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Abstract. Rotationally-summed elastic cross sections for electrons collisions with the isomers acetonitrile
and methyl isocyanide are reported. Theoretical differential and integral cross sections are calculated using
the UK molecular R-matrix codes in the energy range from 1 eV to 10 eV. The dynamic interaction is
represented within a static-exchange plus polarization model based on the use of an extensive orbital sets.
Both molecule have a large permanent dipole moment and a Born closure procedure is used to get more
reliable cross sections. These molecules show low-energy, π∗ resonances at 2.4 and 2.7 eV for CH3CN and
CH3NC, respectively; and very broad σ∗ ones at about 6 eV. Our results suggest that electron collisions
with CH3CN / CH3NC show similar properties to those found for electron collisions with HCN / HNC.

1 Introduction

Molecules containing cyanide and isocyanide groups have
many different uses in chemical industries [1,2]. The
CH3CN (acetonitrile or methyl cyanide) molecule was de-
tected in the interstellar clouds [3] and can be considered
as building block for amino acids [4].

The isomers CH3CN and CH3NC (methyl isocyanide
or isocyanomethane) have large, permanent dipole mo-
ments (>3 Debye). Closed-shell molecule molecules with
permanent dipoles above a critical value of about 2 Debye
can form “dipole-bound” molecular anions [5,6]. Theoret-
ical and experimental studies have shown the existence of
“dipole-bonded” anion of CH3CN− [7,8]. There are also
studies of dissociative electron attachment (DEA) for both
CH3CN and CH3NC in the gas phase [9–13]. Studies to
understand the effect of surfaces on DEA have also been
performed for CD3CN [14] and CH3CN [15]; in particular
Bass et al. [15] demonstrated that there are some simi-
larities between the products generated by gas phase and
condensed phase DEA. However due to the different en-
vironments, the stabilization of the CH3CN− molecules
anion states is different which changes the resonance en-
ergies, appearance energies of ions and even fragmentation
patterns leading, for example to CH−

2 , which not appear
in gas phase DEA.

Another issue related to electron scattering from
molecules with large permanent dipole moments is the dis-
crepancy between theoretical integral cross sections (ICS)
and the measured ones. Basically, this is due on one hand
to the way experimental differential cross sections (DCS)

a e-mail: milton@fisica.ufpr.br

are interpolated at small and large angles [16] and, on the
other hand, to the way that theorists take into account
nuclear dynamics. So obtaining reliable ICS for molecules
with large permanent dipole moments remains a challenge.

In this paper we report elastic integral cross sec-
tions for low-energy (below 10 eV) electron collisions with
CH3CN and CH3NC computed using the UK molecular
R-matrix codes. Shape resonance are studied using both
the static exchange and the static-exchange plus polariza-
tion approach for both molecules. This paper is organized
in the following sections: Section 2 gives a brief description
of the R-Matrix method used and details of the calcula-
tions; Section 3 presents DCS and ICS results for CH3CN
and CH3NC, and a comparison with available results for
HCN; in the last section we present our conclusions.

2 Calculations

2.1 The R-Matrix method

In this work, R-matrix theory is used to describe electron
scattering by molecules and the UK polyatomic R-matrix
(UKRMol) codes [17] were employed to calculated the
cross sections and quantities of interest. The R-matrix
method applied to molecules is presented in detail else-
where [18–21]. Here we present a brief overview of this
method using the nuclei-fixed frame.

In the R-matrix formulation space is split into an in-
ner and an outer region. The inner region is defined as the
space inside of a sphere of radius r = a in which the centre-
of-mass of the molecule defines the origin of the coordi-
nates. The radius a is chosen in order to have all electronic
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density of the target molecule inside the sphere. In the
inner region, the system is represented by a complex com-
prised of N electrons of the molecule plus one continuum
electron, (N + 1 electrons). As the interactions between
the scattering electron and all electrons of the molecule
is strong is the inner region, it is important to consider
exchange, polarization and correlation effects. The wave
function inside the sphere is represented by

ΨN+1
k (x1 . . . xN+1) = A

∑

ij

aijkφN
i (x1 . . . xN )uij(xN+1)

