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Abstract: Photoexcitation of ortho-terphenyl (OTP) to cyclize into 4a,4b-
dihydrotripheneylene (DHT) is regarded as the first step in the synthesis
of triphenylene. Surprisingly, the nonadiabatic cyclization mechanisms of
this textbook reaction have not been examined explicitly until now.
Herein we focus on the photoinduced dynamics of OTP by using static
electronic structure calculations (MS-CASPT2//CASSCF) and trajectory-
based surface-hopping dynamics simulations (OM2/MRCI). In terms of
the calculated results, we shed light on two distinct relaxation pathways
from the S; state and also the mechanism of photocyclization. The
pyramidalization of central benzene ring and the subsequent S; — So
transition via the S1S0-OTP intersection region is the predominant route
(PATH 1, ~ 81.5%); while the relaxation from the S; state to the So state
through the S1S0-DHT intersection region is the minor pathway and can
be determined to be the key step for the formation of DHT conformer in
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the ground state (PATH II, ~ 11.3%). In the simulated period of 3.0 ps, the final recovery yield of So OTP conformer is predicted
to be 92.8% due to thermally activated ring reopening of DHT conformer; that is, the intermediate DHT is not so stable in the
ground state. In addition, two relaxation time constants (538.7 fs and 5.1 ps) are predicted for the Si dynamics of OTP with the
faster process assigned to the nonreactive deactivation (PATH I) and the slower one assigned to the ring closure reaction (PATH
II), which are well consistent with the experimental values of 700 fs and 3.0 ps in the solutions of tetrahydrofuran (THF).
Finally, the present work can provide important photocyclization mechanistic insights for OTP system and also the similar

ortho-arenes.
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1. Introduction

Nonadiabatic transitions between different electronic states are very
important in the photo-induced chemical, biological, and material
systems, involving deactivation of excited states, photo-
dissociation of small molecules, photo-isomerization of large
biological systems, and nonadiabatic recombination of charge
carriers of photovoltaic materials, and so on [1-9]. Since the first
observation of photo-induced carbon-carbon bond formation in
stilbenes and related systems in the first mid-20" century, much
attention has been attracted to investigate the photochemical
cyclization behaviors [10-15]. Photocyclization reactions have been
applied to various fields, such as light-assisted synthesis of
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ployaromatic compounds and design of molecular photo-switches
[14-25]. For instance, photocyclization reaction has been used to
synthesize pharmaceuticals (e.g., antibiotics and antitumor agents)
[23-25] and large polycyclic aromatic hydrocarbon materials (e.g.,
graphite ribbons) [20,21]. Besides, photocyclization has also been
utilized to design molecular photo-switches for the applications in
memory storage and chemical sensitization [19,22].

