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Abstract

Dissociative electron attachment (DEA) measurements to nitromethane, CH3;NO,, in the gas phase have been revisited by making use of a
high mass-resolution sector field instrument. Anion efficiency curves for 16 negatively charged fragments have been measured in the electron
energy region from about 0 to 16 eV with an energy resolution of ~1 eV. Eight new anions have been detected, CH,NO,~, CHNO,~, CH,NO~,
H,NO~, CH;~, CH,~, CH™ and H™. The five most dominant product anions are NO,~, O~, OH~, CN~ and CNO™, all of them featuring two
high-energy resonances at about 5eV and 10eV. Formation of CH,NO, ™ at low electron energies has been explained in terms of DEA to highly
vibrationally excited molecules. The standard enthalpy of formation of CH,NO,~ and H™, CH,~ and NO~ radicals have been estimated as
AtH,°(CH,NO, ") =-1.71¢V, AtH,°(H")=2.09eV, A{H,°(CH,)=3.5eV and A{H,"(NO™)=-1.93 eV, respectively.
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1. Introduction

The electronic states spectroscopy and reaction dynamics of
low-energy electron interactions with nitromethane, CH3NO»,
have been extensively studied [1-4] (and references therein).
These studies have been motivated due to the fact that this
molecule (i) plays a particular role in the chemistry of the earth’s
atmosphere (up to the stratosphere), (ii) is a simple organic-nitro
compound with typical characteristics of explosives and propel-
lants and (iii) forms dipole-bound as well as valence anions
upon binding an extra electron [5-6]. Nitromethane can also be
expected to act as a human carcinogenic agent and therefore is
of biological relevance.

In a recent publication [4] we demonstrated that the dissocia-
tive electron attachment (DEA) reaction involves the formation
of a transient negative ion that subsequently dissociates into ther-
modynamically accessible channels. With the sensitivity of this
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previous experiment performed at room temperature, with an
electron energy resolution of the order of 140 meV seven anions
were observed in the energy range from about O to 9.5eV. In
the case of OH™, CN—, and CNO™, ion formation at very low
electron energies (~0eV) has been observed in contrast to other
previous studies. The formation of OH™ and CNO™ at these low
electron energies was explained in terms of DEA to vibrationally
excited molecules.

In the present experiments we re-investigated the negative ion
formation in nitromethane at low electron energies (0-16¢eV).
The uniform transmission of a sector field mass spectrometer
for all masses is a big advantage compared to the quadrupole
instrument utilized in Ref. [4]. Anions formed with initial kinetic
energy that is released during the DEA reaction are recorded
with reduced efficiency in the monochromator instruments since
extraction fields for the anions are kept at a minimum value
[7]. In contrast, a strong extraction field applied in the presently
used Nier-type ion source minimizes discrimination of energetic
fragments and leads to anion efficiency curves that resemble the
true cross-section curves closely. Due to the high sensitivity of
the presently used set-up eight additional fragments could be
detected, i.e., CHoNO,~, CHNO,~, CH,NO—, H,NO~—,CH3 ™,
CH;,~, CH™ and H™. For several anions we were able to assign
and identify isotopomers containing '3C, N, 180 or 170 based
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on the identical cross-section shape as the main isotopomer and
the ratio of the partial cross-sections.

2. Experimental set-up

A two-sector-field mass spectrometer equipped with a stan-
dard Nier-type ion source was utilized in the present study. A
schematic view of the instrument is shown in Fig. 1. The elec-
tron beam was guided by a homogeneous magnetic field of about
20 mT. This field is sufficiently high to prevent extraction of elec-
trons from the ion source. The electron current was set to 10 pA
and this value was reached at an electron energy of about 4 eV.
Thus the anion yield at lower electron energies is reduced com-
pared to the partial cross-section of the anions. A liquid sample
of nitromethane, purchased from Sigma—Aldrich with a stated
purity of >99%, was used for the present DEA measurements.
The sample was degased by a repeated freeze—pump—thaw cycle
prior to the experiments. An effusive molecular beam (diame-
ter of the orifice of the capillary was 1 mm) was crossed at an
angle of 60° with an electron beam. SFg was used as a calibrant
for the electron energy scale and the electron energy resolu-
tion, indicating for the present experiments (hot cathode filament
electron source) an energy resolution of ~1 eV. The anions were
pushed by a repeller lens out of the interaction region and accel-
erated by a voltage drop of 5kV to the analyzing section of the
mass spectrometer. After mass selection in the magnetic sector
field the ions pass a 1.4 m long field-free region and enter the
electrostatic sector field. For the present investigation the mass
resolution was kept at a minimum value of about m/Am = 1000
by open all slits to their maximum. The anions are detected
with a channel electron multiplier from Dr. Sjuts Optotech-
nik GmbH operated in a pulse counting mode. The dynamic
range of the instrument is more than seven orders of magni-
tude. Mass spectra were taken at different electron energies and
for all anions, identified as products of DEA to nitromethane,
anion efficiency curves from 0 to 16 eV were measured. Abso-
lute cross-section values were obtained via normalization of the
presently determined anion efficiency curves at electron energies
above 4 eV to the cross-section values published previously by
Saileretal. [4]. A single normalization value was determined that
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Fig. 1. Schematic view of the experimental set-up.

