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Abstract

The excited-state intramolecular proton transfer (ESIPB}{ofdroxybenzaldehyde (OHBA) and related molecules in solution has been
studied by emission spectroscopy. The substituent effects on the fluorescence quantum yield for the lowemexciestate can be
explained by considering the nodal pattern of the wave function along with the delocalizationmoétletrons in the excited state. The
substituent effect in 5-substituted salicylaldehydes is much less than tésutstituted-formyl)phenols.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Many chemists have cited our nodal-plane mdéell2,
32-59] and recognized the usefulness of our explanation as
Much attention has been directed, from both experimen- mentioned below. Recent reviey#s8-11,32]and special is-
tal and theoretical viewpoints, toward the excited-state in- sues[6,7,12]have extensively discussed it. The mechanism
tramolecular proton transfer (ESIPT) of hydrogen-bonded of ESIPT for the lowest excited singlet state, (S8ate) of
moleculeg1-12]. ESIPT is a very simple chemical process 2,5-bis(benzoxazolyl)hydroquinone, in which only one pro-
readily accessible for both accurate measurement and quanton is transferred even though the molecule has two equiva-
titative theoretical analysis. The study of ESIPT is at the lent intramolecular-hydrogen-bonds, has been explained in
forefront of the revolution in understanding chemical reac- terms of our nodal-plane modgd3,36,39] The absence of
tions at the molecular level. proton transfer in the Sstate of 2-hydroxyquinoline has
We have investigated the dynamic processes in the low-been understood in terms of nodal-plane analysis of the
lying excited states ofo-hydroxybenzaldehyde (OHBA) wave function[38]. The ESIPT's of methylsalicylate (MS)
and its related molecules (OHBAS) by using spectroscopic [40], 2-hydroxy-3-naphthoat@2], salicylic acid (SA)[45]
and computational methodg3-29] We constructed a  and hydroxyanthraquinon§4$8] have been interpreted with
simple theoretical model of ESIPT in OHBAs, based on the nodal-plane model. Our model has also been used to
the nodal pattern of the wave functigh7,18] Although analyze proton-transfer processes in thermochromic crys-
this nodal-plane model is qualitative, it allows us to imme- talline salicylidenaniline$47]. The substituent effect in ES-
diately recognize the important features of ESIPT, and it IPT of 1-hydroxy-2-acetonaphthone and related molecules
provides useful information about the reaction mechanisms has also supported our vig&0]. For not only ESIPTs of aro-
of ESIPT. Our model is applicable to various photochemi- matic anilgf52] but also the excited-state intermolecular pro-
cal reactions occurring at various excited states of various ton transfer of 7-azaindole dimgs4,55], the excited-state
moleculeg30,31] dependence of reactivity has been understood in terms of
nodal-plane analysis of the wave function. Our model has
* Corresponding author. Present addresses: Institute for Molecular Sci- also been applied to the ground-state proton transfer of sali-
ence, Okazaki 444-8585, Japan; Also at: Institute for Solid State Physics, cylate aniorf56]. Our explanation has also been used widely
University of Tokyo, Kashiwanoha, Kashiwa 277-8581, Japan; and 4 jnterpret various photoreactions, in addition to proton
H!rosh!ma Synchrotron Radiation Center, Hiroshima University, Higashi- transfer, such as the photorearrangemeno-uiny! diaryl
Hiroshima 739-8526, Japan. Te#81-89-927-9592; ’ . I .
fax: +81-89-927-9590. ethers[57,58] and the photoisomerization of retinal chro-
E-mail addressnagaocka@ehimegw.dpc.ehime-u.ac.jp (S. Nagaoka). mophore in bacteriorhodopsjB9].
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Fig. 1. Structures of the molecules studied in the present work.

In this paper, we apply our nodal-plane model to the sub- state) ESIPT takes place and yields the enol form, and in
stituent effect in the ESIPT of OHBAs. The structures of the second exciteli(m, =*) state (§” state) the keto form
the molecules studied in this work are showrfFig. 1. The is again stabl¢15,17]
next section briefly summarizes the mechanism of ESIPT  The equilibrium constant between the enol forms of
according to our nodal-plane model. The following section acetylacetaldehyde [GE&€(OHFCHCHO (A form) and
describes our experiments with OHBAs and shows that the CH;COCH=CHOH (B form)] has been determined by
results of those experiments are consistent with our nodal-NMR [60]. The broken curve irFig. 3 (double-minimum
plane model. The last section summarizes our conclusions.potential) shows the potential curves of the two forms. The
enol forms of malonaldehyde [HC(OHEHCHOQO)] can also
be characterized by a double-minimum potenf&l—-66}
Substituting phenyl rings for the GECH moieties in the
acetylacetaldehyde enols respectively transforms the A and