In addition to the above fundamental applications,
experimental and computational scientists have also been dedicated
to studying the underlying mechanisms of photocyclization
reactions, especially, for identifying the relationships of molecular
structures — potential energy surfaces — nonadiabatic chemical
dynamics [26-38]. In the present work, we will concentrate on the
nonadiabatic photocyclization reaction of an ideal system ortho-
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terphenyl (OTP), which can structurally prohibit the cis-trans
isomerization reaction and help to clarify the detail mechanisms of
the ring-closure process. The photocyclization of OTP system into
the intermediate 4a,4b-dihydrotriphenylene (DHT) is regarded as
the first step to synthesize triphenylene [14-16] (see this textbook
reaction in Scheme 1). Previously, Bragg’s group has made lots of
effort to elucidate the structure — dynamics relationships of a series
of ortho-arenes and related systems [26-30]. In 2013, Smith et al
[30]. explored the ultrafast excited-state dynamics of OTP and 1,2-
diphenylcyclohexene (DPCH) in THF solution. Ultrafast time-
resolved spectral dynamics reflected that both systems could
undergo cyclization on picosecond time scales with the Si-to-So
transition faster for DPCH versus OTP; in combination with the ab
initio calculations, they also suggested that OTP system needs to
overcome a larger energy barrier than DPCH system to approach
the intersection region and this motion is of high relevance to
“ethylenic” twisting dihedral angle. One year later, Molly and
coworkers [29] studied the solvent effects on the photocyclization
of OTP system. Femtosecond transition absorption spectroscopy
demonstrated that a solvent-dependent nonadiabatic cyclization
with a time scale of 1.5 — 4.0 ps. They also found that the solvent-
solute mechanical interactions have a significant influence on the
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nonadiabatic processes and facilitate vibrational relaxation of DHT
in the period of 10-25 ps. In addition, DHT system will undergo
thermally activated ring-opening reaction with a lifetime of ~ 46 ns
in THF. In recent works, they investigated the photocyclization in
structurally modified ortho-terphenyls, ranging from phyenyl-
substituted OTP (i.e., 1,2,3-triphenylbenzene (TPB) and ortho-
quaterphenyl (OQTP)) to methyl-, fert-butyl-, fert-butyl-, and
trifluoromethyl-substituted OTP [27,28]. In terms of the results
from time-resolved spectroscopy and theoretical calculations, they
demonstrated how structural modifications change the excited-state
dynamics and photocyclization mechanisms. More recently, by
using pump-repump-probe (PRP) transient hole burning technique,
they revisited the photocyclization reaction of OTP system,
especially, for the excited-state reaction pathways [26]. Transient
absorption spectroscopy studies revealed two decay time scales
(700 fs and 3.0 ps), but neither could unambiguously be assigned to
DHT formation. The PRP method could clarify these two processes
with the fast one belonging to the nonreactive deactivation and the
slow one to the photocyclization of S; OTP. However, they couldn’t
provide more detailed mechanisms, including the branching ratios
of excited state relaxation channels and also the structure of the
nonreactive deactivation.
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DHT
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Scheme 1. Photo-induced cyclization and dehydrogenation of ortho-terphenyl.

Herein, the high-level static electronic structure calculations (MS-
CASPT2//CASSCF and OM2/MRCI methods) and trajectory-based
surface-hopping nonadiabatic dynamics simulations (OM2/MRCI
approach) will be carried out to clarify the following unsolved
questions: (i). the branching ratios of different excited-state
relaxation channels; (ii). the intersection structures of reactive and
nonreactive deactivation pathways; (iii). the thermally activated
ring-opening between the OTP and DHT in the ground state. Our
study
photocyclization of the OTP system and will also contribute to

current work will present a systematically on

providing important mechanistic insights on similar ortho-arenes.
2. Computational details

Ab initio calculations. The Sy conformers and vertical excitation
energies of ortho-terphenyl (OTP) and 4a,4b-dihydrotriphenylene
(DHT) were first obtained by using the DFT and TD-DFT methods

with the B3LYP and CAM-B3LYP functionals, respectively [39-45].

Then, the calculations of minima, conical intersections, linearly
interpolated internal coordinate paths (LIIC), and minimum-energy
paths (MEP) were performed at two-state-averaged complete active
space self-consistent field (SA2-CASSCF) level with equal state
weights for the S; and Sy states. The active space comprised 12 ©
electrons in 10 ©* orbitals, referred to as SA2-CASSCF(12,10)
hereinafter (see Figure S1). Dynamic correlation effects were taken
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into account with the multi-state complete active space second-
order perturbation approach (MS-CASPT?2) [46,47] to re-evaluate
the energies of all optimized structures, LIIC, and MEP paths. In
the MS-CASPT2 energy evaluations, the standard zeroth-order
Hamiltonian (IPEA=0.25) was used [48]; the imaginary level shift
of 0.2 au was used to minimize the presence of intruder states [49];
the Cholesky decomposition technique with unbiased auxiliary
basis sets was used for accurate two-electron integral
approximations [50]. The 6-31G* basis set was applied for all
structural optimizations and single-point energy calculations
[51,52]. The above ab initio calculations were carried out using the
following programs: GAUSSIANO09 for DFT and TD-DFT
calculations [53]; OpenMolcas for SA2-CASSCF optimizations
and MS-CASPT2 computations [54,55].

