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Abstract

The excited-state intramolecular proton transfer of 2-(o-hydroxyaryl)benzazoles has been studied by emission spectroscopy. Although
both 2-(2-hydroxy-3-aryl)benzazole and 2-(1-hydroxy-2-aryl)benzazole consist of an aryl moiety, a benzazol-2-yl group and an OH group,
their emission properties are very different for the reasons that can be explained in terms of our previously offered nodal-plane model.
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1. Introduction

Much attention has been directed from both experimental
and theoretical viewpoints to the excited state intramolec-
ular proton transfer (ESIPT) of hydrogen-bonded molecules
[1-10]. ESIPT is a very simple chemical process readily
accessible for both accurate measurement and quantitative
theoretical analysis. The study of ESIPT is at the forefront of
the revolution in the understanding of chemical reactions at
the molecular level. It also plays an important role both in
fundamental biochemistry and in practical application: the
ESIPT of hypericin and related molecules is of current
interest because of the anti-viral (especially anti-human-
immunodeficiency virus (HIV)) and the anti-tumor activities
of these molecules [11]. A molecule showing ESIPT will
also be useful in future optical memories and switches
[12—-14]. Furthermore, ESIPT is also of great interest in
view of its relevance to fluorescence probes for biomole-
cules [15,16], to UV absorbers for polymers [17] and
cosmetics [18], to proton transfer laser-dye [19] and to
radiation detection scintillators [20].

We have investigated the dynamic processes in the low-
lying excited states of o-hydroxybenzaldehyde (OHBA) and
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its related molecules (OHBAs) by using spectroscopic and
computational methods [21-36]. We have constructed a
simple theoretical model of the ESIPT of OHBAs based
on the nodal pattern of the wave function [25,26]. Although
this nodal-plane model is a qualitative one, it allows us to
recognize the important features of ESIPT immediately and
provides useful information about the reaction mechanisms.
Our nodal-plane model is applicable to photochemical
reactions in various excited states of various molecules
[37,38]. Many chemists have cited it [5,8,10,39-49], and
the usefulness of our explanation is recognized by many
researchers [5,8,39-41,44,48,49].

In this article, we discuss the application of our nodal-
plane model to the ESIPT of the 2-(o-hydroxyaryl)benza-
zoles (2-(o-hydroxynaphtyl)benzazoles and 2-(o-hydro-
xyanthryl)benzothiazoles) whose structures are shown in
Fig. 1. Although the ESIPT of 2-(o-hydroxynaphtyl)benza-
zoles was studied previously [50-56], the dependence of
ESIPT on the structure of the isomers (Fig. 1) has not yet
been investigated. Section 2 briefly summarizes the under-
standing of ESIPT by using our nodal-plane model. Sec-
tion 3 describes experiments with 2-(o-hydroxyaryl)-
benzazoles and notes that the results of those experiments
are consistent with our nodal-plane model. The last section
summarizes our conclusions. The work reported in this
paper was presented at the 17th ITUPAC Symposium on
Photochemistry [57].
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Fig. 1. Structure of molecules studied in the present work.

2. Nodal-plane model of ESIPT

The understanding of the mechanism of ESIPT in a simple
molecule can lead to valuable insights into the behavior of
complex systems. OHBA is the simplest example of an
aromatic molecule with an intramolecular hydrogen bond,
and it can exist in two tautomeric forms, the keto form and
the enol form (proton-transferred form). The relative stabil-
ity of each form depends on the electronic state of the
molecule (Fig. 2): in the ground state (S, state), the keto
form is stable, in the first excited ! (7, 7*) state (SiW> state),
ESIPT takes place to yield the enol form, and in the second
excited !(m, 7*) state (Sg’ﬂ state) the keto form is again
stable.