results in the best agreement between all commonly measured
anions.

3. Computational section

For a better understanding of the experimental results high-
level G3MP2 ab initio calculations have been carried out to
obtain data on the energetics of nitromethane and the observed
fragment anions. This is an extrapolation method that uses the
results from several quantum chemical calculations in order to
extrapolate towards molecular energies that would be obtained if
complete inclusion of correlation energies and an unlimited basis
set were possible. In general, the accuracy of G3(MP2) energies
is in the order of about 0.1 eV. For all of these calculations the
Gaussian 03 program has been used.

4. Results and discussion

Fig. 2 shows negative ion mass spectra measured at three
different electron energies, i.e., 0.7, 5 and 7eV. A logarithmic
scale was chosen for the anion yield to allow to see low inten-
sity anions as well as the dominant fragments NO,™ and O™.
At 0.7eV the mass spectrum only shows NO>™ which has its
highest cross-section at this electron energy. The anions with a
mass of 47 and 48 Da have 0.5% and 0.4% of the yield of NO, ™
which fits perfectly with the calculated isotopic pattern of the
nitro isotopomer group. All other fragments such as CN™ and
CNO™ are more than an order of magnitude less abundant. In
contrast to the 0.7 eV mass spectrum the mass spectra at 5eV
and 7 eV show more than 30 fragments.

Figs. 3—-6 show the electron energy dependences of the partial
cross sections for DEA of 16 different fragment anions. As far
as energy resolution is concerned, it plays a crucial role for the

i 0.7 eV
10*
10°
10° I

T ¥ T £ T 5 T * T

10°

10?

lon yield (Hz)

102
10’

7eV

— || Il'."l. |

0 10 20 30 40 50 60
Mass per charge (Thomson)

Fig. 2. Negative ion mass spectra measured at 0.7, 5 and 7 eV electron energies.
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Fig. 3. Ionyieldsof H~,CH™,CH, ™ and CH3 ™ from nitromethane as a function
of the electron energy.

shape of the low energy resonances (<4 eV), but is not so rele-
vant for the high-energy region due to the broad nature of the
observed features. Despite the high sensitivity of the presently
utilized instrument, we were not able to detect any undissociated
parent anion. A tiny signal at m/z=61 could be assigned to an
isotopomer of the dehydrogenated parent anion (see also Fig. 6
and Table 1), i.e., 13CH2N02_ which is too low in intensity to
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Fig.4. Ionyields of 160~ OH~, 30~ and CN~ from nitromethane as a function
of the electron energy. The dashed lines represent cross-section data from Ref.

[4].

17

NO

(9]
1
—_—
—
o
X
e

Cross section (107 m?)

o 5 10 15
Electron energy (eV)

Fig. 5. Ionyields of NO~, H,NO~, CNO™ and CH,NO™ from nitromethane as

a function of the electron energy. The dashed line represents cross-section data
from Ref. [4].

be seen in Fig. 2. The missing parent anion is also in agree-
ment with our calculations showing that the electron affinity
(EA) of this molecule is only 0.15 £=0.10 eV. For the optimized
geometry (at the level of MP2(Full)/6-31G(d) perturbation
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Fig. 6. Ion yields of NO,~, "NO,~, CHNO,~ and CH,NO,~ from

nitromethane as a function of the electron energy. The dashed lines represent
cross-section data from Ref. [4].
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Table 1

Peak positions for the fragment ions obtained in the present experiment and reported in previous studies

