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This paper reports computational results of the total cross sections for electron impact on H,CO and HCOOH
over a wide range of electron impact energies from 0.01 eV to 2 keV. The total cross section is presented as sum
of the elastic and electronic excitation cross sections for incident energies. The calculation uses two different
methodologies, below the ionization threshold of the target the cross section is calculated using the UK molecular
R-matrix code through the QUANTEMOL-N software package while cross sections at higher energies are evaluated
using the spherical complex optical potential formalism. The two methods are found to be consistent at the
transition energy (~15 eV). The present results are, in general, found to be in good agreement with previous
experimental and theoretical results (wherever available) and, thus, the present results can serve as a benchmark

for the cross section over a wide range of energy.
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I. INTRODUCTION

The study of radiation damage to living tissues, including
DNA, has been a major topic of research in the medical sci-
ences for nearly a century since the damaged DNA can mutate
and ultimately lead to the development of a cancer. However, a
more detailed understanding of radiation damage at the molec-
ular level has only recently been developed. For example, only
recently has the role of DNA damage by secondary electrons
been quantified. A pioneering study by Boudaiffa e al. [1]
showed that low-energy electrons can break the single and/or
double strand of DNA by the process of dissociative electron
attachment (DEA). Thereafter, low-energy DEA studies have
been found to have a significant role in radiation physics and
the need to study electron interactions with biomolecules has
been highlighted [2]. The present study is a preliminary attempt
toward the investigation of electron interactions with larger
biomolecules, since, although formaldehyde and formic acid
are not themselves major biomolecules, they play a key role
in the formation of more pertinent compounds such as acetic
acid and glycine, while the formate group (-COOH) is a key
component in many amino acids.

The search for prebiotic molecules beyond the solar system,
especially in the interstellar medium, is one of the most ex-
citing topics for astrochemistry since, if found, their presence
would suggest that the “ingredients” of life are common to star
and planet formation and, hence, life may have the opportunity
to develop in many “solar systems” and is not restricted to the
special conditions on Earth. To date, technology has restricted
most observational studies to the simpler precursor molecules
[3-5], including formaldehyde (H,CO) [6,7]. However, the
recent detection of traces of the simplest amino acid, glycine
(NH,CH,COOH) in the interstellar medium [8] has stimulated
the astrochemistry community to focus on this area of research
further and the observation of larger more complex molecules
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will be a major objective of the new ALMA telescope array,
including the search for larger amino acids (it being noted that
more than 50 different amino acids have been detected in mete-
orites [9]) and simple acids such as formic acid. The presence
of double hydrogen bonds in both formaldehyde and formic
acid makes these studies still more interesting since these
hydrogen bonds serve as a model system for the understanding
of DNA base pairs [8] providing a possible mechanism for a
larger-scale macromolecule assembly. Multiple proton transfer
in H-bonded species is one of the fundamental molecular
mechanisms in biology, as it governs oxidation-reduction
steps in many reactions; indeed, various gas-phase synthetic
routes have been suggested [9] for the formation of different
molecules from these simple precursors by electron interac-
tion. Hence, low and intermediate energy electron collision
studies on these interstellar molecules are required.

Considerable progress has been made in the study of
electron-molecule collision studies in the past decade both
experimentally and theoretically. By utilizing better electron
spectrometers and adopting position-sensitive detectors, ex-
perimentalists can produce accurate cross-sectional data on
electron collisions with larger molecules and even explore free
radical species. However, given the vast number of molecular
systems and the requirement for an ever-increasing amount of
data, the experimental community cannot meet the demands
of the myriad of data users. Accordingly, we must look to
theory to provide much of the required electron-scattering data.
On the theoretical front, with the advent of high-performing
computers and the development of very accurate theories,
computation of reliable cross-section data is now possible at
least for smaller targets but since these detailed computational
methods are computationally taxing and require long time
scales (the study of one or two molecular targets is common
in many Ph.D. programs) there is a need for more generic and
faster (if more approximate) calculations to provide data to the
user community on their time scales (often weeks or, at most,
months).
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At low electron impact energies (<10 eV) short-lived an-
ions (resonances) may be formed which may then subsequently
decay to produce neutral and anionic fragments. This will
highly influence the local chemistry. Hence, the prediction of
low-energy resonance formation, which is strongly linked with
the forces acting on the electrons during the scattering process
and, therefore, the structural properties of the target, can be
of at the utmost importance in understanding local chemistry.
Alternatively, intermediate- to high-energy electron-scattering
cross sections are required in other fields like astrophysics,
atmospheric physics, and radiation physics, where high-energy
radiations x rays, cosmic rays, and so on, interact with a
range of targets. These high-energy interactions can produce
an avalanche of secondary electrons which then provide the
lower-energy electrons for further chemical reactions. Con-
sequently, there is a need for electron impact total scattering
cross sections over a wide energy range from meV to MeV.

