Lawrence Berkeley National Laboratory
LBL Publications

Title
Resonant electron attachment to N-ethylacetamide: Reduced signature of an intermediate
resonant state

Permalink
https://escholarship.org/uc/item/6nw5r8j6

Journal
Physical Review A, 114(3)

ISSN
2469-9926

Authors

Chakraborty, Dipayan
Ptasinska, Sylwia
Slaughter, Daniel S

Publication Date
2026-09-01

DOI
10.1103/hpw1l-tnzm

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6nw5r8j6
https://escholarship.org
http://www.cdlib.org/

Resonant electron attachment to N-ethylacetamide: Reduced signature of an

intermediate resonant state
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Dissociative electron attachment to N-ethylacetamide is investigated using velocity map imaging
with a tunable electron beam. Previously reported ion-yield spectra reveal two prominent resonant
features near 5.5 eV and 8.8 eV across all observed anion channels. Surprisingly, no distinct structure
is observed in the intermediate 6-7 eV energy region, where smaller amides typically exhibit an
additional resonance associated with amide bond cleavage. For N-ethylacetamide, the absence of
a clear feature in this energy region indicates that any corresponding transient negative ion state
does not contribute significantly to dissociation. The momentum distributions obtained in the
present work reveal distinct dissociation dynamics for different channels. The CH; fragment at 5.5
eV exhibits an anisotropic distribution, indicating a direct dissociation process with finite kinetic
energy release. In contrast, the NH™ fragment at 8.8 eV shows an isotropic distribution with near-
zero kinetic energy, which suggests a three-body dissociation process. These results demonstrate
that the observed resonances correspond to qualitatively different dissociation mechanisms and
suggest that the intermediate resonance, if present, does not drive efficient or direct fragmentation

in N-ethylacetamide.

PACS numbers: 34.80.Gs, 34.80.Ht

I. INTRODUCTION

Low-energy electron interactions with molecules play a
central role in a wide range of physical, chemical, and bi-
ological processes, including radiation-induced damage in
biomolecules [1-4]. Among these processes, dissociative
electron attachment (DEA) is particularly important, as
it involves the formation of a transient negative ion (TNI)
that can subsequently dissociate into a negative ion and
neutral fragments [5, 6]. Such a process is driven by reso-
nant electron capture into temporary anionic states, and
the nature, lifetime, and decay pathways of these states
govern the fragmentation dynamics [7].

Amide-containing molecules are of particular interest
in this context, as the amide bond, which is structurally
identical to a peptide bond, is a fundamental struc-
tural motif in proteins [8-12]. Understanding electron-
induced fragmentation of amides, therefore, provides in-
sight into radiation damage mechanisms at the molec-
ular level. Previous experimental and theoretical stud-
ies on small amides, such as formamide and its methy-
lated derivatives, have demonstrated that DEA proceeds
through multiple resonant states in the 5-9 eV energy
range [8, 11, 12]. In particular, amide bond cleavage is
typically associated with distinct resonances near 5 eV
and 6-7 eV, while higher-energy features near 9-10 eV
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contribute to additional fragmentation channels [9, 10].

The resonance energies overlap with the no — 7* and
7 — 7 excitation manifold of the neutral molecule, sug-
gesting a possible connection to core-excited configura-
tions. However, since available quantum chemical studies
address only neutral excitations, and prior experimental
and theoretical works do not provide a consensus on the
nature of these resonances [8, 10, 13], such assignments
should be treated with caution. The formation and sta-
bility of these TNI states are strongly influenced by the
molecular electronic structure and electron—target inter-
actions. While dipole-bound states may play a role in
low-energy electron capture, resonances in the present
energy range are more appropriately described in terms
of core-excited states arising from electronic excitation
and electron correlation effects [10, 13]. The efficiency
of such processes depends sensitively on molecular prop-
erties such as dipole moment, size, and substitution pat-
tern. Experimental and theoretical studies of methylated
amides have shown that increasing molecular size can re-
duce electron binding energies and alter the character of
the accessible anionic states, even when the overall dipole
moment remains favorable [14].