The equilibrium constant between the enol forms of
acetylacetaldehyde, CH;C(OH)=CHCHO (A form) and
CH3;COCH=CHOH (B form), was determined with NMR
[58,59]. The broken curve in Fig. 3 (double-minimum
potential) shows the potential curve of the two forms.
The enol forms of malonaldehyde [HC(OH)=CHCHO]
can also be characterized by a double-minimum potential
[60—65]. Substitution of phenyl rings for the CH3;CCH
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Fig. 2. Schematic representation of Sy, SEW) and s§”> potential surfaces for
OHBA. Fluor. denotes fluorescence. The broken lines indicate the nodal
planes perpendicular to the molecular plane, and the dots indicate seeming
lone 7 electrons.

moieties in the acetylacetaldehyde enols, respectively, trans-
forms the A and B forms into the keto and enol forms of
OHBA (Fig. 3). The substitution stabilizes the A form owing
to resonance of the phenyl ring [66], and the keto form of

Fig. 3. Potential curves of acetylacetaldehyde enols (broken curve) [58,59]
and OHBA (continuous curve).
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Fig. 4. Nodal planes of wave functions in several !(m,7*) states of
benzene and OHBA, and the numbering system for the atoms. The broken
lines indicate the nodal planes perpendicular to the molecular plane, and
the dots indicate seeming lone 7 electrons. Only one of the three positions
of the nodal plane in the excited state of benzene is shown.

OHBA becomes markedly lower in energy than the A form
of acetylacetaldehyde. The B form, in contrast, is not
stabilized by the substitution, and the energy remains essen-
tially unchanged on going from the B form to the enol form
of OHBA. The schematic sketch of the potential curves of
OHBA thus obtained (continuous curves in Fig. 3) is quite
similar to that expected from the experimental results
[21,22] for the Sy and S\™ states of OHBA (Fig. 2): the
S(lﬂ) state is thought to be much more susceptible to ESIPT
than the S, state. From Fig. 3, we suggest that the presence
of the phenyl ring has a large influence on the potential
curves of the Sy and S(,”) states of OHBA.

Fig. 4 shows the nodal planes of the wave functions in
several states of benzene and OHBA. As in the case of a
particle in a two-dimensional rectangular potential box [67],
the wave function of the Sy state has no nodal plane and the
wave functions of the S; and S, states each have one nodal
plane: the nodal planes of the wave functions of the S| and S,
states are perpendicular to each other. The S| and S, states of
benzene (! (7, 7*) states) in the usual notation are Ly, and L,,
respectively [68]. The wave function of the L, state has a
nodal plane through the C, and Cq symmetry axes of point
group Dgy,, and that of the L, state has a nodal plane through
the C;, and Cg axes. In this paper, the C, symmetry axis of
point group Dgy, is taken to be located through two facing
carbon atoms of benzene according to custom. Substitution
of CHO and OH groups for adjacent H atoms of benzene
results in OHBA (Fig. 4).

In the L, state, one can write two double bonds along the
nodal plane because 7 electrons are distributed over the

molecule except on the nodal plane. When the two double
bonds are C3=C4 and C5=Cg, lone (unpaired) 7 electrons are
localized at the C; and C, atoms. If ESIPT yielding the enol
form takes place in the L, state of OHBA, the two lone
electrons can be largely delocalized as a result of the
formation of the C;=C, and C,=0, bonds. The lone elec-
trons thus facilitate the rearrangement of bonds to produce
the enol form. The L, state of the enol form of OHBA thus
becomes significantly lower in energy than the L, state of
benzene owing to the delocalization, and in OHBA, the L,
state results in the S(lﬂ) state (Fig. 4). The enol form is
preferred because of the more favorable nodal pattern in
the S\ state of OHBA.

In contrast, the wave function in the L, state of OHBA has
a nodal plane perpendicular to that in the L, state (Fig. 4).
ESIPT yielding the enol form cannot take place in the L,
state because Cy=C; and C,=0, double bonds cannot be
formed, and if these double bonds were formed, the C; and
C, atoms would become pentavalent. As aresult, the potential
energy of the L;, state remains essentially unchanged on going
frombenzene to OHBA, and the potential curve is notdistorted
much from that of the Sy state in OHBA. In OHBA, the L, state
thus results in the S\ state (Fig. 4).

For these reasons, the sg”) state of OHBA is thought to be
far less susceptible to ESIPT than the S(lﬂ) state is. This
explanation is consistent with the emission properties of
OHBAs [21-29,33,35,36]. We are therefore, led to the
conclusion that the enol form is stabilized in the S(lﬂ) state
owing to the properties of the nodal plane of the wave
function.

