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Abstract

The ground and excited state proton transfer processes of two-hgdroxy Schiff bases, 7-phenylsalicylidene benzylamine (PSBA) and
7-ethylsalicylidene aniline (ESA), have been studied by means of absorption, steady state and time-resolved fluorescence spectroscopy in
some protic solvents at room temperature and 77 K. The behaviour of PSBA and ESA has been investigated in neutral and basic conditions.
In pure methanol and ethanol two ground state species have been detected in the case of PSBA only. These are: (1) the intramolecularly
hydrogen bonded enol and (2) the species which is intermolecularly hydrogen bonded to solvent. After excitation the PSBA preferentially
forms the zwitterion while the ESA undergoes excited state intramolecular proton transfer (ESIPT) to form a keto tautomer along with
the zwitterion in each of the solvents studied. In the solid matrix at room temperature and at 77 K both the compounds show ESIPT. From
the nanosecond measurements we have estimated the proton transfer decay rates in the case of PSBA. Our theoretical calculation at th
AM1 level of approximation shows that the ground singlet state has rather large activation barrier both in the cases of PSBA and ESA. The
barrier height is much lower on the corresponding excited singlet surface. The process is predicted to be endothermic in the ground state
and exothermic in the excited singlet state.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction A large Stokes shift due to keto tautomers followed by a
normal emission due to enol form is usually registered in the
The photophysical behaviour of (hydroxyphenyl)benzoles emission spectra of such molecules. A strong normal emis-
(HPBs), salicylidene anilines (SAs), (hydroxyphenyl)benzo- sion along with a tautomer emission was reported for HPBI
thiazoles (HPBTS), (hydroxyphenyl)benzimidazole (HPBI) in polar solvents. This is due to the coexistence of two in-
and related molecules is shown to be different in polar protic tramolecularly hydrogen bonded rotamers, ¢ieenol and
solvents as compared to that observed in nonpolar and aproirans-enol forms in the ground state. It is suggested that
tic solvents[1-10]. The photo tautomers of the molecules the phototautomer can only be obtained by the electronic
have been demonstrated to be less efficiently produced inexcitation of thecis-enol form. Thetrans-enol form is re-
alcohols and water as compared to nonpolar solvents duesponsible for the normal emission and does not undergo
to intermolecular hydrogen bonding interaction with solvent an excited state intramolecular proton transfer (ESIPT). It
molecules[4,5]. As a result different emitting forms such is generally accepted that the stable form of SAs in the
as neutral, anion, cation and tautomers of different stability ground state is theis-enol form, with an intramolecular
are observed depending upon the nature and polarity of thehydrogen bond between the hydroxyl group and the nitro-
solvents, suggesting a complex excited state proton trans-gen atom. Upon photoexcitation to the first excited singlet
fer equilibrium[1-3]. The formation of different rotameric ~ state, it undergoes an ultrafast proton transfer from the hy-
forms, cis andtrans as well as zwitterionic tautomers have droxyl group to the nitrogen, due to the electronic redistri-
been proposed in the literatuje-3,8] bution in the excited state. The proton transfer generates a
keto tautomer in the excited singlet stgte11—-16] Highly
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et al.[16] found thecis- andtrans-enol forms in equilibrium water through electronic reorganization in the excited state.
in the ground state in neutral ethanolic solution in the case Chou et al.[20] have provided evidences for the forma-
of 4,5-dimethyl-2(2-hydroxyphenyl)imidazole (DMHI). In tion of zwitterionic species for (hydroxyphenyl)benzazoles
neutral aqueous media they have detected bottnahe-enol (HBAS). It is suggested that the proton transfer tautomers
and keto forms. It is suggested that the presence of threemay be depicted by the zwitterionic erelectron conjugated
isomers of DMHI is due to the specific interactions with the cis-keto tautomer. The photophysical behaviour of HBAs is
solvent molecules with the differential stabilization of these shown to be quite different in protic solvents as compared
dipolar species in polar protic media. In the first excited to that observed in aprotic and nonpolar solvdfiis Thus,
singlet state, theis-enol form of DMHI undergoes ESIPT it is of considerable interest to study and identify different
to produce keto tautomer. These observations are quite dif-spectroscopic species of related molecules in polar protic
ferent from that observed in the case of HBI. HBI exhibits solvents, as the solvent polarity may affect their structures.
two different intramolecularly hydrogen bonded isomers in  In our earlier study we have reported some results on
the ground electronic state in the agueous media, excitationa newly synthesized Schiff base, 7-ethylsalicylidene ben-
of which leads to the formation of the keto tautomer and zylamine (ESBA) in some nonpolar solverj&l]. We are
emission of the normal isom§@t9]. The occurrence of both  unable to detect ESIPT in solution at room temperature,
normal and tautomer emissions of HBI seems to be due toalthough the emission spectra show the presence of more
the competitive interaction between intra- and intermolecu- than one species in the excited state. For the present work
lar hydrogen bonding with solvent molecules. we have synthesized two more new orthohydroxy Schiff
Sinha and Dogr@l 1] investigated the ground and excited bases namely 7-phenylsalicylidene benzylamine (PSBA) and
state prototropism of HBI molecule in various solvents. They 7-ethylsalicylidene aniline (ESA). We have undertaken the
suggested the formation of a zwitterionic species of HBI in study of ground and excited state proton transfer processes
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Fig. 1. Possible configurations of PSBA and structural formulae of ESA and ESBA.
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of both PSBA and ESA in water, methanol, ethanol and 0.4 Iy
ethylene glycol. The experimental study of this problemwas ’
done by means of absorption, emission and time-resolved§
fluorescence spectroscopy. It is anticipated that the high po—g
larity and ability to form hydrogen bonds are special proper- 2
ties of water that could cause different behaviour compared <
to alcoholic solvents. The purpose of this investigation is to RN -
identify the nature of the species present both in the ground °'°2L50 ' 3_350 420 Jvzso 350 450
and excited state in these protic solvents. We have comparec A(nm) A(nm)

