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Elastic electron scattering with formamide-(H,0),, complexes
(n =1, 2): Influence of microsolvation on the 7* and ¢* resonances”
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We report elastic cross sections for low-energy electron scattering with formamide-(H,O),, complexes (n = 1, 2) in
the energy region of 0.01-8 eV. The scattering calculations are performed using the R-matrix method in the static-exchange
(SE) approximation. We consider three structures of formamide-H,O and six structures of formamide-(H,O), in the
present work. Our purpose is to investigate effects of water molecules hydrogen-bonding to formamide. We focus on the
influence of microsolvation on the * and o resonances of formamide. The scattering result for complexes shows that the
position of * resonance appears at lower or higher energies in the cluster than in the isolated formamide depending on the
complex structure and the water role in the hydrogen bonding. We explain this behavior according to the net charge of the
solute. It is found that the microsolvation environment has a substantial effect on the width of 7* resonance. Our results
indicate that surrounding water molecules may affect the lifetime of the resonances, and hence the process is driven by the

anion state, such as the dissociative electron attachment.

Keywords: electron scattering, elastic cross section, hydrogen-bonding, shape resonance

PACS: 34.80.Bm, 34.80.Ht

1. Introduction

Low-energy electrons (LEEs), formed in secondary pro-
cesses that accompany high-energy light-matter interactions,
are the key players in radiation damage of biomolecules, in-
cluding DNA! and proteins.[?! These electrons can be tem-
porarily trapped to form transient negative ion (TNI) species,
which further undergo electronic and structural transformation
leading to fragmentation, a process called dissociative elec-
tron attachment (DEA). LEE-induced damage to DNA was
first experimentally demonstrated by Sanche and co-workers
who showed that LEE irradiation results in single- and double-
strand breaks in DNA.?! Since then, many experimental and
theoretical works!!*! have been devoted to the LEE-induced
fragmentation of biomolecules to obtain a comprehensive pic-
ture of the damage mechanism. In the DEA process, both
7*119 and o* (' shape resonances play an important role. It
is worth noting that any effect that can change the position in
energy and the lifetime of these resonances may also affect all
the processes related to those states, as DEA.

Many electron scattering experiments and calculations
consider biologically relevant molecules in the gas phase and
the influence of the environment is neglected in the collision.
However, biological radiation damage occurs in a condensed
environment where all molecules with a biological function
are surround by other molecules, mainly water. Clusters can be
proposed as systems that bridge the complexity gap between
the gas phase and condensed phase.

DOI: 10.1088/1674-1056/abf7a8

From an experimental point of view, there are a series
of the DEA measurements in molecular clusters.!'>"1] The
experimental study on microhydrated biomolecules including
pyrimidine!'?! and uracil/thymine!'3! show quenching of some
of the DEA channels, but this is ascribed by the authors to
nuclei-related caging effects rather than changes to resonance
spectrum and characteristics. EA mass spectra for uracil, 5-
fluorouracil, and 5-bromouracil with different degrees of hy-
dration were reported!'*! and energy transfer between these
three molecules and the solvent was investigated. KociSek et
al.l'>] reported experimental fragmentation patterns for DEA
They

observed glycosidic C—N and sugar-phosphate P—O bond dis-

to microhydrated 2-deoxycytidine 5-monophosphate.

sociations as the primary and secondary fragmentation chan-
nels, respectively. A recent experiment for nimorazole made
by MeiBner et al.!'®! demonstrated that DEA represents only a
minor reaction channel which is further suppressed upon hy-
dration.

Theoretically, the cross sections for dehydrogenation
from uracil/thymine have been calculated.!'”] Subsequently,
the results of this work were presented by Sieradzka et
al."8191 They investigated the effect of microsolvation on
the m* shape resonances of pyridine and thymine using the
R-matrix method and discussed the additive effect of wa-
ter molecules hydrogen-bonding to isolate molecules. Bet-
tega and co-workers investigated CH,O-H,0?"! and singly
and doubly hydrated formic acid*!! and phenol®?! using the

*Project supported by the National Natural Science Foundation of China (Grant Nos. U1504109 and 11604085) and the Program for Science and Technology
Innovation Talents in the Universities of Henan Province, China (Grant No. I9HASTITO018).
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Schwinger multichannel method. They showed that 7* shape
resonances can be either stabilized or destabilized, depending
on the role played by water molecules in the H-bonds. Re-
cently, Fabrikant/?®! reviewed the suppression and enhance-
ment effects in DEA in a cluster environment.