In terms of our nodal-plane model, ESIPT is described by
the skeletal distortion of the aromatic ring instead of by the
change in the O—H- - -O structure. The structural reorganiza-
tion in ESIPT is not localized around the hydrogen bond but
rather encompasses the molecular framework. The main
effect of the change in electronic structure due to the
So — S(lﬂ) excitation ((71',77*) transition) is on the 7m-bonding
framework of the aromatic ring moiety instead of the o-
bonding of the hydrogen-bonded moiety. The electron redis-
tribution upon excitation results in changes in bond order
and bond length between heavy atoms like C and O. The
change in O-H:--O structure is relatively small and is
strongly influenced by the movement of heavy atoms. In
any given case, proton transfer in response to changes of the
electron redistribution on the heavy atoms may or may not
occur.

In our view, whether or not would ESIPT occur easily in
an intramolecularly hydrogen-bonded molecule can be pre-
dicted directly from the wave function itself: the aromatic
skeleton responds to the formation of the node in the S(17r>
wave function. Our concept is simple and readily provides a
qualitative guide useful for predicting the more stable form
in a particular electronic state [25-27,32-38]. We can pre-
dict the stabilization due to the ESIPT of medium-size
polyatomic molecules without performing extensive calcu-
lations.
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Scheme 1.
3. ESIPT of 2-(o-hydroxyaryl)benzazoles

The ESIPT of 2-(2-hydroxyphenyl)benzoxazole (HBO)
and 2-(2-hydroxyphenyl)benzothiazole (HBT) has been stu-
died extensively [30,31,69-74]. In the S, state, the enol form
is stable, and in the S@ state, ESIPT yields the keto form. As
shown in Scheme 1, the mechanism of ESIPT in the S(I’T)
states of HBO and HBT can be explained like that of the
ESIPT in the S(lﬂ) state of OHBA. In this section, we will
show the absorption and fluorescence spectra of 2-(o-hydro-
xynaphthyl)benzoxazoles, 2-(o-hydroxynaphthyl)ben-
zothiazoles and 2-(o-hydroxyanthryl)benzothiazoles and
will note that these experimental results strongly support
our nodal-plane model.

3.1. Experimental methods

3.1.1. Sample preparation

2-(1-Hydroxy-2-naphthyl)benzoxazole (1H2ZNBO, Reg-
istry No. 32339-66-5) and 2-(2-hydroxy-3-naphthyl)ben-
zoxazole (2H3NBO, Registry No. 14967-45-4) were
prepared by condensation reactions, with polyphosphoric
acid [75], between the corresponding hydroxynaphthoic
acid and 2-aminophenol. 2-(1-Hydroxy-2-naphthyl)ben-
zothiazole (1H2NBT, Registry No. 76995-70-5), 2-(2-
hydroxy-1-naphthyl)benzothiazole (2HINBT, novel com-
pound) and 2-(2-hydroxy-3-naphthyl)benzothiazole
(2H3NBT, Registry No. 25389-29-1) were prepared by
condensation reactions, with phosphorus trichloride [76],
between the corresponding hydroxynaphthoic acids and 2-
aminothiophenol.

2HINBT thus obtained was in the form of yellow needles,
mp 119°C. '"H NMR (270 MHz, CDCls, §): 7.28 (d,
J=8.9Hz, 1H), 7.3440 (m, 2H), 7.49 (td, J=7.7 and
1.3 Hz, 1H), 7.55-7.61 (m, 1H), 7.77-7.81 (m, 2H), 7.88 (d,
J=73Hz, 1H), 799 (d, J=82Hz, 1H), 8.72 (d,
J=8.5Hz, 1H), 14.21 (s, 1H, OH). Anal. Calcd. for
C7H;;NOS: C, 73.62; H, 4.00; N, 5.05. Found: C, 73.78;
H, 4.23; N, 5.04.

