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Abstract Potential energy (PE) curves for the intramolecular
proton transfer in the ground (GSIPT) and excited (ESIPT)
states of 3-hydroxy-flavone (3HF) and 5-hydroxy-flavone
(5HF) were studied using DFT/B3LYP (6-31G (d,p)) and TD-
DFT/B3LYP (6-31G (d,p)) level of theory respectively. Our
calculations suggest the non-viability of ground state intra-
molecular proton transfer for both the compounds. Calculated
PE curves of 3HF for the ground and excited singlet states
proton transfer process explain its four state laser diagram.
Excited states PE calculations support the ESIPT process to
both SHF and 3HF. The difference in ESIPT emission process
of 3HF and SHF have been explained in terms of HOMO and
LUMO electron distribution of the enol and keto tautomer of
these two compounds.

Keywords B3LYP- DFT- Excited state intramolecular
proton transfer - 3-hydroxy-flavone - Potential energy

Introduction

Excited state intramolecular proton transfer (ESIPT) reac-
tions are of great scientific and technological interest. Since
its introduction, the photoinduced excited state intramolec-
ular proton (or hydrogen) transfer reaction, which generally
incorporate transfer of a hydroxyl (or amino) proton to the
carbonyl oxygen (imine nitrogen) through a pre-existing
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intramolecular hydrogen bonding (IMHB) configuration,
has received considerable attention, because it has led to a
wide range of applications, such as laser dyes [1, 2],
polymer stabilizer [3], raman filters [4], environmental
probes in bio-molecules [5], etc. The main requirement of
ESIPT reaction is that the molecule must have acid and
basic groups and a strong intramolecular hydrogen bond
between the two groups at the same time. The electronic
excitation of the normal enol form (N) leads to the excited
(N*) form, which in the course of photochemical reaction is
transformed into a proton transferred keto tautomer (T%*).
‘T* relaxes radiatively or non-radiatively to the metastable
ground state keto tautomer ‘T’, which converts to ‘N’ state
vis reverse proton transfer.

Since the original work of Weller [6] on the ESIPT of
methyl salicylate (MS), a large number of experimental [7—
14] and theoretical [15-21] studies on the ESIPT of a variety
of systems have been reported. Flavonoids are a group of
naturally occurring polyphenolic compounds ubiquitously
found in fruits and vegetables [22—24]. The various classes
of flavonoids differ in the level of oxidation of the ‘C’ ring
(Scheme 1) of the basic benzo-y-pyrone structure. Common
family members of flavonoids include flavones, flavanes,
flavonols, catechins and anthocyanidins. Flavonols are
flavonoids of particular importance because they have been
found to possess antioxidant and free radical scavenging
activity in foods [25]. Flavonols [3HF,5HF] and their
derivatives usually exhibit two strongly separated bands in
their fluorescence spectrum due to ESIPT reaction, leading to
two excited forms, the normal N* and the tautomer T* ones.
Their positions and relative intensities depend on several
parameters of the medium. Due to this unique phenomenon
many flavonol derivatives were shown to be very effective
probes in the analysis of the structure of micelles [26-28]
and phospholipid vesicles [29-31], as well as in the
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Scheme 1 Optimized intramolecular hydrogen bonded (close) and non-hydrogen bonded (open) structure of 3-hydroxy flavone (3HF) and 5-

hydroxy flavone (SHF)