In this article we present electron impact total cross section,
Q7,data for formaldehyde (H,CO) and formic acid (HCOOH)
over a wide energy range from 0.01 eV to 2 keV. Qr is
presented as a sum of the elastic and electronic excitation cross
sections for incident energies. Below the ionization threshold
of the target the cross sections are calculated using the UK
molecular R-matrix code through the QUANTEMOL-N software
package (Qno1) While cross sections at higher energies are
evaluated using the spherical complex optical potential for-
malism. The two methods are found to be consistent at the
transition energy (~15 eV). The present results are, in general,
found to be in good agreement with previous experimental and
theoretical results (wherever available) and, thus, the present
results can serve as a benchmark for the cross section over a
wide range of energy.

Despite the importance of formaldehyde in medicine and
astrophysics, there are only a few previous electron impact
collision studies. The latest theoretical work for electron
impact elastic integral, differential, and momentum transfer
cross sections for formaldehyde is that of Kaur and Baluja [10]
using the R-matrix code to study electron interactions between
0.01 and 20 eV. We have previously reported total elastic,
total ionization, and total cross section for formaldehyde
by employing a group additivity rule using the spherical
complex optical potential (SCOP) formalism for impact
energies beyond the ionization threshold of the target [11].
Surprisingly, there appears to be no theoretical or experimental
work reporting total cross sections for this molecule. Hence,
the data may be used as a benchmark for the user community.

Compared to formaldehyde, formic acid has been studied
more extensively. Recent experimental work by Vizcaino
et al. [12] has reported a set of differential cross sections
for elastic scattering in the energy range 1.8 to 50 eV and
deduced integral and momentum transfer cross sections from
these results. Total scattering measurements were performed
by Kimura et al. [13] in the low-energy range 0.1-60 eV.
Theoretical calculations have been reported by Gianturco and
Lucchese [14] locating resonant states at low energies. We
have also reported total elastic, total ionization, and total cross
sections using the group additivity rule for impact energies
beyond the ionization threshold of the target [11]. In this paper,
we report cross sections spanning the low- and high-energy
regions.
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II. THEORETICAL METHODOLOGY

This paper reports low-energy (0.01 eV to about 15 eV)
ab initio calculations using Qo [15] which utilizes the UK
molecular R-matrix code [16] while the SCOP method is
employed for calculating total (elastic plus inelastic) cross
sections beyond the ionization threshold up to 2 keV [17]. As
these two are very different formalisms we will discuss them
separately in the following two subsections; however, first, we
will discuss the target model employed.

A. Target model

H,CO is a trigonal planar molecule with bond angle of
116.5° between HCH. We have used a double ¢ plus polar-
ization (DZP) Gaussian basis set for our target wave-function
representation. The double ¢ basis set is important because
it allows us to treat each orbital separately when we conduct
the Hartree-Fock calculation. This gives us a more accurate
representation of each orbital. Care has been taken to restrict
the basis set within the R-matrix radius by not using a very
big basis set with diffused functions. H,CO has a C,y point
group symmetry of the order 4. The Hartree-Fock electronic
configuration of the ground state is 1a7, 2a7, 3a7, 4a7, 103, 5a3,
1b3, 2b3. Of a total of 16 electrons, we have frozen 4 electrons
in two molecular orbitals (viz. 1a;, 2a;) while 12 electrons are
kept in the active space of nine molecular orbitals (3a;, 4aj,
Say, 6ay, 7ay, 1by, 2by, 1by, 2b,). A total of eight target states
are represented by 696 configuration state functions (CSF’s)
for the ground state and the number of channels included in the
calculation is 150. The GAUSPROP and DENPROP modules [18]
yield a ground-state energy of —113.92 Hartree which is in
very good agreement with the values of Pulay et al. [19],
Sobrinho et al. [20], Sun et al. [21], and Kaur and Baluja [22],
as shown in Table 1. The present computed dipole moment in
the equilibrium geometry is 1.0086 a.u., which is very close to
the experimental values of Shoolery and Sharbaugh [23] and
values from Ref. [24] and the theoretical values of Ref. [24],
Kaur and Baluja [22], Sun et al. [21], and Sobrinho et al. [20].
The present calculated first electronic excitation energy is
4.44 eV which finds excellent agreement with the theoretical
data of Kaur and Baluja [22] and in Refs. [20,21,25-27].
The rotational constant obtained in the present calculation
is 9.406 cm™! and is also in excellent agreement with
experimental and theoretical data from the National Institute
of Standards and Technology (NIST) [24] The electronic
excitation thresholds for formaldehyde are listed in Table II.