Despite this general understanding, the extent to
which these resonant features are preserved or modi-
fied in more complex amide systems remains an open
question. In particular, substitution at the amide nitro-
gen and carbonyl sites introduces additional electronic
and dynamical effects, including changes in orbital en-
ergies, increased density of vibrational states, and en-
hanced coupling between electronic and nuclear degrees



of freedom. These factors can significantly influence the
lifetimes and dissociation pathways of TNI states, poten-
tially altering the observable DEA signatures. An impor-
tant challenge in assigning the m/z = 15 channel arises
from the possible contributions of both NH™ and CHj .
Dawley and Ptasinska demonstrated this ambiguity in
N-methylformamide using partially deuterated molecules
[12], whereas our previous study of NEA only tenta-
tively assigned the resonances near 5.5 and 9 eV to CHy
and NH™, respectively, based on analogous fragmenta-
tion channels in N-methylformamide [9]. Momentum-
resolved measurements therefore provide an opportunity
to distinguish these two breakup pathways through their
characteristic kinetic-energy and angular distributions.

In this work, we investigate DEA to N-ethylacetamide
(NEA), a substituted amide that serves as a model sys-
tem for examining the influence of molecular environ-
ment on electron-driven fragmentation processes. Pre-
vious fragment-resolved ion yield measurements by our
group have revealed two prominent resonances near 5.5
eV and 9 eV, while no distinct structure is observed in
the intermediate 6-7 €V energy region [9]. This absence
is notable, as resonances in amide derivatives reported in
this energy range are generally associated with efficient
fragmentation pathways [8, 11, 12, 15]. The lack of a
corresponding feature in NEA therefore raises important
questions regarding the nature and fate of the underlying
TNI state.

To address the dissociation dynamics associated with
the observed resonances, the present study employs ve-
locity map imaging (VMI) to probe the momentum dis-
tributions of selected fragment ions. The measurements
focus on the CH5 channel in the vicinity of 5.5 eV and the
NH™ channel near 8.8 eV, enabling a comparative inves-
tigation of their kinetic energy release and angular distri-
butions. In contrast to the previous ion-yield measure-
ments, momentum-resolved measurements provide addi-
tional information on the dynamics of fragment emission
and can reveal resonance-specific features in the kinetic-
energy and angular distributions. Such information has
previously been shown to be useful for distinguishing
contributions from different resonant states in DEA to
amide molecules [10]. Here, we use VMI to characterize
the dissociation dynamics of the prominent resonances
in NEA and to examine whether the momentum distri-
butions provide evidence for any additional resonance-
specific contribution across the investigated energy range.

II. EXPERIMENTAL METHOD

Negative ions generated through the DEA process
are investigated using the highly differential time-sliced
VMI technique. The VMI apparatus, designed and
constructed at the Notre Dame Radiation Laboratory,
is briefly outlined here. Details of the experimental
setup are discussed elsewhere [16, 17]. The experimental
arrangement comprises an electron gun, a Faraday cup

