low- to intermediate-energy electron-scattering 

cross sections. 

 

I. Differential cross sections (DCSs) 

The measured electron scattering elastic differential cross sections (DCSs) are presented in FIG. 

1 at four different impact energies, from 7.0 to 30 eV for scattering angles from 8° to 120°, 

together with the corresponding theoretical results from the application of the SMCPP and IAM-

SCAR+I models. To our knowledge there is only one theoretical elastic differential cross section 

(DCS) for the CH2Cl2 molecule by Natalense et al. [18] at impact energy of 20 eV, however, 

there are no elastic DCSs for the dichloromethane in the low-energy range covered in the present 

work, i.e. below 20 eV. The experimental absolute values have been derived from the theoretical 

methods, from which the data have been rescaled at 30° scattering angle for 7, 10 and 20 eV 

from SMCPP and for 30 eV from IAM-SCAR+I. The experimental DCSs are tabulated as 

numerical values in Table II. A close inspection of FIG. 1 shows that the cross sections are 

enhanced in the forward scattering angles. Such behavior is not surprising since at those very 

small scattering angles the cross section is dipole driven. Moreover, the considerable high value 

of the polarizability also reflects the magnitude and the angular and energy-dependent behavior 

of the low- to intermediate energy electron-scattering cross sections. Special attention must be 

taken to the data points at 8°–10° scattering angles in particular at low electron impact energies, 

where the experimental points overestimate the theoretical data which may be due to angular 

resolution limitation (<2°). Nonetheless, the qualitative behavior of these experimental data 

points agrees with the dipole moment and polarizability dependence cross section of CH2Cl2. 

Experimental elastic DCSs are compared in this figure with the theoretical SMCPP and IAM-

SCAR+I calculations. The Schwinger multichannel method implemented with pseudopotentials 

agrees very well up to 20 eV and overestimates the experimental data for 30 eV. Such is due to 

the approximation employed in the present calculation that does not account for relevant 

inelastic processes, such as electronic excitation and ionization, which are already operative at 

those energies. Hence, one would expect a lowering of the elastic cross section towards the 

experimental data since opening those channels would allow flux loss from the elastic to the 
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inelastic channels. Such has been clearly identified recently and for further details see Refs. [37, 

38] and references therein. As far as the IAM-SCAR+I method is concerned, a better agreement 

with the experimental DCS is observed for electron impact energies above 20 eV. Another 

relevant aspect of FIG. 1 is that we also include in the IAM-SCAR+I the contribution of the 

calculated differential rotational cross sections, indicated as IAM-SCAR+I+Rot. We clearly 

observe that in the forward direction the differential and rotational summed cross section is in 

excellent agreement with the SMCPP method. This is another assertion of the validation of both 

methods in the description of the rotationally summed elastic differential cross section angular 

dependence at particularly low-scattering angles. From the point of view of the shape of the 

differential cross sections, at 30 eV two discernible minima at 70° and 140° are visible, where 

the latter becomes shallower at 20 eV and disappears below 10 eV and the former shifts to lower 

scattering angles with decreasing electron impact energies. 

In FIG. 2 we show our calculated elastic integral cross section (ICS) obtained in the IAM-

SCAR+I and SMCPP calculations. The IAM-SCAR+I ICS were obtained by adding to these ICS 

values the rotational excitation integral cross sections. Experimental values determined from 

integration of the DCSs are also included for comparison. These ICS were obtained from the 

measured DCSs extrapolated for scattering angles θ > 120° by using the theoretical angular 

distributions of the present IAM-SCAR+I calculations above 20 eV and the SMCPP theoretical 

results below 10 eV, whereas for scattering angles θ ≤ 10° extrapolation was performed with the 

aid of the IAM-SCAR+I+Rot. Of relevance that the inclusion of the rotational contribution in the 

IAM-SCAR+I method results in an excellent agreement with the SMCPP at low scattering 

angles and even at low impact energies. A detailed inspection of FIG. 2 also shows that both 

theoretical methods, i.e. IAM-SCAR+I elastic and SMCPP, still show some discrepancies as to 

the magnitude of the cross sections, although compared with the experiment the shape of the 

cross section is in good accord. However, we notice that the SMCPP method seems to be in 

better agreement with the experimental data magnitude. 