In the preparation of 2-(1-hydroxy-2-anthryl)benzothia-
zole (1H2ABT, novel compound), 1-aminoanthracene was
synthesized from 1-aminoanthraquinone [77], 1-anthrol was
prepared from 1-aminoanthracene [77] and 1-anthrol-2-car-
boxylic acid was synthesized from 1-anthrol [78]. IH2ABT
was prepared by a condensation reaction, with phosphorus
trichloride [76], between 1-anthrol-2-carboxylic acid and 2-
aminothiophenol. It resulted in yellow plates, mp 265—
266°C. '"H NMR (400 MHz, CDCl; §): 7.39-7.43 (m,
1H), 7.49-7.57 (m, 4H), 7.62 (d, J= 8.8 Hz, 1H), 7.94
(d, J=83Hz, 1H), 7.99-8.10 (m, 2H), 8.12 (d,

J=7.8Hz, 1H), 8.35 (s, 1H), 9.12 (s, 1H), 14.21 (s, 1H,
OH). Anal. Calcd. for C,;H3NOS: C, 77.04; H, 4.00; N,
4.28. Found: C, 76.98; H, 4.28; N, 4.14.

In the present preparation of 2-(2-hydroxy-3-anthryl)ben-
zothiazole (2H3ABT, Registry No. 116646-52-7), 4'-chloro-
3’-methylbenzophenone-2-carboxylic acid was synthesized
from phthalic anhydride and 2-chlorotoluene [79]. Then 2-
chloroanthraquinone-3-carboxylic acid was synthesized
from 4'-chloro-3’-methylbenzophenone-2-carboxylic acid
[80], and 2-chloroanthracene-3-carboxylic acid was synthe-
sized from 2-chloroanthraquinone-3-carboxylic acid [81].
After 2-hydroxyanthracene-3-carboxylic acid was prepared
from  2-chloroanthracene-3-carboxylic acid [82,83],
2H3ABT was prepared by a condensation reaction, with
phosphorus trichloride [76], between 2-hydroxyanthracene-
3-carboxylic acid and 2-aminothiophenol. It resulted in
yellow-orange grains, mp 277-278°C. 'H NMR
(400 MHz, CDCl; 6): 7.40-7.58 (m, 5H), 7.93-7.98 (m,
3H), 8.07 (d,J = 7.8 Hz, 1H), 8.26 (s, 1H), 8.48 (s, 1H), 8.54
(s, 1H), 12.15 (s, 1H, OH). Anal. Calcd. for C,;H3NOS: C,
77.04; H, 4.00; N, 4.28. Found: C, 76.93; H, 4.20; N, 4.14.

2-(1-Methoxy-2-anthryl)benzothiazole (1IM2ABT, novel
compound) was synthesized from 1H2ABT and dimethyl
sulfate by using a procedure similar to one reported pre-
viously [31,84]. It resulted in pale yellow needles, mp 224—
225°C. '"H NMR (400 MHz, CDCl; §): 4.20 (s, 3H, CHs),
7.41-7.45 (m, 1H), 7.51-7.57 (m, 3H), 7.91 (d, J = 8.8 Hz,
1H), 7.99-8.05 (m, 2H), 8.09-8.16 (m, 2H), 8.47 (s, 1H),
8.54 (d, J=9.3 Hz, 1H), 8.79 (s, 1H). Anal. Calcd. for
C»,H5NOS: C,77.39; H, 4.42; N, 4.10. Found: C, 77.16; H,
4.51; N, 4.08.

Hexane and cyclohexane prepared especially for lumi-
nescence were obtained from Nacalai Tesque and were used
without further purification. 3-Methylpentane obtained from
Tokyo Kasei Kogyo was purified twice by column chroma-
tography on silica gel. The addition of a small amount of
water to the sample solution did not have a large influence on
the absorption and fluorescence spectra. However, the fluor-
escence spectra obtained from samples in polar solvents
were very different from those obtained from samples in
nonpolar solvents, and in polar solvents, the fluorescence—
excitation spectra often differed from the absorption spectra.

3.1.2. Measurements

Unless otherwise stated, experiments were made at room
temperature using a 1 cm? quartz static cell. The absorption
spectra were measured with a Shimadzu UV-2100S spectro-
photometer.