for measuring the time-averaged electron beam current,
a 550 pm diameter needle for generating an effusive
molecular beam, and a time-of-flight (TOF)-based VMI
spectrometer, housed in an ultrahigh vacuum cham-
ber. The present experiments were conducted under
ultra-high vacuum conditions with an approximate base
pressure of 10~? mbar. In a crossed-beam configuration,
the electron-molecule interaction is between the repeller
and extractor electrodes of the VMI spectrometer. A
pulsed electron beam, characterized by a width of 200
ns and a repetition rate of 5 kHz, with a time-averaged
beam current of ~ 3 nA, crosses the molecular beam at
the interaction zone. The molecular beam is generated
by evaporating 99.5% pure N-ethylacetamide purchased
from Sigma Aldrich through the needle. The interaction
results in the production of fragment negative ions
through the DEA process. The electron gun, purchased
from Kimball Physics, employs a thermally heated
tantalum filament with a typical energy spread of 0.8
eV. External to the chamber, a pair of Helmholtz coils
is positioned to collimate the low-energy electron beam.
After the electron beam pulse, a negative extraction
pulse with a 200 ns delay and 150 V amplitude is
applied to extract the negative ions from the interaction
region into the VMI spectrometer. The extraction delay
is optimized for high-quality time-sliced images with
minimal scattered electron background. The spectrom-
eter is designed to maintain the VMI condition, such
that all ions with a given velocity vector are mapped
onto a single point on the detector regardless of their
origin. The detector (Photek, USA) comprises two
microchannel plates in a chevron configuration, with a
phosphor screen positioned behind it. The TOF of the
detected ions is determined from the phosphor screen,
which generates an AC-coupled pulse upon the passage
of an electron cloud. A charge-coupled device camera is
employed to capture the time-sliced images.

The molecules in the molecular beam interaction
zone are randomly oriented. When low-energy electrons
interact with the molecules via the DEA process, the
resulting anion fragments are imaged by projecting the
quasi-spherical fragment distribution, known as the
‘Newton sphere’, onto the detector. The kinetic energy
distribution and angular distribution of the negative ions
are extracted from the image [18]. We apply the velocity
slicing technique, where the objective is to capture the
central slice of the Newton sphere containing the initial
kinetic energy and angular distribution information of
the detected ions. We obtain a 50 ns time-sliced image
from the central portion of the entire Newton sphere.
The typical full-width at half maximum of the Newton
sphere is 300 ns. To detect the central slice, we use
a gate module to pulse the rear multi-channel plate
with an appropriate delay after the extraction pulse.
These sliced images depict ions ejected in the plane
parallel to the detector containing the electron beam
axis. The electron energy calibration was conducted
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FIG. 1. (a) Molecular structure of the NEA, and (b) Ion-
yield curve of m/z 15 ions produced from DEA to NEA in
the energy range of 1-13 eV. This figure is adapted from Ref.
[9] with permission.

utilizing the resonant peaks of O~ ion yields from
DEA to oxygen molecules at 6.5 eV [19]. Kinetic
energy distribution measurements were calibrated using
the kinetic energy released by O~ ions from Oy at
approximately the same energy. Furthermore, this
energy calibration was validated by measuring the
kinetic energy of O~ ions produced via DEA to COq
at 8.2 eV [20]. The image orientation is calibrated
with reference to the well-known asymmetric O~ im-
ages resulting from DEA to CO4 molecules at 8.2 eV [20].

The anion signal pulses detected on the phosphor
screen are counted to measure the ion yield curves
of the negative ions. Initially, the AC-coupled screen
signal undergoes amplification by a fast amplifier and
is then routed to a constant fraction discriminator
(CFD). The CFD output is linked to the stop input
of a nuclear-instrumentation-module standard time-to-
amplitude converter (TAC), while the start pulse is gen-
erated by a master pulse generator synchronized with
the electron-gun pulse. The time difference between the
start and stop pulse is the TOF of the negative ions.
The TAC output is connected to a multichannel ana-
lyzer and a computer for data acquisition. A custom-

built LabVIEW-based data acquisition system was em-
ployed to acquire the ion yield curves.