Mass (Da) Anionic species Peak position in eV
Sailer et al. [4] Present work

60 CH;NO,™ - - - - - - ~0.5— - 4 6.5 - 11 - -
59 CHNO,;™ - - - - - - - 4 6.5 - 10.5 - -
47 BNO,~ - - - - - - ~0.5 - - - - 9.5 - -
46 NO;™ 0.62 - 4 - - 8 ~0.5 4.5 - - 9.5 - -
44 CH,;NO™ - - - - - - - - 4.5 - - 9.5 - -
42 CNO™ 0 1.7 4 5.6 - 8.5 1.5- - 5 - 9.5 - -
32 H,NO~ - - - - - - - - 5.5 - 9.5 - -
30 NO~ - - - - - - - - 4 5.5 7 9 - -
26 CN™ 0 1.7 4 5.6 - ~8 1 2 - 5 - 9 - -
18 180~ - - - - - - - - - 6 9 10.5 - -
17 OH™ 0 - 4 5.5 - 8.7 - - 4.5 - 9 - - -
16 (O - - 4.1 5.4 59 ~9 - - - 6 9 10.5 - -
15 CH3™~ - - - - - - - - 4 7 8.5 - - -
14 CHy~ - - - - - - - - - 6 - 9.5 13 -
13 CH™ - - - - - - - - ~45 6 - 9.5 -

1 H- - - - - - - - - - 75 9 13 15

theory and basis set) of the neutral molecule the nitro group 4.1. CH,NO>~

and the carbon atom are in-plane. This is not the case for the
optimized geometry of the negatively charged molecule. Here
the two oxygen atoms are symmetrically moved out of this plane.

The negative ion states at higher energy (>4 eV) can be con-
sidered to be formed via core excited resonances, which means,
transient anions with the extra electron bound to an electroni-
cally excited state of the neutral. Moreover, the energy features
in the range 9-11 eV can also be associated to Rydberg excita-
tions [3] while those in the range 5-6eV (for NO~, CN—, O™,
CH™ and H™) are correlated to the second ( g, om*) and third
(1B, ) electronically excited states of neutral nitromethane
[3].

Fig. 7 shows the NO, ™ partial and the total cross sections
on a semi-log scale as a function of the electron energy. It
can be seen that the latter is at least in the low energy regime
mainly due to the contribution of the former fragment ion,
which is the dominant anion produced in DEA experiments to
nitromethane.
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Fig. 7. NO,™ partial and the total cross-sections on a semi-log scale from
nitromethane as a function of the electron energy.

The dehydrogenated closed shell anion CH,NO, ™ is formed
via

e~ +CH3NO; — (CH3NO»)*™ — CH,NO,™ +H (1)

Reaction (1) represents a direct cleavage of the H-H,CNO,
bond in the transient anion with the negative charge remain-
ing on the large fragment. The partial cross-section for the DEA
reaction channel CHyNO, ~/CH3NO; is shown in Fig. 6. The
formation of the parent ion with H abstraction has been reported
by Di Domenico and Franklin [1] exhibiting two resonances
at 7.8eV and a modest weak contribution at 0.6 eV, the posi-
tion of the latter in good agreement with the present results
(Fig. 6 and Table 1). The explanation, however given by those
authors for the formation of this molecular ion is production
through ion-molecule reactions, i.e., CH3NO; reacting with
O~, with a resonance at 5.6 eV. This is in contradiction to the
present observations from where we do not find any resemblance
with the resonant structures between 4 and 8 eV. Moreover, our
ionic yield measurements have been obtained with a pressure
in the vacuum chamber of ~10~* Pa, therefore we exclude this
assumption. It is clear that the shape of the O™ signal does not
look like the shape of the CH,NO; ™ signal as would be expected
in the case of ion-molecule reactions.

Reaction (1) is endothermic with a threshold at 1.95eV as
calculated from the bond energy D(CH,;NO,—H)=4.40eV [8]
and the electron affinity EA(CH;NO»)=2.45¢eV [9], therefore
the formation of CH;NO;™ ion at low electron energy around
0eV is energetically not allowed. This is in good agreement
with our calculations, where we estimated the bond energy to
be D(CH;NO,-H)=4.43 +0.10eV and the electron affinity to
be EA(CH,NO,)=2.51+£0.10eV. In the optimized geometry
all atoms are in-plane, independent which hydrogen is lost. The
experimental appearance energy of CHoNO, ™ is below this cal-
culated threshold. This may indicate, as is the case for NO,;™
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production [4] and CH3COO™ from acetic acid [10], that elec-
tron attachment proceeds through vibrationally excited states
(hot bands) even though the number density of those modest hot
molecules may be low. The high-energy resonances (Table 1)
are certainly due to core-excited resonances.