 

II. Elastic cross section at low energies 

A detailed analysis to the SMCPP ICS reveals the presence of at least three resonances. There is 

one resonance at 0.5 eV that is due to an A1 symmetry, one at 2.3 eV that comes from the B2 

symmetry and a huge bump at around 10 eV. This bump comes actually from the overlap of 

three resonant states, one from the B1 symmetry around 7.0 eV (in good agreement with 

Scheunemann and co-workers [10]), one from the A1 symmetry and one from the A2 symmetry 
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both at around 10 eV. We estimated the width of the two low-lying resonances by fitting the 

resonant structure to a Breit-Wigner profile and obtained values of 0.44 eV and 0.71 eV. 

Regarding the position of the resonances, the calculated cross section places the low-lying A1 

resonance at around 0.5 eV, which is lower than the value of 0.8 eV related to the negative ion 

yield from [10] and the value from electron transmission spectroscopy (ETS) of 1.2 eV [39]. We 

attribute this small discrepancy between theory and experiment to a possible over correlation of 

the resonance due to the polarization scheme employed in the calculation. In the SMC method 

the target state is not correlated and if the polarization scheme is not well balanced with the 

target description (Hartree-Fock level) the resonance position is lower than the experimental 

value. As mentioned above, in order to check the influence of the triplet-coupling excitations in 

the cross sections, we performed two other calculations in the SEP approximation considering 

only singlet-coupled excitations. In the first calculation we used the first 48 MVOs as particle 

and scattering orbitals, resulting in approximately 3000 CSF in each resonant symmetry (half of 

the number of CSFs used in the SEP (S+T) calculation presented in FIG. 2). In this calculation 

the first כߪresonance is located at 1.6 eV with a width of 1.41 eV and the second resonance is 

located at 3.8 eV with a width of 2.48 eV. For the second theoretical method, our goal was to 

preserve about the same number of CSFs in the SEP(S+T) calculation. We then used the first 68 

MVOs as particle and scattering orbitals only for A1 and B2 symmetries with around 6000 CSFs 

in each symmetry. In FIG. 3 we present the symmetry decomposition of the integral cross 

section for the three calculations mentioned above. It is possible to observe that when we allow 

singlet- and triplet-coupled excitations the first resonance is over correlated with respect to the 

experimental data [10]. On the other hand, those CSFs are important to describe correctly the 

position of the second resonance. Our calculation shows that using only singlet coupling the 

resonances positions converge to 1.5 eV for the first and 3.6 eV for the second, even if the 

number of CSF is augmented. Table III summarizes the calculated resonances positions obtained 

with each calculation as well presents a comparison with the experimental data (ETS). In FIG 3 

we show the first two empty orbitals of CH2Cl2 obtained from the electronic structure 

calculations. These orbitals represent well the molecular region accessed by the incoming 

electron during the resonances and, although their calculated energy are not directly related to 

the observed shape resonances, it is possible to relate them by using an empirical scaling 

relation. Employing the scaled relation from Burrow et al. [39] for the σ*
C-Cl resonances, the two 

low-lying shape resonances were estimated at 1.2 eV and 2.6 eV, respectively. In general, the 

low-lying resonances’ positions obtained in the calculations using only singlet-coupled 

excitations agree well with the ETS data and with the VAE. 
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III. Total, integral inelastic, electronic excitation and ionizations cross sections 

In FIG. 4 we show our calculated total, total plus rotational, integral inelastic, electronic 

excitation and ionization cross sections. Some of these are also compared with the available data 

in the literature [15–17]. A qualitative discussion of the cross sections presented needs to be 

evaluated on two separate groups: total cross sections and integral inelastic, where we find 

inconsistencies that need to be properly addressed. We start by comparing the total cross section 

(including rotational contribution) with the data from Karwasz et al. [16] and Naghma et al. 

