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Two-dimensional multistate potential energy surfaces along N-NO bond length and N-N-O bond angle of NoO™
in the A2S™ and B2 states were calculated at the CASPT2/cc-pVQZ level. In comparison to the known
decomposition mechanisms in linear structure, a new N-NO bond fission pathway was proposed in bent ge-
ometry for the AZA‘(AZZ+) state with a lower barrier, leading to rotationally excited NO*(XIZ‘.*) and N(ZD)
fragments. Likewise, the respective contributions of the A' and A’ components split from the B?II state were

clarified. Considering avoided crossing and the coupling of spin states, ro-vibrational distributions of the NO™
fragment ion observed in experiments are elucidated.

1. Introduction

Nitrous oxide (N20), an asymmetric linear triatomic molecule, plays
a significant role on combustion chemistry [1], atmospheric chemistry
[2] and medicine [3]. The corresponding cation, N,O™", was observed as
an intermediate of widely concerned ion-molecular reactions in the
ionospheres of Earth, Mars, and Venus [4]. Herein, the geometries and
dynamics of N3O and its cation have received wide attentions.

The electronic configurations and vibrational structures of N,O" in
lowest-lying valence states like XZH, AZZ+, BZH, %t and DZH, were
extensively studied with many experimental approaches, such as photo-
electron spectroscopy (PES) [5-10], threshold photoelectron spectros-
copy (TPES) [11-15], pulsed filed ionization-photoelectron spectroscopy
(PFI-PES) [16-18] and photofragment excitation (PHOFEX) spectroscopy
[19]. Moreover, dissociation dynamics of N,O™" in low-lying electronic
states were experimentally investigated using electron ionization mass
spectrometry [20-22], photoionization mass spectrometry [23-26], ve-
locity map imaging of photofragments [27], fast-ion-beam laser spec-
troscopy [28,29], photoelectron-photoion coincidence (PEPICO) [30-32],
threshold photoelectron-photoion coincidence (TPEPICO) [11-14,33],
and photoelectron-photoion vector correction [34,35]. From these ex-
periments, a consistent conclusion is drawn that the ground state, XZH, is
typically bound along the N-O or N-N coordinates, while the excited
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states including A%, B2[1, C2£" and D?II are all predissociative, except
for a few lowest vibrational levels of A’£" [12,15,27,33,36,37]. For N2O*
ions in the A2S™ state, bimodal rotationally distributed NO" fragments
were distinctly observed along the Not(x!'=h) + N(°D) decomposition
pathway, besides the lowest NO*H(X'=*) + N(*S) one [27]. Likewise, the
decomposition of NO" in the B2 state mainly leaded to N(®D) and
NO*(X!=™) fragments, and significant bending took place prior to the
dissociation of parent ions [34,37].

In contrast to the above experiments, theoretical computations on
molecular structures, vibrational frequencies and dissociation mecha-
nisms of NoO™ ion in low-lying electronic states are relatively limited. In
2000, Chambaud et al. [38] performed ab initio calculations on the
decomposition mechanism of NoO*(A%2£™) ions using complete active
space self-consistent field (CASSCF) and multi-reference configuration
interaction (MRCI) methods. Predissociation of A" was suggested to
occur in bent geometry through spin—orbit coupling (SOC) with 1*TI(*A")
state, which the lowest dissociation channel of NO*(X'=") + N(*S) was
adiabatically correlated to. Moreover, there was a crossing on potential
energy surfaces between the A2t and B[ states in linear geometry,
and both of them could vibronically coupled according to the bending
mode [38]. Using multi-reference second-order perturbation theory
(CASPT2), Huang and his co-workers [39] calculated the one-
dimensional cuts of potential energy surfaces for the XI1, 1*S", and
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1*A’ states of N,O" along N3-O and N-NO coordinates, respectively.
They proposed the adiabatic and non-adiabatic dissociation mechanisms
to produce NO*(X*=") and N(*S), and No(X'£") and O*(*S) fragments.
Soon afterwards, they revised two predissociation mechanisms of the N-
loss process from NoOT(A22™) [40]. In C; symmetry (bent geometry),
AZz*(22A") linked with the NO*(X'=™) + N(*S) channel through SOC
with 1*A”, while it could also dissociate to NO*(X'=") and N(?D) frag-

ments via two SOCs of 22A'/1%A" and 1*A” /X?11(12A") [40]. No theo-
retical studies on the higher electronic states have been reported to date.