Fig. 2. Six structures of formamide-(H,0), complexes named as D to L.

In this paper we extend the investigation to a single for-
mamide and water complex. Formamide, HCONH,, is the
smallest molecule that contains the peptide linkage. Reso-
nant spectral?*~26] for the isolated formamide have been re-
ported with the experimental methodologies, and theoretical
calculations including the molecular complex optical poten-
tial approach,!?®! single-center expansion,?”) Schwinger mul-
tichannel method,?8! and R-matrix method.?®! The results
show that there is a ©* shape resonance in the energy re-
gion from 2.1 eV to 3.8 eV, and a ¢* resonance at around
15 eV. This system involves an indirect DEA process, where
the electron is captured into the 7* resonance, which crosses
the o* anion potential curve, leading to the C—N bond break-
age. To investigate the influence of microsolvation in the 7*
and o* resonances of formamide, we consider one and two
surrounding water molecules. We discuss what causes the sta-
bilization or destabilization of the ©#* and ¢* resonances of
solutes in terms of the net charge in the solute. The elas-
tic scattering calculations reported here are carried out with

30,31

the UK molecular R-matrix code.! 1 The cross sections are

obtained in the static-exchange (SE) approximation for ener-
gies ranging from 0.01 to 8 eV. We also perform additional
electronic structure calculations to interpret our results. The
calculations are performed at the equilibrium geometry. The
initial geometries of the cluster are extracted from a liquid
phase model which has been described in Ref. [32]. Accord-
ing to their results, the formamide molecule bound with the
water molecules together by hydrogen bonds in the sites of O
and H of the amino-group. Considering that the isolated for-
mamide molecule belongs to C; point group, we subsequently
reoptimized the clusters in the same point group at B3LYP/6-
311++G** level. Three structures obtained in this work are
shown in Fig. 1. for formamide—H,O complexes, labeled from
A to C, and six formamide-(H,O), structures are shown in
Fig. 2, labeled from D to L.

2. Theoretical method

The R-matrix method has been described in detail
elsewhere**! and here we only outline its key features. The
method is based on the division of space into an internal re-
gion containing all the N-electron target charge cloud and an
external scattering region. In the inner region the discretized
continuum (N + 1)-electron wave function is written using the
CI expression

W(xt,.xvg1) = AY Di(xr,....xn) Bj(rni) aiji
ij

+Z%i(xla---7xN+l)bik- (D

Here the &; denotes the channel functions constructed from
the N-electron target states, and A is an antisymmetrization
operator, while xy is the spatial and spin coordinate of the Nth
electron, represents the ith state of the N-electron target, B;(r)
represent the continuum orbitals. Coefficients g; and by, are
variational parameters determined as a result of the matrix di-
agonalization. The second summation in Eq. (1) involves L?
configurations where all electrons are placed in orbitals associ-
ated with the target. Such configurations are essential in even
the simplest model which does not include any target relax-
ation, the SE approximation, to allow for orthogonalization
between the continuum orbitals and those belonging to the tar-
get. In the more sophisticated models L? configurations are
also essential for introducing the effects of target polarization.
Given that both shape and Feshbach resonances are localized
in the region of the target then it is clear that the resonance
parameters will also be sensitive to these configurations which
are included in the calculation.

In the outer region, a long-range multipole expansion is
used to represent the electron-target interaction. The R-matrix
is built at the boundary between the inner and outer regions,
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using the inner region information, and the one particle mul-
tichannel problem is solved by propagating the R-matrix out-
wards up to a radius (here is 100ag) large enough so that an
asymptotic expansion for the radial wave functions can be
matched to known analytical solutions. In such a way, the K-
matrix and S-matrix and thus resonance parameters and cross
sections can be determined.

Scattering calculations were carried out in the SE approx-
imations. In the former, only one target wavefunction (for the
ground state of the molecule), represented at the Hartree—Fock
(HF) level, is included in expansion (1). The [? functions take
a simple form in the following way:

25« (ground)™ (virtual)'. )

Since it is not possible to quantify how much polarization the
L? functions describe, there is no simple way to determine the
optimal number of virtual orbitals (VOs).