III. RESULTS AND DISCUSSION

Dissociative electron attachment to NEA reveals two
well-defined resonant features within the investigated en-
ergy range, one near 5 eV and another around 9 eV.
Fig. 1b exhibits the ion yields of the dominant fragment
channels at m/z = 15. We tentatively assign the lower
and higher energy resonances to the two-body dissoci-
ation producing CHz and three-body producing NH™,
respectively, following the prior analysis [12] of the anal-
ogous dissociation channels of N-methylformamide. A
comprehensive picture emerges when considering the full
set of fragment ion yields reported previously for NEA
[9]. In addition to the dominant m/z 15 channels, mul-
tiple dissociation pathways—including those leading to
CH3CO~, CH3CH3;NH~, and CH3CONH™~ have been
systematically investigated [9]. Across all observed chan-
nels, the DEA spectra consistently exhibit only two res-
onant features, centered near 5-5.5 eV and ~9 eV, with
no evidence of an intermediate structure near 6-7 eV.
This absence is consistent across the different fragment
ions, indicating that the lack of a resonance in this en-
ergy range is not channel-specific but reflects the overall
electronic structure and dissociative behavior of the sys-
tem.

A broader perspective from smaller amides established
that the energy-dependent resonance structures in NEA
contrast with other amides [8, 9, 11, 12, 15]. Previ-
ous DEA studies on prototypical amides such as for-
mamide, N-methylformamide, N-ethylformamide, and
N,N-dimethylformamide show that amide bond dissoci-
ation is typically mediated by multiple resonant states
in the 5-8 eV energy range, often resulting in structured
ion-yield curves with distinct features near 5 eV and 6-7
eV [8, 11]. In addition, these systems frequently exhibit
higher-energy resonances near 9-10 eV that contribute to
other fragmentation pathways [10]. Such complex multi-
resonance behavior is a recurring characteristic of DEA
in amide-containing molecules. This behavior is not re-
stricted to formamide derivatives only. DEA studies of
acetamide have reported a distinct resonance near 6.2
eV in the OCN™ production channel, indicating that
intermediate-energy TNI states can contribute to frag-
mentation in acetamide derivatives [15]. Interestingly,
fragment-resolved measurements by Muftakov et al. did
not reveal a similarly pronounced feature in the NHg
channel, although a weak shoulder in the 6-7 eV region
may be observed upon close inspection [21]. These ob-
servations suggest that the contribution of the interme-
diate resonance can be strongly channel dependent. In
contrast, no comparable structure is observed in any of
the measured NEA fragmentation channels. The forma-
tion and stability of TNI states are known to be sen-
sitive to molecular size and substitution. For example,



studies of methylated amides have shown that electron
binding energies can vary systematically with substitu-
tion, reflecting changes in molecular size and electronic
structure [14]. While these studies concern low-energy
dipole-bound states, they highlight the broader sensitiv-
ity of electron attachment processes to molecular modi-
fication.

Within this established understanding, the absence of
any intermediate resonance near 6-7 €V in NEA is puz-
zling. The molecule exhibits a low-energy resonance near
5-5.5 eV and a higher-energy feature near 9 eV, which
are generally interpreted in terms of different classes of
temporary anion states. However, the detailed electronic
character of these resonances remains under debate. Pre-
vious studies have proposed that electron attachment in
this energy range proceeds via core-excited resonances,
including dipole-supported configurations [8], while al-
ternative interpretations invoke more conventional dou-
bly excited Rydberg-type Feshbach resonances [13].

Consistent with this, recent experimental and theo-
retical investigations have revealed multiple, overlapping
resonances in the 5-7 eV region and highlighted the dif-
ficulty of assigning a unique electronic character to these
states [10]. Against this backdrop, the absence of a cor-
responding feature in the 6-7 eV region in NEA suggests
that such a resonance is not a universal property of the
amide functional group. This observation forms the cen-
tral question of the present study: why does NEA lack
the intermediate resonance near 6-7 eV that is observed
in other small amides?

A. The 5.5 €V resonance

For NEA, the low-energy resonance is observed near
5.5 €V in the m/z 15 channel, corresponding predomi-
nantly to the formation of CH3 fragments. Fig. 2a shows
the time-slice image of DEA to NEA at 5.5 eV electron
energy. The electron beam direction is from bottom to
top through the center of the image. The image is dom-
inated by a pronounced ring, which corresponds to CHy
ions produced via the 5.5 eV resonance with well-defined
kinetic energy release. The presence of a single ring sug-
gests that one resonant state may initiate the dissociation
dynamics at this energy.