the results obtained with those found in the case of ESBA.

The molecular structures of ESA and ESBA and possible Fig. 2. Absorption spectra of PSBA and ESA: (a) PSBA (solid line) in

configurations of PSBA are shown ffg. 1 ethanol (1) and water (2), ESA (dashed line) in water (3) and in presence
of aqueous NaOH (4); (b) ESA in ethanol (5) and in presence of NaOH
(6), [NaOH]= 5.1 x 10-3 moldnm 3.

2. Experimental
A good number of earlier works on SA derivatives have

Both PSBA and ESA were synthesized from stoichio- suggested predominant existence of an intramolecularly hy-
metric mixture of a particular salicylaldehyde and ben- drogen bonded enol isomer in the ground state in nonpo-
zylamine in methanol by standard procedygd]. The lar environmenf13-16,22] The 322 nm band can safely be
methoxy (—OCH) derivative of ESA, 7-ethylanicylidene assigned as due to the intramolecularly hydrogen bonded
aniline (EAA) was obtained by the same method using closed conformer (enol isomer) of PSBEAi¢. 1). The ab-
anisaldehyde. The solid products were recrystallized from sorption spectra of SA exhibit a band around 400 nm region
methanol and dried. All the solvents used were of spectro- in polar hydrogen bonding solvents. It is suggested that this
scopic grade and freshly distilled before use. Triply distilled band is due to a form which is intermolecularly hydrogen
water was used throughout. Room temperature absorptionbonded to the polar solveni23,24] On addition of NaOH,
and emission spectra were recorded in JASCO 7850 andthe 410 nm band is shifted to 390 nm due to the formation
Perkin Elmer luminescence spectrometer LS50B respec-of anion. Accordingly, 410 nm band is not due to an an-
tively. The fluorescence emission and excitation spectraion. On the other hand, due to the presence of electron do-
at 77K were recorded on a Hitachi F-4500 fluorescence nating alkyl group both methanol and ethanol can accept
spectrophotometer. The concentrations of both PSBA andproton from PSBA. We therefore, believe that the 410 nm

ESA were maintained at3—6) x 10~2>moldm 3. All the band is due to an intermolecularly hydrogen bonded com-
aqueous solution contained 2% (v/v) of ethanol, because allplex formed by the interaction between PSBA and alcohols
the compounds are poorly soluble in water. which is converted to anion by the added base. Both the pro-