Semiempirical methods. Geometry optimizations
dynamics simulations were calculated at OM2/MRCI level with
analytical evaluations of the energies, gradients, and nonadiabatic

and

coupling terms. The Lagrange—Newton approach was employed to
optimize the minimum-energy conical intersections [56,57]. The
restricted open-shell Hartree-Fock formalism was applied to the
SCF treatment in our OM2/MRCI calculations, which was
demonstrated to be able to give an accurate description of
structures and energies in the ground and excited states. The active
space comprised 14 electrons in 14 orbitals, that is, the six highest
doubly occupied orbitals, two singly occupied orbitals, and six
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lowest unoccupied orbitals. The MRCI treatment included three
reference configurations that can be generated from the HOMO and
LUMO of the closed-shell ground state. Thus, the MRCI
wavefunction was built by allowing all single and double
excitations from these three references.

Photoinduced S
nonadiabatic dynamics was carried out using trajectory-based
surface-hopping simulations (OM2/MRCI method) with the initial
atomic coordinates and velocities randomly sampled from a So-
state trajectory (10 ps, 300 K, NV'T ensemble). Then, the computed
So—S: transition probabilities were used to further screen the

Nonadiabatic dynamics simulations.

excited-state dynamic runs, specifically, the configurations with
very small transition probabilities were excluded. For the present
nonadiabatic dynamics simulations, the nuclear degrees of freedom
were propagated on 3.0 ps classical trajectories with a time step of
0.1 fs (the velocity-Verlet algorithm), while the evolution of the
quantum degrees of freedom along these trajectories was evaluated

J J
S0-OTP

S1-OTP-lI

by using a unitary propagator with a time step chosen to be 200
times smaller (0.0005 fs). The fewest switching algorithm was
applied to compute the hopping probabilities for the point with an
energy gap less than 10 kcal/mol. All simulations were performed
in the adiabatic representation with all relevant energies, gradients,
and nonadiabatic coupling vectors being computed on-the-fly as
needed. The empirical decoherence correction scheme (0.1 au)
proposed by Granucci et al. was employed [58] and the
translational and rotational motions were removed in each step. The
final results were obtained by averaging over 390 trajectories that
finished successfully in the S; photo-dynamics. All the above
semiempirical electronic structure calculations and dynamics
simulations were performed using the OM2/MRCI method as
[59-61]. For more
computational details, please refer to our previous publications
[13,17,18,62-65].

implemented in the MNDO99 program

S1-OTP-I

9

S1-DHT

Figure 1. The optimized Sp and S; minima of OTP and DHT systems at the SA2-CASSCF level. See Table S1 for key geometric parameters

at both SA2-CASSCF and OM2/MRCI levels.

3. Results and discussion

3.1 Electronic structure calculations of ortho-terphenyl

Spectroscopic properties. First of all, we have obtained two stable
ground-state conformers, i.e., SO-OTP and SO-DHT, by using the
B3LYP, CAM-B3LYP, OM2/MRCI, and SA2-CASSCF methods.
As is shown in Figure 1 and Table S1, all these calculations
predict similar stable structures in C, symmetry for both SO-OTP
and SO-DHT conformers. The relative energies in Table 1 clearly
show that the most stable So conformer is SO-OTP, which is
computed to be 62.3 [63.9] kcal/mol lower than that of SO-DHT at
the MS-CASPT2 [OM2/MRCI] level. Thus, the SO-OTP conformer
would be predominant in the ground state, according to the
The computed
excitation energies for the low-lying S; state of SO-OTP are listed