The appearance of this resonance is consistent with
the electronic structure of amide systems. The lowest
unoccupied orbital in simple amides is the 7* (C=0)
orbital localized on the carbonyl group, and electron at-
tachment into this orbital can give rise to a valence 7*
shape resonance. However, such shape resonances are
typically short-lived and are unlikely to directly lead to
bond cleavage. Indeed, both experimental and theoret-
ical studies have shown that, in amide systems, valence
7* shape resonances lie at lower energies and do not effi-
ciently drive DEA in the 5-7 eV range [8]. Instead, frag-
mentation in this energy region is generally attributed
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FIG. 2. (a) Time-slice image of CH3 ions from DEA to NEA
at 5.5 eV resonance. The electron-beam direction is from
bottom to top through the center of the image. (b) Angular
distribution of the CH3 ions at the same electron energy with
respect to the electron beam direction. (c) Kinetic energy
distributions of the CH; ions at the same electron energy.
The distribution shown is obtained after integration over the
entire 27 angle about the direction of the electron beam and
normalized to the peak value.

to longer-lived core-excited resonances, including dipole-
supported configurations, or to coupling between valence
and dissociative states.

In particular, momentum-resolved studies and theo-
retical analyses of formamide have identified resonances
in the 5-7 eV region as electronic Feshbach resonances
involving excitation of the neutral core and electron cap-



ture into diffuse orbitals, which can provide sufficient
lifetime for dissociation [10, 13]. In this context, the
observed 5.5 eV resonance in NEA may involve similar
core-excited character or state mixing, rather than direct
dissociation from a simple 7* shape resonance.

The kinetic energy (KE) distributions of the CHj ions
further support this interpretation. The kinetic energy of
the fragment ions is extracted from the time-sliced image
as described previously [7, 16]. The KE spectra show a
peak near 1.2 €V, indicating that a significant fraction
of the available excess energy is released into fragment
translation energy. Such a relatively narrow kinetic en-
ergy distribution and the pronounced ring structure in
the momentum image suggest that the dissociation pro-
ceeds via a direct, non-statistical pathway, where frag-
mentation occurs on a repulsive potential energy surface
without extensive intramolecular energy redistribution.
Importantly, this dynamical behavior does not uniquely
determine the nature of the underlying resonant state.
Even in cases where electron attachment proceeds via
core-excited or mixed electronic configurations, coupling
to a specific dissociative coordinate can still result in
prompt fragmentation with well-defined kinetic energy
release.

The formation of CH3 ions may proceed through two
fragmentation pathways previously identified for NEA
[9]. Two energetically accessible channels are

CH3CO(NH)CH,CH; + ¢~ — (CH3CO(NH)CH,CHg)*~

N CH3_ + CONHCHQCHg (a)
CH; + CH3CO(NH)CH, (b)

Channel (a) corresponds to cleavage of the C—C bond
adjacent to the carbonyl group (threshold energy of 3.61
€V), whereas channel (b) involves fragmentation within
the ethyl substituent (threshold energy of 3.43 V) [9].
While electron attachment into the 7* (C=O) orbital
is expected to initially localize excess charge near the
carbonyl site, thereby promoting bond weakening in its
vicinity, the dissociation dynamics are not necessarily re-
stricted to this region. In a molecule of the size of NEA,
efficient intramolecular vibrational energy redistribution
can occur prior to fragmentation, enabling cleavage at
remote sites. Consequently, although channel (a) is
electronically intuitive, the slightly lower threshold of
channel (b) makes it energetically competitive, and both
pathways may contribute to the observed CHjy signal.