[17]. Generally speaking the cross sectional values in Ref. [16] are in very good accord with the 

data obtained from our calculation up to 1000 eV, while the values from Ref. [17] are 

consistently lower. Above this energy the data of Karwasz et al. [16] deviates 6-17% whereas 

Naghma et al. [17] is consistently 25% lower. The main reason for such discrepancies is due to 

the fact that these authors did not account properly for the elastic channel at high electron impact 

energies (above 1000 eV) and small scattering angles (θ ≈ 0°). We now turn our attention to the 

ionization cross section where in FIG. 3 we note a reasonable agreement in shape between the 

present data and that from Ref. [15]. We have obtained at 70 eV a cross section value of 7.67 Å2 

against 9.74 Å2 from Naghma et al. [15]. Also relevant is the ionization data of Bart et al. [13] 

with an experimental value of 9.4 Å2 at 74 eV and a value of 9.9 Å2 at 66 eV from the Deutsch-

Märk formalism. However, our cross section maximum is ~ 22% lower than Naghma et al. [15]. 

For electron impact energies above the ionization cross section maximum at 70 eV, the data in 

Ref. [15] is identical to ours within a 15% difference higher. Now we turn to a persistent 

misinterpretation of the underlying mechanisms that contribute to the magnitude of the integral 

inelastic cross section in the calculation of Naghma et al. [17]. Such has also been made 

persistent in the case of electron scattering from atoms which we have recently reported [41]. 

Naghma et al. [17] make use of a semiempirical approach to determine the ionization cross 

section (Qion) from the total inelastic cross section (Qinel) based on the assumption that at high 

incident energies, E > 500 eV, the ratio between (Qion) / (Qinel) is unity. Such rationale is built 

upon the condition that at those impact energies the ionization cross section becomes 

predominant in the inelastic channel, while the electronic excitations rapidly decreases. Under 

the Born-Bethe formulation [42], at very high energies (E), the electronic excitation and 

ionization cross sections show similar energy dependence proportional to (ln (E))/E, meaning 

that Naghma et al. [17] postulation is not in agreement with the first Born approximation. 

Therefore these authors would have to correct their data in particular above 500 eV where an 

average value of (0.82±0.05) must apply rather than unity. 
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As a final remark, and as far as experimental investigations on the ionization and electronic 

excitation cross sections are concerned, we are planning a set of experiments in the Madrid 

laboratory to obtain comprehensive cross sectional values to compare with those from our 

theoretical calculations as well as those available in the literature [13, 17]. 

 

 

 

V. CONCLUSIONS 

We have presented for the first time a joint experimental and theoretical investigation into the 

electron scattering of dichloromethane. Elastic differential cross sections were obtained and the 

combination of experimental electron energy loss spectra measurements, together with two 

different but complementary SMCPP and IAM-SCAR+I elastic scattering differential cross 

section calculations, have allowed a comprehensive description in the low to intermediate 

electron impact energies, 7-30 eV. Below 20 eV a reasonable agreement has been found between 

our experimental data and the SMCPP method whereas above this energy the IAM-SCAR+I 

method describes very well the experimental findings. Another interesting aspect pertains to the 

good accord of the IAM-SCAR+I calculation, including rotational excitations, to describe below 

20 eV the asymptotic behavior of the DCS in the forward direction. This investigation also 

identified challenges in developing a strategy to perform experimental determination of the total, 

integral inelastic, electronic excitation and ionizations cross sections to be compared with the 

present calculations. Overcoming those challenges, and undertaking further energy electron 

scattering experiments, will form an essential part of developing complete cross section sets for 

this molecular target. 
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Table I. Number of CSFs employed in the calculations performed with the SMCPP method. 

 

 A1 B2 B1 A2 

SEP (S+T) - 48MVOs 6172 6061 5505 5397 

SEP (S) - 48 MVOs 3201 3116 2810 2728 

SEP (S) – 68 MVOs 6232 6115 - - 
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Table II. Experimental differential (10−16 cm2 sr−1) and integral cross sections (10−20 m2) for 

elastic scattering from CH2Cl2. Errors on the DCSs are typically 15%–20% and for the ICS of 

26%–28%. 