Maxwell-Boltzemann  distribution. vertical

in Table 2 along with the related experimental values. The So-S;
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vertical excitation energy is overestimated by TD-CAM-B3LYP,
OM2/MRCI, and MS-CASPT2 computations, which is ~ 0.3 [~ 0.5]
eV higher than the maximum UV absorption in alcohol [the pump
pulses in THF solvent]. Gotze et al. noted that the vertical
excitation energies are often higher than experimental peaks
because experiments capture vibrationally relaxed states. And this
is mainly caused by the combined effect of reorganization energy
and ground state destabilization [66]. Electronic configurations
analysis indicates that the lowest excited singlet state Si(nn*) is a
spectroscopically bright state with the relevant molecular orbitals
localized on the central benzene ring as shown in Figure 2.
Moreover, the S; state of OTP system is a mixed state and can be
mainly derived by a single excitation from HOMO-1 to LUMO
(weight: 0.302) and from HOMO to LUMO+1 (0.386). Overall, the
OM2/MRCI and MS-CASPT2//CASSCF methods represent
reasonable choices for computing of excited-state properties of
OTP the S; state.
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Table 1. MS-CASPT2//CASSCF [OM2/MRCI] computed adiabatic excitation energies (kcal/mol) of minima and intersection structures of

OTP and DHT systems.
S0-OTP 0.0 [0.0] S1-DHT 91.8[97.8]
SO-DHT 62.3 [63.9] S1S0-OTP 107.4[110.9]
S1-OTP-1 104.2 [97.0] S1S0-DHT 104.3 [109.8]
S1-OTP-1I 107.7 [108.7]

HOMO-1

0.302
—_—

LUMO

HOMO

0.386
—

LUMO+1

Figure 2. Primary molecular orbitals related to So — S; electronic transition of the SO-OTP minimum at MS-CASPT?2 level.

So and S; geometric structures. The optimized molecular
structures and relative energies of OTP and DHT conformers are
collected in Figure 1 and Table 1. As mentioned above, two types
of minima in C; symmetry, i.e., SO-OTP and SO-DHT, have been
found in the ground state at both SA2-CASSCF and OM2/MRCI
levels. The b(Ci-C7) and b(C>-Ci3) bond lengths, a(C7-C;-C») and
G(C1-C2-C13) angles, and ¢(C3-C7-C1-C2) and ¢0(C1-C2-C13-C13)
dihedral angles of SO-OTP are calculated to be 1.501 [1.485] A,
68.8 [55.7]°, and 122.8 [121.7]° at the SA2-CASSCF [OM2/MRCI]
level. However, in comparison with SO-OTP, the conjugate pattern
of SO-DHT is changed according to its Lewis structure. For
instance, the b (C;-C7) and b(C2-Ci3) [b(C7-Cs) and b (Ci3-Ci3)]

bond lengths decrease [increase] dramatically; the ¢ (Cs-C7-Ci-Cz)
and ¢(C;-C,-C13-Ci3) dihedral angles vary from 68.8 [55.7] to -4.0
[-11.2]° at SA2-CASSCF [OM2/MRCI] level. In addition, we have
also optimized three equilibrium structures in the S; state, that is,
S1-OTP-I, S1-DHT, and S1-OTP-II, respectively. The former two
structures closely resemble those in the So state. By contrast, the
latter exhibits a pronounced twist with pyramidalization at the C;
and C; atoms of the central benzene ring, a feature that primarily
arises from sudden polarization effects [67]. The adiabatic
excitation energies of S1-OTP-I, S1-OTP-II, and S1-DHT are
predicted to be 104.2 [97.0], 107.2 [108.7], and 91.8 [97.8]
kcal/mol, respectively, as listed in Table 1.

Table 2. MS-CASPT2//CASSCF [OM2/MRCI] computed vertical excitation energies (eV) of the Sp minimum of OTP system.
CAM-B3LYP OM2/MRCI MS-CASPT2 EXP.
Si 5.19 5.20 5.24 4.952 4.66"
@ The maximum absorption in alcohol (250.5 nm); Handbook of chemistry and physics. 60" ed. Boca Raton, Florida: CRC press Inc., 1979, p.
C-510;
b The UV pump pulses with a center wavelength of 266 nm in THF solvent.