+
∑

i

bikχN+1
i (x1 . . . xN+1) (1)

where φN
i represents the N -electron wave function of the

isolated molecule in its ith state, uij is a continuum or-
bital associated with the molecule in the ith state; A is
the antisymmetrization operator due to indistinguishabil-
ity of the electrons; χN+1

i is an L2 configurations of all
N + 1 electrons generated by placing the extra electron
in one of target molecular orbitals, including virtual or-
bitals, obtained from a self consistent field calculation. In
static exchange (SE) calculations this term is used to re-
lax the constraint of orthogonality between the continuum
orbitals and molecular orbitals of the same symmetry. aijk

and bik are coefficients determined variationally by diago-
nalization of the Hamiltonian matrix constructed using a
specially adapted code [22]. In the inner region, the con-
tinuum electron orbitals were constructed using Gaussian
type orbitals (GTO) [23] for which we used up to �max = 4
which corresponds to s, p, d, f and g orbitals.

The R-matrix is constructed on the boundary and used
to match the inner and outer solutions for the continuum
electron. In the outer region the R-matrix is propagated
to get the K-matrix and hence cross sections.

In the outer region it is not necessary to consider
exchange and correlation effects, and solutions are ob-
tained by solving a set of one-electron, coupled, second-
order differential equation. As CH3CN and CH3NC both
have large permanent dipole moments, and in order to
take into account the long-range interaction, a Born clo-
sure procedure was employed. In the R-matrix method
the continuum orbitals are calculated using partial waves
up to �max and the higher partial waves are included
in scattering T-matrices via analytical Born T-matrices,
using the rotating dipole approximation to calculate ro-
tational motion to avoid the divergence of nuclei fixed
approximation [24–26]. For this we used the code POLY-
DCS [27] which performs a frame transformation from
a body-fixed formulation neglecting rotational motion to
a space-fixed axis system including the rotational mo-
tion [28] and then calculates rotational excitation (J =
0 → J ′ = 0, 1, 2, . . .) cross sections. It should be noted
that rotational transitions other than those with ΔJ = 1
are completely dominated by short-range effects and do re-
quire any Born correction [29,30]. The converged sum of
these rotationally-resolved cross sections can be compared
to the experimental rotationally-unresolved cross sections.
We note that it is customary, particularly for measured

Table 1. Equilibrium geometry data used for ground state of
CH3CN and CH3NC. Distances in Å and angles in degrees.

parameters CH3CNa CH3NC
R (C2-N) 1.1572 1.1446
R (X-C3) 1.4458 1.4205
R (C3-H) 1.1120 1.0796

∠ (X-Y-C3) 180.00 180.00
∠ (X-C3-H) 109.40 109.53
∠ (H-C3-H) 109.54 109.40

X = N and Y = C2 for CH3CN and X = C2 and Y = N for
CH3NC. a Experimental distances from [34].

cross sections, to refer cross sections which are rotation-
ally summed as “elastic”.

It is difficult experimentally to resolve rotational exci-
tation, so there are only a few studies available on which
tests of the above methodology can be performed. How-
ever in these cases, such as for water [31], the agree-
ment is found to be excellent. Similarly tests between
very different procedures for treating rotational excitation
also show excellent agreement [32]. Furthermore, tests,
again on water, have shown that rotationally-summed
elastic cross sections are almost entirely independent of
temperature [33] meaning that calculations based on the
use of an initial J = 0 level, which correspond to the
molecule at 0 K, should give results appropriate for other
temperatures.