The HF self-consistent field (SCF) wave function with the
cc-pVDZ basis set is used in the scattering calculation. Our
calculated ground-state energy and dipole moment of the clus-
ters and isolated formamide are collected in Table 1. The
dipole moment of 1.57 a.u. was obtained for formamide,
which is in good agreement with the available experimental
value 1.46 a.u.’*! No experimental values of the dipole mo-
ment for these clusters are available. For the scattering calcu-
lation, R-matrix radius is taken as 15aq, where ag is the Bohr
radius, and continuum orbitals up to g partial wave (I = 4) are
represented by Gaussians centered at the molecule center of
gravity. 3]

Table 1. Ground state energies (E) in Hartree and dipole moment (1)
in a.u. for formamide and formamide—(H,0O),, complexes (n = 1, 2).

System Geometry E u

Formamide —169.95485 1.57
Formamide-H,O A -246.42811 0.84
B —246.42164 2.70

C -246.42157 247

Formamide-(H,0); D -322.88817 1.45
E -322.89166 2.67

F -322.89496 0.80

G —322.88428 2.63

H -322.89503 1.48

I -322.88957 3.84

We have also calculated the elastic integral cross section
(ECS) for the isolated formamide. In order to check the con-
vergence, we tested the result with three different calculations
including 20, 30 and 40 VOs for the formamide molecule in
the SE approximation. All these three results predict 7* an-
ion states located at the same position about 4.64 eV with
a very similar width of 1.78 eV, which is in agreement with
the previous study!?®?” in the SE approximation. The re-
sult with 40 VOs predicts two o* resonances in the energy

region between 15.0 and 20.0 eV, and no 6* resonance is de-
tected in the result with 20 VOs.
tected in the 30 VOs result, which agrees with the available

One o* resonance is de-

SEP results>%27! that there is a 6* resonance located at about
15.0 eV. Then we choose a total of 30 VOs included in the
SE calculation for all systems. Such a result illustrates that,
as the energy of the scattering electron increases, modeling of
the correlation between it and the molecule becomes more dif-
ficult. Hence we present the scattering results in the energy
region of 0.01-8 eV and do not study the high-lying ¢* reso-
nance in the scattering results.

100
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0F—T—"—7T——T T T T 7
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Elastic integral cross section (10716 cm?)
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120 I
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60 I

30 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I
0 1 2 3 4 5 6 7 8

Electron energy (eV)

Fig. 3. Elastic integral cross section for electron scattering from for-
mamide, formamide—H; O complex A, and formamide-(H,O), complex
I with different partial waves / <4 and / < 6 at the SE approximation.

All the complexes considered here have a permanent elec-
tric dipole moment. The long range character of the dipole po-
tential requires the use of the standard Born closure to include
higher partial wave [ > 4 and to improve the cross sections.
However, this potential only affects the background scattering
and does not change the location of the resonances. Since our
main interest here is the description of shape resonances of the
complexes, we choose to present only the ECSs without in-
cluding the Born correction. However, the contributions from
the high partial wave could become important with increas-
ing the size of the cluster. Thus, we compare the results using
partial waves [ <4 and [ < 6 for the isolated formamide, one
formamide-H;O complex (here is A), and one formamide—
(H,0), complex (here is I). The UKRmol* suite!*®! is used
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to perform the scattering calculations with the partial waves
I < 6. The calculated ECSs are shown in Fig. 3. As is ex-
pected, the inclusion of the more dipole potential in the cal-
culations increases the cross sections. However, this has no
effect on the position of resonances as shown in Fig. 3, and
then partial waves [ < 4 are used to describe the potential in
the present R-matrix method.

3. Results and discussion

Figure 4 presents the ECSs and A” symmetry decompo-
sition for the isolated formamide and three formamide-H,O
complexes A to C in the SE approximation, where the signa-
tures of the * resonance are clear in all systems. As shown
in Fig. 1, the water molecule plays the role of proton accep-
tor for complex B, while it acts as proton donor for complex
C. The calculated resonant position for complex B is located
at 5.34 eV, with a 0.70 eV above the resonance of the isolated
formamide molecule. However, for complex C the peak moves
to a lower energy in comparison to the 7* resonance of for-
mamide, located at 4.21 eV. This corresponds to a downshift
of 0.62 eV in comparison with the SE result of the isolated
formamide molecule. A slight downshift 0.16 eV is found for
complex A. In this complex, there are two hydrogen bond-
ings: the water not only acts as a proton donor (OH---O=C)
but also as the proton acceptor (O---HO). The length of hy-
drogen bonding in the former (1.917 A) is shorter than that
in the latter (2.053 A). Therefore, such a result illustrates that
water behaves more strongly as a proton donor than a proton
acceptor for complex A. This explains the stabilization of the
7* resonance. These results show that water acting as proton
donor stabilizes the resonance. However, when it acts the pro-
ton acceptor, the resonance destabilizes and shifts to higher
energy. The results confirm the conclusions obtained by Fre-

[20-22]

itas, Bettga and collaborators using the Schwinger mul-

tichannel method and by Sieradzka and Gorfinkiel!81°]

using
the R-matrix method.