)

S1S0-OTP S1S0-DHT

Figure 3. The optimized Si/So conical intersections of OTP and DHT systems at the SA2-CASSCEF level. See Table S1 for key geometric
parameters at both SA2-CASSCF and OM2/MRCI levels.
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Si/So conical intersections and excited-state decay paths. Two
S1/So intersection structures, labeled as S1S0-OTP and S1S0-DHT
in Figure 3, have been obtained by using SA2-CASSCF and
OM2/MRCI methods. The structural overlaps in Figure S2 shows
that these two conical intersections are close to their corresponding
S| minima, respectively, for example, S1S0-OTP [S1S0-DHT] is
similar to S1-OTP-II [S1-DHT]. Besides, the adiabatic excitation
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energy of S1S0-DHT is about ~ 3.0 [~ 1.0] kcal/mol lower than that
of S1S0-OTP at the MS-CASPT2 [OM2/MRCI] level. When only
considering their potential energies, both S1SO-DHT and S1SO0-
OTP can be easily accessible from the S; Franck-Condon point
(MS-CASPT2 [OM2/MRCI]: 120.8 [119.9] kcal/mol). Thus, these
two intersection structures may play important roles in the S; decay
processes.
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Figure 5. Time-dependent S; and Sy state populations (a) and the distribution of S; — So hopping (b) in nonadiabatic dynamics simulations.

In addition, we have also explored the LIIC paths connecting the S;
minima to the relevant Si/Sy intersection structures, that is, from
S1-OTP-I to S1SO-DHT via S1-DHT (PATH I1I, Figure 4a and
Figure 4b) and from S1-OTP-I to S1S0-OTP via S1-OTP-II (PATH
I, Figure 4c and Figure 4d), respectively. As is shown in Figure
4a, it is apparent that there exists a ~ 1.5 kcal/mol barrier from the
ring-opening conformer S1-OTP-I to the ring-closure conformer
S1-DHT at the MS-CASPT2 level. Once arriving at the S,
minimum S1-DHT, the system still needs to overcome a barrier of
~ 6.0 kcal/mol to get close to intersection region (point 8 to 9 of
Figure 4b), where the energy gap between S| and Sy states is less
than 5.0 kcal/mol. Similarly, the S1-OTP-I minimum needs to
overcome a very small energy barrier (~ 1.8 kcal/mol) to approach
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the S1-OTP-II minimum at the MS-CASPT2 level (Figure 4c).
However, the S| potential energy curve connecting S;-OTP-II and
S1So-OTP is rather flat, with the energy gaps between the S; and Sy
states remaining below 5.0 kcal/mol along the entire S; LIIC path
(Figure 4d). In other words, the excited-state decay from the S;
state to Sy state could take place efficiently on this very wide and
flat potential energy curve. It is important to note that the
OM2/MRCI calculations yield a LIIC PESs that overall follows the
same trend as those of MS-CASPT2, as illustrated in Figure 4. In
order to consider the dynamic effects in the excited-state decay
processes, the nonadiabatic dynamics simulations have been carried
out in the next section.
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Figure 6. Potential energies, nonadiabatic coupling terms, and key bond lengths plotted as a function of time for the representative
trajectories of type I (a, b and c) and type II (d, e and f). The hopping time is highlighted in vertical purple dash line along with the

corresponding hopping structures.

3.2 Nonadiabatic dynamics simulations

Nonadiabatic dynamics. As discussed above, by comparison with
the results with the MS-CASPT2//SA2-CASSCF approach, the
semiempirical OM2/MRCI method can give reliably accurate
excited-state potential energies, electronic and geometric structures.
Moreover, the OM2/MRCI method can provide an accurate
description to the So/S; intersection structures for both OTP and
DHT systems, which can be easily seen from the structural
overlaps between S1S0-OTP and S1SO-DHT conformers at both
SA2-CASSCF and OM2/MRCI level in Figure S3. As a result, the
OM2/MRCI-based surface-hopping nonadiabatic ~ dynamics
simulation has been carried out to study the S; photo-dynamics of
OTP system to explore the excited-state decay pathways, lifetimes,
and structural evolutions.