fluorescence recognition of cations of different radii [32, 33].
Among the flavonol class, 3HF has been widely studied
because of its green fluorescence, which was ascribed to the
proton transfer fluorescence [34]. The present understanding
of the photophysics of 3HF is due to the efforts of several
groups [8]. The proton transfer process in 3HF was
discovered by Sengupta and Kasha [34] who assigned the
previously observed dual fluorescence bands of 3HF to a
normal N* isomer (A.,,=408 nm.) and T* tautomer (Ao, =
530 nm.). 3HF was the first intramolecular proton transfer
laser dye reported in the literature [34, 35] and has been
extensively utilized as fluorescence probe in bio-molecules
[36-39]. On the other hand SHF was once recognized as a
completely ‘non-luminescent’ molecule. Recently, the resolu-
tion of fluorescence spectrum of SHF has been achieved by
using laser induced fluorescence technique. With the help of
laser induced fluorescence study Chou et al. [40] showed dual
emission band for SHF maximized at 420 nm and 700 nm
respectively. The 420 nm band is normal emission band and
the 700 nm band is assigned as the tautomeric emission band
arises due to excited states intramolecular proton transfer in
SHF. It is now well established that both 3HF and SHF show
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dual emission band. However unlike 3HF, it took quite a
long time, till the invention of laser induced fluorescence
technique, to establish the dual emission band of SHF.
Though the experimental work on the ESIPT of flavonols
were initiated by Sengupta et al. and later on by the other
research groups [41-43] in the early 1980s, theoretical
investigations to understand the inner intricacies involved
in the ESIPT process of 3HF & SHF has been started very
recently [44—46]. In a recent communication [47], we
investigated the ESIPT process in SHF in terms of its ground
and excited states potential energy surface as well as the
HOMO, LUMO electron density of the intramolecular
hydrogen bonding ring system. Now the wide differences
in emission properties of 3HF and SHF motivate us to carry
out the present extensive quantum chemical calculations to
get some insight in terms of their electronic structure.
Hybrid HF/DFT methods have been proposed as reliable
tools for computing static and dynamic properties of hydrogen-
bonded systems [48—50]. One such method, B3LYP [52],
nicely predicts the available experimental data, as well as the
results obtained with the highest post-HF method [53]. In
view of its wide spread success for the calculation of large



J Mol Model (2010) 16:831-839

molecules [50, 51], we decided to choose density functional
approach for the present comparative study on the excited
state intramolecular proton transfer process in 3HF and SHF.
Our PES calculations nicely explain the four state laser
diagrams for 3HF and also the low emission yield of SHF.
The wide difference in ESIPT process between these two
compounds has also been explained in terms of HOMO,
LUMO electron denotes of the IMHB ring system.

Theoretical calculations

All ab initio calculations reported in this paper were carried out
using the Gaussian 03 suite programs [54]. We compared the
results for a number of method and basis sets and found that
the DFT based calculations using hybrid functional (B3LYP)
with 6-31G(d,p) basis set to be the optimal one in terms of
price-performance ratio for carrying out present electronic
structure calculations within our limited computational re-
source. Analytic vibrational frequency computations at the
optimized structure were done to confirm the optimized
structure to be an energy minimum or a transition structure.
Strength of the intramolecular hydrogen bond (IMHB) of
3HF and SHF was evaluated as the difference between energy
of the fully optimized structure of the non-hydrogen bonded
open form and energy of the N-tautomer, i.e. close form.

Methodology for PES calculations

Ground state optimized structure of both 3HF and SHF shows
that the enol tautomer (‘N”) is the stable form having strong
intramolecular hydrogen bond (Scheme 1). Bond length,
bond angle and dihedral angle data of both 3HF and 5HF
obtained by HF/6-31G(d), DFT-B3LYP/6-31G(d), DFT-
B3LYP/6-31G(d,p) level of theory along with those of X-
ray crystal structure data are listed in supplementary data
section. Comparison of X-ray crystal structure data with
those calculated shows that the values obtained from DFT-
B3LYP/6-31G (d,p) level of theory is closer to the
experimental values. So we believe DFT-B3LYP/6-31G (d,
p) will be the best among the three listed theoretical methods
for the potential energy calculation of 3HF and SHF.