The SE approximation usually gives the shape resonances
of the higher energy since it does not include attractive target
polarization effects. Nonetheless it is the most appropriate to
investigate changes to the resonances due to hydration with
the R-matrix approach. The SEP approximation cannot be per-
formed in a converged manner, although it includes polariza-
tion effects. Since it is not possible to quantify how much
polarization is being described by a specific calculation, we
are unable to ensure that the same amount of polarization is
included in different calculations. If the experimental data
are available, usually one use experimental positions of the
low-lying resonances as the way to determine the best set of
L? configurations.['® Since no prior data are available for the
resonances of microhydrated formamide or similar targets, we
are unable to adopt this approach in this case. Then it is not

possible to confidently obtain quantitative energy shifts from
a comparison of the resonance positions from the SEP calcu-
lation.

100

(0]
[en]

60

ECS (10~16 cm?)

40

20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

ECS for A” symmetry (10716 cm?)

0 1 2 3 4 5 6 7 8
Electron energy (eV)

Fig. 4. Elastic integral cross section and the A” symmetry decomposi-
tion for electron scattering from formamide and formamide-H,O com-
plexes at the SE approximation.

In Fig. 5 we show the ICSs of six formamide—(H,0O);
complexes D to I in the SE approximation, in comparison
with the isolated formamide molecule. The contributions from
the A” symmetry to the ICSs of formamide and formamide—
(H>0);, complexes are also shown in the picture. There is one
structure at around 5.62 eV in the ICS for complex D. This
resonant peak shows a shift of 0.98 eV to higher energy com-
pared to the SE result of the formamide molecule. The same
behavior is seen for complex F, in which the ©* shape res-
onance at around 5.03 eV and 0.39 eV higher than the iso-
lated formamide molecule. The slight shifts to higher energy
of 0.10 eV and 0.20 eV are found for complex I and complex
E, respectively. However, for complexes G and H, the peaks
lie at 3.21 eV and 3.77 eV, and correspond to a down shift
of 1.43 eV and 0.87 eV, respectively. As shown in Fig. 2, in
complex D both water molecules act as the proton acceptor,
where for G, they act as the proton donor. We observed the
expected behavior in the resonances: destabilization for D and
stabilization for G. Let us look at the structures for complexes
F, H, and I in the picture. It is found that F corresponds to
A plus B, H corresponds to A plus C, and I corresponds to B
plus C. For the * shape resonances in complexes F, H and I,
we found that the effect of water on the formamide resonance
is approximately additive, the 7* resonances for complexes F
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and I are destabilized, and for the complex H is stabilized. The
similar additive effect of water molecules hydrogen-bonding
to thymine was discussed by Sieradzka and Gorfinkiel.!'"]

140

100

ECS (10716 cm?)

60

20 L 1 L 1 L 1 L 1 L 1 L 1 L 1

ECS for A” symmetry (10~16 cm?)

ok
-
oo

0 1 2 3 4 5
Electron energy (eV)

Fig. 5. Elastic integral cross section and the A” symmetry decompo-
sition for electron scattering from formamide and formamide—(H,O),
complexes at the SE approximation.

As mentioned above, the positions of 7* resonances
for three formamide-H,O complexes vary from 4.21 eV to
5.34 eV and for six formamide—(H,O), complexes vary from

3.21 eV to 5.62 eV at the SE approximation.
mum differences among them are 1.13 eV for formamide-

The maxi-

H>0O complexes and 2.41 eV for formamide—(H,O), com-
plexes. This means that conformation plays an important role
in the determination of the resonances. This result is in agree-
ment with the findings reported recently by da Mata and co-
workers!®7 for the case of formaldehyde dimers through the
use of molecular complex optical potential (MCOP) approach.
Sieradzka and Gorfinkiel!'8! discussed the indirect effect on
the resonance positions. This effect is due to the changes
to molecular geometry resulting from binding with water. It
should be noted that our results here equated to the total effect
in their results. 8]