4.2. CHNO;™

The low intensity cross-section of CHNO, /CH3NO; is
shown in Fig. 6. Three resonances at4, 6.5 and 10.5 eV (Table 1)
can be assigned to electronically excited TNI states (including
Rydberg excitation), which may then decompose via one anion
fragment plus one Hy neutral. CHNO; ™~ ion formation most
probably proceeds through the following reaction

e~ + CH3NO, — (CH3NO,)*~ — CHNO,™ +H» )

The value AfH;°(H>) is not known and therefore it is impossi-
ble to compute the thermodynamic threshold for a reaction (2)
producing CHNO, ™.

4.3. NO;~ and PNO,~

The present experiments yielding NO,™ formation, by far
the most intense of all fragments, are in good agreement with
the previously reported in Ref. [4] but are observed here in
the 8—16eV energy region with better signal to noise ratio
(see Fig. 6). The two resonances above 3eV (Table 1) have
been assigned to electronically excited TNI resonances (includ-
ing Rydberg excitation), which may decompose via one anion
fragment plus one or more neutrals. The NO,™ cross-section
increases above 13 eV suggesting ion pair formation. Taking into
account the AE(CH3%)=13.6eV [12], and bearing in mind the
present rather low energy resolution (~1eV) such an assump-
tion seems reasonable. It is interesting to note that the shape of
the anion efficiency curves for NO, ™ measured with an electron
monochromator instrument [4] and with the present Nier-type
ion source is surprisingly similar. The height of the narrow res-
onance at 0.5eV is expected to be significantly reduced when
measured with a broad electron energy resolution. A possible
explanation is reduced extraction efficiency of the monochro-
mator instrument for fragment anions that are formed with some
initial kinetic energy.

The partial cross-section for the DEA reaction channel
I5NO,~/CH3NO; is shown in Fig. 6, with one major reso-
nance at 0.5eV and a tiny contribution at 9.5eV as observed
for 1NO,~ (Table 1). The isotopic ratio '*N:N of ~200:1
matches very well the observed intensities between the two
isotopomers.

4.4. CH;NO~
This anion might be formed via the following two reactions:
e~ +CH3NO, — (CH3NO,)*~ — CH,NO™ + OH (3a)

e~ +CH3NO; — (CH3NO»)*™ — CH,NO»* ™ +H
— CH,NO~+0 + H (3b)

In Fig. 5 the relative cross-section for CH,NO™ formation
is shown. The shape and position of the resonance features
for CH,NO~, CNO~ and HpNO™ are very similar, which
may indicate that these anions may have common precursor
transient anion states. The appearance of a fragment ion with
the composition of CH;NO™ (reaction (3a)) is surprising
due to the involvement of hydrogen transfer in the precursor
ion and cleavage of an N-O bond (calculated bond energy
D(CH3-NO;)=2.50 £ 0.1 eV). We can also assume for the reac-
tion mechanism the suggested (3b) reaction of Di Domenico and
Franklin [1]. Taking the A¢H,°(CH3NO;)=—0.841 +0.001 eV,
AtH,°(0)=2.581£0.001eV  [4] and the suggested
AtH°(CH,NO™)~0.16-0.31 KJmol=! [8], we get an
AE(CH,NO7) <3.73eV, where the equality holds for the
case when reaction (3b) proceeds without excess energy (at the
appearance energy). A close inspection of Fig. 5 reveals that the
low energy resonance (centered at 4.5 eV) may have its thresh-
old well below the calculated value, which may indicate that
also for this anion attachment proceeds via vibrationally excited
states.

The two resonances observed at 4.5 and 9.5 eV (Table 1) can
also be assigned to electronically excited TNI states (including
Rydberg excitation), which may decompose via one fragment
anion plus one or more neutrals.

4.5. CNO~

The formation of CNO™ in DEA has been reported before
and the role of the TNI resonances as well as the differ-
ent energetically favorable dissociation channels have been
discussed in detail [4]. The present results in Fig. 5 reveal
two broad features centered at 5 and 9.5eV in accordance
with the resonances at 5.6 and 8.5eV, as reported by Sailer
et al. [4].