2.2 Calculation details

All calculations were performed using the nuclei-fixed
approximation and the isolated molecules CH3CN and
CH3NC are described in their ground state using Hartree-
Fock self-consistent-field (HF-SCF) with a cc-pVTZ ba-
sis set. The molecular structures are shown in Figure 1
and the equilibrium geometry used here is given in Ta-
ble 1, where we have used experimental geometry for
CH3CN [34] and for CH3NC we have optimized the geom-
etry using cc-pVTZ basis set in Hartree-Fock level. Both
molecules have C3v point group symmetry, but as C3v

is not implemented in the UK molecular R-matrix pack-
ages the reduced symmetry of the Cs point group was
used. This gives symmetries A′ and A′′ but, where pos-
sible, full symmetry labels are used below. For example,
for resonances of E symmetry the A′ and A′′ results co-
incide, otherwise they correspond to A1 and A2 symme-
tries in C3v, respectively. Our calculations give permanent
dipole moment of 4.17 D and 3.75 D which can they can
be compared with the slightly lower experimental values
of 3.92 D and 3.83 D [35], respectively for CH3CN and
CH3NC. As the cross section depends approximately on
the square of these dipoles, then this should lead to an
overestimate of the rotationally-summed cross sections by
about 13% and 4%, respectively.

For the scattering calculations, we initially employed
the Quantemol-N expert system [36] to rapidly generate
the inputs required by the UKRMol codes [17]; these were

http://www.epj.org


Eur. Phys. J. D (2015) 69: 153 Page 3 of 8

Fig. 1. Molecular structures of CH3CN and CH3NC.

then modified for more detailed studies, such as to include
different levels of polarization. We tested R-matrix radii a
from 10a0 to 15a0. Although we got similar results for
the eigenphase sums, we choose a = 11a0 for all final
calculations as we considered that this inner region basis
was both balanced and numerically stable.

To include polarization effects inside the inner region
we performed a systematic study including up to 55 virtual
orbitals from the SCF calculation to generate two particle,
one hole (2p,1h) L2 configurations, in singlet and triplet
excited target states, in the second sum of equation (1).
This number of virtual orbitals is enough to converge the
static-exchange (SE) calculation. To describe the contin-
uum wave function we have used GTO with �max = 4
and the higher partial waves are included via Born cor-
rection. The rotational constants, in meV, used to cal-
culate the rotational excitation cross sections with the
program POLYDCS are A = 0.6283846, B = 0.0384294
and C = 0.0384294 for CH3CN and A = 0.6678389,
B = 0.0424381 and C = 0.0424381 for CH3NC.

3 Results and discussion

3.1 Eigenphase sums

Before computing final cross sections, we performed a sys-
tematic study of the convergence of the eigenphase sums
in both the A′ and A′′ symmetries (not shown). Calcu-
lations for both molecules behaved very similarly in our
convergence studies. Firstly we converged scattering cal-
culations using the static-exchange (SE) approximation:
no more than 30 virtual orbitals were needed. Secondly
we used these virtual orbitals to generate (2p,1h) configu-
rations to take into account polarization effects: the eigen-
phase sums were considered reasonably well converged us-
ing 55 virtual orbitals.

An automated procedure [37] using the Breit-Wigner
formula was used to fit eigenphase sums and find final res-
onance positions and widths. For the CH3CN molecule, in
the SE model below 10 eV both eigenphase sums (for A′
and A′′) display one broad (1.3 eV wide) resonance struc-
ture near 5.0 eV. Since the SE approximation can only
give shape resonances and this one is clearly doubly de-
generate, we assign it as an E symmetry (π∗) shape res-
onance. In the SEP calculations this resonance feature
moves to lower energy and becomes narrower, converg-
ing to about 2.38 eV (0.4 eV). Our SEP calculations show

Table 2. Resonance parameters for CH3CN: Resonance sym-
metry in C3v plus Energy (width), in eV for static exchange
(SE) and static exchange plus polarization (SEP) models. The
SEP calculations used 55 virtual orbitals.

SE E 4.96(1.32)
SEP E 2.38(0.39) A1 6.28(3.81) A1 8.97(0.01)

a new broad resonances at 6.28 eV (3.81 eV) and a narrow
resonance near 8.97 eV (0.01 eV) both with A1 symme-
try, where the number in parentheses are the resonance
widths. Our calculated resonance positions and widths for
CH3CN are summarized in Table 2.

