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ABSTRACT: Following ultraviolet (UV) excitation, nitroaromatic molecules can undergo X"ayr’°be Tl
complex excited-state relaxation and photofragmentation processes that may generate J\Aﬁm"hﬂvk i—» : E i
reactive nitrogen oxide species (NO,). However, the excited-state dynamics associated with \ £

NO,, formation remain incompletely understood. Here, we investigate the photochemistry of v pump
nitrobenzene using time-resolved X-ray absorption spectroscopy at the oxygen K-edge,
combined with high-level electronic structure calculations. Upon 267 nm excitation in the gas c| I8¢
phase, nitrobenzene undergoes rapid relaxation from the initially populated S;'(Lyzz*) state
to the S,'(num*)/ T} (nyn*) states, where a significant fraction of the population remains
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trapped for at least 100 ps rather than undergoing rapid internal conversion to the S, state.

Signatures of NO or NO, formation are not observed within this time window at the current signal-to-noise ratio, indicating that
photofragmentation remains a minor channel up to 100 ps. These results provide element-specific insight into nitroaromatic
photochemistry and support a mechanism in which photofragmentation is delayed by transient excited-state trapping.

Nitro-polycyclic aromatic hydrocarbons (NPAHs) are an
important class of atmospheric pollutants formed via
nitration of polycyclic aromatic hydrocarbons."” Upon ultra-
violet (UV) excitation, NPAHs can undergo complex photo-
fragmentation pathways that may generate reactive nitrogen
oxides (NO,), including NO and NO,, attracting considerable
interest in atmospheric and photochemical studies.* ® There-
fore, elucidating the underlying reaction pathways and excited-
state dynamics governing NO, formation in NPAHSs is crucial
for understanding their fundamental photochemistry. Nitro-
benzene (NB), the smallest nitroaromatic compound, has been
widely used as a model system to study the photolysis of
NPAHs and the subsequent formation of NO,. In the gas
phase, UV excitation of NB in the 4—6 eV range is known to
access three primary dissociation channels: (i) C¢H,NO, + hv
— C¢H; + NO,, (ii) C¢HNO, + hv - C(HO + NO, and
(iii) C¢HsNO, + hv — C;H(NO + O. Early gas-phase studies
employing resonance-enhanced multiphoton ionization,” vac-
uum-ultraviolet photoionization mass spectroscopy,” and laser-
induced fluorescence’ concluded that channels (i) and (ii)
compete, with channel (i) dominating at shorter wavelengths.
By contrast, picosecond-resolution ultrafast electron diffraction
(UED) experiments indicate that channel (ii) dominates
following 267 nm excitation, in disagreement with earlier
reports on product branching.'” Notably, significant discrep-
ancies persist among more recent studies using various
experimental techniques, particularly regarding the reported
time scales and the underlying reaction mechanisms of
photofragmentation.'' ~'* While the picosecond-resolution
UED study reports NO formation with a time constant of
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8.8 + 22 ps,'® more recent time-resolved photoelectron
spectroscopy (TR-PES)'" and femtosecond-resolution mega-
electronvolt UED (MeV-UED)'® experiments suggest that
photofragmentation occurs on much longer time scales,
extending beyond 200 ps. Moreover, prior to photofragmenta-
tion, the early time excited-state dynamics of NB have been
attributed either to rapid internal conversion (IC) to a
vibrationally hot S, state,'” or to delayed decay to the S, state
via competing IC and intersystem crossin§ (ISC) following
transient trapping in the excited state.'"”> ™"

At the heart of this debate lies a fundamental question: does
UV excitation of NB trigger direct photofragmentation, rapid
IC to a vibrationally hot S, state, or transient trapping within
an excited-state manifold? Resolving this ambiguity has proven
challenging due to divergent interpretations arising from
different experimental methodologies. Structural probes, such
as UED'®*" and time-resolved X-ray diffraction/liquid-