The conversion from ‘N’ to ‘T’ in the ground electronic
state can be thought of as arising due to the transfer of proton
from O(3) to O(2) with simultaneous redistribution of electron
density within the five-member hydrogen bonded ring. Some
authors [55] have considered the O(3)-O(2) distance as fixed
and varied the O(3)-H(1) bond distance to get an idea about
the potential energy curve for both ground and excited states
intramolecular proton transfer processes. A plot of O(3)-O(2)
distance as a function of ro3)-p1) of 3HF as shown in Fig. 1
revels that as the proton shifted from O(3) to O(2), the O(3)-
O(2) distance changes significantly. At smaller O(3)-H(1)
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Fig. 1 Variation of O(3)-O(2) distance and O(3)-H(1)-O(2) angle of 3HF
with ro3)-n(1) as obtained from DFT-B3LYP(6-31G(d,p)) level of theory

distance it decreases slowly. In the close vicinity of a stable
O(3)-H(1) distance (~1.00A°), the O(3)-O(2) distance falls
sharply and with the further increase of O(3)-H(1) distance, it
decreases, passes through a minima (at ro@).p@y=1.35 AO)
and then enlarges to a distance comparable to that in the ‘T’
form. Figure 1 also shows variation of O (3)-H (1)-O (2)
angle as a function of ro).p(1) distance. At smaller O (3)-H
(1) distance, it increases slowly. The O (3)-H(1)-O(2) angle
increases sharply in the near vicinity of the stable O(3)-H(1)
distance. Then increases with the increase of rto@)m()
distance, reaches maximum (at ro(3)-H(1):1.35A°) and then
shows a sudden fall with the further increases of rog).p1)
distance. We obtain similar variation of ros).02) and O(3)-H
(1)-O(2) angle with rogsy.n(y in case of SHF. Therefore it is
obvious that by freezing the geometry or by fixing the O(3)-
O(2) distance at a particular values, one ends up introducing
artificial constraints on the system and hence a barrier for the
enol (N) to keto (T) conversion.

In this article we use the “distinguished co-ordinate”
approach as proposed by Sobolewski et al. [56], where O
(3)-H (1) bond distance is varied and the rest of the structural
parameters are allowed to relax for each choice of rog).(1).
Maheswari et al. [57] did an extensive theoretical study on
salicylic acid and showed that the variation of O(3)-H(1)
bond length can be used as reaction co-ordinate in order to
get some idea about the PE curve for the ground as well as
excited state proton transfer processes. Catalan et al. [48]
also used the similar reaction co-ordinate (to().n(1)) for the
ESIPT processes of some naphthalene derivatives. In recent
communications we showed that the use of ro).i(1) distance
as reaction co-ordinate can explain nicely both the ground
and excited states potential energy surface and hence the
ESIPT processes in 1 hydroxy- 2-naphthaldehyde, 2-
hydroxy-3-naphthaldehyde [58], 5-hydroxyflavone [47] and
O-hydroxy-benzaldehyde [59].
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Ground state intramolecular proton transfer (GSIPT)
curves were calculated with energies of the B3LYP/6-31G
(d,p) fully optimized structures at fixed O-H distances over
the 0.85 — 2.0 A° range. Information on the ESIPT curve
was obtained by calculating the Franck-Condon (FC)
transition energies for the DFT (B3LYP)/6-31G (d,p) ground
state structures at the TD-DFT (B3LYP)/6-31G (d,p) level of
theory. The Franck-Condon (FC) curves for the proton
transfer processes were obtained by adding the TD-DFT
(B3LYP)/6-31G (d,p) excitation energies to the corre-
sponding GSIPT curves. Again the agreement of TD-DFT
(B3LYP)/6-31G (d,p) result with absorption wavelength
(Amax) helps us to the TD-DFT (B3LYP) level of theory for
excited states PES calculations.

Results and discussion

Ground state optimized structure of 3HF and SHF shows
that the enol form (‘N’) is the most stable form due to the
presence of strong intramolecular hydrogen bonds (Scheme 1)
in both of the compounds.