HCOOH is a planar molecule with the OCO angle equal
to 123° [28]. We have used a double ¢ plus polarization
(DZP) basis set for our calculations. HCOOH has a Cs
point group symmetry of the order 2. The Hartree-Fock
electronic configuration of the ground state is 1a?, 2a?, 3a?,
4a12, Saf, 6a%, 7a%, 8a12, la%, 9a%, 2a§, 10a%. Of a total of
24 electrons, we have frozen 6 electrons in three molecular
orbitals (viz. laj, 2a;, 3a;) while 18 electrons are kept in
active space within 11 molecular orbitals (4a;, 5a;, 6a;, 7a;,
8ai, 9ai, 10ay, 1lay, la,, 2a,, 3a;). The total number of
generated CSF’s for the ground state is 642 and the number of
channels included in the calculation is 100. The Hartree-Fock
calculation yields a ground-state energy of —188.82 Hartree
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TABLE I. Properties of molecular targets H,CO and H,CO,: Ground-state energy (Hartree), dipole moment (a.u.), first excitation energy

(eV), and rotational constant (cm™).

Ground-state energy

Dipole moment (a.u.)

First excitation Rotational constant (B) (cm™!)

(Hartree) energy E; (eV)
Target Present Theor. Present Theor. Expt. Present Theor. Present Theor. Expt.
H,CO —113.92  —113.89 [22] 1.0086 1.04 [24] 0.917 [24] 4.44 4.54 [22] 9.406 9.74 [24]  9.40 [24]
—113.89 [21] 1.04 [22] 0.912 [23] 3.41 [25]
—113.90 [20] 1.08 [21] 3.46 [26]
—113.90[19] 1.10 [20] 4.14 [27]
4.08 [21]
4.09 [20]
H,CO, —188.82  —188.83[28] 0.5718 0.551[24]  0.555[24] 6.26 — 2.607 2.68 [24]  2.58 [24]

which is again in excellent agreement with the theoretical
values of Gianturco and Lucchese [29]. The present dipole
moment of 0.5718 a.u. agrees well with the experimental value
given by NIST [24]. We report seven electronic excitation
states for formic acid (see Table II) with the first electronic
excitation energy calculated as 6.26 eV. To the best of our
knowledge there are no data, either theoretical or experimental,
for the first electronic energy reported in the literature. The
present computed rotational constant 2.607 cm™! is also in
good agreement with experimental and theoretical values in
the NIST database [24].

B. Low-energy formalism (0.01 ~ 15 eV)

The R-matrix method [16] splits configuration space into an
inner region, which is a sphere of radius “a” about the target’s

TABLE II. Vertical excitation energies of excited states of H,CO
and H,CO, (in eV).

H,CO HCOOH

State Energy (eV) State Energy (eV)
3A7 4.44 3A7 6.26
TA" 4.76 A" 6.57
A 6.50 SN 7.30
;1 9.51 LA 9.88
B 10.16 A7 10.29
3B 10.24 SN 10.38
3A7 10.84 'A” 10.82
3B 10.94

TA” 11.04

A 11.46

'B” 11.63

A 12.19

;1 14.30

'B’ 14.58

SN 15.00

3B” 15.88

A 16.12

3A” 16.30

'B” 17.09

TA” 17.36

center of mass, and an outer region. The inner region is usually
chosen to have a radius of around 10 a.u. and the outer region
of about 100 a.u.. The choice of this value depends on the
stability of the results obtained in the inner region and outer
region calculation and is an effect of the extent of electronic
charge density distribution around the center of mass of the
target. Presently, we have taken 10 a.u. as the inner R-matrix
radius which was found to give consistent results.