Notably, for triatomic ion-molecular intermediates, the bending
sometimes shows a decisive influence in dissociation pathways [41-43].
According to the experimental conclusions of the B2IT and D?I1 decom-
position [15,34,37], the linear-to-bent geometrical change might occur
prior to the N-NO bond fission. Therefore, more details of potential en-
ergy surfaces of NO™ in bent excited states are necessary to verify these
inferences. Our attention in this work is focused on the N-NO bond
breaking mechanism of N,O" cation without linear geometry constraint.
Based on the calculated geometries and energies using the CASPT2 ap-
proaches, we plot two-dimensional (2D) multistate potential energy sur-
faces of these electronic states, along the N-N bond length and bond angle
coordinates. Considering SOC effects, we propose plausible mechanisms
of N-NO bond breaking for NyO" in the A2£* and B?I states.

2. Theoretical methods

All quantum chemical calculations were performed using MOLPRO
version 2021.3 program [44]. Electronic configurations and transition
characteristics of the low-lying electronic states of N,O™ cation were
analyzed, based on the CASSCF wavefunctions. As the molecular elec-
tronic configuration of the neutral NyO ground state is
(16)%(26)%(30)%(46)*(50)%(66)*(1m)*(76)%(2m)*(31)°(80)°(90)°, the full
valence active space including the 46-9¢ and 17-3r orbitals was chosen,
and 16 electrons for neutral and 15 electrons for cations were active, i.e.
CASSCF(15,12) for NoO™. To investigate the dissociation mechanism of
the A%="and B?II states, the lowest eight A’ and four A’ states in Cg
symmetry (bent geometry) were chosen to calculate at the multi-state
multi-reference (MS-MR) CASPT2 level [45]. All calculations,
including geometric optimization and single point energy calculation,
were performed at the CASPT2 level with the cc-pVQZ basis set [46].

Considering that the bending mode might have significant influence
on the related decomposition dynamics, 2D potential energy surfaces
along the N-NO bond length and the N-N-O angle with the intervals of
0.05 A and 5° were calculated at the MS-MR CASPT2 level to clarify
dissociation mechanisms. Moreover, the potential energy surfaces were
not fitted, resulting in a slight lack of smoothness. According to the fact
that only a minor variation occurs for the N-O bond length in photo-
ionization and dissociative photoionization of N»O (Table 2), it is
reasonable to maintain this distance at 1.189 A as its value in neutral
molecule for economy when scanning the N-NO bond length and the
N-N-O angle. In addition, only potential energy surfaces in Franck-
Condon (FC) region are concerned in current multi-reference calcula-
tions, since the couplings with higher excited states usually occur far
from the FC region and however the high rates of motion for fragments
naturally undermine their effects on the real dissociation dynamics.
Specifically, the FC region was approximated to be taken as the N-N
bond length of 1.06-1.21 A and the N-N-O bond angle of 159-180°,
according to the zero-point energy on the potential energy surface of the
neutral N,O along the N-N bond length and the N-N-O bond angle.

3. Results and discussion
3.1. Electronic states properties of NoO" in low-lying states

By removing an electron from the outer orbitals of neutral molecule,
N,O" in the X211, A’c*, B2I1, and C2=* states can be produced. Table 1
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summarizes the major electronic configurations (with coefficients of
larger than 0.30) of each low-lying state, based on CASSCF wavefunction
analyses. Apparently, the X2IT state is classified into a primary ionization
state (PIS) by simply removing a 2 electron, while the A%+, B?I1, and
C2x™ states all have the multi-configuration (TMC) features. Notably,
the previous ab initio Tamm-Dancoff calculations demonstrated that
strong vibronic coupling through totally symmetric vibrational modes
could be induced by the electron correlation between the (11tx)'1 and
(27:,()'2(375()+1 components for the B2II state [47], where minus sign
means to remove electrons while positive one indicates that the orbital is
filled with an electron. In addition, electrons correlation inevitably oc-
curs between the A2S™ and C?=™ states due to their similar electronic
configurations, suggesting that we need to pay attention to their
coupling in the dissociation process.