Among 390 trajectories in our dynamics
simulations, 92.8% (362) trajectories decay to the S state and 7.2%
(28) still survive in the S state at the end of 3.0 ps. The time-
dependent S; and Sy state populations along with the dot-dashed
fitted line of the S, state are plotted in Figure 5a. A di-exponential
equation Yy = Ap exp(— (X —Xg)/Ty) + Ay exp(— (X — Xg)/To)

successful
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is used to fit the time evolution of the S; population. The S;
population keeps constant in the period of 148.0 fs (i.e., latency
time Xo), which can be assigned to the initial relaxation from the S;
Franck—Condon point to the Si/So intersection regions. We can
estimate the S; state lifetimes T; and T, to be 390.7 and 4956.3 fs,
with corresponding standard errors of 1.54% and 3.75%,
respectively. Meanwhile, the corresponding weights A; and A, are
fitted to be 0.85 and 0.15, respectively, which are close to the
branching ratios of S1S0-OTP and S1S0-DHT to be 0.88 (318/362)
and 0.12 (44/362) in our nonadiabatic dynamics simulations.
Experimentally, by using transient absorption spectroscopy (TAS)
and pump—repump—probe (PRP) spectroscopic tools, Snyder and
Bragg revealed two relaxation time scales of OTP* (700 fs and 3.0
ps) and also determined that S; OTP only cyclizes on the slower of
these time scales, with the faster process assigned to nonreactive
deactivation [26]. However, they couldn’t provide the branching
ratios of excited-state relaxation channels and also the structure of
the nonreactive deactivation.

The distribution of S1 — Sy hopping-time in all nonadiabatic
trajectories are plotted in panel b of Figure 5b. It clearly shows
that about 80 percent of trajectories hop to the ground state within
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1.0 ps, which numerically approaches the faster component of S;
excited-state lifetime (700 fs) in TAS. Besides, there are still a few
nonadiabatic trajectories that decay to the Sy state after 2.0 ps,
which coincides with the slower relaxation time scale of 3.0 ps in
TAS.

Typical trajectories. Next we will move on to the typical
trajectories in the present study. On the basis of the static electronic
the SO0-OTP
predominant in the ground state. Thus, upon irradiation at 266 nm,

structure  calculations, conformer would be
the system would be populated at the S; Franck-Condon region
around the OTP conformer. All the successful OM2/MRCI-
simulated nonadiabatic trajectories can be classified into two
categories: (type I) Most of the nonadiabatic trajectories (318) are
initially propagated into the S;-OTP-II region via S;-OTP-I. They
subsequently decay to the ground state near the S;So-OTP conical
intersection, which can be assigned to the nonreactive channels;
(type II) The remaining 44 trajectories relax directly to S;-DHT,
followed by an S; — Sy transition in the vicinity of the SiSo-DHT
conical intersection, ultimately yielding the ring-closure conformer
So-DHT. Time evolution of potential energies, nonadiabatic
coupling terms, and also key bond lengths for two representative

trajectories are plotted in Figure 6, respectively.

S1-OTP-ll

$1S0-0TP

Figure 7. A proposed mechanistic diagram illustrating the excited-
state decay pathways of OTP.