In the inner region the total wave function for the system is
written as [16],

Yyt = AZI/fIN (X1, -+ ,xN) Z@j(xNH)auk
I J

+ Z Xm(xlv o »xN+l)bmka (1)

where A is the antisymmetrization operator, x is the spatial
and spin coordinate of the nth electron, &; is a continuum
orbital spin-coupled with the scattering electron, and a;;; and
b,,x are variational coefficients determined in the calculation.
The first summation runs over the target states used in the
close-coupled expansion. The second summation runs over
configurations x,,, where all electrons are placed in target
molecular orbitals. The number of these configurations varies
considerably with the model employed. With the wave function
given by Eq. (1), a static exchange calculation has a single
Hartree-Fock target state in the first sum. The second sum
runs over the minimal number of configurations usually 3 or
fewer, required to relax orthogonality constraints between the
target molecular orbitals and the functions used to represent
the configuration. Our fully close-coupled calculation uses the
lowest number of target states, themselves represented by a
configuration interaction (CI) expansion in the first expansion
and over 100 configurations in the second. These configura-
tions allow for both orthogonality relaxation and short-range
polarization effects. It should be noted that with CI target
representations, the distinction between which configurations
represent which of these effects becomes blurred.

The target and the continuum orbitals here are represented
by Gaussian-type orbitals (GTOs) and the molecular integrals
are generated by the appropriate molecular package. The R
matrix will provide the link between the inner region and
outer region. For this purpose, the inner region is propagated
to the outer region potential until its solutions match with
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the asymptotic functions given by the Gailitis expansion
[16]. Thus, by generating the wave functions, using Eq. (1),
their eigenvalues are determined. These coupled single-center
equations describing the scattering in the outer region are
integrated to identify the K-matrix elements. Consequently,
the resonance positions, widths, and various cross sections can
be evaluated using the 7 matrix obtained from the S matrix
which is, in turn, obtained from the K-matrix elements.

C. Higher-energy formalism (15 eV-2 keV)

High-energy electron scattering is modeled using the SCOP
formalism [30,31] which employs partial-wave analysis to
solve the Schrodinger equation with various potentials as its
input. The electron-molecule system can be represented by a
complex potential comprising real and imaginary parts as

Vopu(r, E;) = Vr(r) +iVi(r,E;) )
such that
VR(rE;) = Vg(r) + Vex(r, E;) + V, (1, E}), 3)

where E; is the incident energy. Equation (2) corresponds
to various real potentials to account for the electron target
interaction, namely static, exchange, and the polarization
potentials, respectively. These potentials are obtained using the
molecular charge density of the target, the ionization potential,
and polarizability as inputs. We describe the scattering within
the fixed-nuclei approximation which neglects any dynamics
involving the nuclear motion (rotational as well as vibrational),
whereas the bound electrons are taken to be in the ground
electronic state of the target at its optimized equilibrium
geometry. The molecular charge density may be derived
from the atomic charge density by expanding it from the
center of mass of the system. Depending on the size of
the molecule more than one center may be conceptualized
and, hence, calculations are performed using the total charge
density obtained by adding these various centers of charge
density, after normalizing them to account for the total number
of electrons present. The atomic charge densities and static
potentials (Vi) are formulated from the parameterized Hartree-
Fock wave functions given by Cox and Bonham [32].

Hara’s “free electron gas exchange model” [33] is used for
the exchange potential (V). The polarization potential (V)
is formulated from the parameter free model of correlation-
polarization potential given by Zhang et al. [34]. Here,
various multipole nonadiabatic corrections are incorporated
in the intermediate region which will approach the correct
asymptotic form at large “r”” smoothly. The target parameters
such as the ionization potential (IP) and dipole polarizability
(at,) of the target we used are the best available from the
literature [35].

The imaginary part in Vp, called the absorption potential
Vas Will account for the total loss of flux scattered into
the allowed electronic excitation or ionization channels. The
expressions used here are vibrationally and rotationally elastic.
This is due to the fact that these nonspherical terms do not
contribute much to the total potential at the present high-energy
range.
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The well-known quasifree model form of Staszeweska et al.
[36] is employed for the absorption part and is given by

Tloc< 8 >
2 \ 10k} E;

X 0(p* — k% —2A) (A1 + Ay + A3).  (4)

Vavs(r, Ei) = —p(r)