3.2. Optimized geometries of N2O" in the A2x* and BIT states

Table 2 lists the CASPT2 optimized geometries and excitation en-
ergies of N;O* in the X2I1, A2S™ and B?I1 states, as well as the previously
reported data. At the same level of theory, we also calculated the opti-
mized geometry of neutral NyO molecule in ground state, in which the R
(N-N) and R(N-O) bond lengths were 1.133 and 1.189 A, respectively,
and the 6(N-N-O) was 180.0°. Apparently, the N-O bond length remains
almost unchanged in photoionization to the lower ionic states such as
the X2, A%=* and B?IL, which is also close to its value (1.067 A) in
NOT(x'z*) fragment. Besides, as a linear [T state will split into two sub-
states of A' and A’ symmetry in bent geometry, the X?IT and B states
each correlate with two sub-states in Cs symmetry, e.g. BA' and B2A’. It
is worth noting that the major aim of the current calculations is to un-
ravel 2D potential energy surfaces of the A2S™ and B?II states, rather
than to obtain high precision excitation energies. Therefore, a system-
atic error of ~ 0.20 eV for excitation energies in Table 2 is acceptable in
comparison to experimental data.

As shown in Table 2, the X2IT and A%S ™" states have linear geometries,
and the present geometrical parameters are also close to previous results
[40]. Two sub-state components of X211 remain degenerate in the FC re-
gion. Moreover, the two bond lengths of N;O™ in the X?IT and A%Z ™" states
are both close to those of the neutral molecule, which agrees with the
experimental phenomenon that the strongest peak of both photoelectron
spectral bands is located at the vibrational ground level vT=0)
[11,18,50]. The vertical (VIE) and adiabatic (AIE) ionization energies of
N2O molecule are calculated to be 12.76 and 12.62 eV, respectively,
which generally agrees with the experimental (12.89 eV [49]) and theo-
retical (12.80 eV [34]) data of VIE. The adiabatic excitation energy (Ty) of
A%t is calculated to be 3.34 eV, which is also consistent with the pre-
viously calculated (3.29 eV [40]) and experimental values (3.50 eV [48]).

The degeneracy of the B2[I is broken in bent geometry, and two sub-
states exhibit obvious difference in optimized geometries and excitation
energies. The B2A' remains linear, and the N-N and N-O bond lengths
are calculated to be 1.248 and 1.278 10\, respectively. In contrast, the
B?A’ sub-state is bent with (N-N-O) = 121.4°, R(N-N) = 1.315 Aand R
(N-O) = 1.197 A. To our surprise, in addition to the same VIEs for the

Table 1
CASSCF wavefunction of N,O" in low-lying electronic states, at the optimized
geometry of neutral molecule in the ground state.

State electronic configuration coefficient characteristics
Linear Bent
X211 12a5, 124" @nt 0.917 PIS
A%t 227 (70)! 0.739 TMC
(60) 0.445
B21 327, 224" (m)! 0.774 TMC
(2r) (3! 0.391
st N (7o) 0.513 TMC

(60)! 0.731
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Table 2
Optimized geometries, ionization energies and adiabatic excitation energies of N,O™ in low-lying electronic states.
state N-N N-O 6(N-N-0) IE /eV To /eV
/A /A /° VIE AIE cale.? exp.
X211 1.148 1.194 180.0 12.76 12.62 0.00 0.00
1.154° 1.185° 12.89¢
A% 1.134 1.152 180.0 16.13 15.97 3.34, 3.29f 3.50 8
1.140° 1.141° 16.39%¢
B2A(B2I) 1.315 1.197 121.4 17.91 16.16 3.48
B2A'(B1) 1.248 1.278 180.0 17.91 17.15 4.46 478

a. with zero-point-energy corrections using the vibrational frequencies at the CASSCF level; b. calculated by the moments of inertia in Ref. [48]; c. in He-I photoelectron
spectroscopy of Ref. [49]; d. in TPES of Ref. [11]; e. in PFI-ZEKE-PES of Ref. [50]; f. calculated at CASPT2 level in Ref. [40]; g. in photoelectron spectroscopy of

Ref. [51].