21-31 . cps .
ography, are highly sensitive to changes in nuclear
geometry, enabling direct tracking of the dominant photofrag-
ment ensemble. However, these techniques often provide
limited insights into the underlying electronic-state character
and may lack the sensitivity required to resolve dynamics
involving minimal structural rearrangement or minor branch-
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Figure 1. Schematic overview of the photodissociation pathways of CsHsNO, (NB) following 267 nm photoexcitation, along with the scheme of
time-resolved X-ray absorption spectroscopy (TR-XAS) experiment probing the oxygen K-edge. UV excitation initiates several photofragmentation
pathways of NB, including (1) C¢Hs + NO,, (2) CHO + NO, and (3) C(H;NO + O.

ing pathways. Conversely, fragment-selective 1on1zat10n
techniques such as time-resolved mass spectroscopy’>*> and
velocity map imaging,®*~ 3 offer high sensitivity and channel-
specific detection of photoproducts. Yet, these approaches
typically provide only indirect information on the electronic-
state evolution of the parent molecule.

Herein, we investigate the ultrafast photochemistry of NB
using time-resolved X-ray absorption spectroscopy (TR-XAS),
also known as X-ray transient absorption (XTA), at the oxygen
K-edge, complemented by high-level electronic structure
calculations. This approach enables us to address two central
questions: (i) the disputed time scale of photofragmentation,
and (ii) whether NB undergoes rapid IC to a vibrationally hot
So state or remains trapped within an electronically excited
manifold (see Figure 1 for schematic diagram). Notably, no
characteristic signatures of NO or NO, formation were
observed within 100 ps, suggesting that the photofragmenta-
tion channels play only a minor role on this time scale. Instead,
the TR-XAS spectra exhibit persistent features attributable to
excited-state populations, precluding ultrafast relaxation to the
So state. By resolving the nature of these complex excited-state
dynamics, our results provide a revised picture of the NB
photochemistry.

We first measured the XAS spectra of NB at oxygen K-edge,
along with those of its primary potential dissociation products,
NO and NO,, to establish the basis for distinguishing from
photoproduct contributions. Experimental setups are summar-
ized in Figure S1 and Section 1.1 of the Supporting
Information (SI). As shown in Figure 2(a), the static XAS
spectrum of NB in the 525—540 eV range is dominated by a
pronounced peak at 531 eV, with a weaker feature above 534
eV. Extended multistate restricted active space second-order
perturbation theory (XMS-RASPT2) calculations show that
the intense feature at S31 eV originates from the O(ls) —
LUMO transition, while the peak near 534.5 eV arises from the
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O(1s) —» LUMO+2 transition (Figure S2). It should be noted
that the XAS spectra of NO and NO, are distinct from that of
NB. NO exhibits a broader main peak at 532.5—534 eV region,
while NO, shows two broad intense features centered at 530.5
and 532.5 eV.>"® Therefore, we monitor the signal at 533 eV,
where both photofragments exhibit strong absorption, to
evaluate their possible contributions to the time-resolved
spectra.

As illustrated in Figure 2, the TR-XAS spectra of NB at 1
and 30 ps exhibit a pronounced negative feature at 531 eV,
corresponding to ground-state bleaching (GSB). Simultane-
ously, intense positive features appear at 527—528 eV along
with a distinct shoulder near 530 eV, both of which were
attributed to excited-state absorption (ESA). The time trace at
533 eV (Figure 2(b)) shows no statistically significant signal
within the 100 ps window. Based on the detection-limit
analysis described in Section 1.4 of the SI and Figure S3, our
measurements place an upper bound of 9% on the yield of
photofragment formation under the present experimental
conditions. We also considered the possibility of atomic
oxygen (°P) formation, which exhibits an XAS 51gnal near 527
eV overlapping with the positive signal at 526.8 eV.* Previous
vacuum ultraviolet (VUV) mass spectrometry measurements
have shown that the O atom elimination channel at 267 nm
accounts for only a minor fraction (~1.5%) of the observed
photodissociation products, substantially smaller than the NO
and NO, channels.*”*' If the positive feature at 526.8 eV
originated predominantly from O atom elimination, substantial
correlated recovery of the GSB feature at 531 eV would not be
expected. The correlated temporal evolution of the 526.8 and
531 eV signals in our TR-XAS spectra suggests that the
positive feature primarily originates from ESA rather than O
atom elimination. Taken together, the contribution of O atom
elimination to the observed ESA feature is expected to be
negligible under our experimental conditions.