4.6. HoNO™

Even though the intensity of this ion is quite low, it can
tentatively arise from reaction

e~ +CH3NO, — (CH3NO,»)*™ — H,NO™ +CO + H  (4)

where it might be associated with the C—N bond cleavage fol-
lowed by rearrangement (hydrogen transfer) in the negative
fragment into the stable configuration HyNO™. For the opti-
mized geometry the two H atoms are out-of-plane with respect to
N-O and the calculated electron affinity gives a value of 0.26 eV.
Due to the presence of two resonances at 5.5 and 9.5 eV, the shape
of the cross-section (Fig. 5) seems to indicate that the situation
is similar as in the case of reaction (3a) and also to the reaction
that may lead to CNO™ formation. Therefore, we assume that
reaction (4) is endothermic. Taking the electron affinity of our
calculation of 0.26 eV and a threshold of 3 eV in Fig. 5, we get
an estimate for the dissociation energy of 3.26 eV. Bearing in
mind that the isotopic ratios for °0 and 80 are approximately
500:1, HNO™ signal could also be due to '*N'80~. However,
we can discard this assumption since the cross-section shape and
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the resonance positions for both *N'60~ and H,NO™ are not
identical.

4.7. NO~

Formation of NO™/CH3NO; has been reported by Di
Domenico and Franklin [1] and Sailer et al. [4]. Whereas Sailer et
al. did not make any further analysis due to the very low inten-
sity of the resonances, in Ref. [1] a main resonance at 8.3 eV
together with two other plateau features at 4 and 6.5 eV, respec-
tively, are reported, and interpreted as resulting from dissociative
resonance capture. The DEA cross-section in Fig. 5 suggests the
presence of three resonances at 4, 7 and 9 eV with an extra weak
shoulder at ~5.5eV (Table 1). NO™~ formation must proceed
along the following reaction

e~ +CH3NO; — (CH3NO,)*™ — NO~ +CH3+ 0O (3)

Taking the EA(NO) ~3eV, the AtHy°(0) =
2.56eV, AfH;°(CH3)=1.5eV and AfH;°(CH3NO;)=
—0.8411+0.001 eV [4], then AfH,°(NO™)=—1.93¢eV.

4.8. CN~

The DEA cross-section for CN7/CH3NO, formation is
shown in Fig. 4 and the estimated positions for the resonances
are presented in Table 1 in good agreement with those reported
before [4].

4.9. 10~ OH™ and 180~

DEA leading to the formation of "0~ and OH™ have been
discussed previously [4] with the present high energy resonances
(Fig. 4 and Table 1) in good agreement with those reported
before. As far as the cross-section values for '80~ formation are
concerned, the 6 and 9eV resonances are within the expected
isotopic ratio of 1:500 corresponding to the '°O~ formation. In
contrast to the measurements by Sailer et al. [4], OH™ does not
show a detectable anion yield below 2 eV. The dominant narrow
low-energy feature was attributed to vibrationally hot molecules
[4]. In the present study nitromethane was also introduced at
room temperature and thus we should also observe at least some
signal close to 0 eV. One difference to [4] is the diameter of the
gas capillary, i.e., a 20 pm nozzle in [4] and a 1 mm tube in the
present study. The large pressure difference before and after the
small nozzle utilized by Sailer at al. [4] may lead to the forma-
tion of a few neutral nitromethane clusters. OH™ formation upon
DEA to such clusters could explain the 0 eV resonance observed
in [4].

4.10. CH3~

CH3~ is a remarkable anion given the fact that the electron
affinity of CH3 is within the accuracy of the calculations 0 eV.
An electronically excited state of the anion, however, might pos-
sess a high electron affinity and if its lifetime is in the range of
a few s which is the time window of the present experiment

it could explain the presence of this fragment. Relaxation of
such an electronically excited metastable state into the ground
state and subsequent autodetachment can be measured with the
present set-up in a short third field free region between the
electrostatic sector field and a pair of deflector plates in front
of the channeltron detector. Dressler and Allan [11] reported
on autodetachment of CH3™~ formed upon DEA to acetalde-
hyde. For nitromethane we also observe a metastable loss of
the attached electron and obtain a lifetime of ~820 ps for this
anion. The partial cross-section for this anion is shown in Fig. 3.
The reaction that leads to the methyl radical anion is comple-
mentary to that of NO, ™ formation with respect to the negative
charge. In Fig. 3 at least two high energy resonances at 7 and
8.5eV (Table 1) can also be assigned to core excited reso-
nances. The DEA cross-section above 12 eV rises which can
be explained in terms of ion pair formation, bearing in mind that
the AE(NO;*)=12.1eV [12].