The transient fluorescence lifetimes; (and o) were ton acceptor, methanol and ethanol can stabilize this com-

recorded with an NF-900 nanosecond spectrophotometerplex. Itis noted that by the addition of base the yellow colour
(Edinburgh Instruments Ltd., UK) using a pulsed nitrogen gradually disappeared. It has long been recognised that SA
lamp based on the time-correlated single photon countingin polar hydrogen bonding solvents gives rise to a broad
technique. The quality of the fits over the fluorescence decayvisible absorption band located between 400 and 440 nm.
curves was assessed by reduced chi-squgres 1.14+0.2. Different explanations for the source of this band include
an enolic form with intermolecular hydrogen bond to sol-
vent, cis-o-quinone form and a protonated species. Lewis
3. Results and discussion and Sandorfy25] proposed that the coloured form of anil
in polar solution is the zwitterionic form with itsis config-
3.1. Absorption, emission and excitation spectra of PSBA uration. Becker et a[26] from their study on SA suggested
more than one configurations for the coloured form. Sepa-
The colourless agueous solution of PSBA shows a single ration of charge is usually facilitated by a medium of high
absorption band at 390 nm. The intensity of this band in- dielectric constant, and thus the yellow variety of PSBA can
creases without any change in position of the band by the be assigned as thei§ configuration with the ionic form
gradual addition of NaOH (8 x 10-3moldm3). Hence, predominating. The possible existence of the positive and
the 390nm band is due to the transfer of a proton in aque- negative charges in theis zwitterionic form is the stabilis-
ous media and responsible for the formation of an anion ing factor for the yellow modification. Williams and Heller
of PSBA (ig. 1). The yellowish coloured solutions in neu- [27] proposed in the case of azole derivatives that the yellow
tral methanol and ethanol show two absorption bands at 322modification is mainly theis ionic configuration. However,
and 410nm. On the other hand, a single absorption bandwe believe that since the band (410 nm) is broad presence
appeared at 322 nm both in ethylene glycol and cyclohex- of more than one species cannot be ruled out. That is, one
ane. Some typical absorption spectra are depictétdgn2. can say that zwitterion can also be present at this region in
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emission and excitation bands are about 2900crfhis is
in good agreement with the value expected for Raman signal
due to CH stretching modes. Moreover, the excitation spectra
of 390 nm emission do not agree with the absorption spectra
of cis-enol form. All these experimental observations point
to the fact that the existence of a sharp fluorescence emis-
sion band centred at 390 nm is due to Raman signal from the
solvent. By the addition of NaOH~10-3 moldm2) the
intensity of the broad band (420-440 nm) increases, with-
, out any change in position of the band. The excitation spec-
300 360 420 480 540 tra of this broad band show two bands at 360 and 400 nm
A (nm) both in presence and absence of base. The emission spec-
Fig. 3. Emission (1) and excitation (2, 3) spectra of PSBA in water, tra of PSBA in ethylene glycol show MO bands at 370 and
excitation wavelength= 330 nm (1), monitoring wavelength: 440 nm 450nm, and a weak |arge Stokes shifted band at 530 nm
(2) and 370nm (3). (Aexc = 330 nm). This large Stokes shifted-(12 000 cnT?)
band can be assigned to the ESIPT and formation of keto
tautomer of PSBAKig. 1. It should be mentioned here that
addition to the hydrogen bonded species. We are unable towe observed the large Stokes shifted emission due to ESIPT
detect this 410nm band in ethylene glycol. This suggests also in solid samples of PSBA at 530 nm. Although we are
that the hydrogen bonding ability of the solvent plays anim- unable to detect ESIPT in water, methanol and ethanol, ES-
portant role in the formation of intermolecular complex or |PT is seen to occur in a highly viscous liquid like ethylene
zwitterion. The similarity in the absorption spectra of PSBA glycol and in solid sample of PSBA. The keto tautomer is
in basic solutions does not hold in neutral solutions. The expected to originate from ground state enol form of PSBA.
390 nm band exists in water only and the 410 nm absorption The SA molecule is also known to exist in the enol form
band is observed only in neutral methanol and ethanol. In in the solid statg28]. On increasing thé.exc to 350 nm,
ethylene glycol only the normal closed conformer absorp- the ESIPT band (530 nm) gradually disappeared as shown
tion band (322nm) is observed both in neutral and basic in Fig. 4. It can be seen frorfig. 1 that the ESIPT cannot
medium (triethylamine, TEA). take place from thérans form. However, ESIPT can take
The emission spectra of PSBA show more than one band,place fromcis zwitterion of PSBA.
one sharp band at 370 nm and another broad band peaking Agmon et al.[29] in the case of 8-hydroxypyrene-1,3,6-
around 420-440 nm region in methanol and ethanol and twotrisulfonate suggested that proton transfer to the solvent is
bands at 420 and 440 nm in wat&id. 3). The 370nmemis-  far more efficient in water than in alcohol. This is estab-
sion band being excitation wavelength dependent is shiftedjished in the case of 2-(zhydroxyphenyl)benzimidazole by
to 380 nm when excited with 340 nm light and is similarly g number of subsequent recent studits,30] From our
shifted to 390 nm emission band when the excitation wave- results it may be suggested that a number of species of dif-
length is 350 nm as shown Fig. 4. Such systematic shifts  ferent structural configuration may be present in the excited
of the emission band on increasingc hold good energeti-  state in polar protic solvents. In the case of ESBA we have
cally for both the excitation wavelength as well as the emis- detected as many as three different isomeric species even
sion wavelength. The energy differences found between thein nonpolar solvent§21]. Williams and Hellef27] investi-
gated the spectroscopy of a series of substituted benzothia-
zole derivatives. They suggested the presence of as many as
2 four different isomeric intermediates in the photochemistry,
1 but there is no evidence of ESIPT. Lewis and Sand{28§]
suggested a zwitterionic form for the coloured species in
the excited state in which an intramolecular electron transfer
occurs from the oxygen atom to the nitrogen atom.
L It is generally agreed that upon photoexcitation of solid
SAs, the absorption of a photon causes a fast proton trans-
fer. It is proposed that subsequent to proton transfer, either
rotation takes place around the ring carbon—imine carbon
bonds to form a quinoid structuré=ifg. 1) or around the
TR L C=N bond to form acis zwitterion. Becker et al[26] from
340 400 X 460 320 >80 their study on trifluoroethanol (TFE) proposed that proton
A (om) transfer was not occurring upon excitation, rather the anil