OHBA can exist in two tautomeric forms: the keto form B forms into the keto and enol forms of OHBAKI(. 3). The
and the enol form (proton-transferred form). The relative substitution stabilizes the A form due to the resonance of
stability of each form depends on the electronic state of the the phenyl ring[67], and the keto form of OHBA becomes
molecule, as shown iRkig. 2 in the ground state (Sstate) markedly lower in energy than the A form of acetylac-
the keto form is stable, in the first excitédr, 7*) state (é“) etaldehyde. The B form, in contrast, is not stabilized by the

2. Nodal-plane model of ESIPT
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Fig. 2. Schematic representation of the S;™ and $™ potential surfaces
for OHBA. Fluor. denotes fluorescence. The broken lines indicate the

substitution, and its energy remains essentially unchanged
in transforming to the enol form of OHBA. The schematic
sketch of the potential curves of OHBA thus obtained (the
continuous curves ifig. 3) is quite similar to that expected
from experimental resultd 3,14]for the § and é“) states

of OHBA (Fig. 2): the qﬂ) state is thought to be much more
susceptible to ESIPT than the) State. Based offrig. 3

we suggest that the presence of the phenyl ring has a large
influence on the potential curves of thg &nd ﬁ“) 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 o],
the wave function of the §state has no nodal plane, while
the wave functions of the;Sand $ states each have one
nodal plane, and these nodal planes are perpendicular to each
other. In the usual notation, the 8nd $ states of benzene
[1(w, w*) states] are designated ag and L,, respectively
[69]. Substituting CHO and OH groups for adjacent H atoms
in benzene produces OHBAIQ. 4).

In the Ly state, one can write two double bonds along
the nodal plane, becauseelectrons are distributed over the

nodal planes perpendicular to the molecular plane, and the dots indicateMolecule except on the nodal plane. When the two double

seemingly loner electrons.
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Fig. 3. Potential curves of acetylacetaldehyde enols (broken c{#0¢)
and OHBA (continuous curves).

bonds are g=C4 and G=Cg, lone electrons are localized

at the G and G atoms Fig. 4). If ESIPT yielding the enol
form takes place in the L state of OHBA, the two lone
electrons can be largely delocalized due to the formation
of the G=Cy and G=0, bonds. The lone electrons thus
facilitate the rearrangement of the bonds to produce the enol
form. The L; state of the enol form of OHBA thus becomes
significantly lower in energy than theylstate of benzene
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Fig. 4. Nodal planes of the wave functions in sevérat, 7*) states of
benzene and OHBA and the numbering system for the atoms. The broken
lines indicate nodal planes perpendicular to the molecular plane, and the
dots indicate seemingly lone electrons. Only one of the three positions

of the nodal plane for the excited state of benzene is shown.
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due to the delocalization, and in OHBA thg &tate resultsin ~ IPT in 3-(2-hydroxyphenyl)imidazo[1,8}pyridine (HPIP).
the #) state Fig. 4). The enol form is preferred because of However, the reason for the inconsistency between the ab-

the more favorable nodal pattern in th'Sstate of OHBA. ~ sence of ESIPT in HPIP and our model is quite simple. As
In contrast, the wave function in the ktate of OHBA has ~ Douhal et al[70] themselves noted, the State is assigned
a nodal plane perpendicular to that in thg dtate Fig. 4). to (n;*) in HPIP and located much below th(—ﬁ;“éstate.

ESIPT vyielding the enol form cannot take place in the L Formal comparison between the absence of ESIPT in HPIP
state because $5C; and G=0, double bonds cannot be and our model is thus not appropriate. In view of the elec-
formed: if these double bonds were formed, theadd G tronic structure of a state of the ) type, it is hardly
atoms would become pentavalent. As a result, the poten-conceivable that “proton” transfer and hydrogen-bond for-
tial energy of the b state remains essentially unchanged mation occur in the ‘1’:3) state, as already pointed out by
in transforming from benzene to OHBA, and the potential Nagaoka et al[15].