https://doi.org/10.1021/acs.jpclett.6c01416
J. Phys. Chem. Lett. 2026, 17, 7086—7093
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Figure 2. (a) Normalized experimental X-ray absorption spectra of
NB (black), NO (red), and NO, (blue), measured at the oxygen K-
edge, together with oscillator strengths (vertical bars) calculated at the
XMS-RASPT2/ANO-RCC-VTZP level of theory, without ad hoc
energy shift (upper panel). Labels a and b correspond to this work
and ref 37, respectively. The lower panel shows transient difference
XAS spectra of NB at 1 ps (orange) and 30 ps (purple). (b) Time
trace of the transient absorbance change at 533 eV, corresponding to
the marked energy region in (a), with error bars representing standard
deviations.

Figure 3(a) presents TR-XAS spectra averaged over selected
time intervals (see Figure S4 for the TR-XAS spectra measured
up to 30 ps), along with temporal traces extracted at two
representative energies: 526.8 eV (ESA) and 530.8 eV (GSB).
The intense ESA feature at 526.8 eV reaches its maximum
position at approximately 0.5 ps and subsequently evolves into
a narrower, well-defined peak without a discernible spectral
shift. A secondary, weaker ESA feature near 530 eV exhibits
synchronous temporal evolution, suggesting that both signals
originate from the same electronic state of NB. To examine the
temporal evolution of these features, temporal traces were
extracted at 526.8 and 530.8 eV, as shown in Figure 3(b). The
ESA signal exhibits a delayed rise relative to the prompt GSB
response, indicating ultrafast IC from the Franck—Condon
(FC) region to lower-lying excited states. To model these
dynamics, we performed a global kinetic analysis using
exponential functions convolved with an instrumental response
function (IRF) of 150 fs. The ESA signal is well described by a
biexponential function comprising a rise and decay component,
whereas the GSB signal is adequately fitted with a
monoexponential decay. The extracted kinetics show that the
ESA signal increases with a time constant of 0.3 + 0.2 ps and
partially decays with a time constant of 1.3 + 0.8 ps, while the
GSB signal is characterized by an instantaneous rise within the
IRF and a subsequent single exponential decay with a time
constant of 1.3 + 0.8 ps. All transient signals persist up to 100
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ps without further decay, indicating the presence of a long-
lived excited state. These results provide strong evidence that a
significant population of NB remains trapped within an
excited-state manifold rather than undergoing ultrafast
relaxation to the S, state.