Fig. 4. Emission spectra of PSBA in ethylene glycol at different excitation Was undergoing aanti-synisomerization around the=<M
wavelengths: 330nm (1), 340nm (2) and 350 nm (3). bond. Orthohydroxy Schiff bases could undergo ESIPT only

Relative Intensity (arb.unit)

Relative Intensity (arb.unit)
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underanti-synisomerization around €N bond if the bar- tated by the competition between intra- and intermolecularly
rier height is low. In the case of benzylidene aniline and hydrogen bonding with solvent molecules. The electron do-
SA they suggested thainti-synisomerization should take  nating alkyl group present near nitrogen atom can enhance
place in a singlet excited state. In the case of PSBA the the proton accepting property of the nitrogen atom to form
movement around €N bond is restricted and barrier height the hydrogen bond. This will decrease the proton transfer
around GN bond should be large. barrier height in ESA. We observed ESIPT in all the protic
solvents even at room temperature in the case of ESA. By
the gradual addition of aqueous NaOH1(0~3 mol dm3)

the intensity of 420—460 nm broad band in water increases
in intensity at the expense of 530 nm band. On the other
: : . hand, in methanol, ethanol and ethylene glycol a new broad
all the protic solvents studied. By the addition of NaOH band appeared around 420460 nm region at the expense of

(~10-3mol dm3) a new band appeared at 360 nm in wa- CO
ter at the expense of 322 nm band. The absorption spectra530 nm band by the added base. The excitation spectra ob-

in methanol and ethanol become broad by the added alkalita'ned by monitoring the broad 430._460 nm emission show
(Fig. 2b. In ethylene glycol the absorption spectra of ESA two bands at 360 and 400.nr.n both In presence and ?bsence
remain unaffected by the addition of a strong base like TEA. of ba§e. The 360 nm band is mdged]dentlcal tothe anion ab-
On gradual addition of NaOH, the intensity of 360 nm band sorptlon ban_d. _The methoxy derivative of ESA, EAA Sh.OWE.;

in water continues to increase without any change in posi- single emission band at 370nm (normal Stokes shift) in

tion of the band. The 322 and 360 nm bands are assignedwater and ethanol. It can be said therefore that methylation