curve is not distorted much from that of the State of It should also be noted that our model may not be able
OHBA. In OHBA, the Ly state thus results in th§Sstate 1o predict real situations when th§"Sstate is represented
(Fig. 4. by extensive mixture of various configurations. Our prelim-

For these reasons thg"Sstate of OHBA is thought to be  inary calculated results for the lowest excited triplet state of
far less susceptible to ESIPT than th@'Sstate. This hypo-  [2,2-bipyridine]-3,3-diol support this view71]. As another
thesis is consistent with the emission properties of OHBAS example, we should mention ESIPT in 3,6-bis(benzoxazo-
[13-21,25,27,28] We are therefore led to the conclusion |yl)pyrocatechol (BBPC). BBPC was assigned and reported
that the enol form is stabilized in the(f?s‘ state due to the by Grabowska et al[37] as an example of an excited-
properties of the nodal plane of the wave function. In terms state double-proton-transfer (DPT) reaction producing a
of our nodal-plane model, ESIPT is described as a skeletaldiketo-tautomer. The nodal-plane model confirmed the DPT
distortion of the aromatic ring instead of as a change in the mechanism in BBPC by taking into account the delocal-
O—H- - - O structure. The structural reorganization in ESIPT ization of the double bondsS¢heme }1[27,30] Such de-
is not localized around the hydrogen bond, but rather encom-|ocalization derives from the situation that th§”Sstate is
passes the molecular framework. Therefore, in terms of our represented by extensive mixture of various configurations.
nodaI-pIane model, what we refer to as ESIPT is more ac- However, on|y recenﬂy Grabowska and Co_Work@g_]
curately described as “hydrogen transfer,” “keto—enol tauto- had to revise the DPT mechanism and concluded that BBPC
merization” or “hydrogen translocation.” For consistency undergoes a single-proton-transfer (SPT) in tlé'@ State.
with previous usage, however, in this paper we use the des-|n fact, our recent calculation, as well as that by Zgierski
ignation “proton transfer.” et al. [72], showed that the & wave function of BBPC

In our view, whether ESIPT occurs easily in an in- i dominated by the one-electron-excitation configuration
tramolecularly hydrogen-bonded molecule can be predictedather than being represented by extensive mixture of vari-
directly from the wave function itself: the aromatic skele- oys configurations. Accordingly, it is reasonable to assume
ton responds to the formation of the node in tH& Svave that the extensive delocalization of the double bonds would
function. Our concept is simple and readily provides a qual- be absent here, and that BBPC undergoes SPT in (1f‘He S
itative guide useful for predicting the most stable form in state. However, as shown Bcheme 1the SPT reaction
a particular electronic state. We can predict the stabiliza- scheme of BBPC can nonetheless be explained in terms of
tion due to ESIPT of medium-size polyatomic molecules our nodal-plane model.
without performing extensive calculations.

We should note that if for some reason the exclied =)
state (§”) state) is located much below théféstate, the 3. Substituent effect in ESIPT of OHBAsS
simple generalization of our model to ESIPT of such a
molecule does not make sense. Douhal ef4Inoted that In this section, we examine the absorption and
our nodal-plane picture cannot explain the absence of ES-fluorescence spectra of various OHBAs and discuss how
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these experimental results strongly support our nodal-planeCandidates for the nonradiative decay process from ﬂ’?e S

model. state include $) — S internal conversion and intersystem
crossing to a triplet state. The(fé—> Sy decay rate con-
3.1. Experimental methods stant in a solution can be analyzed in terms of the sum of

