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Herein we have employed high-level multi-reference CASSCF and MS-CASPT2 electronic
structure methods to systematically study the photochemical mechanism of intramolecularly
hydrogen-bonded 2-(2′-hydroxyphenyl)-4-methyloxazole. At the CASSCF level, we have
optimized minima, conical intersections, minimum-energy reaction paths relevant to the
excited-state intramolecular proton transfer (ESIPT), rotation, photoisomerization, and the
excited-state deactivation pathways. The energies of all structures and paths are refined by
the MS-CASPT2 method. On the basis of the present results, we found that the ESIPT
process in a conformer with the OH· · ·N hydrogen bond is essentially barrierless process;
whereas, the ESIPT process is inhibited in the other conformer with the OH· · ·O hydrogen
bond. The central single-bond rotation of the S1 enol species is energetically unfavorable due
to a large barrier. In addition, the excited-state deactivation of the S1 keto species, as a result
of the ultrafast ESIPT, is very efficient because of the existence of two easily-approached keto
S1/S0 conical intersections. In stark contrast to the S1 keto species, the decay of the S1 enol
species is almostly blocked. The present theoretical study contributes valuable knowledge to
the understanding of photochemistry of similar intramolecularly hydrogen-bonded molecular
and biological systems.

Keywords: Excited state proton transfer, Photoisomerization, Conical intersection, Ab
initio, Photochemistry

I. INTRODUCTION

Excited state intramolecular proton transfer (ESIPT)
and its subsequent photodynamics play an important
role in a lot of biological processes [1−8] and in nu-
merous applications such as photostabilizers [9] UV fil-
ter materials [10−12], fluorescent probes [13], and sun-
screens [14]. Due to its importance, this kind of pho-
tochemical reactions has been extensively studied by
experimental and theoretical chemists in past decades
[15−37].

In this work, we focus on the system of 2-(2′-
hydroxyphenyl)-4-methyloxazole (HPMO), as shown in
Fig.1. Experimental study of excited-state dynamics of
HPMO can be dated back to the end of the last cen-
tury. Guallar et al. experimentally studied the ES-
IPT and rotational processes of 2-(2′-hydroxyphenyl)-
oxazole derivatives including HPMO in both S0 and S1
states and supported the coexistence of two ground-
state conformers with OH· · ·N and OH· · ·O hydrogen
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FIG. 1 2-(2′-Hydroxyphenyl)-4-methyloxazole molecule in
which there is a strong intramolecular hydrogen bond
O−H· · ·N enabling excited-state intramolecular proton
transfer between the enol and keto conformers. Also shown
are the competitive single-bond rotation (left) and double-
bond photoisomerization (right) channels.

bonds [38]. Interestingly, only a conformer was observed
to experience a photoinduced proton transfer. Zewail
et al. studied the femtosecond dynamics of HPMO in
confined nanocavities and in aprotic solvents [39]. They
suggested that the ESIPT process occurs within 300 fs
in aprotic solvents; whereas, in confined nanocavities,
this process is slowed down to a subpicosecond time
scale. In addition, they also found a picosecond twisting
motion around the central single bond, which is notice-
ably inhibited inside the nanocavities. Garćıa-Ochoa et
al. explored the ESIPT process of HPMO in various
hydrophobic nanocavities in aqueous medium [40]. In
their experiments, upon irradiation, a fast ESIPT re-
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action produces a phototautomer with a large Stokes
shift. Furthermore, they also found a twisting motion
around the central single bond of this generated pho-
totautomer. Later, Zhong et al. further explored the
femtosecond dynamics of HPMO in human serum al-
bumin protein, also in micelles and cyclodextrins for
comparison [41]. They found that the confined geom-
etry restrains the nonradiative decay and thus signif-
icantly extends the excited-state lifetime. Their most
important finding is that the ESIPT and subsequent
intramolecular twisting proceed in two different routes.
The first is the direct in-plane stretching motion, about
200 fs, which is insensitive to the surroundings. The
second is less dominant and is related to the out-of-
plane twisting motion (ca. 3 ps) of the two heterocyclic
rings, which is drastically slowed down in the protein
hydrophobic environment.