to intramolecularly hydrogen bonded closed conformer and perturbed the excited state reaction of ESA. This indicates
anion of ESA, respectively. the existence of anion or zwitterion in the 420—440 nm broad
The emissi(,)n spectra of ESA in water and ethylene glycol band. Moreover, the normal closed conformer is not respon-
show three bands: (i) a sharp band at 370 nm; (ii) a broad sible for the emission of 420-440 nm broad band. The flu-
band around 420-460 nm region; (iii) a relativel); weak large orescence excitation spectra of EAA emission appeared at
Stokes shifted band at 530 nm. In methanol and ethanol two 322 "M and agree well with its absorption counterpart. Al
emission bands occurred at 370 and 530 nm. Thus. it Canthese observations suggest that the species responsible for
be said that unlike PSBA, in the case of ESA, ESIP,T and higher energy emission has an enol type structure, may be

formation of keto tautomer are evidenced by a large Stokes]E_rans (t)'r c1s mt:]he case (;fFI)ESSéAAand probably irtrans con-
shifted (12000 cnT!) emission in all the protic solvents Iguration In the case o '

studied here. It should be mentioned here that like PSBA, the h we obsefr\lgesg'r&lon ('jn. pLE)re yvatelr gnd n bha5|c aIcoTTElssxl
ESIPT band is observed also in solid media. In the case oft € case o and in basic solution in the case o )

solid ESA we observed only single emission band at 530 nm Becker et al[26] showed the existence of the anion of HBT

(Fig. 5. That is to say that ESIPT is almost complete in in absolute methanol and ethanol and observed only anion

solid media and the population of the tautomer is largest !n basic alcohols. We believe the existence of anion both

in solid sample compared to that observed in solution. The Ia?zt)he4§gse of P.SBA. an:j EhST\ n tge. emlssm[]”:)and qrognd
ESIPT band in water is relatively weak compared to those N nm region in alconols and in water. The excitation

observed in other protic solvents. The appearance of bothspectra monitored at the two emission bands are different.
the normal and tautomer emission of ESA seems to be diC_Hence, the species responsible for different emission must
have come from different species in the ground state. A

strong normal emission along with a keto tautomer emission
was reported for 2-(zhydroxyphenyl)benzimidazole in po-
lar solvent[11]. This is explained by the existence of two
intramolecularly hydrogen bonded rotamers in the ground
state, thecis-enol andtrans-enol form. It is suggested that
the excited state tautomer can be obtained only by electronic
excitation of thecis-enol form and thdarans-enol form is
responsible for the normal emission. Ttrans-enol form
cannot undergo ESIPT.

Both PSBA and ESA are yellow coloured solid com-
pounds. The coloured nature of the compounds indicates
that their ground state most likely is a molecule with the

| | | | | proton bonded to nitrogen that is mainly a zwitterion. Lewis
450 500 550 600 650 and Sandorfy25] examined the coloured form in solution
A(nm) as well as the solid state by IR spectroscopy and suggested
that the coloured form of an anil is in fact the zwitterion in
Fig. 5. Emission spectra of solid ESA, excitation wavelengtd30 nm. its cis configuration. In the case of HBT, Becker et ]

3.2. Absorption, emission and excitation spectra of ESA

The absorption spectra show a single band at 322 nm in

Intensity (arb.unit)
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proposed that the coloured form is expected to exist in at Table 1
least two different conformations. The presence of one or Lifetimes (j andz;) and decay rate constants at 298 @nd ;) of
two conformers for the coloured form is dependent on the PSBA

hydrogen bonding character of the solvent used. Itoh et al. Solvent 71 (ns) 2(ns) Kk X 1078 k2 x 1078
[31] in a similar fluorescence study showed that both the an- ) )
ion and the zwitterion are produced in alcohols. We would Water 46 (22) 12(18) 22 8.3

like to propose that the broad band around 420460 nm re-Méthanol 41(70) 09(30) 24 111
Ethanol 37(68) 1.0(32) 27 10.0

gion must pe rgsponsib_le for at least two species, the emionEthylene gycol 44 (65) 1.3 (35) 23 77
and the zwitterion both in the case of PSBA and ESA which
are generated from the intermolecularly hydrogen bonded
complex. Becker et aJ6] believed that the anion and zwitte-

rion of HBT are generated from the intermolecular hydrogen
bonded HBT. The anion may also be generated from zwit- ization can take place both in the case of PSBA and ESA.

terion. The intermolecular hydrogen bonded species cannotlf this process is fast enough ESIPT cannot be observed.
undergo proton transfer but can undergo anti-syn isomer-However, ESIPT can be observed in the case of ESA even

ization around the €N bond. in presence otis-transisomerization. We believe that this