To identify the initially populated excited state upon 267 nm
excitation, we examine the gas-phase UV absorption spectrum
of NB (Figure SS), which exhibits a dominant peak near 240
nm with a long tail extending to 300 nm. The experimental
absorption spectrum is well reproduced by extended multistate
complete active space second-order perturbation theory
(XMS-CASPT2) calculations (see Table S1). Given that 267
nm excitation (4.64 eV) lies in the weak tail of the main
absorption band and matches the calculated excitation energy
of the S;'(Lymn*) state (4.62 eV), it is expected to
predominantly populate the S; state with minor contributions
from the S, (L 7z*) state (5.29 eV), consistent with previous
studies.”” ™ To elucidate the origin of the observed spectral
evolution, we further calculated the oxygen K-edge XAS
spectra for NB in various valence-excited states using the XMS-
RASPT2 method. As shown in Figure 3 and Figure S6, the
calculated XAS spectrum of NB in the S;'(Lgzz*) state
exhibits only a weak positive feature near 529.5 eV. In contrast,
the XAS spectrum of the S,'(n,7*) state displays two distinct
and prominent features: an intense peak at 527—528 eV and a
weaker shoulder near 530 eV, corresponding to the O(1s) —
HOMO and O(ls) — LUMO transitions, respectively.
Experimentally, the intensities of these two distinct peaks
increase with a time constant of 0.3 + 0.2 ps (Figure 3(b)),
which is notably slower than the prompt rise of the GSB
intensity occurring within the IRF. The delayed rise in ESA
intensity, along with the strong agreement between the
calculated XAS spectrum in the S,'(n,7*) state and the
experimental data at 0.3—0.8 ps, indicates IC from the initially
populated S;' (Lgzn*)/S," (L ywn*) states to the S;'(n,7*) state
on this time scale.

Beyond singlet-state pathways, previous studies have
reported efficient ISC to the triplet manifold, as evidenced
by a high triplet quantum yield.*>*¢ At the $,(min) geometry,
our calculations reveal a strong SOC of 63.9 cm™ between S,
Y(nam*) and T,*(mom*) states, whereas the SOC between S,
'(nym*) and T*(nuz*) is negligible (0.06 cm™') (Table S2).
This suggests that ISC proceeds primarily via the S,'(n,7*) —
T,*(mon*) channel, followed by rapid T,*(zon*) — T, (n,7*)
IC. To identify the spectral signatures of these triplet states,
XAS spectra were calculated at the minimum geometries of the
T*(nyn*) and T,*(mon*) states. As shown in Figure S7, the
calculated spectrum of the T,*(mon*) state exhibits pro-
nounced intensity in the 527—528 eV region, exceeding that of
the S,'(n*) state. In contrast, the spectrum of the T,*(n,7*)
state features two peaks at 528 and 530 eV, closely resembling
the S,'(n,7*) spectrum but shifted by ~0.4 eV toward higher
energy. In our TR-XAS data, a well-defined spectral profile
emerges on a subpicosecond time scale, featuring two positive
peaks at 527—528 and 530 eV, along with a negative peak at
531 eV. Based on the calculated XAS spectra in Figure S7, S;
Y(num*) — T, (mon*) ISC is expected to produce a
pronounced increase in intensity in the 527—528 eV region.
However, no additional increase is observed in this region up
to 100 ps, indicating that the signal cannot be attributed to
population growth in the T,*(mon*) state. Instead, the

https://doi.org/10.1021/acs.jpclett.6c01416
J. Phys. Chem. Lett. 2026, 17, 7086—7093
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Figure 3. (a) Calculated X-ray absorption spectra (upper panel) in S; (green), S; (red), T, (blue), and S, (gray) states, at their respective
minimum geometries, together with experimental transient difference spectra (lower panel) at representative delay times (0.05 ps, 0.3—0.8 ps, and
8—31 ps). Shaded vertical bars indicate the energies selected for kinetic analysis. (b) Time-dependent signal changes at 526.8 eV (red) and 530.8
eV (black). Solid lines represent biexponential fits convolved with a 150 fs instrumental response function (IRF), yielding rise and decay time
constants at each energy. (c) Natural transition orbitals (NTOs) corresponding to the transitions of each peak in X-ray absorption spectra in (a).
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Figure 4. Schematic energy diagram illustrating the reaction pathways of NB following 267 nm excitation. Upon excitation, NB rapidly reaches the
S,(min)/T,(min) within 0.3 ps. Most of the excited-state population remains trapped near these minima for up to 100 ps. A minor fraction of the
population undergoes rapid IC to S, state via So/S;(CI) or S;/T;(MECP), with a time constant of 1.3 ps. The formation of photoproducts, such as
NO and NO,, is expected to occur on a much longer time scale (>100 ps). Pathways associated with singlet excited states are shown in red, triplet
excited states in blue, and the ground state in gray. A complete energy diagram, including all critical points, is provided in Figure S8.