Despite the presence of multiple energetically acces-
sible dissociation pathways, the VMI image exhibits
a single dominant ring structure with a slight for-
ward-backward asymmetry (Fig. 2a). In addition,
enhanced intensity is observed along two preferential
directions, approximately near 60° and 135°, indicating
anisotropic fragment emission. Correspondingly, the
angular distribution (Fig. 2b) exhibits local minima
near 0°, 90°, and 180°. Such anisotropy suggests
that the dissociation retains a memory of the electron

attachment step and that electron capture is not equally
probable for all molecular orientations. In DEA, the
fragment angular distribution is governed primarily by
the orientation dependence of electron attachment to
the TNI and can therefore provide information on the
character of the underlying resonant state. Similar use
of angular distributions to probe resonance character
has been demonstrated in momentum-imaging studies
of DEA to formamide [10]. Although the low symmetry
of NEA precludes a rigorous symmetry assignment of
the resonance, the presence of multiple maxima and
minima suggests that the attachment process likely
involves contributions from one or more resonances that
dissociate promptly, resulting in a non-uniform angular
distribution [22]. Since both CHj3 formation pathways
are expected to originate from the same underlying TNI
state, they should exhibit similar angular distributions.
Consequently, the observed image most likely represents
a superposition of contributions from both fragmentation
channels.

These observations suggest that the 5.5 eV feature in
NEA arises from a TNI state with significant valence
character, likely involving mixed or core-excited config-
urations rather than a simple 7* shape resonance. This
state leads to CHj3 formation via cleavage in both the
acetyl and ethyl moieties, reflecting the interplay between
initial electron attachment and subsequent dissociation
dynamics.

B. Origin of the missing intermediate resonance in
NEA

The absence of the intermediate resonance near
6-7 eV in NEA, despite its well-established presence
in formamide derivatives, indicates a fundamental
change in the underlying electron attachment dynamics.
As discussed in the previous sections, DEA to amide-
containing molecules typically proceeds through multiple
resonant states in the 5-9 eV energy range, arising from
both valence and core-excited Rydberg configurations
[8, 10, 11]. Electronic structure calculations and recent
experimental studies indicate that, in this energy range,
the observed resonances could be electronic Feshbach
resonances arising from electronic excitation and elec-
tron correlation effects [10, 13]. The absence of such a
feature in the 6-7 eV region therefore suggests that no
well-separated intermediate resonant state is present or
contributes significantly to the DEA dynamics in this
system.

A key factor governing the formation of such res-
onances is the ability of the molecule to temporarily
capture the incident electron. In many amides, this pro-
cess can involve dipole-supported precursor states that
facilitate electron capture into more localized valence
or core-excited configurations [8]. The efficiency of this



process depends sensitively on electronic correlation, the
molecular dipole moment and the electronic structure of
the molecule. In this context, methyl substitution can
modify the charge distribution and available electronic
configurations, thereby influencing the formation and
stability of TNI states and their coupling to dissociative
channels.

In NEA, substitution at both the nitrogen and
carbonyl-adjacent positions introduces a more extended
and asymmetric alkyl environment compared to for-
mamides. This modification can influence the intermedi-
ate resonance through several mechanisms. First, substi-
tution can alter the electronic structure of the molecule,
modifying the energies and character of the TNI states
and their coupling to dissociative channels. Second, the
larger molecular framework provides a higher density of
vibrational states, which may facilitate energy redistri-
bution following electron attachment. Under such condi-
tions, the lifetime of a potential intermediate TNI may
be reduced, making it less likely to compete with au-
todetachment and thereby suppressing observable disso-
ciation [23, 24].

An additional contributing factor is the reduced molec-
ular symmetry of NEA. While the amide functional group
itself is approximately planar and can be described by
local Cs symmetry, the entire NEA molecule belongs to
the C7 point group due to asymmetric alkyl substitu-
tion. In contrast, smaller amides often retain approxi-
mate planar symmetry that allows clearer separation of
electronic states into distinct symmetry classes (e.g., A’
and A”). The loss of such symmetry constraints in NEA
facilitates mixing between electronic states of different
character, including valence and core-excited configura-
tions. This increased state mixing can lead to broadening
and destabilization of the intermediate resonance, effec-
tively reducing its lifetime and causing it to merge with
the continuum [22].