4.11. CHy™

The present measurement for mass 14, shown in Fig. 3,
reveals two relatively narrow resonances centred at ~6 and
9.5eV and a broad resonance at ~13eV. The appearance
of a fragment ion with the composition of CH;™ (reaction
(6)) is surprising due to the involvement of hydrogen transfer
in the precursor ion and cleavage of the C—O bond. Bear-
ing in mind that the EA(CH2)=0.652+0.006eV [12], the
AE(CH; ™) =D(H-CH;NO3) + D(CH,-NO;,)-EA(CH») [8,9],
the threshold for the appearance energy (AE) of CH, ™ is esti-
mated to be 5.3 eV which seems to be slightly higher than the
value obtained in the present experiment for reaction

e~ 4+ CH3NO,; — (CH3NO»)*~— CH,” +OH + NO (6)

If we take from Fig. 3 the AE(CH;™) ~4eV, from
Ref. [1] AtH,°(NO)=0.94eV and A¢H,°(OH)=0.40¢V,
and A¢H;°(CH3NO7)=-0.841£0.001eV from [4], then
AtH,°(CHy7)=3.5¢V.

4.12. CH™

The partial cross-section for the DEA reaction channel
CH™/CH3NO; is shown in Fig. 3, with two major resonances
at 6.0 and 9.5eV (Table 1). However, a closer inspection of
the 6.0eV feature shows an asymmetric feature which may be
due to the contribution of a low energy underlying resonance at
~4.5 eV. Di Domenico and Franklin [1] have reported the pres-
ence of this anion at 5.6, and 8.2 eV and a weak contribution at
~4 eV, in good agreement with the present DEA measurements.
The reaction

e~ +CH3NO, — (CH3NO»)*~ — CH™ +H,0 + NO (7)

is endothermic with a threshold that can vary from
379 up to 4.71eV if we take into account the val-
ues of AfH,°(CH™)=4.52-5.44¢V [1], AtH;°(CH3NO;)=
—0.841 +£0.001 €V and AtH,°(H,0)=2.51€V [4]. Therefore,
the formation of CH™ ion at low electron energy around 3.5 eV
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seems to be energetically allowed as it may be for the other two
resonances if we take into consideration the large uncertainties
involved.

4.13. H-

The partial cross-section for the DEA reaction channel
H™/CH3NO; is shown in Fig. 3. H™ has been reported in the
early experiment of Di Domenico and Franklin [1] but due to
low intensity reasons, the ionic yields have not been shown. The
spectrum shown in Fig. 3 represents the recorded H™ signal
obtained by subtracting the background signal (with a pressure
of 107 Pa) from the sample signal (at a working pressure of
1073 Pa). The reaction

e” + CH3NO, — (CH3NO,)*~ — CH,NO, +H™ ®)

is complementary to (1) with respect to the negative
charge. Taking from our calculation that EA(H)=0.75eV
[13] and D(CH,;NO»-H)=4.33eV (see Section 3), we obtain
AE(H™)=3.58¢V, which is below the observed threshold. With
the value of A¢Hy°(CH2NO2)=0.87¢V [1], we therefore obtain
AtH°(H7)=2.09eV. At energies in the vicinity of electroni-
cally excited states of the neutral molecule, fragmentation most
likely originates from a core-excited resonance, consisting of
two electrons in normally unoccupied MOs moving in the field
of the positive core. The structures observed for H™ (7.5,9.0eV)
(Fig. 3 and Table 1) are signatures of a core-excited resonance
initiated via (o0 — *) or (7 — 7*) electron transitions [3]. The
cross-section increases above 14 eV suggesting ion pair forma-
tion, which is reasonable since the AE(CH,NO,;%)=11.8eV
[12].

5. Conclusions

The present DEA studies to nitromethane constitute a follow
up to our earlier studies involving now a high mass resolution
sector field mass spectrometer. The partial DEA cross sections
have been measure with an electron energy resolution of ~1eV
in the electron energy range from about 0 to 16 eV. In addition to

anions observed in previous studies, production of CH,NO, ™,
NOCH, ™, NOH; ™ and H™ has been observed here. Formation
of these anions at low electron energies, with the exception of
H™, has been explained by DEA to highly vibrationally excited
molecules (hot bands). The high-energy resonances have been
discussed as originating from core-excited resonances, consist-
ing of two electrons in normally unoccupied molecular orbitals
moving in the field of the positive core.
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