Jordan and Burrow [38] used electron transmission
spectroscopy (ETS) to observe a resonance near 2.8 eV
which they assigned to the π∗ unoccupied molecular or-
bital of CH3CN. These experimental results were con-
firmed by Hitchcock et al. [39] who measured elec-
tron transmission (ET) spectra for CH3CN and CH3NC.
They (Hitchcock et al. [39]) observed intense resonances
at 2.82 eV and 2.81 eV corresponding to the π∗ unoccupied
molecular orbital, respectively for CH3CN and CH3NC.
These authors also observed a broad and weak resonance
around 6 eV for both CH3CN and CH3NC, which they
suggested could be related to electron capture by a σ∗
molecular orbital. However this assignment is not conclu-
sive and, at this range of energy, two particle processes,
such as Feshbach or core-excited shape resonances could
occur as well.

An electron energy loss spectroscopy (EELS) study
performed by Edard et al. [40] suggested that the low-
lying shape resonance is responsible for vibrational exci-
tation of HCN, CH3CN and CH3NC. Their energy loss
spectra showed a lower resonant structure at 2.3 eV for
HCN and near 2.9 eV for CH3CN and CH3NC at a scat-
tering angle of 30 degrees. Burrow et al. [41] using ETS
observed that HCN and CH3CN displayed strong reso-
nances at 2.26 eV and 2.8 eV in good agreement with
previous works. Burrow et al. reported that their mea-
sured ET spectra for HCN and CH3CN do not exhib-
ited evidence for vibrational motion by the temporary an-
ions; they also argued that the previous calculations of
Jain and Norcross [42,43] for electron autodetachment of
HCN− gave a width of 1.9 eV which would correspond
to a short lifetime compared with a vibrational period of
the CN stretching. The short lifetime of this resonance is
supported by the more recent calculations of Varambhia
and Tennyson [44].
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Fig. 2. Convergence of CH3CN DCS as a function of the number of virtual orbitals (N) used in the SEP calculations with no
Born correction included.

Table 3. Resonance parameters for CH3NC: resonance sym-
metry in C3v plus Energy (width) in eV, for static exchange
(SE) and static exchange plus polarization (SEP) models. The
SEP calculations used 55 virtual orbitals.

SE E 5.53(2.05)
SEP E 2.70(0.89) A1 6.59(3.65) A1 9.66(0.007)

For the CH3NC molecule, our calculated eigenphase
sums showed a E-symmetry, π∗ the resonance near 5.53 eV
in the SE model and, after including polarization (SEP
calculations), at 2.70 eV (0.89 eV). The SEP calculations
also gave a broad resonance about 6.59 eV (3.65 eV) and
a narrow resonance near 9.66 eV (0.007 eV), both of A1

symmetry. These results are summarized in Table 3.
Our calculations therefore found for both isomers a

broad, low-lying π∗ resonance, a very broad resonance at
about 6 eV which is consistent with being a σ∗ shape res-
onance, and a high-lying, narrow A1 symmetry resonance,
which is probably a Feshbach resonance. SEP calculations
are good at reproducing the properties of shape resonance,
but it is probably necessary to perform close-coupling cal-
culations to obtain reliable parameters for the Feshbach
resonances.

Our calculated position of the low-lying shape reso-
nance at 2.38 eV for CH3CN is closer to that of HCN
at 2.3 eV than the observations. On the other hand, for
CH3NC the lower resonance at 2.7 is in good agreement
with available experimental results near 2.8 eV. If we com-
pare our calculations in SE for both molecules the reso-
nance position of CH3CN is 0.4 eV lower than CH3NC and
this difference is maintained when we include polarization,
indicating that the unoccupied π∗

CN orbital in CH3CN is
lower-lying than π∗

NC orbital in CH3NC; similar differences
are found in the measurements [38,39].

Varambhia and Tennyson [44] performed a detailed
study of electron collisions with HCN and HNC using
the R-Matrix method. They used correlated wave func-
tions to represent the target and 24-state close-coupling
to describe the scattering with different models of polar-
izations. Their results confirmed the existence of 2Π anion
shape resonance for HCN and are in good agreement with

previous results. They also found an 2Π shape resonance
for HNC at a similar position to the HCN one but with
a narrower width. For HCN, they also found two narrow
Feshbach resonances around 7.8 eV and 8.5 eV for symme-
tries of 2Σ+ and 2Δ, respectively. In contract, we find that
the lower resonance near 2.38 eV is narrower for CH3CN
than for CH3NC; this seems consistent as the acetonitrile
anion lies lower in energy than the methyl isocyanide an-
ion by 0.4 eV.