Additionally, the formation of electronic Feshbach res-
onances in the 6-7 eV region requires sufficient cou-
pling between the relevant continuum electronic state(s)
and nuclear dynamics that may allow resonances in the
continuum to become electronically bound. In smaller
amides, these resonances manifest as distinct features
contributing to amide bond cleavage [10, 25]. However,
if the electronic structure is perturbed such that the cor-
responding excited state becomes strongly mixed with
the continuum, the resonance may lose its identity and
effectively collapse [22, 24]. In this scenario, electron at-
tachment in the intermediate energy range would pre-
dominantly lead to prompt autodetachment rather than
fragmentation, resulting in the absence of any detectable
feature in the ion-yield spectrum.

It is also important to note that the absence of the
intermediate resonance in NEA is observed consistently
across all fragmentation channels [9]. This rules out the
possibility that the corresponding state is merely redis-
tributed among competing dissociation pathways. In-

stead, it suggests that the underlying TNI state is either
not formed or is too short-lived to produce measurable
DEA signals. In contrast, the lower energy resonance
near 5 eV and the higher energy resonance near 8.8 eV
remain clearly observable, indicating that these states
are comparatively robust against substitution and retain
sufficient lifetime to drive dissociation.

Taken together, these observations suggest that any in-
termediate resonance in the 6-7 eV region is highly sen-
sitive to the local electronic environment of the amide
bond. While the low- and high-energy resonances ap-
pear to be general features of DEA in amide systems,
the presence of an additional intermediate feature is not
intrinsic to the amide functional group itself. Rather,
such a feature likely arises from closely spaced TNI states
whose accessibility depends on the details of the molecu-
lar electronic structure, electron correlation, and nuclear
dynamics, all of which can be significantly modified by
molecular substitution. The absence of this intermediate
resonance in NEA therefore indicates that substituent ef-
fects can strongly influence the structure and accessibility
of TNI states in amide-containing molecules.

C. The 8.8 €V resonance

Fig. 3a shows the time-sliced image of NH™ from DEA
to NEA at 8.8 eV. The image corresponds to a 50 ns
time-sliced measurement, providing a two-dimensional
projection of the three-dimensional momentum distribu-
tion of the fragment ions. The electron beam direction
is from bottom to top through the center of the image,
which serves as the reference axis for evaluating angular
anisotropy.

A dominant feature of the image is the intense, local-
ized central spot, indicating that the majority of NH™
ions are formed with near-zero kinetic energy (see Fig.
3b). The absence of any pronounced higher kinetic en-
ergy structure confirms that the kinetic energy release
in this channel is minimal. The angular distribution of
the NH™ ions is essentially isotropic, as evidenced by
the intensity distribution. Such isotropy suggests that
the fragmentation does not retain a strong memory of
the initial electron attachment direction. This may arise
from three-body dissociation dynamics or from the con-
tribution of multiple fragmentation pathways and geome-
tries, leading to an overall averaging of the angular dis-
tribution. In addition to the central feature, weak in-
tensity at larger radii is observed, corresponding to ions
with slightly higher kinetic energies (peaking near 1.5—
2 eV). These counts are likely attributable to contribu-
tions from CHj ions. Given the finite energy resolution
in the present measurements and the broad nature of the
resonances, some overlap of contributions from the 5.5
eV resonance is expected; however, a contribution from
residual background O~ ions cannot be completely ex-
cluded, and therefore the observed higher-kinetic-energy
component may contain contributions from both CHjy
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FIG. 3. (a) Time-slice image of NH™ ions from DEA to NEA at 8.8 €V resonance. The electron-beam direction is from bottom
to top through the center of the image. An isotropic distribution is observed. (b) Kinetic energy distributions of the NH™ ions
at the same electron energy. The intense near-zero eV peak corresponds to the formation of NH™ ions, whereas the broader
higher kinetic energy component may arise from contributions of CHj3 ions, as described in the text.

and background O~.