The nanosecond transient absorption spectrum of
2H3ABT was measured with a Unisoku TSP-601 time-
resolved spectrophotometer equipped with a dye laser (Uni-
soku TSP-611) pumped by a Nd: YAG laser (Continuum
Surelite I, 355 nm). Coumarin 440 (Exciton) was used as the
dye. The measurement was based on pulse-pump (dye laser)
and cw probe (Xe lamp) as the excitation sources. The
sample concentration used was about 10~* M. Prior to the



S. Nagaoka et al./Journal of Photochemistry and Photobiology A: Chemistry 122 (1999) 151-159 155

measurement at room temperature, the sample solution was
degassed by bubbling nitrogen gas through it.

The fluorescence spectra at wavelengths below 900 nm
were measured with a Shimadzu RF-5000 spectropho-
tometer. A Hamamatsu R928-08 photomultiplier tube was
used as the detector. An emission spectrophotometer based
on the photon-counting method was used for measuring the
fluorescence spectra at wavelengths between 900 and
1200 nm (the details of the emission spectrophotometer
have been reported previously [33]). In this study, the
emission monochromator (Nikon G-250) was equipped with
a 600 grooves mm ' grating blazed at 750 nm and a Hama-
matsu R649 or R1767 photomultiplier tube was used as the
detegtor. The sample concentrations used were about
107° M.

3.2. Results and discussion

Fig. 5 shows the absorption and fluorescence spectra of
2H3NBO and 1H2NBO in hexane, and the wavelengths of
the fluorescence peaks of 1H2NBO are in satisfactory
agreement with those reported previously [55]. Although
both 2H3NBO and 1H2NBO consist of a naphthalene
nucleus, a benzoxazol-2-yl group and an OH group
(Fig. 1), the emission properties of the two molecules are
very different. As in HBO, ESIPT takes place in IH2NBO
which shows a Stokes-shifted ESIPT fluorescence emission
around 470 nm (Fig. 5(b)). The absorption spectrum of
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Fig. 5. Absorption (Abs.) and fluorescence (Fluor.) spectra of (a)
2H3NBO and (b) IH2NBO in hexane. € denotes the absorption coefficient.
The fluorescence spectra have not been corrected for the spectral
sensitivity of the detector. The fluorescence spectra of 2H3NBO and
1H2NBO were obtained by excitations at 330 and 350 nm, respectively.

1H2NBO agrees well with the fluorescence-excitation spec-
trum. Unlike 1H2NBO, 2H3NBO shows dual fluorescence
(Fig. 5(a)) like 2-(2-hydroxy-3-naphthyl)benzimidazole
[56]. The short-wavelength fluorescence of 2H3NBO
(~450 nm) may be due to an open conformer with the
hydroxyl group not hydrogen-bonded to the oxazole nitro-
gen [56]. The long-wavelength fluorescence (~670 nm) is
assigned to the ESIPT fluorescence of 2H3NBO. The
absorption spectrum of 2H3NBO agrees well with the
ESIPT fluorescence-excitation spectrum. The Stokes shift
of the ESIPT fluorescence of 2H3NBO is much larger than
that of 1H2NBO. Similar results were also obtained for
2H3NBT, 1H2NBT and 2HINBT in hexane: the Stokes shift
of the long-wavelength fluorescence of 2H3NBT is much
larger than those of the fluorescence emissions of IH2NBT
and 2HINBT. Smce the absorption coefficient (¢) and the
shape of the Sg — S ™ absorption band of 2H3NBO are very
different from those of IH2NBO, the potential surface of the
S<17r> state of 2H3NBO is expected to be very different from
that of 1H2NBO.

The difference in the Stokes shift of the ESIPT fluores-
cence between 2H3NBO and 1H2NBO can be explained in
terms of our nodal-plane model (Fig. 6). If one writes a
nodal plane of the wave function in the SEW) state of

(a) 2H3NBO

@ @I%.