observed spectral shape, characterized by a dominant peak at
527 eV with a broad tail extending toward 528 eV, suggests
that a contribution from the T,*(n,7*) state is already present
on a subpicosecond time scale through rapid T,*(zon*) — T,
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3(n,m*) IC. This interpretation is further supported by XMS-
CASPT?2 calculations, which reveal a small energy gap of 0.02
eV between T,(min) and the T,/T, conical intersection (CI)
(Figure S8). This near-degeneracy is expected to facilitate

https://doi.org/10.1021/acs.jpclett.6c01416
J. Phys. Chem. Lett. 2026, 17, 7086—7093
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rapid relaxation to the T,*(n,7*) state following ISC through
S:/T, minimum-energy crossing point (MECP), rather than
transient stabilization within the T,*(zo7*) state. Conse-
quently, although our calculations indicate that ISC is most
likely to proceed via the S,'(nu*) — T,*(mo7*) channel, the
T, (non*) state is likely too short-lived to be resolved under
the present experimental conditions, precluding the observa-
tion of a distinct transient spectral signature.

On the one hand, the ESA signal at 527 eV decreases slightly
after reaching its maximum, accompanied by concurrent
recovery of the GSB signal. Global kinetic analysis yields a
time constant of 1.3 & 0.8 ps for this process, with concurrent
decay of the ESA signal and recovery of the GSB signal,
indicating partial relaxation to the S, state. Based on the
relative amplitude of the ESA recovery associated with this
time constant, approximately 20% of the excited-state
population is estimated to undergo relaxation to the S, state.
However, both the intensity and spectral profile of the ESA
and GSB features persist for at least 100 ps, indicating that a
significant fraction of the population remains on the excited-
state PES rather than undergoing complete relaxation. This
observation is in line with XMS-CASPT2 calculations, which
predict an energy barrier of 0.72 eV from S;(min) to the S,/
S;(CI) and 0.60 eV from T;(min) to the S,/T,(MECP).
These energy barriers suggest that the majority of the excited-
state population is effectively trapped near the minima of the
excited-state surfaces, thereby hindering efficient nonradiative
relaxation to the S, state on the picosecond time scale.

In summary, the excited state dynamics of NB following 267
nm excitation can be described as follows: (i) initial population
of the bright S;'(Lgzz*) (or S,'(Lyzn*)) states is followed by
ultrafast relaxation to S,'(n,7*)/T;*(n,7*) within 0.3 + 0.2 ps;
(ii) Upon reaching the S;(min), the population partitions into
three pathways: a minor fraction relaxes to S, with a time
constant of 1.3 + 0.8 ps, while the remaining population either
undergoes ISC to the triplet manifold, rapidly reaching the T,
3(nym*) state, or remains trapped in the S,'(n,z*) state. (iii)
most of the excited-state population persists in these long-lived
states (S,'(nu*)/T,*(nym*)) for at least 100 ps (Figure 4).
These results show that NB remains in the excited-state
manifold rather than undergoing ultrafast photofragmentation
or ground-state relaxation, as proposed in previous studies.

Although the ultrafast photochemistry of NB has been
extensively studied for decades, time-resolved measurements
using different techniques have often led to diverging
interpretations. A notable discrepancy exists between two
UED studies employing the same 267 nm excitation, with
markedly different conclusions reported (See further details in
Table S3). As noted above, a picosecond-resolution UED
experiment reported that the formation of phenoxyl radicals
(C¢H;0) and NO occurs with a time constant of 8.8 ps.'” In
contrast, a more recent femtosecond-resolution MeV-UED
study proposed that NB undergoes rapid IC to the S, state
within 160 + 60 fs, with photofragmentation occurring only at
longer delay times, well beyond 5 ps."”