On the theoretical side, there exist merely a few crude
theoretical calculations at the semiempirical, Hartree-
Fock (HF) and configuration interaction with single
excitation (CIS) levels. Douhal et al. employed the
HF and CIS methods to study the ESIPT processes in
the S0 and S1 states, respectively [38]. Guallar and
coworkers performed semiclassical molecular dynamics
simulations for the ESIPT process, which is however
based on the CIS computed potential energy surface
[42]. Lluch et al. also studied the ESIPT process of
HPMO embedded in β-cyclodextrin using the HF and
CIS-based ONIOM methods [43, 44]. Hamms-Schiffer
et al. simulated the ultrafast ESIPT process of HPMO
in vacuo, solution, and protein environments using clas-
sical molecular dynamics in conjunction with an em-
pirical valence bond potential [45]. They found that
the ring-ring bending motion is the most important
low-frequency vibrational mode, which helps decrease
the proton-acceptor distance and thus facilitates pro-
ton transfer; the S1 decay is much slower in water than
in aprotic solvents and protein, which is ascribed to the
fact that intermolecular hydrogen-bonding leads to a
disruption of the intramolecular hydrogen-bonding in
HPMO.

However, previous theoretical studies only focus on
the ESIPT process of the excited-state dynamics of
HPMO; thus, a few essential mechanistic details remain
unknown, for example, how does the generated photo-
tautomer decay to the S0 state? Furthermore, it is well
known that excited-state deactivation is usually related
to conical intersections. Near these quasi-degenerate
regions, multi-reference electronic structure methods
must be used to get a correct description of topological
structures of relevant potential energy surfaces. Herein,
we have for the first time employed the high-level com-
plete active space self-consistent field (CASSCF) and
its multi-state second-order perturbation theory (MS-
CASPT2) methods to study the ESIPT and rotational
processes, and the S1 excited-state deactivation chan-
nels.

II. COMPUTATIONAL DETAILS

Minima (S0 and S1), minimum-energy conical in-
tersections (MECI, S1/S0), and minimum-energy reac-
tion paths (S0 and S1) are computed using the state-
averaged complete active space self-consistent field (SA-
CASSCF) method in which equal state weights are used
for both electronic states. In all SA-CASSCF geomet-
ric optimizations, an active space of 10 electrons in
8 orbitals is used, which includes 10π electrons in 8π
and π∗ orbitals (Fig.2). To obtain more accurate po-
tential energy profiles, the MS-CASPT2 method [46,
47] that provides more correlation energy is exploited
to re-evaluate the energies of all CASSCF optimized
geometries and reaction paths. In single-point MS-
CASPT2 calculations, an imaginary shift of 0.2 a.u. is
used to avoid the intruder-state issue [48]; the Cholesky
decomposition technique with unbiased auxiliary basis
sets is used for accurate two-electron integral approx-
imations [49]; the ionization potential-electron affinity
(IPEA) shift was not applied [50]. This combined MS-
CASPT2//CASSCF computational strategy enables a
good description for photophysics and photochemistry
of medium-size molecular systems in vacuo, solution,
and proteins, as demonstrated in many our previous
computational studies [16, 51−59].

Vertical excitation energies are computed using
TD-CAM-B3LYP [60], TD-B3LYP [61−64], and MS-
CASPT2 methods, respectively. The 6-31G∗ basis set
[65, 66] is used for all computations. All TD-DFT com-
putations and CASSCF optimizations of conical inter-
sections are carried out using Gaussian 09 [67]; all other
CASSCF computations and MS-CASPT2 computations
are performed using MOLCAS 8.0 [68].

III. RESULTS AND DISCUSSION

Figure 3 shows the schematic structures optimized at
the CASSCF(10,8)/6-31G∗ level. Table I lists the se-
lected geometric parameters and the MS-CASPT2 re-
fined energies.

A. S0 minima and vertical excitation energies

At the CASSCF level, we have obtained three S0 con-
formers, which are denoted as S0-ENOL-1, S0-KETO,
and S0-ENOL-2, respectively. Of them, S0-ENOL-1
and S0-ENOL-2 are the most stable two conformers at
this computational level; while, S0-KETO is 18.7 and
13.2 kcal/mol higher than S0-ENOL-1 and S0-ENOL-2
in energy (Table I).

The vertical excitation energy to the first excited
single state S1 at the enol Franck-Condon point of
HPMO shows that this S0→S1 vertical excitation en-
ergy is computed to be 4.2 eV at the MS-CASPT2
level and TD-B3LYP level, which is about 0.2 eV lower
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FIG. 2 Eight active orbitals in the CASSCF(10,8)/6-31G* computations.
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S1-ENOL-1

S0-KETO S0-ENOL-2

S1-ENOL-2S1-KETO

FIG. 3 CASSAF(10, 8)/6-31G∗ optimized S0 and S1 minima (bond length in Å). See supplementay material for their
Cartesian coordinates. Table I collects their relative energies refined by the MS-CASPT2 method.