the temperature-independent and -dependent decay rate con-

Sample preparation o-(Trifluoroacetyl)phenol (TFAP)  stantq13,14,84] The intersystem crossing and the radiative
[73,74], o-(chloroacetyl)phenol (MCAHY5-77] o-(dichlo- process in the enol tautomer are temperature-independent,
roacetyl)phenol (DCAP}75-77] 5-methylsalicylaldehyde  while the temperature-dependent decay process, which is
(MESA) [78-80] and 5-cyanosalicylaldehyde (CNSA) dominant at room temperature, has been identified as the
[78-80]were synthesized according to the methods reported S(f) — S internal conversiorj85]. Accordingly, it seems
previously. TFAP, DCAP and CNSA were purified by likely that the §“) — S internal conversion would be dom-
column chromatography. MCAP and MESA were recrys- inant in the nonradiative decay from th%“éstate under the
tallized twice from petroleum ether and chloroform, respec- present experimental conditions.
tively. OHBA, MS, SA, o-hydroxyacetophenone (OHAP), ¢t can be expressed with the following equation:
o-hydroxypropiophenone (OHPP), salicylamide (SAM), ke
2-hydroxy-5-methoxybenzaldehyde (MOSA), 5-chlorosali- ¢t = p o
cylaldehyde (CLSA), 5-bromosalicylaldehyde (BRSA), e+ Kr
5-nitrosalicylaldehyde (NTSA) and 2,5-dihydroxybenzal- Sincek; is very small (as described abovky); + & is almost
dehyde (OHSA) were commercially obtained. OHBA, MS, equal toky,. Thus,¢s can be written as follows:
OHAP, OHPP and MOSA were purified by distillation under ke
reduced pressure. SA and SAM were recrystallized twice ¢f = —. 2)
from chloroform. CLSA and BRSA were recrystallized nr
twice from petroleum ether. NTSA and OHSA were recrys- ¢ is proportional to the reciprocal of th§™s — S internal-
tallized twice from a mixed solvent of petroleum ether and conversion rate k), where ky is proportional to exp
chloroform. Hexane and cyclohexane, which were used for (—AEf;) according to the energy-gap 1e86] and AE%,
spectral measurements of thgsubstituted-formyl)phenols  denotes the energy difference between the zero-point vibra-
(TFAP, MCAP, DCAP, OHBA, MS, SA, OHAP, OHPP and tional levels of the § and $ states; that is, the adiabatic
SAM) and 5-substituted salicylaldehydes (MESA, CNSA, transition energy between them. Thus,
MOSA, CLSA, BRSA, NTSA and OHSA), respectively, a
were specially prepared for luminescence and used without 09 9f & ~1ogknr o< AEe, 3)
further purification.

MeasurementsExperiments were conducted at room

temperature with a 1 cfnquartz cell. The sample concen- ) )
trations were about T¢-10"4M. Before measuring at 0-(Substituted-formyl)phenolBig. 5a shows an example

room temperature, the sample solutions were degassed b)pf absorption and fluorescence spegtra-(()skubstituted-for-
bubbling argon gas through them. The absorption spectra™Y)Phenols. Thep’s of the o-(substituted-formyl)phenols
were measured with a Shimadzu UV-2100S spectropho-2'€ given inTable ] together with Yukawa and Tsunods;
tometer, while the fluorescence spectra were measuredcOnstant$87-89]for the substituents bonded to the carbonyl
with a Shimadzu RF-5000 spectrofluorophotometer. The Carbon. The value ops decreases with increasing,. o
fluorescence spectrum signals were transferred to a micro-S @ type of Hammett parameter. The Hammett equation is
computer and analyzed by using the method of Mimuro 9Ven by
et al. [81]. The fluorescence quantum yieldg:'€) were logx(n) = p - o(n) + const (4)
determined by comparing the fluorescence spectra of the
samples with that of quinine sulfate in 1 N sulfuric af8@],
after the fluorescence spectra concerned had been correcte&ﬁ'e ! , . ,

F awa and Tsuno's  constant§87-89] for various substituents, and
for the spectral sensitivity of the detector. Although MS 4 and AE.s for o-(substituted-formylphenols in hexane
and SA show dual fluorescenf#3], from the fluorescence

1)

3.3. Results and discussion

spectra we only derived the long-wavelength emission orig- Mecule  Substituent o Constant  gr AEabs (V)
inating from proton-transferred species by using the method TFAP Ch +0.24 1.6x 107 : 3.562
of Mimuro et al.[81] and determined thes’s. DCAP CHCh 5.2 x 1(T5 3.586
MCAP CHCI 9.7x 1075 3.689
OHBA H +0 8.6x 1074  3.793
3.2. Factors influencing ¢ OHAP Chs -0.078 11x 107° 3.818
OHPP GHs —0.069 8.4x 104 3.833
In the decay from the (8 states of OHBASs, the nonra-  MS OChg —0.281 14x 1”2 4.032
diative decay rate constark,() is much larger than the ra- SA OH —0.34 1.6x 10_2 3.985
SAM NH, —0.42 34x 102 4.024