B2A" and B2A' sub-states, there is a big gap between their AIE values,

since the Ty values of B?A” and BA' are calculated to be 3.48 and 4.46
eV, respectively. Notably, a series of vibrational peaks were observed in
the B2 energy range of photoelectron spectra [9], which were attrib-
uted to the dominant excitation of symmetric stretching mode (v{).
Moreover, the experimental origin of the B2l band was close to the
calculated AIE of B?A' [9]. These results strongly indicate that the
experimental B2[1 band is predominantly contributed by the ionization
transition to the B2A' sub-state. Therefore, the decomposition of
N20"(B2M) will principally occur along the potential energy surface of
B2A' sub-state, while the contribution of B?A” component is minor.

3.3. Potential energy surface of the A2S*(2%A") state

We initially calculated the 2D multistate potential energy surfaces in
the FC region of low-lying doublet states involving the lowest eight A'
and four A’ states, using the MS-MR CASPT2 method. Fig. S1 plots the
cut-off potential energy curves of these low-lying excited states in quasi-
linear geometry with the fixed 6(N-N-O) of 179.9°, where several N-NO
dissociation limits are noted. Because the potential energy surface of the
linear X2I1 ionic state is well known, only the electronically excited
states are discussed here.

The linear A257(22A") state was assigned to adiabatically correlate
with the third dissociation limit of NOT(X'=1) + N(?*P) in the previous
calculation [40], with a very high barrier (3.31 eV). When the linear
configuration of N»O™ is broken, complicated couplings between elec-
tronic states with same symmetry, e.g. A25(22A") and B?A', are involved
in CASPT2 calculations, leading to new adiabatic dissociation pathways.
As shown in the 2D multistate potential energy surfaces of %A’ symmetry

6.0

4.0

1.0 1.2 1.4 1.6 18

2.0 .
R(N-N)/ A 22

of Fig. la, there are two strong coupling regions on the quasi-linear
AZXF(22AY potential energy surface: one is located near the bottom of
B2A' state between A2S(22A") and B2A' (noted with yellow sand clock),
and the other is at R(N-N) = 1.80 A between A2X"(2%A") and an upper A’
state. Notably, the former can lead to the avoided crossing between B2A'
and A%A' states, in line with Chambaud et al.’s calculations [38]. Actu-
ally, this coupling provides a non-adiabatic decomposition pathway for
N,0"(B2A") via the A25*(22A") state. Moreover, these couplings make
the dominant electronic configuration of A2%*(22A") exchanged along
the N-NO bond rupture. As a result, the linear A%rT(22A1) adiabatically
links with the lower dissociation limit of NOT(X'= %) + N(?D), which is
different from the previous conclusion [40]. The forming barrier height
is calculated to be 2.2 eV. Although this barrier is much lower than that
in linear geometry, it is still too high to allow the linear decomposition of
AZTT(22AY.

An important finding is the first-ever discovery of a local minimum
(named as LM-22A' in Fig. 2) on the A22+(22A') potential energy surface,
which is far away from the FC region. We liberalize the restriction on the
N-O bond length, and the optimized geometry of LM-2?A" has the N-N
bond length of 1.312 A, the N-O bond length of 1.195 A and the bond
angle of 115.0°, as shown in Fig. 3. The Ty value of LM-22A" is 3.36 eV
and slightly higher than the global minimum. The electronic configu-
ration property of LM-22A' changes from TMC in the linear geometry to
PIS with the dominant configuration of (2Jt)'2(37r)+1 with the coefficient
of 0.879. There is a transition state (TS-22A") between the local and
global minima, whose optimized geometry is also exhibited in Fig. 3.
Notably, this isomerization barrier is only 0.62 eV and much lower than
the linear barrier height. Therefore, the existence of the local minimum
and the lower barrier strongly imply a novel adiabatic pathway for the
N0 "(AZz") decomposition, as marked with red arrow in Fig. 2. Along

o
|
|

NO'(X'TY+N(D) |
\

o
120 2
~
S
140 >
;
>
160

1.0 1.2 1.4 1.6 1.8 20
R(N-N)/ A

22

Fig. 1. 2D multistate CASPT2 potential energy surfaces of the low-lying A’ (a) and A" (b) sub-states for N,O™ along the N-N bond length and N-N-O angle, where two

brown sand clocks note the avoided crossing positions.
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Fig. 2. CASPT2 potential energy surface of the A?A' state for N,O" along the N-N bond and N-N-O angle, in which the Franck-Condon region is marked in purple.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