TABLE I Selected geometric parameters (CASSCF level,
bond angles and dihedral angles in (◦)) and MS-CASPT2
refined energies E (in kcal/mol).

∠C4C3C2 ∠N1C2C3O7 ∠N1C2C3C4 E

S0-ENOL-1 120.1 180.0 0.0 0.0

S0-KETO 117.3 180.0 0.0 18.7

S0-ENOL-2 123.6 180.0 180.0 5.5

S1-ENOL-1 120.1 180.0 0.0 87.8

S1-KETO 120.2 180.0 0.0 85.5

S1-ENOL-2 124.1 180.0 180.0 95.4

S1S0-1 121.4 128.5 60.4 80.3

S1S0-2 119.8 133.4 114.8 82.3

S1S0-3 122.1 180.0 0.0 81.2

than that computed by the TD-CAM-B3LYP method
(4.4 eV) and is about 0.3 eV higher than the experi-
mental value measured in solution [41]. We have an-
alyzed the molecular orbitals relevant to the S0→S1
electronic transition of the enol minimum S0-ENOL-1,

as shown in Fig.2. The S1 state is a spectroscopi-
cally bright state being ππ∗ character. At the CASSCF
level, there are two main transition components for the
S0→S1 electronic transition. One is from HOMO−2 to
LUMO (weight: 0.317) and another from HOMO−1 to
LUMO+1 (0.183). Accordingly, there are four active-
space orbitals whose electronic occupations significantly
deviate from empty or full one. It can also be found that
HOMO−2 and LUMO+1 are localized within the left
six-membered group; whereas, HOMO−1 and LUMO
spread over the whole molecular space. Thus, we can
observe partial electron transfer from the phenyl group
(HOMO−2) to the methyloxazole group (LUMO) in the
S0→ S1 electronic transition.

B. S1 excited-state minima

In addition, we have optimized three S1 minima at
the CASSCF level, which are denoted as S1-ENOL-1,
S1-KETO and S1-ENOL-2. According to the adiabatic
excitation energies collected in Table I, it is clear that
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HOMOˉ2 (1.16) HOMOˉ1 (1.83) LUMO+1 (0.21)LUMO (0.88)

FIG. 4 Four molecular orbitals whose electronic occupations significantly deviate from empty (0.0) or full (2.0) occupation
involved in the S0→S1 electronic transition at the enol S1 minimum.

S1S0-1 S1S0-3S1S0-2

1.43

1.30

1.48

0.99
1.41

1.29

1.43

1.47

1.40

0.99

1.40

1.37

0.95

1.26

1.46

FIG. 5 Schematic S1/S0 conical intersections S1S0-1 (left), S1S0-2 (middle), and S1S0-3 (right). Also shown are their two
singly-occupied molecular orbitals and selected bond lengths in Å.

at the MS-CASPT2 level, S1-ENOL-1 is 2.3 kcal/mol
higher than S1-KETO and 7.4 kcal/mol lower than S1-
ENOL-2, respectively; S1-KETO is 9.9 kcal/mol lower
than S1-ENOL-2.

As shown in Fig.3, the N1−H6 bond length of S1-
ENOL-1 is decreased to 1.80 Å from 1.91 Å of S0-
ENOL-1, which is a clear evidence that the excited-
state hydrogen-bonding interaction is reinforced in the
S1 state. The C2−C3 bond length of S1-ENOL-1 is
also strengthened, which is about 0.04 Å shorter than
that of S0-ENOL-1. The similar changes are seen for
S0-ENOL-2 and S1-ENOL-2. At S1-KETO, the H6 has
already transferred to the N1 atom; the O5−H6 bond is
increased by 0.12 Å relative to that of S0-KETO, which
implies the N1· · ·H6 hydrogen bond is weakened.