Where the local kinetic energy of the incident electron is

Tioe = Ei — (Vs + Vex + Vp) (5)

and where p? = 2E;, kp = [37%p(r)]'/? is the Fermi wave
vector and A1,A,, and Az are dynamic functions that depends
differently on 6(x), I, A, and E;. Here, I is the ionization
threshold of the target, 6(x) is the Heaviside unit step function
and A is an energy parameter below which Vs = 0. Hence,
A is the principal factor which decides the values of total
inelastic cross section, since below this value ionization or
excitation is not possible. This is one of the main characteristics
of Staszewska model [36]. We have modified this model by
considering A as a slowly varying function of E; around /.
Such an approximation is meaningful since A fixed at I would
not allow excitation at energies E; < I. However, if A is
much less than the ionization threshold, then V,;,, becomes
unexpectedly high near the peak position. This amendment
yields a reasonable minimum value 0.8/ to A and also to
express the parameter as a function of E; around 7, i.e.,

A(E;) =081 + B(E; — 1). (6)

Here the value of the parameter f is obtained by requiring
that A = I(eV) at E; = E,, the value of incident energy at
which Qjyel reaches its peak. £, can be found by calculating
Qinel by keeping A = 1. Beyond E, A is kept constant and
is equal to /. The expression given in Eq. (6) is such that if
A is fixed at the ionization potential, it would not allow any
inelastic channel to open below I; also, if it is very much less
than 7, then Vs becomes significantly high close to the peak
position of Qjpel.

The complex potential thus formulated is used to solve
the Schrodinger equation numerically through partial-wave
analysis. This calculation will produce complex phase shifts
for each partial wave which carries the signature of interaction
of the incoming projectile with the target. At low energies only
a few partial waves are significant, but as the incident energy
increases more partial waves are needed for convergence. The
phase shifts (&;) thus obtained are employed to find the relevant
cross sections, total elastic (Q,;), and the total inelastic cross
sections (Qine1) Using the scattering matrix S; (k) = exp(2i§;)
[37]. The total scattering cross section (TCS), Q7 [38], then
is found by adding these two cross sections together.

III. RESULTS AND DISCUSSION

The present work reports total cross sections for e-H,CO
and e-HCOOH scattering. We have employed the ab initio
R-matrix code below the ionization threshold of the target. The
total cross section is sum of total elastic and total electronic
excitation cross sections below ionization threshold of the
target. Above the ionization threshold of the target we have
computed the total cross section as the sum of total elastic and
total inelastic cross section using the SCOP formalism. The
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TABLE III. Total electron-scattering cross sections of H,CO and
H,CO, (A?).

Cross sections

Energy (eV) H,CO HCOOH
0.1 570.00 580.40
0.2 270.00 336.45
0.4 131.00 198.45
0.6 89.30 148.23
0.8 71.00 121.44
1.0 63.50 104.44
1.5 66.40 80.10
2.0 42.30 67.17
3.0 26.80 61.37
4.0 22.80 49.00
5.0 21.50 40.61
6.0 21.10 36.60
7.0 20.80 34.15
8.0 20.60 32.61
9.0 20.30 31.57
10 20.00 30.69
11 19.70 29.67
12 19.30 28.78
13 19.00 27.93
14 18.50 27.03
15 18.10 27.80
20 15.50 29.15
30 13.77 27.49
40 13.28 25.85
80 10.58 17.90
100 09.64 16.28
200 06.76 11.88
300 05.53 09.43
400 04.75 07.81
500 04.18 06.66
600 03.74 05.80
700 03.39 05.13
800 03.11 04.60
900 02.87 04.17
1000 02.66 03.82
1500 01.97 02.67
2000 01.57 02.04

data sets produced by two formalisms are consistent at the
transition energy (~15 eV). This was also observed in the case
of CHy, SiH,4 [39], NH3, H»S, and PH; [40]. All the numerical
results of total cross section (in A?) for both the targets from
0.1 to 2000 eV are presented in the Table III and are also
represented graphically in Figs. 1 and 2.

Figure 1 compares the presently calculated total cross
section for e-H,CO scattering with previous data where
available. As can be seen from the graph that there is very
smooth transition between the data computed using R-matrix
code and SCOP formalism. As discussed earlier there is only
one theoretical work reported by Kaur and Baluja [22] using
the R-matrix code from 0.1 to 20 eV. The present data shows
a broad resonance peak at 1.46 eV which is very close to the
resonance peak computed at 1.32 eV by Kaur and Baluja [22]
(Table IV). These resonances are reflected in total cross section
as a peak in the cross section. The present data and data of Kaur
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FIG. 1. (Color online) Total cross sections for e~H,CO scattering

in gg (Solid line) Present Q,01; (dashed line) present SCOP; (dotted
line) Kaur and Baluja [22].

and Baluja [22] show similar trends, with any differences in
the two data sets being attributed to different representation of
target wave function.