3.2 Differential cross sections

In this section we present our elastic differential cross sec-
tions (DCS) in the energy range from 1 to 10 eV for
both isomers. All results presented use an SEP model
with 55 virtual orbitals and are Born corrected unless
specified. Our systematic tests suggest that the cross sec-
tions are reasonably well converged.

Figure 2 presents the DCS result for CH3CN at 3.0 eV
(left panel) and 8 eV (right panel) to illustrate the de-
pendence of the polarization treatment on the number
of virtual orbitals. To enhance the visualization of the
polarization effects we do not include the Born correc-
tion in these calculations. In SE calculations, the reso-
nance peak is near 5.0 eV and when we include more
polarization (more virtual orbitals) the resonance moves
down to near 2.4 eV, so the DCS increases in the region
around 2 eV. The plot at 3 eV appears to suggest that the
DCS is not completely converged, but this is because the
resonance position, which is near this impact energy, shifts
as more polarization is included. At others energies, such
as at 8 eV (right panel), far from the resonance region,
we obtain good convergence for the DCS by including up
to 55 virtual orbitals. The same behaviour was found to
the CH3NC (not shown).

Figure 3 compares our calculated DCS at 3 eV (left
panel) and 5 eV (right panel), including polarization and
Born correction, with other theoretical and of experimen-
tal results for HCN molecule. Since, to our knowledge,
there are no available DCS results for either CH3CN
or CH3NC, we compare with available data for HCN
and HNC. These systems have similarities between them,
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Fig. 3. Comparison of DCS for CH3CN calculated at the SEP level, including Born correction, with available results for
HCN. Impact energies are shown in the panel. (Black line) this work; results for HCN: (red line) POLYDCS [45]; (light green)
IAM-SCAR (without Born correction) [45]; (blue) IAM-SCARD [45]; (dark green) IAM-SCARD-DC [45]; (brown) Jain and
Norcross [42]; (purple) Faure et al. [46]; (circle) Experimental results of Srivastava et al. [47].

such as, large dipoles and shape resonances associated
with the π∗

CN and π∗
NC orbitals. This comparison provides

a good way to assess our new results, especially when we
discuss the behaviour of the resonances. HCN is smaller
than both isomers which we are studying; however, it is
a polar molecule and hence displays the same divergent
behaviour at forward angles due to its large permanent
dipole. The DCS for CH3CN and CH3NC are similar, and
around 5 times larger than the experimental results for
HCN at the angles from 20 degrees up to 100 degrees.
The theoretical results for HCN are, in general, lower than
our results. We can attribute the difference in the DCS of
HCN compared with that of CH3CN and CH3NC as be-
ing mainly due to the exchange of a H atom with a CH3

group. Another difference observed is that DCSs for HCN
at 3 eV and 5 eV display a minimum near 90◦, indicat-
ing that the dominant contribution is given by p-partial
waves, while the DCSs for both isomers show a minimum
near 45◦ and 135◦ more consistent with contributions of
d-partial waves.

Our DCS are of similar magnitude compared to the-
oretical results for HCN. More specifically, the results
at 5 eV are closer than those at 3 eV, probably due the
nearby resonance at the lower energy. At 5 eV, we can
compare with the HCN results of Faure et al. [46] which
were calculated with the same UKRMol codes as ours,
but their calculations are more sophisticated. While we
use a Hartree-Fock wave function to describe the target,
they used a complete active space configuration interac-
tion (CASCI) method improved by the use of a pseudo-
natural orbital calculation. Beyond that, their scattering
wave functions were represented by a close-coupling ex-
pansion including 24 target electronic states as they were
interested in electronic excitation as well. Our calculation
are just for a single target state with the SEP model which
probably converges polarisation effects better at low en-
ergy but, of course, neglects electronic excitation. There-
fore, it is not straightforward to interpret the differences
observed between our results for CH3CN and CH3NC and
those of Faure et al. for HCN, apart from the obvious fact