 

Angle Impact energy 

(degrees) 7.0 10.0 20.0 30.0 

8 377.9 397.5 1786.6 170.6 

10 186.9 106.2 25.2 107.8 

20 20.4 40.3 14.5 29.7 

30 7.0 7.9 7.0 8.1 

50 2.2 2.08 1.9 2.2 

60 - - - 0.5 

70 3.0 1.9 1.2 0.4 

80 - - - 1.1 

120 - 1.7 1.03 0.6 

ICS 126.6 149.1 104.2 86.2 
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Table III. Comparison of the calculated resonance positions of the two low-lying shape 

resonances with the experimental data obtained from ETS and scaled VAE employing the scaled 

relation from Burrow et al. [39]. Results are in eV. 

 

 σ* (A1) σ* (B2) 
SMC (S+T)-48MVOs 0.50 2.3 
SMC(S)-48 MVOs 1.6 3.8 
SMC(S)-68 MVOs 1.5 3.6 
ETS [39] 1.2 3.38
Scaled VAE [40] 1.2 2.6 
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Table IV. Calculated electron scattering from CH2Cl2 total, total + rotational, excitation, 

ionization and inelastic cross sections (10–20 m2). 

 

Impact energy (eV) Total Total + rot. Excitation Ionization Inelastic 

0.1 61.32 666.40    

0.15 39.48 476.00    

0.2 39.76 386.40    

0.3 41.72 288.40    

0.4 43.96 238.84    

0.5 45.08 206.64    

0.7 45.92 167.44    

1.0 45.64 135.24    

1.5 43.68 106.96    

2.0 41.44 90.72    

3.0 40.32 74.76    

4.0 40.88 67.76    

5.0 42.00 64.12    

7.0 45.92 62.16    

10 51.53 63.28 0.01  0.01 

15 51.56 59.64 1.20 0.25 1.44 

20 46.76 53.20 2.36 1.84 4.20 

30 39.45 43.96 2.49 5.32 7.81 

40 34.83 38.08 2.30 6.83 9.13 

50 31.50 34.16 2.16 7.42 9.58 

70 27.10 29.12 1.90 7.67 9.58 

100 23.10 24.58 1.68 7.31 8.99 

150 19.12 20.13 1.46 6.47 7.92 

200 16.63 17.42 1.32 5.74 7.06 

300 13.50 14.06 1.12 4.70 5.82 

400 11.51 11.93 1.01 3.98 4.98 

500 10.11 10.44 0.90 3.47 4.37 

700 8.20 8.46 0.76 2.77 3.53 

1000 6.50 6.66 0.62 2.16 2.78 
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2000 3.98 4.06 0.39 1.28 1.67 

3000 2.93 3.00 0.29 0.92 1.22 

5000 1.97 2.01 0.20 0.61 0.81 

10000 1.11 1.13 0.12 0.34 0.46 
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FIG. 1. Present DCS (10−16 cm2/sr) for elastic electron scattering from CH2Cl2 in the incident 

electron energy region 7.0–50 eV; (•) present elastic DCS; Solid curves: Our SMCPP and IAM-

SCAR+I calculations. 

 

 

  



20 
 

FIG. 2. Integral cross sections (10–20 m2) including the experimental data on electron scattering 

from dichloromethane together with the theoretical calculations using the SMCCPP and the 

IAM-SCAR+I methods. Also included the IAM-SCAR+I+Rot cross section. 
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FIG. 3. Symmetry decomposition of the calculated SMCPP integral cross section (10–16 cm2) of 

CH2Cl2. The inserts represent the resonant molecular orbitals of σ*nature. 
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FIG. 4. Calculated electron scattering from CH2Cl2 total, total + rotational, excitation, ionization 

and inelastic cross sections (10–20 m2). Total cross sections of Karwasz et al. [16], Naghma et al. 

[17], ionization [15] and inelastic cross sections of Naghma et al. [17]. 

 

 