In our earlier work with 4-methyl-2,6-diformylphenol, we Mmust be due to the absence of —£iH ESA (Fig. 1).
have shown that ESIPT cannot be observed in polar hydro-
gen bonding solvents. This is due to the interaction with 3.3. The decay behaviour of PSBA fluorescence
polar solvents and rupture of the intramolecular b{3i].
The ESIPT can be observed only as long as intramolecular The fluorescence decay of PSBA in protic solvents has
bond exists. This indicates that intramolecular bond in ESA been measured on nanosecond time-scale. After deconvo-
is so strong that polar solvent alone cannot rupture the hy-lution a biexponential decay curve is obtained, that is, the
drogen bond completely, and a promoter base is necessaryneasured fluorescence decay can adequately be described
for this purpose. Filarowski et a[33] suggested that in- by a double exponential function with two different lifetimes
tramolecular bond length is the shortest in electron donating (1 andt). The weighted residue appeared to be better dis-
substituted Schiff bases compared to the other Schiff basedributed when a double exponential is fitted. The lifetime
without alkyl substitution. They also proposed that both the values are displayed ifable 1 The biexponential decay
steric and electronic interaction of such groups strengthenswith two different lifetimes indicates the presence of at least
the intramolecular bond. The NMR spectra of hydroxyl pro- two species in the excited state. The biexponential decay
ton appeared at 16.0 and 13.2 ppm in the case of ESA andand higher lifetimes in protic solvents compared to those in
PSBA, respectively. This further supports the fact that in- cyclohexane (0.8 and 1.6 ns) further support the presence of
tramolecular bond in ESA is stronger than that in PSBA. All intermolecular interaction.
the protic solvents have hydrogen bonding properties that Two decay components suggest the existence of the
facilitate intermolecular hydrogen bonding with PSBA and potential barrier between the two excited species. In the
ESA in solution. In presence of higher concentration of base potential surface with a barrier, the rate of proton transfer
the intermolecular complex can give rise to the formation correlates with frequency of O-H stretching mode. The
of an anion. The increased concentration of base increaseslecay rate usually becomes smaller in the lower energy
the population of the anion thereby decreasing the tautomerregion of the fluorescence spectra. Hence, the decay rate
concentration. of the short-wavelength fluorescence is larger. Accordingly,

The large change of energy (2871cthh must involve we would like to propose that decay rate of slow compo-
formation of some new species that seem to fluoresce atnents corresponds to anion. When monitoring the decay
longer wavelengths relative to that of anionic species. Suchof the emission we found a short-lived component and a
a broad band around 420-460nm region of the emissionlong-lived component in all the protic solvents. The contri-
also supports the formation of another new species. We be-bution to the emission decay of the long-lived component
lieve that this new species is a dipolar zwitteridsig( 1). compared to the short-lived component is the smallest in
Since the anion and zwitterion of PSBA and ESA fluoresce ethanol and the largest in water. We would like to attribute
around 420-460nm region, the zwitterion is expected to the short-lived component to the zwitterionic form and the
fluoresce at 440 nm and anion at 420 nm. The actual max-long-lived component to the anion. All the protic solvents
ima of zwitterion would be slightly higher than 440 nm be- have strong hydrogen bonding properties that facilitate in-
cause of solvation effects. In the case of nitroderivatives termolecular hydrogen bonding with PSBA and ESA in
of 2-(2-hydroxy-B-nitrophenyl) benzothiazole derivatives, solution. We are unable to measure lifetime of ESA on our
Becker et al[6] suggested that both the anion and the zwit- nanosecond instrument. Rate of proton transfer is relatively
terion are produced adiabatically from the enol form. faster in the case of ESA.

It can be seen frorRig. 1that ESIPT can occur only from We are unable to detect any significant change for decay
cisconfiguration in the case of PSBA. This-transisomer- rate in ethylene glycol compared to other protic solvents

aMonitoring wavelength(Amon) = 460 nm. The percentages of the
species present are given in parentheses.



A. Mandal et al./Journal of Photochemistry and Photobiology A: Chemistry 153 (2002) 67-76 73

mention that ESIPT can generate a resonance hybrid of the
canonical forms, zwitterion and ketone. Williams and Heller
[27] studied as many as 20 azole derivatives. They were

! unable to detect any evidence for phosphorescence at either
4 room temperature or liquid nitrogen temperature.