diative one k), as seen from the smapy of OHBA [13].
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Fig. 5. Absorption (Abs.) and fluorescence (Fluor.) spectra of (a) SAM in a molecule with an electron-withdrawing substituent at the
hexane and (b) CNSA in cyclohexanedenotes the absorption coefficient.  10rmyl group, the loner electron on @ is significantly de-
The fluorescence spectra have been corrected for the spectral sensitivity ofocalized in the $T state (the curved arrow iRig. 7). Due
the detector. The fluorescence spectra of SAM and CNSA were obtainedto the delocalization of the lone electron on,Ghe é )
by excitation at 311.0 and 333.6nm, respectively. state is stabilized in comparison with that of OHBA. Then,
AEf, decreasesHg. 7), and as a result, the “@ )
where x(n) denotes an experimental value for a molecule internal-conversion rate constari,{ increases Eq )
with substituenin, p a characteristic parameter for a given according to the energy-gap la86]. Since¢s decreases
reaction, andr(n) a characteristic parameter for substituent as kp; increasesKgs. (1)—(3), the ¢s value must be less
n. Yukawa and Tsuno expressed a parameter correspondthan that of OHBA. The situation for a molecule with an
ing to o in the Hammett equation ag + ro,, whereo; electron-donating substituent at the formyl group is the re-
is a normal substituent constant that does not involve any verse of that with an electron-withdrawing substituent. The
additional w-electronic interaction between a substituent substituent effects observed here support our nodal-plane
and the reaction centet, is the resonance substituent model.
constant, measuring the capability ferdelocalization of a If the §f') potential surfaces ob-(substituted-formyl)-
w-electron-donating ofr-electron-withdrawing substituent.  phenols are similar in shape to one another and mﬂ?%fg
As the electron-withdrawing property of a substituent is changed by the substituent effect, the vertical-$ S;"
bonded to the carbonyl carbon becomes strongerjn- transition energy A EY,) decreases and the photon energy
creasestr is a characteristic parameter for a given reaction at the $ — S“ absorption maximumAE,,9 decreases
and measures the extent of resonance demand. The valugith decreasmgAE (Fig. 7). Then, AEgpsis expected to
of o, does not depend on the substituted position. The decrease with mcreasmg1T according to our nodal-plane
reference system used in developing these parameters wamodel. The values ofAEyps are listed inTable 1 As the
the same as that used for the Hammett equation. Yukawaelectron-withdrawing property of the substituent bonded to
and Tsuno's constants are applicable to various substitutedthe carbonyl carbon becomes stronger (that isg asn-
positions of many moleculg87—-89] Since the change in  creases)AEapsdecreases. These results are also consistent

electronic structure due to the S> S(f) excitation [Gr,m*) with our model.
transition] mainly affects ther-bonding framework of the If these substituent effects based on our nodal-plane model
aromatic ring moiety, as mentioned Bection 2 the o, were absentps would not show systematic dependence on

constant is the most suitable choice as the Hammett param+the electron-donating and electron-withdrawing properties

eter for analyzing the present experimental results. We thusof the substituent. In fact, the;S> S fluorescence quan-

plotted logps against ther; value Fig. 6). The plot shows  tum yields of benzene, 1,4-bis-(trifluoromethyl)benzene

a good linear relationship with a negative slope, so that as (CFR—Ph-CR), p-xylene (CH—-Ph-CH) and 1,4-dimeth-

o . increasesy; decreases. oxybenzene (CED-Ph—OCH) in cyclohexane were esti-
This substituent effect can be explained by considering mated to be 0.07, 0.16, 0.40 and 0.21, respectiy@dj.

the nodal pattern of the wave function and the delocaliza- These values do not show a systematic substituent effect,
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in contrast to thep;'s of OHBA, TFAP, OHAP and MS in This substituent effect can also be explained by consid-
Table 1 ering the nodal pattern of the wave function and the delo-
5-Substituted salicylaldehyddsg. 5b shows an example  calization of the lone electrons in the excited statég.(9).

of absorption and fluorescence spectra of 5-substituted sali-ln a molecule with an electron-withdrawing substituent at

cylaldehydes. Thes's of the 5-substituted salicylaldehydes the 5-position, the loner electron on & is delocalized in

are given inTable 2 together with Yukawa and Tsunads; the QA“) state (the wavy arrow ifrig. 9). Due to the delo-

constant§87-89] for the substituents at the 5-position. As  calization, A E%, decreasesk, increases angs decreases

with the o-(substituted-formyl)phenols, the value of de- (Eq. (3), just as foro-(substituted-formyl)phenols.

creases with increasing,, and a plot of logss against the The absolute value of the slope of the plothig. 8 is

o value Fig. 8) indicates a fair linear relationship with a much less than that iRig. 6. Thus, the effect of a substituent

negative slope. As the electron-withdrawing property of the at the 5-position ow; is much less than that of a substituent

substituent at the 5-position becomes strongedecreases.  bonded to the carbonyl carbon. This can be attributed to
the fact that the distance between the substituent and the
C; atom is longer in 5-substituted salicylaldehydes than in

' ' ' ' ' ' o-(substituted-formyl)phenols.