The energetics of this channel further support this in-
terpretation. The threshold energy for NH~ formation in
NEA is approximately 7 eV [9], and the observed near-
zero kinetic energy distribution suggests that only a small
fraction of the excess energy is converted into transla-
tional motion. Instead, the dissociation proceeds through
a statistical decay mechanism, where the TNI undergoes
significant intramolecular vibrational energy redistribu-
tion prior to fragmentation. Similar isotropic and low
kinetic energy behavior has been reported for three-body
fragmentation channels in other amide systems [10].

Overall, the VMI results indicate that NH™ formation
at the 8.8 eV resonance proceeds via a low-energy, three-
body dissociation pathway with isotropic angular distri-
bution that is dominated by statistical decay. The ab-
sence of any anisotropic features or structured kinetic
energy release suggests that fragmentation is not driven
by a direct dissociation pathway, but rather by highly
mixed TNI states. This behavior is consistent with a
scenario in which electronic excitation at higher energies
leads to strong coupling between electronic and nuclear
degrees of freedom, resulting in efficient energy redistri-
bution prior to bond cleavage.

IV. CONCLUSION

In this work, we have investigated DEA to NEA us-
ing VMI measurements of the dominant anion channels,
supported by previously reported fragment-resolved ion
yield measurements [9]. The combined analysis identifies
two prominent resonant features near 5.5 eV and 8.8 €V,
each of which is associated with multiple fragmentation
channels. Notably, no clear or well-resolved structure is
detected in the intermediate 6—7 €V energy region.

The VMI measurements provide insight into the disso-

ciation dynamics of two different fragment channels. The
CHj3 channel exhibits a pronounced anisotropic angular
distribution with a well-defined ring structure, indicating
direct dissociation following electron attachment via a
transient negative ion state. This observation highlights
the coexistence of distinct dynamical pathways originat-
ing from the same underlying resonant state for the 5.5
eV feature. In contrast, the NH™ channel shows a pre-
dominantly isotropic and low kinetic energy distribution,
suggesting a less direct, three-body dissociation, possibly
involving energy redistribution prior to fragmentation.

Within the broader context of DEA to amide-
containing molecules, previous studies have shown that
multiple resonant states can contribute in the 5-8 eV en-
ergy range, reflecting closely spaced valence and core-
excited configurations. The absence of a distinct inter-
mediate feature in the previously measured ion yields
of NEA, together with the absence of an additional
resonance-specific signature in the present m/z = 15 mo-
mentum distributions, provides no evidence for an in-
termediate resonance contributing to the observed DEA
channels. This behavior can be understood in terms of
substituent-induced modifications to the electronic struc-
ture, including reduced symmetry, enhanced state mix-
ing, and increased coupling to autodetachment, all of
which can suppress or broaden the contribution of weakly
bound TNI states.

Importantly, the present results do not exclude the ex-
istence of an intermediate resonant state in NEA. Rather,
they indicate that if such a state is present, it is likely
short-lived, or too weak to produce a measurable signa-
ture in the DEA observables under the current exper-
imental conditions. This emphasizes that not all elec-
tronically accessible states necessarily manifest as dis-
tinct features in fragment yields or momentum distribu-
tions.

Overall, the results demonstrate that while the low-



and high-energy resonances are robust features of DEA
in amide systems, the presence of an intermediate fea-
ture is highly sensitive to molecular substitution and lo-
cal electronic structure. These findings provide new in-
sight into how electronic structure and nuclear dynamics
jointly govern the formation and decay of TNI states in
complex molecules. Further studies combining improved
electron-energy resolution, together with advanced the-
oretical treatments, would be valuable for clarifying the
role and detectability of such weak or short-lived reso-
nances.
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