3.5. Theoretical work

AML1 is a method, which is claimed to describe energet-
ics, and topographies of hydrogen bonded systems fairly
accurately{34]. The semiempirical molecular orbital AM1

‘ k l ’ . 1 ‘ method provides good estimates of geometries and heats of
300 350 200 450 500 550 600 formation of organic molecules and gives an insight relat-
A (nm) ing to reaction paths of chemical changes that they undergo
[35]. A number of workers have used the semiempirical
Fig. 6. Emission spectfa of (1) ESA and (2);_ PsBA, excitation spectra of ~5|~lations at the MNDQ36] and AM1 [37] levels of
(3) ESA and (4) PSBA in ethanol at 77 K, excitation wavelengt830 nm . . . .
and monitoring wavelengtk: 530 nm. e_lpprommatlon tq describe excited state_ proton transfer reac-
tions. In our earlier work we have optimized the ground state
geometrical parameters of 4-methyl-2,6-diformyl phenol at
used. Ding et al[22] made similar observation in the case the AM1 level[38]. Our results show a fair agreement with
of HBT. We believe then that the anion is photochemically the ab initio data and the results obtained experimentally.
produced after excitation of the intermolecular hydrogen In the present paper we have conducted some theoretical
bonded enol or by the addition of base except in water. Itoh investigation on the proton transfer reaction of ESA in a
et al.[31] found that both anion and the zwitterion are pro- semiempirical framework at the AM1 level of approxima-

Intensity (arb.unit)

duced after excitation in alcohols. Becker et [@6] sug- tion. The geometrical parameters of ESA have been opti-
gested that the anion or zwitterion of HBT are generated mized within the limitations of AM1 method. The optimized
from two different species. parameters together with the atomic labelling used are re-
ported inTable 2 The calculated activation barrier is quite
3.4. Emission spectra at 77 K high in the $ state and therefore, the proton transfer rate is

expected to be very low in this state. This corroborates our

A strong single large Stokes shifted fluorescence band isexperimental observation that intramolecular proton trans-
observed at 530 nm in methanol and ethanol both in the casefer does not take place at all in thg State. The optimized
of PSBA and ESA at 77 KKig. 6). The observed fluores- parameters are reported fable 2 The electron donat-
cence excitation spectra are almost identical with the ab- ing group in ESA has expectedly increased tleNGhond
sorption spectra of normal closed conformer both in the caselengths and the increase in electron density of the nitrogen
of PSBA and ESA. Similar observation was made by Ding atom has resulted in a shorter equilibrium N(8)-H(23) dis-
et al. [22] for HBT in low temperature glasses. Sekikawa tance. To construct the reaction path representing the proton
et al.[24], in the case of SA, observed ESIPT even below transfer in ESA, the N(8)-H(23) distandg, 2.2806 A) has
70 K. The single large Stokes shifted fluorescence shows thatbeen chosen as the co-ordinate. As the proton translocation
the excited enol form relaxes to the excited keto form, in- distance of the mobile hydrogen atom is considered to be
dicating that the photoexcitation causes the proton transfer.the key parameter for the construction of the excited state
The ESIPT band is found to be independent of any excita- proton transfer potential, the N(8)-H(23) distance is varied
tion wavelength Xexc). However, intensity of the band was between what is hormal for the primary and what is known

found to increase on lowering the temperature to 77 K. to be the equilibrium tautomeric N(8)-H(23) distance.
It is expected that at 77 Kis-transisomerization cannot The maxima in the @ state is a true saddle point on
occur so easily, like room temperature. Hence,disdorm the potential energy surface (PES) and occurs at a pro-

should be more populated and stable even in the excited stateton transfer distance of 1.3 AFi{g. 7). Table 2shows the
Accordingly, ESIPT can take place at 77 K even in the case exo(endo)thermicities and activation energies for the tau-
of PSBA. In the case of ESA, ESIPT can take place even tomerization process of ESA inSS; and Tp states. It turns
from trans form due to the absence of GHjroup Fig. 1). out that the reaction is appreciably endothermic in the S
We are unable to detect any evidence for phosphorescencestate and the activation energgEact) for the transfer is