Consistent with recent MeV-UED measurements, our TR-
XAS experiments suggest that photofragmentation is not a
major reaction pathway within the first 100 ps. This
interpretation is also consistent with previous studies on
nitroaromatic compounds, which identified nonradiative
relaxation to the S, state as the dominant pathway, whereas
photofragmentation constitutes a secondary channel.*”**
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Furthermore, a VMI study®' suggested that NO photorelease
occurs on time scales longer than several nanoseconds. Given
that the TR-XAS signals within 100 ps mainly originate from
the excited states of NB rather than from photofragments, the
signals previously assigned to NO formation in an earlier
picosecond-resolution UED study (8.8 ps) may instead reflect
contributions from excited-state dynamics or multiphoton
ionization, rather than genuine photofragmentation.

Nevertheless, our TR-XAS spectra indicate that the excited-
state population persists beyond 100 ps, inconsistent with the
ultrafast IC to a vibrationally hot S, state reported in the MeV-
UED study."”” For a vibrationally hot S, state, TR-XAS is
expected to show a reduced GSB intensity together with
spectral broadening.*”** However, in our measurements, the
GSB peak at 530.8 eV shows only a slight reduction in
intensity on a 1.3 + 0.8 ps time scale, and remains largely
unchanged thereafter, with no discernible reduction in
intensity or broadening observed. These discrepancies likely
arise from methodological differences between the two
experimental techniques. UED directly probes molecular
structure and is particularly sensitive to large-amplitude
structural changes such as bond formation or cleavage. In
contrast, TR-XAS provides site-specific sensitivity and directly
probes the local electronic structure, even in the absence of
pronounced structural rearrangement. When structural differ-
ences between the excited and ground states are subtle, as is
the case of NB (Table S4), the structural sensitivity of UED
may limit its ability to unambiguously resolve the correspond-
ing electronic state populations. Indeed, in the MeV-UED
analysis, although a vibrationally hot S, state provided the best
structural fit, the T, state and alternative models yielded
comparably good fits, leaving the electronic-state assignment
ambiguous. In contrast, our TR-XAS results provide clear,
distinct signatures of both the excited and ground states.
Accordingly, we suggest that relaxation to hot S, contributes
only a minor fraction within the first 100 ps.

Similar to our interpretation, a recent TR-PES study
reported ultrafast IC to the S,'(n,z*) state (z; < 30 fs),
followed by S,'(n,7*) decay via IC or ISC (7, = 160—190 fs)
and subsequent T*(n,7*) — S, ISC on a 90—160 ps time
scale."" While the 7, component was primarily attributed to
ISC to the triplet manifold, the possibility of competing IC
directly to S, was not excluded. In our TR-XAS measurements,
the ESA signal continues to rise on a subpicosecond time scale
corresponding to 7,, while the GSB signal shows no additional
recovery over this period. If the 7, component involved direct
relaxation to Sy, a decay of the ESA signal accompanied by
recovery of the GSB would be expected. The absence of such
correlated behavior supports the assignment of the 7,
component to ISC into a nearby triplet state rather than
direct IC to S;. Furthermore, the TR-PES study reported
persistence of excited-state population up to 100 ps and
photofragmentation on time scales longer than 1 ns, both
consistent with our observations. Taken together, the slow
relaxation to S, indicated by both TR-XAS and TR-PES
suggests that NO and NO, formation mainly occurs on the ns
time scale following ground-state recovery.

Our observations are also broadly consistent with recent
femtosecond transient absorption (fs-TA) spectroscopy studies
of NB in solution.”"® Across different solvent environments,
these studies report rapid IC and ISC, long-lived excited-state
trapping, and relatively slow recovery to the S, state. They also
find no evidence of substantial NO or NO, photoproduct
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formation on subnanosecond time scales. This interpretation is
further supported by theoretical studies predicting a energetic
barrier of ~1 eV between T,(min) and S,/T,(MECP).*>"**
While solvent interactions can influence the detailed relaxation
dynamics of NB, the excited-state relaxation pathways reported
in these studies are in good agreement with the present gas-
phase TR-XAS results.