Comparison of IMHB

In order to get some idea about the relative strength of
IMHB in 3HF and 5HF, we compared the C = O and O-H
stretching frequencies of these two compounds with some
model compounds like flavone, 3-hydroxy-2-phenyl-4-H-
chromene, 5-hydroxy-2-phenyl-4-H-chromene (Table 1).
We used B3LYP/6-31G (d,p) level of theory for calculation of
frequencies and 0.9613 was used as scale factor for frequencies
as given in ref. [54]. Table 1 shows that our methodology for
calculation of vibrational frequencies works nicely, since our
calculated C = O and O-H stretching frequencies agree well
with the available experimental data (Table 1). It is reasonable
to infer from both the experimental as well as theoretical
calculations that the position of O-H absorption in 3-hydroxy-

2-phenyl-4-H-chromene shows large red shift, compared to O-
H absorption in 3HF where strong IMHB is present. Greater
red shift of the band positions from its mono-substituted
compound, i.e. larger values of Avgoy and Ave_g are taken
as evidence for stronger IMHB [60]. Now both the
experimental and theoretical data of Avgy and Ave_g in
Table 1 suggests that strong IMHB are present within SHF. A
comparison of Avoy (463 cm ' for 3HF and 633 cm™' for
5HF) and Avc—o (35 cm ! for 3HF and 27 cm™ ! for 5HF) for
3HF and 5HF are shown in Table 1 and it illustrates that
IMHB in 3HF is much weaker than SHF.

A comparison of ground state intramolecular hydrogen bond
strength for both 3HF and SHF are also calculated, by rotating
the phenolic -OH group out of the hydrogen bonded
conformation and computing the difference in energy between
the closed and open form for 3HF and 5HF (Fig. 2). The
calculated IMHB strength for 3HF and SHF are found to be
10.48 keal mol ' and 15.00 kcal mol ' respectively. Figure 2
also shows that the barrier for phenolic -OH rotation and it is
found to be 11.80 keal mol " in 3HF and 18.90 kcal mol ' in
SHF. The intramolecular hydrogen bond forms five and six
member ring systems in 3HF and SHF respectively. We
believe, due to higher ring strain in the five member ring
system than its six member counterpart, the relative strength
of IMHB in 3HF will be less than SHF.

Ground and excited state potential energy curve of 3HF

Potential energy surface (PES) along the proton transfer co-
ordinate, i.e. ro3).n(1) for both the ground and the first excited
singlet state of 3HF are shown in Fig. 3 . Ground state
calculation shows a minimum in the PE curve at rogs)p)
distance near about 1.00 A° and this is due to the ‘N’
tautomeric form of 3HF. Ground state potential energy curve
increases steadily as the o)) distance increases from
1.00 A° — 130 A° and from 1.40 A°-2.00 A° curve (S
shows a wide minimum with a very small depth around
1.70A° where the ro@) -nq distance is 1.01 A°. Franck-

Table 1 Theoretical and experimental carbonyl and hydroxyl stretching frequency values of 3HF, SHF and some model compounds

Compounds C = O stretching frequencies O-H stretching frequencies Ave_o Avon

(in cm™") (in em™)

Theo. Exp.? Theo. Exp.? Theo.  Exp.*  Theo.  Exp.?
3HF 1641 1652 3185 3320 35 17
SHF 1649 1660 3053 2935 27 09
Flavone 1676 1669
2-phenyl-3- hydroxy-4H- chromene ° 3648 463
2-phenyl-5- hydroxy-4H- chromene ° 3686 633

Petroski et al., J. Phys. Chem. A 106(2002)11714

® Experimental results are not available
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Fig. 2 Energetics of the transformation from IMHB from (N) to the
non-hydrogen bonded form (hydroxyl group rotated from 0 to 180%)
of 3HF and SHF. For each value of dihedral angle H (1)-O (3)-C (3)-C
(4). and H (1)-O (3)-C (5)-C (10). respectively, the geometry has been
optimized using the DFT-B3LYP/6-31G (d,p) level of theory