Both position and width are important parameters for a
resonance. The microhydration environment leads to the shift
in the position of the * anion state through the H-bonding,
and it may also affect the width of the anion state. Here we
fit the resulting eigenphase sums to a Breit—Wigner profile!33]

to obtain the position and width of the resonance. Except for

the position of the obtained resonances discussed above, their
widths are also listed in Table 2. For formamide-H,O com-
plexes, we obtained the widths 1.44 eV, 1.98 eV and 1.51 eV
for A, B and C, respectively. When compared to the isolated
formamide molecule, the calculated widths of 7* resonance
are reduced by 0.34 eV for A and 0.27 eV for C, increased
by 0.20 eV for B. For formamide—(H,0O), complexes, the sur-
round water lowers the widths of 7* resonances to 0.15 eV
(for E), 0.19 eV (for F), 0.80 eV (for G), 0.73 eV (for H), and
0.15 eV (for I). The m* resonance for D shows almost the same
width as the isolated formamide molecule. Our results show
the surround water molecules have a substantial influence on
the width of 7* resonance. The width of the resonance is re-
lated to the lifetime of the anion state and plays a key role
in the DEA process. The narrower the width is, the higher
the survival probability of the anion state is, and the larger
DEA cross sections are. Our results indicate that the process
of electron-induced bond breaking in the formamide molecule
can be strongly influenced by surround water molecules and
are worthy of further investigation.

To interpret what causes the stabilization/destabilization
of the resonance of the solute in the complexes, we have car-
ried out additional bound state calculations. The results in-
cluding the scaled virtual orbital energy (SVOE) and the net
charge in the solute are presented in Table 2. First, we op-
timized the geometry at the second-order Mgller—Plesset per-
turbation theory (MP2) using the 6-31G(d) basis set, and used
this geometry and the same basis set to compute the molec-
ular orbitals and their energies at the HF level. We are in-
terested in the lowest unoccupied a” molecule orbital for the
isolated formamide and complexes A to I. These lowest un-
occupied a” molecule orbitals are most concentrated along

*

the C=0O bond, and are responsible for the ©* shape reso-
nances. The plots of these orbitals for formamide, A and D
are shown in Fig. 6. LUMO+5 for formamide is a 6* (d')
molecule orbital and has the same shape as the resonant ¢* or-
bital shown by Goumans et al.!?’! The very similar orbitals are
LUMO+7 for formamide-H,O complexes, and LUMO+9 for
formamide-(H,0), complexes. All these a’ orbitals are con-
centrated along the C-N bond, and could be a pathway to the
breakage of the C—N bond. The plots of these orbitals for for-
mamide, A and D are also shown in Fig. 6. It is noted that we
do not show the corresponding 7* and ¢* resonant MOs for all
the complexes because they have almost the same shape. Ta-
ble 2 shows the SVOE values obtained by using an empirical
scaling formula.34%1 Our SVOE value of 2.09 eV for the low-
est unoccupied a” molecule orbital for formamide is in good
agreement with the experimental value of 2.05 eV.[**! How-
ever, the value of 10.68 eV for the LUMO+5 for formamide
is much lower with respect to the ¢* resonance positions of
14.9 eV computed by Goumans et al.*”) and 15 eV calculated
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by Homem et al.'*8! For complexes B, D, E, F and I, the SVOE
values are higher than the isolated formamide. However, for
complexes A, C, G and H, the SVOE values are smaller than
the isolated formamide. Since the SVOE values for the low-
est unoccupied a” molecule orbital are related to the 7* shape
resonance and these for the relevant a’ molecule orbital are re-
lated to the 6™ shape resonance, such results indicate that the
n* and o™ shape resonances in complexes B, D, E, F and I
should destabilize and for complexes A, C, G and H these two

shape resonances should stabilize.

Table 2. Scaled virtual orbital energy (SVOE in eV), the net charge
(gnet), and the position (E, in eV) and width (in parenthesis in eV) of
the resonance in the SE approximation.

Structure E.(n*) SVOE(n*)  SVOE(c*) Gnet
FM 4.64(1.78) 2.09 10.68
A 4.48(1.44) 1.99 10.23 +0.0117
B 5.34(1.98) 2.44 11.62 —0.0412
C 4.21(1.51) 1.69 10.31 —+0.0310
D 5.62(1.81) 2.58 11.59 —0.0461
E 4.84(1.63) 2.19 11.41 —0.0022
F 5.03(1.59) 2.30 11.68 —0.0211
G 3.21(0.98) 1.34 9.84 +0.0555
H 3.77(1.05) 1.67 10.48 +0.0329
I 4.74(1.63) 2.11 11.21 —0.0088

LUMO+5 for FM
.LU 7 MO for FM

&

«
@

ﬂ;‘;

LU 7 MO for A LUMO+7 for FM

LU 7 MO for D LUMO+9 for FM%

Fig. 6. The left column shows the lowest unoccupied (LU) a” (7*)
molecule orbital (MO) for formamide (FM), complex A, and complex
D. The right column shows LUMO+5 for FM, LUMO+7 for complex
A, and LUMO+9 for complexe D.