Recent studies suggest that photofragmentation of nitro
compounds may also proceed on triplet states.”* > However,
in the present TR-XAS measurements we find no spectro-
scopic evidence for photofragmentation within 100 ps at the
current signal-to-noise ratio. The TR-XAS spectra are well
described by ESA and GSB contributions, without clear
signatures attributable to photofragment formation, although a
minor triplet-state dissociation channel cannot be fully
excluded due to sensitivity limits. Considering recent
theoretical work,” which reported an energy barrier of 0.97
eV for triplet-state fragmentation, this pathway is likely to
occur on time scales significantly longer than 100 ps.

Additionally, several gas-phase experiments at shorter
excitation wavelengths, employing direct current slice imaging
at 226 nm* and time-resolved Coulomb-explosion imaging
(TR-CEI) at 240 nm,”’ reveal bimodal translational energy
distributions of NO fragments, indicating two distinct
dissociation channels. In the TR-CEI study, two NO
dissociation pathways were identified with time constants of
8 and 14 ps. Also, NO, formation was reported with time
constants of 8 ps and > 2 ns, which appears to contrast with
our TR-XAS results. One possible origin of this discrepancy is
the difference in excitation energy (5.17 eV in TR-CEI versus
4.64 eV in TR-XAS), which may promote IC to a vibrationally
hot S, state where NO and NO, formation becomes more
accessible. Alternatively, the pathways leading to NO and NO,
formation may represent only a minor fraction of the
population within the first 100 ps. Fragment-sensitive
techniques such as TR-CEI can selectively detect such minor
dissociation channels, whereas TR-XAS and TR-PES probe
ensemble-averaged electronic populations. Therefore, even
though TR-XAS technique is sensitive to fragments through
their distinct spectral signatures, it primarily reflects the overall
electronic population rather than selectively enhancing the
signals originating from minor dissociative pathways. In
contrast, TR-CEI inherently emphasizes signals from minor
channels by probing ionization pathways associated with
fragmentation. In the TR-XAS spectra, no significant NO-
and NO,-related features are observed within the first 100 ps,
indicating that any contribution from these pathways is below
the detection limit of the experiment. Therefore, NO and NO,
signals observed on the picosecond time scale in the TR-CEI
study can be attributed to a minor fraction of the population
that rapidly relaxes (1.3 = 0.8 ps) to a vibrationally hot S,
state, where further photofragmentation can occur. This
suggests that while fragmentation is detectable using highly
sensitive imaging techniques, it is not a dominant process on
this time scale and likely occurs predominantly at longer delay
times.

In this work, we investigate the ultrafast photochemistry of
NB using TR-XAS at the oxygen K-edge, in combination with
high-level electronic-structure calculations. The element-
specific sensitivity of TR-XAS enables direct tracking of the
electronic-state evolution following 267 nm excitation,
revealing that the photoexcitation initially populates the S,
'(Lgrn*) (or partially S,'(L,zn*)) state, followed by ultrafast
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IC to S; and subsequent ISC to the triplet states. The
persistence of both ESA and GSB signals beyond 100 ps
indicates that NB remains trapped in long-lived S,'(n,7*)/T,
3(nam*) states rather than rapid relaxation to Sy. No detectable
spectroscopic signatures of NO and NO, are observed within
the first 100 ps, suggesting that photofragmentation is not a
major pathway on the picosecond time scale. Together, these
results shed light on the ultrafast photochemistry of NB by
establishing a mechanism governed by excited-state trapping
rather than prompt dissociation. More broadly, this work
highlights the capability of element-specific TR-XAS to
disentangle complex branching pathways and advance under-
standing of nitroaromatic photochemistry.
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