C. S1/S0 conical intersections

We have optimized three S1/S0 conical intersections
at the CASSCF level, which are denoted as S1S0-1,
S1S0-2 and S1S0-3. S1S0-1 and S1S0-2 are structurally

almost equivalent (Fig.5). They are located in the keto
region i.e. after the H6 atom transferred to the N1
atom. Structurally, we can find a strong pyramidal-
ization at one C atom after the twisting. This could
originate from the sudden polarization effects, as seen
in many similar systems [69−71]. Table I shows that
the energies of S1S0-1 and S1S0-2 are very close to each
other, which are computed to be 80.3 and 82.3 kcal/mol
at MS-CASPT2 level, respectively. By contrast, S1S0-3
corresponds to a conical intersection with the broken
C2−O7 bond. Its energy is also close to the other
two conical intersections within about 1 kcal/mol at
the MS-CASPT2 level. Finally, we should note that
at MS-CASPT2 level, all these three conical intersec-
tions are energetically allowed if only considering their
energies relative to the S1 energy at the enol Franck-
Condon point i.e. S0-ENOL-1, which is about 95.7 and
101.5 kcal/mol at MS-CASPT2 and TD-CAM-B3LYP
levels, respectively. However, their importance in the
photodynamics of HPMO is very distinct (vide infra).
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FIG. 6 MS-CASPT2//CASSCF computed relaxed S1 ro-
tation path with respect to the N1−C2−C3−C4 dihedral
angle, as well as the unrelaxed S0 energies.

D. Excited-state rotation

Does the central C−C bond rotation take place eas-
ily? The answer is not. At the MS-CASPT2 level, we
have computed the S1 minimum-energy rotational path
of HPMO. As shown in Fig.6, it is transparent that
the S1 barrier for the rotation from S1-ENOL-1 to S1-
ENOL-2 is more than 20 kcal/mol, which is much higher
than the counterpart in the S0 state. Clearly, this pro-
cess cannot compete with the in-plane S1 excited-state
intramolecular proton transfer.

E. Excited-state proton transfer

There are two types of S1 excited-state intramolecu-
lar proton transfer in HPMO. The first is from the O
atom of the six-membered ring to the N atom of the
five-membered ring, which is barrierless and thus ef-
ficient; whereas, the second, from the O atom of the
six-membered ring to the O atom of the five-membered
ring, becomes inhibited due to a much higher barrier.

The first S1 excited-state intramolecular proton
transfer starts from the spectroscopically bright S1
state that is of ππ∗ character at the enol minimum
S0-ENOL-1. Upon excitation to this 1ππ∗ state at the
enol Franck Condon point, the system first arrives at a
shallow S1 minimum referred to as S1-ENOL-1 in Fig.3.
At this structure, the N1· · ·H6 bond length is decreased
to 1.80 Å from 1.91 Å of the S0 enol minimum S0-
ENOL-1, which is a clear evidence that the hydrogen
bond is reinforced in the S1(

1ππ∗) state. This kind of
enhancement is also seen in our recent several theoret-
ical work on excited-state intramolecular proton trans-
fers [36, 72]. This hydrogen-bond shortening benefits
the subsequent S1 excited-state intramolecular proton
transfer. From the S1 enol minimum S1-ENOL-1, an ul-
trafast excited-state proton transfer could be expected,
forming an S1 keto minimum S1-KETO. This point of
view is supported by the MS-CASPT2//CASSCF com-
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FIG. 7 MS-CASPT2//CASSCF computed S1 minimum-
energy proton-transfer path (relaxed 1ππ∗ state).
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FIG. 8 MS-CASPT2//CASSCF computed S1 minimum-
energy proton-transfer path (relaxed 1ππ∗ state).

puted S1 minimum-energy proton transfer path in Fig.7.
The S1 potential energy surface with respect to the
N1−H6 bond length is very flat and essentially bar-
rierless (0.7 kcal/mol at the MS-CASPT2 level). In
addition, we have found that the driving force for this
S1 ESIPT process is not so strong because the reaction
energy change is only within several kcal/mol at the
MS-CASPT2 level. Thus, there should exist an equi-
librium between the S1 enol and keto minima. This
kind of S1 excited-state intramolecular proton transfer
induced equilibrium is rarely reported computationally.
In most of our previous computational studies, the S1
excited-state intramolecular proton transfer usually cor-
responds to a much exothermic process [72−74].

The second S1 excited-state intramolecular proton
transfer starts from another S1 enol minimum S1-
ENOL-2. It is clear that this process is thermodynam-
ically unfavorable in the S1 state at the MS-CASPT2
level in that the S1 energy increases with the increasing
O7−H6 bond length (Fig.8). Considering that it is also
very difficult for HPMO to transform from S1-ENOL-
1 to S1-ENOL-2 in Fig.6 (more than 20 kcal/mol at
MS-CASPT2), it is safe to expect that this latter S1
excited-state intramolecular proton transfer is entirely
blocked in the photodynamics of HPMO.
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FIG. 9 MS-CASPT2//CASSCF computed S1 minimum-
energy reaction path with regard to the O7−C2 bond length.
It connects the enol 1ππ∗ minimum S1-ENOL-1 and the enol
minimum-energy S1/S0 conical intersection S1S0-3.