Condon (FC) potential energy curve for the S; and S;’ state
shows two minima, one at roe).py1)=1.00 A° and the other
which is much lower in energy at about ro@3).nay=1.75 A°.
The former is due to the excited enol form (N*) and the latter
minima is due to excited keto tautomer (T*). Wide minima
with small depth around the keto tautomer position of GSIPT
curve (Sy) and small energy gap between Sy'and S;' curve
(toayn1y=1.70 A°) suggest that the keto tautomer emission
will be broad, structured less and red shifted. Relative
ordering of states of Sy, Sy, S;’ and S; as shown in Fig. 3

ENERGY (Kcal/mol)

1.0 1.2 1.4 1.6 1.8 2.0
ro.y/A°

Fig. 3 GSIPT curve (Sy, Sy') and ESIPT Franck-Condon curve (S,
S1") of 3HF as obtained from DFT-B3LYP/6-31G (d,p) and TD-DFT-
B3LYP/6-31G (d.p) level of theory

are the same as that schematically proposed by Khan et al.
[35] while explaining the lasing action of 3HF. Small proton
transfer barrier and exothermal nature of the PES of S; state
will populate the S,'state. Again the low barrier and downhill
potential while going from Sy’ to S, state will depopulate the
Sy’ state through back proton transfer. The uneven rate of the
excited state proton transfer and ground state back proton
transfer will result in inversion of population between S;'and
So'and hence it can show lasing action while decay radiatively
from S;'to Sy, i.e. during keto tautomer emission.

Compared to our previous studies on some hydroxy
naphthaldehyde [58] and 5-hydroxyflavone [47], where the
ground state potential energy surface for the keto tautomer
(Sy') are either flat or repulsive in nature, 3HF shows a little
depth in its Sy’ state. Sengupta et al. [34] observed a large
stokes shifted, emission band of 3HF in 2-methyl butane
maximized at ~520 nm along with the normal emission band
at 410 nm. The red shifted emission is due to excited keto
tautomer (T%*) resulted from ESIPT along the proton transfer
co-ordinate. Experimental investigations of Sengupta et al.
showed that A, of 3HF in 2-methyl butane is ~335 nm. On
the other hand, our calculated A, in the gas phase is
~347 nm and this is in good agreement with their
experimental findings.

Free energy calculations for the enol & keto equilibria of
3HF give a positive value of free energy change (AG=
11.39 keal mol ') and the calculated equilibrium constant is
~5x107°. On the basis of the equilibrium constant, the
population ratio in the gas phase for enol vs. keto form in
the ground state is 0.2x10% 1. This clearly explains that
proton transfer in the ground state is not thermodynamically
favourable in 3HF.
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Fig. 4 GSIPT curve (Sy, Sy') and ESIPT Franck-Condon curve (S,

S:") of SHF as obtained from DFT-B3LYP/6-31G (d,p) and TD-DFT-
B3LYP/6-31G (d.p) level of theory
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Ground and excited state potential energy curve of SHF

Figure 4 shows the variation of potential energy along the
proton transfer co-ordinate for both the ground and the first
excited singlet state of SHF. Ground state PE curve shows a
minimum at a distance ~1.00 A° and this is due to the ‘N’
form of SHF. Surprisingly, there is no shallow minima for
the ‘T’ form, rather the ground state potential energy curve
increases steadily as the ro3).p1y distance increases from 1
to 2 A’. FC potential energy curve for the S | state shows a
global minimal at roe).p(=1.60 A” and a local minima at
ro@)-um=1.00 A°. The former is due to the excited keto
form (T*) and the latter is due to the locally excited enol
tautomer (N*). Repulsive nature of the GSIPT curve and
the energy gap between Sy’ and S, predicts that the keto
tautomer emission will be broad, structureless and red
shifted. In their laser induced fluorescence measurements,
Chou et al. [36] observed a large stokes shifted, extremely
weak broad emission band of SHF maximized at ~700 nm
for the keto tautomer resulted from ESIPT.