122 A 127 A
7 \ASD 7 \,_590
LM-22A" TS-22A' TS-32A'

Fig. 3. Optimized geometries of local minima and transition states along the
N-N bond fission of N;O* in the A%A' and B?A' states at the CASPT2/cc-pVQZ
level of theory.

this new path, the N-NO bond breaking will produce the rotationally
excited NO" fragment. In summary, the calculated potential energy
surface of A%Z" proposes a new and more favorable decomposition
pathway of N,O" in bent geometry, in addition to the linear one
mentioned in previous calculation [40].

B?*A'/ eV
6.6
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6.2
6.0
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N
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R(N-N)/ A

3.4. Potential energy surfaces of the B?A'(3°A") and B?A'(2°A) sub-
states

According to the significantly different geometries of the B2A' and
B2A’ sub-states, they might have different dissociation behaviors. Thus,
we discuss them separately below. Fig. 4 shows the calculated B?A' and

B2A’ potential energy surfaces along N-N bond and N-N-O bond angle
coordinates. Apparently, these two sub-states exhibit different patterns
on the adiabatic dissociation potential energy surfaces.

As shown in Fig. 4a, there is a very high barrier (~1.50 eV at CASPT2
level) for N,OT(B?A") ions to dissociate along the linear N-NO bond
fission, while the potential energy surface of B2A' exhibits much flat along
the bending coordinate in the FC region although its global minimum is
linear. As indicated with red arrow in Fig. 4a, the minimum energy path
(MEP) of the N-NO bond breaking of NyO " (B2A") undergoes a low barrier,

B*A" / eV
5.7

O(N-N-0™1) /°

1.2 14 1.6 1.8 2.0 2.2

R(N-N)/ A

Fig. 4. CASPT2 potential energy surfaces of B2A' (a) and B2A” (b) sub-states for N,O™ along the N-N bond and N-N-O angle, in which the Franck-Condon region is

marked in purple.



Y. Chen et al.

TS-32A", with the height of 0.27 eV. In TS-32A!, the bond angle is 139° and
the R(IN-NO) length is 1.27 A (Fig. 3). Along this MEP, the driving force of
potential energy surface near FC region drives the molecule from linear to
bent geometry, while the N-N bond length retains almost unchanged.
Once the potential barrier is crossed, NoO™ can directly decompose to
NO*(X12+) and N(2P) fragments in bent geometry with the bond angle of
~ 115°. As a result, rotationally excited NO* fragment ions are produced,
in line with experimental conclusions [15,34,37]. In addition, this new
mechanism can explain the experimental phenomenon [37] that the
proportion of the NOt(X'=*) + N(?P) channel increased with the exci-
tation energy in decomposition of the B2IT state.

In comparison to B2A', the B?A” sub-state shows a character of steep
repulsive potential in the FC region as shown in Fig. 4b. The repulsive
potential drives the molecule to bend rapidly prior to dissociation once
formed in the FC region. A global minimum is located at the middle of the
MEP, in which the bond angle, the R(N-NO) and R(N-N-O) lengths are
121.4°,1.315 and 1.197 f\, respectively, as shown in Table 2. The second
dissociation limit of NO*(X12+) + N(ZD) adiabatically correlates with
B2A’ via a low barrier of ~ 0.4 eV height. According to that this barrier is
much lower than the initial energy in FC ionization, the adiabatic N-NO
bond breaking in bent geometry readily occurs for NoO™ in the B*A” state
as indicated by red arrow in Fig. 4b. Notably, the discrete dissociation
behaviors of B2A' and B2A” in C; symmetry are never noticed previously,
despite providing more clues to understand the decomposition mecha-
nism of N,O™(B2I). In addition, as mentioned above, the B%A' sub-state is
dominantly produced in photoionization to NoOT(B?), and hence the
overall dissociation behavior of B2 mainly occurs along the B%A' adia-
batic potential energy surface rather than the B?A” one.