that the molecules are different. Faure et al.’s results dis-
play more oscillations whilst our results are closer in be-
haviour to the calculations of Sanz et al. [45] and Jain and
Norcross [42,43], the latter of which used neither a cor-
related wave function for the target nor a close-coupling
expansion for the scattering model. At 5 eV, we have quan-
titative agreement with POLYDCS results [45] for forward
angles up to 45◦, where the long range of dipole interac-
tions are dominant. The IAM-SCAR DCS results [45] do
not show divergent behaviour at forward angles because
a Born correction was not included in these calculations.
We discuss below how this affects the ICS results.

Figure 4 presents a comparison between our calculated
SEP-DCS for CH3CN and CH3NC, including Born correc-
tions, for impact energies from 1 eV to 10 eV. The results
show that when we do calculations with Born closure pro-
cedure the DCS for both molecules are very similar for
angles higher than 20 degrees over the whole energy range
considered. The main reason for this behaviour is proba-
bly the presence of a large dipole moment for both these
molecules which implies that this long-range interaction
is more important than polarization in the interaction of
continuum electron and molecule.

3.3 Integral cross sections

Figure 5 compares the integral cross sections (ICS) com-
puted including polarization effects through the 55 virtual
orbitals for CH3CN (left panel) and CH3NC (right panel)
in the energy range from 1 to 10 eV. Our systematic study
shows that the ICS are reasonably well converged. To ob-
serve the behaviour of the resonance when the polariza-
tion was included we present our results without includ-
ing the Born closure procedure, because the long-range
dipole interactions would mask the polarization effects,
since these molecules have a large permanent dipole. In
our ICS results it is possible to see that the strong lower
energy resonance and the peak positions for these two
isomers are slightly different, the CH3CN shows a reso-
nance at near 2.4 eV and generates a temporary anion
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Fig. 5. Convergence of the integral cross sections for CH3CN and CH3NC at the SEP level, without Born corrections. The
plots show the dependence on polarization effects as a function of the number of virtual orbitals, M , included in the calculation.

state approximately 0.4 eV lower than CH3NC. The re-
sults for CH3CN are close to those for HCN which dis-
plays a resonance near 2.3 eV. These difference in energy
for two isomers can be related to the different stability for
the π∗

CN and π∗
NC molecular orbitals. It is important to

mention, as discussed above in Section 3.1, that previous
experimental results gave the same value to the lower res-
onance for both isomers, near 2.9 eV. But our ICS results
at the static-exchange (SE) level give the same difference
of 0.4 eV in the corresponding resonance peaks, indicat-
ing that π∗

CN molecular orbital of CH3CN is lies lower than
π∗

NC of CH3NC by about 0.4 eV even when polarization is
not included. Figure 5 shows a broad structure near 6 eV
for both isomers which is consistent with the ETS ex-
perimental results [39,40]. As we have pointed above, our
calculations for CH3CN predict an additional narrow res-
onance near 9 eV.

Figure 6 compares our ICS for CH3CN and CH3NC
including polarization effects with 55 virtual orbitals and
a Born correction in the energy range from 1 to 10 eV,
with other theoretical and experimental results for HCN.
A complete comparison between HCN cross sections is
given by Sanz et al. [45]. A comparison of our ICS re-
sults for CH3CN and CH3NC with a Born correction is
also given in Figure 6 and our results without Born cor-
rection in Figure 5; we can see that long-range dipole in-
teractions dominates the ICS and are thus more impor-