In the following, we would look at the net charge of
the solute considering the complexes with one and two water

molecules. We performed the Mulliken population analysis

with the 6-31G(d) basis set at B3LYP/6-311++G™* optimized
geometry, and the net charge of each an atom of the solute
was summed. The obtained net charges for all the complexes
are shown in Table 2. The results show that the net charge
in the solute of complexes B, D, E, F and I is negative, while
the net charge in the solute of complexes A, C, G, and H is
positive. The resonant orbital in the complexes is mostly lo-
calized on the solute, as shown in Fig. 6. As a result, the in-
coming electron feels a more attractive electrostatic potential
for a positive net charge solute, leading to the stabilization of
the resonance for four complexes A, C, G and H, where the
water plays mainly the role of proton donor. In the contrary,
a negative net charge of the solute represents a less attractive
electrostatic potential, which would lead to the destabilization
of the resonance, as in the case of complexes B, D, E, F and
I. Here the electrostatic effects due to the net charge are inves-
tigated, and good agreement with our scattering calculation
results is found.

Martin et al.'% investigated the low-energy electron in-
ducing single-strand breaks (SSBs) in DNA, and pointed out
the polarization due to the environment may contribute to the
stabilization of the resonances and negatively charged sites can
lead to the destabilization of the resonances. The final result
is determined by the interplay between the polarization effects
and electrostatic effects. As shown in Figs. 1 and 2, for four
complexes A, C, G and H the water molecules are mainly pro-
ton donors in the H-bonding, which is responsible for the pos-
itive net charge of the solute. In these cases, both the polar-
ization (due to the surrounding water molecules) and the net
charge in the solute may contribute to the stabilization of the
* and o* resonances. The water molecules play a role of pro-
ton acceptor for complexes B and D. However, for complexes
E, F and I, one water plays as proton donor and the other wa-
ter plays as proton acceptor. The final outcome gives a net of
negative charge of the solute by the interplay. For these com-
plexes B, D, E, F and I the polarization indicates stabilization
while the net charge leads to the destabilization of the reso-
nance. The final answer about stabilization/destabilization of
the resonance can be judged from the cross sections obtained
in the scattering calculations, as shown in Figs. 4 and 5.

4. Conclusion

We have presented elastic cross sections for three struc-
tures of formamide—-H,O complexes and six structures of
formamide-(H,0), complexes. The scattering calculations
have been performed in the SE approximation with the UK
molecular R-matrix code for energies up to 8 eV. Our results
show the ©* resonance of the formamide molecule stabilizes
when surrounding waters act as the proton donor, and desta-
bilizes when surrounding waters molecules act as the proton

acceptor. For the case of one water, if the water is not only
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the proton donor, but also the proton acceptor, it destabilizes.
For the case of two water molecules, when one water molecule
is the proton donor and the other one is the proton acceptor, it
destabilizes. The current calculations for formamide-H,O and
formamide-(H,0), complexes show that the effect of water is
approximately additive. In addition, how the microhydration
environment affects the width of ©* shape resonances is also
investigated. We find that the surround water molecules can
strongly affect the lifetime of the resonance and the related
DEA process.

The lowest unoccupied a” molecule orbitals of the com-
plexes are localized on the solute and show the same m*
character of the LUMO of the isolated formamide molecule.
LUMO+5 for formamide, LUMO+7 for formamide-H,O
complexes and LUMO+9 for formamide-(H,O), complexes
have the same shape and are the resonant ¢* orbitals. We
have explored the effect from the net charge of the solute that

*

may affect the 7#* and o™ shape resonances. Both polariza-
tion and positive net charges can contribute to the stabilization
of the anion state. A negative net charge may cause destabi-
lization of the ©* or o* resonance. The change from gas to
the condensed-phase and the effects induced by the microsol-
vation in electron-molecule calculations are important steps
in understanding how the environment may affect processes
in DNA driven by electron collisions and anion states. The
present results, although carried out for a simple molecule,
represent a clear invitation for additional studies aiming at res-
onant dissociation of wet biological molecules by low-energy
electrons.
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