In a previous communication [47] we showed that the
ground state proton transfer process in SHF is thermody-
namically unfavourable. We also showed that our present
adapted methodology for the calculation of ESIPT showed

Fig. 5 HOMO and LUMO of
SHF (enol and keto) as obtained
with DFT-B3LYP/6-31G (d,p)
level of theory

ENOL LUMO

ENOL HOMO

@ Springer

good agreement between the calculated and experimental
Amax Values.

Comparison of IMHB and ESIPT of 3HF and SHF:

Both the compound 3HF and 5HF contain two chromo-
phore -OH and -C = O, but they differ only on the relative
position of the -OH group. Our calculation suggests that for
both of these molecules the ‘N’ form is the most stable in
their ground state. Strength of IMHB is nearly 4.5 kcal mol-
1 more in SHF than 3HF.

Figure 4 shows that the excited singlet, i.e. '(7r7t*) state
potential energy curve of SHF has a minimum at the
equilibrium distance of the N-tautomer and a wide minimum
with a very low energy near the keto tautomer position. The
figure also shows that the barrier between of N*-tautomer
and T*-tautomer is very small. If the proton transfer process
or any other non-radiative deactivation channel is quite fast
compared to the lifetime of excited N-tautomer, as is
observed by Chou et al. [40] for SHEF, it will be very
difficult to observe the emission from N-tautomer. On the
other hand, due to the faster formation rate, population of T-
tautomer will be enough to observe emission. Thus in order
to observe emission from N* of SHF one has to increase the

KETO LUMO

9

KETO HOMO
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concentration of N* with the help of some intense source of
radiation, e.g. laser radiation, and also the detection system
should be highly sensitive. The '(rt7r*) potential energy
curve of 3HF exhibits two minima with a comparatively
higher energy barrier between N* and T* tautomers. Due to
this high barrier, both the N* and T* species can have
considerable population and thus giving dual emission upon
excitation in the '(7t7t*) state.

A detailed analysis of the electron distribution of HOMO
and LUMO of these two compounds can provide some light
on the ground and excited states proton transfer processes.
Both HOMO and LUMO are of 7t type, but their phases are
quite different in 3HF and SHE. HOMO of the SHF enol form
(Fig. 5) shows that intramolecular hydrogen bonded (IMHB)
ring system is primarily of bonding character over the O(3)H
(1) and C(5)C(10) atoms, where as C(4) is anti-bonding
character. Both the hydroxyl oxygen (O (3)) and carbonyl
oxygen (O (2)) have bonding character, with a larger electron
distribution over the hydroxyl oxygen (O (3)). Electron
distribution of HOMO of keto tautomer around IMHB ring
shows anti-bonding character over the H(1)O(3), O(3)C(5)
and C(4)O(2) atoms and bonding character over the C(5)C
(10)C(4) atoms. Again compared to HOMO of enol form,

Fig. 6 HOMO and LUMO of
3HF (enol and keto) as obtained
with DFT-B3LYP/6-31G (d,p)
level of theory

ENOL LUMO

HOMO of keto shows much larger electron distribution on O
(3). HOMO electron distribution for both the enol and keto
form shows less electron distribution over the phenyl ring.
Whereas HOMO orbitals on the IMHB ring system of 3HF
(Fig. 6) is primarily of bonding in nature over the C(3)C(4),
0(2) and O(3)-H(1) atoms, where as C(4)O(2) and C(3)O(3)
shows anti-bonding character. Both the hydroxyl oxygen (O
(3)) and carbonyl oxygen (O (2)) have bonding character,
with a little larger electron distribution over the hydroxyl
oxygen (O (3)). Analysis of the HOMO electron distribution
(Fig. 6) after the ground state proton transfer still shows
larger 7t-electron distribution on O(3) and also an increase of
electron distribution over the C(3)C(4) bond. Electron
distribution of HOMO of keto tautomer around the IMHB
ring shows anti-bonding character over the same atoms, i.e.
C(3)0(3), C(4)O(2) as in the normal form and bonding
character over the C(3)C(4), O(3) and O(2) atoms. HOMO
electron distribution of the ground state proton transfer form
of 3HF (Fig. 6) shows less electron distribution on hydroxyl
oxygen and lower delocalization than that of SHF. Thus the
lower conjugation through the IMHB ring in 3HF weakens
its IMHB strength. Again the less effective electron transfer
along the proton transfer co-ordinate makes the GSIPT