F. Deactivation path of the S1 enol species

In addition to the ultrafast, barrierless S1 excited-
state intramolecular proton transfer as mentioned
above, the S1 enol minimum S1-ENOL-1 can also un-
dergo an S1 excited-state decay via the S1/S0 conical
intersection with the broken C−O bond i.e. S1S0-3
(see Fig.3). However, this S1 excited-state deactivation
channel is nearly blocked because its related S1 barrier,
on the basis of the MS-CASPT2//CASSCF computed
S1 minimum-energy reaction path in Fig.9, is predicted
to be 21.9 kcal/mol, which cannot be overcome concern-
ing the S1 energy of HPMO at the enol Franck-Condon
point.

G. Deactivation path of the S1 keto species

In contrast to the S1 enol species, there exist efficient
S1 excited-state decay pathways connecting the S1 keto
species and the keto S1/S0 conical intersections S1S0-1
and S1S0-2. At the MS-CASPT2//CASSCF level, we
have computed the corresponding S1 minimum-energy
reaction path along the rotation of the N1−C2−C3−C4
dihedral angle, which is shown in Fig.10. It is clear there
are two quasi-degenerate regions, which are located at
the positions with the dihedral angle of 60◦ and 130◦,
respectively. In fact, these two regions are close to the
two keto S1/S0 conical intersections S1S0-1 and S1S0-2.
As mentioned before, these two conical intersections are
energetically allowed because their energies are all lower
than the S1 energy at the enol Franck-Condon point.

Next, we will show they can also be accessed from
their nearby S1 keto species. Apparently, it is very easy
for the S1 keto species to arrive at the first keto S1/S0
conical intersection i.e. S1S0-1 because there only ex-
ists a small barrier of 3.7 kcal/mol at the MS-CASPT2
level (see Fig.10, at about 60◦). At this hopping area,
the S1 system can be de-excited to the S0 state and then
recover to its initial enol S0 minima S0-ENOL-1 or S0-
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FIG. 10 MS-CASPT2//CASSCF computed S1 minimum-
energy reaction path along the rotation of the N1-C2-C3-C4
dihedral angle connecting the keto 1ππ∗ minimum S1-KETO
and the two keto minimum-energy S1/S0 conical intersec-
tions S1S0-1 and S1S0-2.

ENOL-2. Importantly, if the system does not hop to the
S0 state when it encounters the first keto S1/S0 conical
intersection S1S0-1, the S1 keto species still can decay
to the S0 state at the second keto S1/S0 conical inter-
section S1S0-2. Taking these two aspects in account, we
can conclude that the excited-state deactivation start-
ing from the S1 keto species is very efficient and could
be an ultrafast process.

H. Mechanism

On the basis of the present results, we can summa-
rize the photophysical and photochemical mechanism
of HPMO in Fig.11. Upon irradiation to the bright S1
state at the enol Franck-Condon point, the system first
relaxes to a nearby local S1 minimum, which is referred
to as S1-ENOL-1 in Fig.3. Starting from this point,
there exist two competitive S1 relaxation channels. The
first one is the nearly barrierless S1 excited state in-
tramolecular proton transfer from the O atom of the
six-membered ring to the N atom of the five-membered
ring. Its related barrier is estimated to be 0.7 kcal/mol
at the MS-CASPT2 level. This ultrafast process gen-
erates a planar S1 keto species, which should be able
to fluoresce in rigid surroundings because steric inter-
action can significantly prevent the central C−C bond
rotation. Instead, in vacuo or in low-viscosity solution,
the C−C bond rotation becomes rather easy, which
only needs to overcome a small barrier of 3.7 kcal/mol
at the MS-CASPT2 level. Mechanistically, this facile
rotation induces an efficient excited-state deactivation
via the two keto S1/S0 conical intersections S1S0-1 and
S1S0-2, which are located near the rotational pathway
of the central C−C bond. On hopping to the S0 state,
the vibrationally “hot” molecule can move to the two
enol S0 minima, either S0-ENOL-1 or S0-ENOL-2. In
the second one, the enol S1 species can decay to the
S0 state via the enol S1/S0 conical intersection S1S0-3.
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FIG. 11 Photophysical and photochemical mechanism of HPMO suggested based on the present MS-CASPT2//CASSCF
electronic structure calculations. Relative energies are also shown (kcal/mol).