Upon irradiation at 266 nm, the representative trajectory of type I
in Figure 6a and Figure 6c¢ is initially populated in the S; Franck-
Condon region. Then, the trajectory will be propagated into the S1-
OTP-II region via S1-OTP-I minimum, where the central benzene
ring is seriously twisted. As the S1S0-OTP conical intersection lies
close to S1-OTP-II minimum (see Figure S2), the nonadiabatic
trajectory will decay to the ground state soon at about 441.9 fs with
a small energy gap (less than 2.0 kcal/mol) and a large nonadiabatic
coupling term (ca. 6400 1/ps). In the representative trajectory of
type Il (see Figure 6d and Figure 6f), the system is first excited to
the S; Franck-Condon region and then proceeds into an excited-
state transient intermediate S1-DHT via the minimum structure S1-
OTP-I. During this process, the Cs-Cis distance continuously
decreases from 3.300 A to 1.644 A with a simple rotation of two
terminal phenyl groups simultaneously. Later, this nonadiabatic
trajectory is propagated into the S1SO-DHT region, where the
potential energies of S; and Sy states become degenerate and the
nonadiabatic coupling term is predicted to be 750 1/ps. As a result,
the system decays to the ground state directly at about 373.0 fs.
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Once the trajectory evolves in the ground state, the SO0-OTP
conformer will be regenerated due to thermally activated ring
reopening of SO-DHT conformer, which is in line with the
minimum-energy path between SO-OTP and SO-DHT in the Sy state
in Figure S4. Finally, it should be stressed that in our dynamic
simulations, only a few trajectories decay to the Sy state via the
S1S0-DHT and most of the nonadiabatic trajectories relax to the
ground state through the nonreactive deactivation pathway (S1S0-
OTP).

4. Conclusion

In the present work, the high-level static electronic structure
computations and nonadiabatic dynamics simulations (MS-
CASPT2//CASSCF and OM2/MRCI approaches) are carried out to
simulate photodynamics of the OTP system. These two methods
can give reliably accurate potential energies, electronic and
geometric structures (see the potential energies in Table 1 and
structural overlaps in Figure S3). On the basis of the optimized
minima, intersection structures, LIIC, and MEP paths in Sp and S;
states, we have proposed two nonadiabatic relaxation pathways
from the S; state to the Sy state with high-efficiency.

Later, our proposed S; decay mechanism is immediately
verified by the OM2/MRCI-based surface-hopping dynamics
simulations. Two types of nonadiabatic processes are determined
by the current dynamical simulations, which can be summarized as:
SO0-OTP +h — Si(FC) — S1-OTP-I — S1-OTP-II — S1S0-OTP
— S0-OTP (PATH I); SO-OTP + h — Sy(FC) — S1-OTP-I — S1-
DHT — S1S0-DHT — SO0-DHT — S0-OTP (PATH II). The
nonreactive deactivation pathway via the S1S0-OTP (PATH I,
81.5%) is the predominant route with the C; and C, atoms of
central benzene ring strongly twisted due to the sudden polarization
effects (Figure 7). The other pathway (PATH II, 11.3%) is the
minor one and the relaxation process can take place around the
S1S0-DHT intersection region. Once the ring-closure conformer
returns to the ground state, the SO-DHT minimum will be generated
with a large quantity of excess energy in its internal degrees of
freedom, which will subsequently re-open to form the SO-OTP
conformer. Besides, there are still a few trajectories (7.2%) survive
in the S; state at the end of simulated period of 3.0 ps.

In addition, two relaxation time constants are obtained
according to the di-exponential model. Specifically, the first time
component is fitted to be 538.7 fs, which is in agreement with
experimental value of 700.0 fs in solution of THF. The second time
component is also well-reproduced by the present OM2-MRCI-
based dynamical simulation (5.1 ps in this work vs 3.0 ps in TAS).
The PRP experiment assigned the faster process to the nonreactive
deactivation (PATH I) and the slower one to the ring-closure
reaction (PATH II), which is also in line with our present
calculations. Notably, the present work focuses on elucidating the
fundamental gas-phase photochemical reaction pathways of OTP,
and therefore solvent effects are not explicitly considered. However,
solvent effects, such as mechanical and electrostatic interactions,
can significantly influence the excited-state relaxation dynamics of
OTP. Given their potential importance, these solvent effects will be
systematically investigated in our future studies. Finally, the
present work can provide important photocyclization mechanistic
insights for OTP system and also the similar ortho-arenes.
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