tant than polarization effects, due to the large permanent
dipole moment for both molecules. It is also possible to
observe the smooth structures due resonances in Figure 6
near 3 eV. Comparing our results with other theoretical
results for HCN shows that they are similar. However, the
R-matrix calculations of Faure et al. [46] were performed
using a different (close-coupling) model and for a different
molecule, but give ICS results (shown in Ref. [45]) close to
the present one. This can be understood in terms of the
dominant contribution small angle scattering to the ICS,
as all of these three molecules have large dipole moments.
The comparison with experimental results for HCN shows
that the our and the Faure et al. ICSs are larger, by a
factor of almost four, than the experimental results mea-
sured at 3 eV and 5 eV. As we have reasonable agreement
with the experimental DCS in the range from 30◦ to 130◦,
the likely reason for this discrepancy can be attributed
to the way of Srivastava et al. [47] extended their DCS
results to forward angles. Srivastava et al. used the first
Born approximation (FBA) behaviour to extrapolate the
DCS to angles below 20◦; there is considerable discussion
in the literature about both whether the FBA underes-
timates cross sections for polar molecules [45,48]. In par-
ticular, Fujimoto et al. [49] showed in their study of the
polar ethanol molecule that to get a reliable ICSs, it is
necessary to be careful about the extrapolation method
used, especially at low angles. Fujimoto et al. presented a

http://www.epj.org
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Fig. 6. Comparison between SEP-ICS for CH3CN and
CH3NC, including Born corrections, with available ICS results
for HCN. (Black line) this work for CH3CN; (red line) this work
for CH3NC; results for HCN: (light green) POLYDCS [45];
(blue) Faure et al. [46] (ICS results shown in [45]); (magenta)
ePOLYSCAT [45]; (brown) IAM-SCAR (without Born correc-
tion) [45]; (orange) IAM-SCARD [45]; (circle) experimental re-
sults of Srivastava et al. [47].

new set of “semi-empirical” ICS for ethanol using the ex-
perimental DCS measured between 20◦ and 130◦ which
they extrapolated to forward and backward angles us-
ing the behaviour of calculated cross sections computed
using the R-matrix method completed with a Born clo-
sure procedure. The resulting DCS was then integrated to
get the ICS. This new set of results, which are a mix of
theoretical and experimental data, gives good agreement
with calculated cross sections, mostly due the extrapo-
lation to lower scattering angles, which is dominated by
strong long-range dipole interactions for molecules with
large dipole moment.

4 Conclusions

In this article we present theoretical cross sections for
CH3CN and CH3NC in the range 1 eV to 10 eV, calculated
using the UK molecular R-Matrix programs and includ-
ing polarisation and long-range dipole interactions. This
work represents, to our knowledge, the first theoretical
elastic DCS and ICS for these molecules. Our best results
include 55 virtual orbitals in the static-exchange plus po-
larization (SEP) model, and can be considered converged
in polarization calculations. Our study considering eigen-
phase sums and ICS showed us that these two isomers dis-
play resonance structure similar to those found in HCN.
The low-energy resonance is stronger and narrower; they
are found near 2.4 eV and 2.7 eV for CH3CN and CH3NC,
respectively. These shape resonances occur when the con-
tinuum electron is captured by π∗

CN or π∗
NC molecular or-

bital or LUMO. Acetonitrile is the most stable isomer and
our study shows that its temporary anion formed in the
resonance is lower in energy by 0.4 eV compared to the cor-
responding anion of methyl isocyanide. It is possible that

our model of polarization effects could overestimate this
effect only for CH3CN, since experimental results reported
in the literature, suggest that the resonance positions of
these two isomers are both near at 2.9 eV. However, our
resonance position for acetonitrile is consistent with 2.3 eV
observed for HCN.

Our calculated DCS is dominated by the long-range in-
teractions due to the large dipole moment which results in
divergent behaviour of the DCS at forward angles. At 3 eV
and 5 eV, our DCSs are similar to the available results for
HCN. From a comparison of our calculations without and
with a Born correction, we observe that long-range in-
teraction dominates over polarization, as our ICS results
including Born corrections almost mask the presence of
resonance structure. Comparing our ICS with experimen-
tal results of HCN, for impact energies of 3 eV and 5 eV,
suggests that the measured ICS results are very sensitive
to the method used to extrapolate them to forward angles.
This comparison indicated that FBA may not be adequate
to produce reliable results and that published “measured”
ICS may be too low.
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