However, this relaxation channel is completely prohib-
ited due to the existing large barrier, which is about
21.9 kcal/mol at the MS-CASPT2 level, even higher
than the S1 energy at the enol Franck-Condon point S0-
ENOL-1, 95.7 and 101.5 kcal/mol at MS-CASPT2 and
TD-CAM-B3LYP levels, respectively. In addition, this
process also cannot compete with the essentially bar-
rierless S1 excited-state intramolecular proton transfer.
Considering these factors, this second decay pathway is
mechanistically unimportant. Figure 11 schematically
shows our suggested photochemical mechanism based
on the present theoretical study.

IV. CORRELATION WITH PREVIOUS WORK

Our proposed photochemical mechanism rationalizes
the phenomena of experiments available. We found
that the ESIPT process happens only for S1-ENOL-1,
which explains very well the observation of Guallar et
al. [38] and Zewail et al. [39, 41]. In their experiments,
only a conformer was observed to experience a photoin-
duced proton transfer and the ESIPT process occurs
within subpicosecond in aprotic solvents and confined
nanocavities. In addition, the generated S1 keto species
can twist its central C−C bond to arrive at the S1/S0
conical intersection so as to decay to the ground state.
This process is demonstrated to be efficient owing to
a small barrier of ca. 3 kcal/mol at the MS-CASPT2
level. This also rationalizes why previous experiments
found a picosecond twisting motion around the central
single bond of the phototautomer [41]. Since the rota-
tional motion involves a large conformation change, it
must be noticeably inhibited inside the nanocavities due
to steric interaction. This fits very well with the conclu-
sion of Zewail and coworkers: “the confined geometry
restrains the nonradiative decay and thus significantly
extends the excited-state lifetime” [41].

Furthermore, our work provides new mechanistic in-
sights. First, correct and accurate potential energy
profiles are attained, which plays a key role in un-
derstanding the photochemical mechanism of HPMO
and its derivatives. At the CIS level, Douhal et al.
predicted the S1 barrier related to ESIPT is more
than 10 kcal/mol for 2-(2′-hydroxyphenyl)-4-oxazole
[38]. Due to the use of single-reference methods in previ-
ous theoretical works, the potential energy profiles close
to the S1/S0 conical intersections, for example those re-
lated to the excited-state decay of the S1 keto species,
are incorrectly described. For instance, Lluch et al.
predicted a barrier of ca. 8 kcal/mol for the central
C−C bond rotation of the S1 keto species in isolated
HPMO and HPMO/β-CD complex [44]. Instead, both
S1 and S0 states should be close to each other along
this rotational motion, as shown in Fig.10. Second, we
have located several enol and keto S1/S0 conical inter-
sections and their S1 deactivation channels, which is
helpful for understanding the nonradiative dynamics of
HPMO and its variants.

V. CONCLUSION

By means of high-level CASSCF and MS-CASPT2
methods, we have systematically explored the pho-
tophysical and photochemical mechanism of HPMO.
The S1 and S0 minima, S1/S0 MECIs, and minimum-
energy reaction paths relevant to the S1 excited-state
intramolecular proton transfer and the S1 enol and keto
species decay channels are optimized at the CASSCF
level and refined at the MS-CASPT2 level. In terms
of the present results, we find that the excited-state
intramolecular proton transfer is an overwhelmingly
dominant relaxation pathway for the S1 enol species
and is expected to be an ultrafast process. It com-
pletely defeats the S1 excited-state decay via the enol
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S1/S0 MECI with a large barrier. The produced S1
keto species should be able to fluoresce if its central
C−C bond rotation is inhibited in certain rigid sur-
roundings, such as in solid states or high-viscosity so-
lution. On the contrary, this S1 keto species will decay
to the S0 state in an ultrafast means via the two keto
S1/S0 MECIs that can be easily approached in vacuo
and dilute solution. Then, the S0 enol minima are
re-populated again. The present high-level electronic
structure calculations provide many valuable mecha-
nistic insights and could help understand the photo-
dynamics of HPMO and other similar intramolecularly
hydrogen-bonded molecular systems.

Supplementary materials: Cartesian coordinates
of all optimized structures are shown.
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