ESIPT

Abs. Fluor.
8o ——
H-0
N
L, ~:
(b) TH2NBO
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oS R0
0 ~
$;® T Esier
Abs Fluor.
SO —

Fig. 6. Schematic energy-state diagram for dynamic processes in the Sy
and Sgﬁ) states of (a) 2H3NBO and (b) IH2NBO in nonpolar solvents. The
solid and broken arrows represent radiative and nonradiative processes,
respectively. The broken lines indicate the nodal planes perpendicular to
the molecular plane, and the dots indicate lone 7 electrons. Abs. and Fluor.
denote absorption and fluorescence, respectively.
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Fig. 7. Absorption (Abs.) and fluorescence (Fluor.) spectra of (a) 2H3ABT
and (b) 1H2ABT in cyclohexane. € denotes the absorption coefficient. The
fluorescence spectra have not been corrected for the spectral sensitivity of
the detector. The fluorescence spectra of 2H3ABT and 1H2ABT were
obtained by excitations at 360 and 410 nm, respectively.

IH2NBO and the corresponding double bonds so as to get
rid of lone 7 electrons, the nodal plane is localized on only
one of the two six-membered rings in the naphthalene
nucleus of the proton-transferred form (Fig. 6(b)). Such a
proton-transferred form (keto form) is not expected to be
very stable. In contrast, in the keto form of 2H3NBO, the
wave function of the S(fr) state has a nodal plane through
both six-membered rings of the naphthalene nucleus
(Fig. 6(a)). Thus the energy of the keto form of 2ZH3NBO
is markedly lower than the energy of the keto form of
IH2NBO, and the Stokes shift of 2H3NBO is much larger
than that of 1H2NBO. Furthermore, our nodal-plane model
is also in accordance with the very recent report that methyl
2-hydroxy-3-naphthoate is the only methyl o-hydroxy-
naphthoate that exhibits an ESIPT emission [85].

Fig. 7 shows the absorption and fluorescence spectra of
2H3ABT and 1H2ABT in cyclohexane. Although IM2ABT
shows normal fluorescence, 1H2ABT shows a Stokes-
shifted ESIPT fluorescence peak at 500 nm (Fig. 7(b)). This
means that as in HBT, ESIPT takes place in IH2ABT also.
The absorption spectrum of 1H2ABT agrees well with the
excitation spectrum obtained by monitoring the fluorescence
at 500 nm. The weak fluorescence around 450 nm in
1H2ABT may originate from an open conformer with the
hydroxyl group not hydrogen-bonded to the thiazole nitro-
gen. In contrast to IH2ABT, 2H3ABT shows a fluorescence
emission (Fig. 7(a)) blue-shifted even from that of IM2ABT
in which ESIPT never takes place. The fluorescence emis-

sion of 2H3ABT at long wavelengths (>700 nm) is negli-
gible. The emission properties of 2H3ABT and 1H2ABT are
thus very different even though both molecules consist of an
anthracene moiety, a benzothiazol-2-yl group and an OH
group (Fig. 1).

The Sy — SEW) absorption band of 2H3ABT is between
400 and 500 nm and the maximum value of ¢ is
16001 mol ' cm™" at 450 nm. The 0-0 band of the
Sy — Sgﬂ excitation is at 380nm where € is
25900 1 mol ' cm™'. The emission spectrum of 2H3ABT
shown in Fig. 7(a) was obtained upon excitation at the
So — s{™ absorption band. Its red shift from the
Sp — S%T absorption band is small. The main bands of
the emission spectrum shown in Fig. 7(a) are at wavelengths
between the Sy — Sgr) and Sy — S(lﬂ) absorption bands. Its
excitation spectrum agrees well with the Sy — S(Zﬂ) absorp-
tion spectrum. The emission shown in Fig. 7(a) is therefore
attributable to the emission ori ?nating from 2H3ABT and is
considered to be due to the Szﬂ) — S fluorescence.

The intensity of the S, — Sy fluorescence is usually much
less than that of the S; — Sy fluorescence [86]. Exceptions
occur only in azulenes [87], thiones [88-93], carotenoids
[94,95], OHBAS [23,25,33] and other systems which exhibit
strong S, — Sq fluorescence. The s§”> — S fluorescence of
2H3ABT is another example of anomalous emission from
upper excited states (violation of Kasha’s rule [96]).
Although the S(Zﬂ) — S fluorescence of OHBAs can be
observed only when samples are in the vapor phase
[23,25,33], that of 2H3ABT can be observed even when
the sample is in solution.