3

KETO LUMO

ENOL HOMO

KETO HOMO
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process less probable. The opposite effect was found for SHF,
thereby strengthening the IMHB ring system and stabilization
of the GSIPT potential energy curves with respect to 3HF.
Nevertheless, this stabilization is not sufficient for producing a
GSIPT process. Because for both the compounds analysis of
electron distribution of HOMO for enol tautomer(N) predicts
O(3) has slightly higher bonding character than O(2). Again,
HOMO electron distribution of keto tautomer(T) suggest
much greater bonding character of O(3) than O(2) and hence
transfer of proton from O(3) to O(2) in the ground state is quite
impossible.

For both SHF (Fig. 5) and 3HF (Fig. 6) LUMO is 7t* in
nature. If we look into the electronic charge distribution of
LUMO for SHF (Fig. 5) within IMHB ring of N-tautomer, C
(5)C(10) position have bonding character, whereas C(10)C
4), C4)0(2) and C(3)C(5) have anti-bonding character.
LUMO of the enol tautomer possess high electron distribu-
tion on O (2). Again our calculation of electron distribution
over the proton transfer co-ordinate in the excited states (i.e.
LUMO electron distribution) shows that there is a shift of 7t-
electron distribution from O (3) to O (2). In case of 3HF
electronic charge distribution of LUMO (Fig. 6) within
IMHB ring of N-tautomer, C(3)C(4) position have bonding
character, whereas O(3)C(3), C(4)O(2) have anti-bonding
character. LUMO of the enol form possess high electron
distribution on the O (2) atom (Fig. 6). After tautomerization,
the LUMO of the keto tautomer(Fig. 6) still shows high
electron distribution on the O(2) atom and much lower
electron distribution on the O(3) atom. Thus it favours the
transfer of a proton from O (3) to O (2) in the excited state.
However, in the case of LUMO of the keto tautomer of SHF
(Fig. 5.) both O (2) and O (3) have almost similar electron
distribution. So ESIPT process in SHF is less favourable
compared to 3HF.

Conclusions

Our computational study suggests that the relative position
of the -OH and C = O group in 3HF & SHF determine the
strength of intramolecular hydrogen bond and the nature of
ESIPT emission. Ground state IMHB strength in SHF is
more compared to 3HF. Free energy, HOMO electron dis-
tribution and also ground state PE calculation for both 3HF
and SHF support the non-viability of GSIPT processes. On
the other hand, excited state potential energy and LUMO
electron distribution calculations support the ESIPT for
both 3HF and SHF. The nature of the ground and excited
state potential energy curve nicely explains the red shifted
broad structure less emission band of SHF and also a large
stokes shifted and broad ESIPT band of 3HF. Again for
both of these compounds the energy gap between the
excited singlet and ground singlet states is quite small

@ Springer

compared to our previously studied compounds [47, 58,
59]. According to the energy gap law, non-radiative
transition from T* will be faster and there will be a
competition between the radiative and non-radiative transi-
tion. We believe, due to the faster formation rate of ‘T*’ (as
it is obvious from the exothermal nature of the excited state
potential energy surface) and also the presence of other
faster non-radiative deactivation channel from ‘N*’ as well
as ‘T*’, quantum yield of emission from both the excited
enol (‘N*) and keto (‘T*’) tautomer of 3HF would be very
low. Relative ordering of energy states (Sy, S¢', S1’, S1) and
exothermal nature of the potential curve from S;—S;’ and
So'—S nicely explains the development of inversion of
population between S;" and Sy’ state and the use of 3HF as
proton transfer laser dye. Analysis of the LUMO electron
distribution suggests that ESIPT is more favourable in 3HF
than SHF.
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