3.5. Compared with the potential energy surfaces of N3 as the
isoelectronic species

It is worthwhile to compare the multistate PESs of N,O™ and its
isoelectronic N3 due to foreseeable similarity. Varandas et al. [52-54] and

spin—orbit
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3.6. Dissociation mechanisms for NoO" in the A%2Z" and BT states

Based on the above potential energy surfaces, adiabatic decomposi-
tion mechanism of NoO™ in the A2£* and B[ states can be qualitatively
uncovered. Moreover, the strong SOC value (53.8 cm~ 1) between
A22+(22A') and 14A”(14H) was given by Huang et al. [40] Therefore,
taking into account interactions among those doublet states with same
symmetry (e.g. avoided crossing) and SOC to quartet states, ro-
vibrational distributions of the NO* fragment observed in experiments
can be reasonably illuminated.

For the N,O'(A2E%) decomposition, NO* fragment ions were
observed with three ro-vibrational distributions in experiments [27], i.e.
N(S) + NO™(vibrationally excited), NCD) + NO*(rotationally “cold™)
and N(?D) + NO™ (rotationally “hot”). The appearance of the NO*(X!=™)
+ N(*S) channel is assuredly attributed to the coupling of spin states from
the linear A%Z* to the bent 14A”(14I'I) quartet state, leading to vibrational
“hot” NOT(X!=™) fragments. Besides, as proposed by Huang et al. [40],
A%51(22A") can undergo bent deformation to 1*A" and then reach the
12A”(X2H) state via strong SOCs (53.8 cm ! for A22+(22A‘) — 14A”(14H),
and 70.9 cm™ ! for 14A”—>12A"(X2H)) at their own minimum energy
crossing points, and further adiabatically dissociate along 12A"(XII) to
product NO*t(X'xz™) and N(?D) fragments. According to the linear struc-
ture of 12A”, rotationally “cold” NO" fragments are produced. Moreover,
following the current conclusions, the MEP on the AZZ+(22A') potential
energy surface (Fig. 2) shows an irrefutable mechanism of adiabatic
decomposition, providing a perfect explanation for the production of
rotationally excited NO™ observed in experiments [27]. We would like to
emphasize that it is a novel mechanism. In addition, owing to the exis-
tence of the local minimum (LM—22A'), we can imagine that the N-NO
stretching and the bending vibrations can efficiently promote the
branching ratio of this pathway, which is greatly consistent with the
vibrational-dependence experimental results [27]. Therefore, the overall
decomposition of NyO"(A%Z™) can be summarized as the following:

The decomposition of N,O'(B?) is much complicated. Both

-  N,O" (14A”, bent) —>N( 4S) +NO™ (X] P vibrationalexcited)

spin—orbit
—

N,O" (AZZ‘.*7 linear)

NLO* (1A bent) """ (

Isomerization

N,O* (1?°A7) (X*1N), linear ) >N (*D) + NO* (X' L%, rotationally” cold ")

=" N,O" (A’ , bent) >N (’D) + NO* (X'=*, rotationally "hot ")

Varga et al. [55] reported ab initio PESs at the CASSCF, CASPT2 and MRCI
(Q) levels. Interestingly, the PESs of these two isoelectronic molecules
show a high degree of consistency. The ground state (2Hg) of N3 shows
similar characteristics to NoO™, that holds a linear stationary structure
and adiabatically correlates with the second dissociation limit, NCD) + Ny
[53]. The first excited state, ZZQ, of N3 (corresponding to the A%st state of
N,O™) also has a linear minimum but correlates with the NCD) + Ny
dissociation limit in bent geometry [54], which is similar to our current
conclusion that the A?A'(A%25™) state of N,O™ adiabatically links with the
lower dissociation limit of NOT(X'=") + N(®D) in bent geometry. The
higher state, 1, of N3 (corresponding to the B2 state of N3O™) can
dissociate to the N(ZP) and Ny fragments in linear configuration, however,
the strong coupling with upper states causes the 2?A’(%I1,) sub-state to
dissociate along the lower N(?°D) + Nj channel in bent geometry [53].
Furthermore, the stationary structure of 22A”(21'Iu) of N3 is located at 120°