The values ofAEgpsfor the 5-substituted salicylaldehydes
are listed inTable 2 AEgps increases(that is, AE‘l’O in-
creases) as the electron-withdrawing property of the sub-
stituent at the 5-position becomes stronger (that isg.as

Table 2
Yukawa and Tsuno's  constant§87—-89] for various substituents, and
¢t and AEgps for 5-substituted salicylaldehydes in cyclohexane

Molecule Substituent o5 Constant ¢ AEgps (eV)
NTSA NO, +0.34 8.9x 1074  3.779
. . . CNSA CN +0.25 53x 104 3.788
* * ; : 3
04 0.2 0.0 02 04 OHBA H +0 1.0 x 1@3 3.784
o BRSA Br —0.054 1.4x 10 3.626
n CLSA cl —-0.070 1.4x 1073 3.629
. . . . MESA CHs —0.078 1.1x 10  3.656
Fllg. 8._ Plot offlc_)gzblf_ aga|r]:_sto.,_7 rtor 5-TUbStltl£ed sallcyIaIthydes. TP;e MOSA OCHs _0.281 20x 103 3.426
plot gives a fair linear fit with a slope of0.731, an intercept o OHSA OH _034 22% 10°3 3422

1.14 x 103 and a correlation coefficient of 0.848.
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Fig. 9. Schematic energy-state diagram for dynamic processes in(l“fheirsi 9 states of 5-substituted salicylaldehydes. The substituent effect on the
ground-state energy of the proton-transferred species is not included in this figure.

increases). However, this result contrasts with the results H R
for o-(substituted-formyl)phenolsTéble 1), which show Ro_AL ¢ o
i v = Ao} = 0
that AEaps decreases(that is, AE], decreases) as the o R V. :
electron-withdrawing property of the substituent becomes \/'\Q’H \/‘\O’H
stronger (that is, as . increases). The fact that E5, de- () (®)

creases and\EY, increases as the electron-withdrawing
property of the substituent at the 5-position becomes
stronger shows that the shape of tﬁjé) Potential surface of
5-substituted salicylaldehydes is changed by the substituents the reverse of that for 5-substituted salicylaldehydes
effect, in contrast to the case a@f(substituted-formyl)- because a negative charge is preferred for the substituent
phenols. That is, as the electron-withdrawing property of bonded to the carbonyl carboBdheme B). As a result, with
the substituent at the 5-position becomes stronger, the porespect to the spectral property of(substituted-formyl)-
tential is stabilized according to our nodal-plane model, phenols, the influence of this factor is opposite to that ex-
but the curvature of the potential increas€gy( 9). As a pected for 5-substituted salicylaldehydes. This concept is
result, AE%, decreases buk E} increases. In 5-substituted  also consistent with the experimental resuitgé. 7 and P
salicylaldehydes, the nodal property is not the only factor
influencing the spectral property, because the nodal effect
of the substituent at the 5-position on thé“)SpotentiaI
surface is, as noted above, much less than that at the formyl
group ino-(substituted-formyl)phenols.

Another candidate factor influencing the spectral prop-

f 5- [ licylaldeh i follows. In th ) g . .
erty of 5-substituted salicylaldehydes is as follows the along with the delocalization of the electrons in the excited

L, state of 5-substituted salicylaldehydes, a positive charge i . . ;
is preferred for the substituent at the 5-position, because a_state. The substituent effect in 5-substituted salicylaldehydes

lone = electron is localized on the ;Catom and positive is much less than that io-(substituted-formyl)phenols.

and negative charges tend to alternate on the molecular

frame Scheme a). When the substituent has an electron- Acknowledgements

withdrawing property, this charge distribution makes the

Lo state unstable and increasa#,. On the other hand, We are indebted to Dr. Keishi Ohara of Ehime Univer-
when the substituent has an electron-donating property, thesity for his experimental support. SN also thanks Professor
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4. Conclusions

The ESIPT of OHBASs in solution has been studied by
emission spectroscopy. Substituent effectgprcan be ex-
plained by considering the nodal pattern of the wave function
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