Figure 2 compares our present e-HCOOH scattering results
with other available data. In contrast to H,CO, HCOOH
has been studied by many groups at low energies [12—14].
A major theoretical study has been made by Gianturco
et al. [14] to compute the total elastic cross section from 0 to
20 eV; however, they did not take into account the asymptotic
polarizability in the full expansion of interaction potential.
This may be the reason for their lower total cross sections at
low energies compared to the present results. We have used
partial waves up to / = 4 with higher partial waves computed
using the Born approximation. The rapid rise in the cross
section at low energy is attributed to the high dipole moment
(1.0086 a.u.) of ground-state HCOOH. The present results and
the results of Gianturco and Lucchese [14] both suggest a peak

— ——
140 1 —PresentQ, | -
= = =Present SCOP
120 4 - Gianturco [14] -
*  Kunura [13]
100 4 *  Vizcaino [12] -
. = -+ = Gianturco [14]
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FIG. 2}. (Color online) Total cross sections for e.HCOOH scat-
tering in AZ. (Solid line) Present Qno1; (dashed line) present SCOP;
(dotted line) Gianturco and Lucchese [14]; (dash-dot-dot line)
Gianturco and Lucchese [14]; (star) Kimura et al. [13]; (filled circle)
Vizcaino et al. [12].
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TABLE IV. Comparison for resonance positions and widths for both H,CO and HCOOH (in eV).

Resonance positions

Resonance widths

Target Present Theor. Expt. Present Theor. Expt.
H,CO 1.46 1.32[22] 0.794 0.546 [22] -
HCOOH 3.23 3.49 [14] 1.25[29] 0.95 0.93 [14] -

in the cross section around 3 eV. There is a further systematic
theoretical study carried out by Gianturco and Lucchese [29]
to locate the resonance position. Accordingly they predict
resonance at 3.49 eV with a narrow width of 0.93 eV which
matches with present value of resonance at 3.23 eV with a
narrow width of 0.95 eV as shown in Table IV. The present
data are higher than the experimental data of Kimura ez al. [13]
below 10 eV due to Born correction, while above it they
compare well with present results. Vizcaino et al. [12] have
measured differential cross sections for elastic scattering and
then derived integral cross sections for incident energies from
10 to 50 eV, the present results are also in excellent agreement
with their derived cross sections above 10 eV. Below 10 eV
neither Kimura et al. nor Vizcaino et al. appear to detect the
resonance but this may be due to the incremental energy step
in each of these experiments (which is large) and the difficulty
in measuring differential cross sections at low energies
(<5 eV). Nevertheless, it does suggest that the calculations
may overestimate the cross section at low energy and in order
to resolve this discrepancy further experiments are urgently
needed.

The dependence of the rate coefficients with temperature
for H,CO and HCOOH, respectively, may also be derived from
this data and, for electron mean energies below threshold, the
rate coefficient increases rapidly with temperature or energy
for both the systems.

IV. CONCLUSION

Electron impact studies of formaldehyde and formic acid
have gained prominence due to the possible detection of
such molecules in astrophysical environments since they are
considered to be the primary constituents for the formation of
larger amino acids and thus may play a role in the evolution of
life. They are also important in developing models of electron

scattering from larger biomolecules which may be damaged by
secondary electrons during irradiation (e.g., in cancer therapy).
In this paper we have reported the total electron scattering
cross section for these molecules using two formalisms. At
low impact energies (up to the ionization threshold of the
target) the ab initio R-matrix method was utilized through
QUANTEMOL-N software while at high energies (beyond the
ionization threshold of the target) we have employed the SCOP
formalism. The data computed using two formalisms are
consistent with a smooth transition around ~15 eV. The present
data for total cross section is generally in good agreement with
previous data (where available). This combination of these
two formalisms can, therefore, produce a robust set of data
when used in tandem (Table III). Moreover, the computed
target properties such as ground-state energy, first electronic
excitation energy, dipole moment, and rotational constant
are found to agree well with the predicted theoretical and
experimental results as evident from Table 1. In Table II
we have reported 20 electronic excitation energy states for
H,CO and seven electronic excitation energy states for formic
acid. We have also observed formation of electron scattering
resonances in both targets. For formaldehyde the present
prediction of a resonance centred at 1.46 eV is very close
to that predicted by Kaur and Baluja [22] at 1.32 eV. Similarly
in formic acid the present prediction of a resonance at 3.46
eV is very close to the theoretical prediction of Gianturco and
Lucchese [29] at 3.32 eV.
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