at either room temperature or liquid nitrogen temperature. also quite high. Thus, proton transfer in thg Sate is un-
Our significant observation is that no anion or zwitterion is likely to occur. On the other hand, the tautomeric form in
detected at 77 K. Only the ESIPT band due to keto tautomerthe excited state (3 is predicted to be relatively more sta-
is observed both in the case of PSBA and ESA. That is ESIPT ble than the primary closed form. Thus, the endothermic
is complete at this temperature. However, it is pertinent to proton transfer process in the ground statg {S predicted
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Table 2
Energetics of ESA: activationAEact) and tautomerizationAEpt) energy in g, T1 and § states and physical parameters of ESA in thestte

s 18 N H 20
3 194
ESA
Initial TS Final Tautomer
Charge densityd) on
H(23) 0.2423 0.3461 0.2706 0.2831
N(8) —0.2020 —0.3028 —0.2747 —0.2819
0(22) —0.2549 —0.4265 —0.4003 —0.4037
C(7) 0.0847 0.2372 0.2249 0.2280
C(1) 0.1294 0.3106 0.3063 0.3057
Distance between (A)
0(22)-H(23) 0.9684 1.8188 2.0117 2.0229
H(23)-N(8) 2.2806 1.2295 1.0019 1.0054
N(8)-C(7) 1.2913 1.3479 1.3622 1.356
C(7)-C(6) 1.4826 1.4093 1.4003 1.4017
C(6)-C(1) 1.4069 1.4580 1.4651 1.4636
C(1)-0(22) 1.3704 1.2613 1.2533 1.2538
Angle between9)
C(1)-C(6)-C(7) 123.39 122.76 123.07 122.94
N(8)-C(7)-C(6) 120.03 123.09 123.47 123.70
C(6)-C(1)-O (22) 125.32 123.68 123.58 123.52
C(1)-C(22)-H(23) 109.70 106.87 102.71
Dihedral angle 1)
C(6)-C(1)-0O(22)-H(23) —7.12 2.03 —-1.74
N(8)-C(7)-C(6)-C(1) 43.87 9.47 7.71 -2.35
C(7)-C(6)—-C(1)-0(22) 1.12 —4.24 —2.00 —-0.51
Energetics (kcal/M)
S —4421.61 —4398.96 —4415.97 22.6% 05.64
T1 —4358.02 —4345.00 —4379.84 11.02 —21.82
S1 —4334.37 —4323.09 —4343.88 09.28 —9.5P

2 AE4t values.
b AEpt values.

to become an exothermic one in the Sate. A relatively dynamically unfavourable in thepSstate but is favourable
low proton transfer barrier in the;Sstate is indicative of  both in the $ and T; states if the barrier height is low. The
a rather shallow well characterising the primary form. It is barrier height is relatively low both in the;&nd T; states
not deep enough to contain an appreciable number of boundcompared to the §Sstate. We observed ESIPT both in the
vibrational levels, so that the potential is effectively of the $; and T; states in the case of ESA. Solvent stabilization of
anharmonic single well type. the electronic states in alcoholic solvents with different po-
The PES for the proton transfer reaction has been generarities has been estimated assuming Onsagar’s continuum
ated through the calculation of the energies of the configura- model. The general PES corresponds to the solvent stabilised
tions with varying N(8)-H(23) (2.2806 A) distance. At each species in all the states and gives a theoretical estimate of
such point all other geometrical parameters have been opti-the activation energy as well as the energy change for the
mized. This distance has been restrained to a particular valugprocess in the solution phase.
for a single configurationFig. 7 represents the simulated The basic nature of PES does not change remarkably
PES for the ESIPT process of an isolated ESA molecule in from that in the isolated condition. It is worth mentioning
the three different states. The figures reflect that the ESIPT here that significant changes occur in the hydrogen bonded
process is endothermic in thg State and exothermic both  chelate ring. The O(22)-C(1) single bond in the primary
in the § and T; states. Accordingly, the reaction is thermo- form has been converted into a double bond similar to
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Fig. 7. Variation of potential energy during proton transfer in ESA
molecule in §, S; and T; states.

the C(6)-C(7) bond, and the C(7)-N(8) double bond has
changed to a single bond. Hence, the phenolic (enolic)
structure in the ground state is converted to a keto like
structure upon excitation. This is consistent with our ex-

perimental results. The computed electron densities on the

022 and N8 are considerably different from each other

75

emission region in the case of both the compounds, PSBA
and ESA.
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