The present observation of the S(zﬂ) — Sy fluorescence
from 2H3ABT is in accordance with our nodal-plane model
(Fig. 8(a)). As in 2H3NBO and 1H2NBO, the proton-trans-
ferred form (keto form) of 2H3ABT is much more stabilized
than that of 1H2ABT. Accordingly, as shown in Fig. 8, the
energy ga%) between the zero-point vibrational levels of the
S2 and S}’ states is much larger for 2H3ABT than it is for
1H2ABT. Under these circumstances, the SgT) — SEW) inter-
nal-conversion (IC) of 2H3ABT must be, according to the
energy gap law [97], much slower than that of IH2ABT. The
intensity of the fluorescence emission from the Sgw) state of
2H3ABT is thus greater than that of the fluorescence emis-
sion from the S{” state of 1H2ABT.

The emission due to excitation at the Sy — S(lﬂ) absorp-
tion band of 2H3ABT is negligible. The weak S{” — S,
fluorescence of 2H3ABT may be located at wavelengths
above 1200 nm, or the potential curves of the Sy and SYT)
states that cross each other may result in the negligible
Sm — Sy fluorescence in 2H3ABT. The transient absorp-
tion by excitation at the Sop — S( absorption band of
2H3ABT in 3-methylpentane is neghglble at room tempera-
ture and 77 K. Since the e, the transition energy and the
shapes of the So — s\ 1 absorptlon band of 2ZH3ABT are
very different from those of IH2ABT, the potential surface
of the sﬁ’” state of 2H3ABT is expected to be very different
from that of 1H2ABT.
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(a) 2H3ABT

(b) 1H2ABT

Fig. 8. Schematic energy-state diagram for dynamic processes in the Sy,
(™ and S{™ states of (a) 2H3ABT and (b) 1H2ABT in nonpolar solvents.
The solid and broken arrows represent radiative and nonradiative
processes, respectively. The broken lines indicate the nodal planes
perpendicular to the molecular plane, and the dots indicate lone m
electrons. Abs., Fluor. and IC denote absorption, fluorescence and internal-

conversion, respectively. It should be noted in (b) that if one writes a nodal

plane of the wave function in the S(f) state and the corresponding double

bonds so as to get rid of lone 7 electrons, the nodal plane is localized on
one of the three six-membered rings in the anthracene moiety of the keto
form.

The Stokes shifts of the long-wavelength fluorescence of
2H3NBO and 2H3NBT (>10000 cmfl) are larger than
those of the fluorescence of HBO and HBT (<8000 cm !
[69,71,72]). Furthermore, although the s§"> — S¢ fluores-
cence emissions from 2H3NBO and 2H3NBT in solution are
negligible, 2H3ABT shows a s§”> — S fluorescence of
moderate intensity (Fig. 7(a)), so the energy gap between
the zero-point vibrational levels of the S5 and Sl7T> states is
likely to be much larger for 2H3ABT than for 2H3NBO or
2H3NBT. Thus when the nodal plane is oriented from one
end of the aryl group to the other, the stabilization due to
ESIPT is thought to increase with the number of six-mem-
bered rings condensed in the molecule. This view is reason-
able because the delocalization of the lone electrons in the
keto forms in Fig. 6(a) and Fig. 8(a) obviously increases
with the number of six-membered rings.

4. Conclusions

The ESIPT of 2-(o-hydroxyaryl)benzazoles has been
studied by emission spectroscopy. Although both 2-(2-

hydroxy-3-aryl)benzazole and 2-(1-hydroxy-2-aryl)benza-
zole consist of an aryl moiety, a benzazol-2-yl group and
an OH group, their emission properties are very different for
reasons that can be explained in terms of our nodal-plane
model [25,26]. Our nodal-plane model provides a simple but
rather powerful concept for the understanding of ESIPT.
Using it, we can predict the stabilization due to ESIPT of
medium-size polyatomic molecules without performing
extensive calculations.
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