[54], which is close to 121.4° of 22A"(*IT,) of N,O™. All these similarities
provide indirect evidence for the reliability of current calculations. In
addition, the multistate PESs of N3 further confirm that the bending
configuration is of paramount importance in calculating potential energy
surfaces of the decomposition of triatomic molecules.

NOT(X'=™) + N(®D) and NOT(X'=1) + N(®P) dissociation channels were
both observed in experiments, and the former was dominant [56].
Moreover, ro-vibrational population of the NO' fragment strongly
implied that significant bending took place prior to N-NO bond breaking
[37]. As described in Section 3.4, the NO*(X'=") + N(®P) channel
adiabatically correlates with the B2A' sub-state in bent geometry via a
low barrier, while the B?A" is dissociative with the products of
NO*(X!=*) and N(®D). According to that the B2A' sub-state is predom-
inantly produced in FC photoionization, the NO*(X'=™) + N(?P) disso-
ciation channel observed in experiments is attributed to the B2A'
adiabatic decomposition. Besides, both Chambaud et al.’s [38] and our
calculations propose a non-adiabatic dissociation pathway of
N,O"(B2ID), that the B2A'(B?II) state can couple to A2A'(A%L™) with
bending vibration at near equilibrium geometry of B2A', then adiabati-
cally dissociate to NO*(x!'x™) and N(°D) along the AN potential energy
surface. Considering that the A%A'(A25™) decomposition can produce
rotationally “hot” and “cold” NO* fragment ion and N(®D) atom, the
coupling from A2A'(A%£™) will induce N,OT(BM) to dissociate into
NOT(X'=") with bimodal rotational distributions and N(?D) atom. In
summary, we attribute the NOT(X'=™) + N(3D) production path
observed in experiments [37] to the non-adiabatic decomposition of
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B2A' via coupling to A%A'(A%25%) and breaking the N-NO bond. The
following scheme briefly summarizes the above mechanisms:

Isomerization

N,O* (B*A'(B*11), linear) {

avoidedcrossing
—

Last but not least, although the current calculation levels are not
sufficiently accurate to quantitatively describe full features on the A%2s*
and B2 potential energy surfaces, and in the absence of quantum
chemical dynamic calculations, the MEP is only able to offer a possibility
of the adiabatic dissociation mechanism, we would like to emphasize
that the current study provides some important clues of the bent po-
tential energy surfaces, which can point to the direction for quantitative
calculations in future.

4. Conclusion

Through calculating potential energy surfaces of NoO™ cations along
the N-N bond length and the N-N-O" angle coordinates, we re-
investigate decomposition mechanisms of N,O* cations in the AZs*
and B[ states. In comparison to previous mechanisms in linear geom-
etry [38], more complicated couplings are confirmed, which causes new
dissociation pathways for the N-NO bond fission of NoO*. In these two
states, adiabatic and non-adiabatic decomposition pathways compete
with each other, resulting in the changes of the abundance and ro-
vibrational distribution of products. The adiabatic correlation between
these two states and the dissociation limits of NO*(X'=") + N(*S),
NO™(X'=") + N(®D), and NOT(X'=") + N(*P) are clarified.

Notably, a novel adiabatic decomposition path of A%A'(A%5™) state is
found in bent geometry. According to its lower barrier, this thermody-
namically allowed N-N bond fission is assigned to form the rotationally
excited NOT(X'=") and N(®D) fragments. Moreover, the respective
contributions of the A’ and A" components split from the linear B[ state
are clarified separately. Considering avoided crossing among doublet
states with same symmetry and SOC to quartet states, ro-vibrational
distribution of NO* fragment observed in experiments is reasonably
elucidated. The current conclusions exhibit a nice example for an in-
depth study of dissociation dynamics of polyatomic molecules.
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