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Excited state proton transfer in 2-hydroxy 1-naphthaldehyde (HNL) has been reported on the basis of steady
state absorption and emission, time-resolved emission, and semiempirical quantum chemical calculations.
The existence of open and closed ring conformers in the ground state gives rise to different emissions upon
excitation in hydroxylic and hydrocarbon solvents, respectively. Formation of the ground state HNL ion in
open conformer was observed with addition of base. Excitation of the closed conformer leads to intramolecular
proton transfer across the preexisting intramolecular hydrogen bond to give excited zwitterion in hydrocarbon
solvents. On excitation of the open ring conformer in hydroxylic solvents, emission from the neutral excited
state could be observed for the first time apart from the emission of ionic intermolecular proton transfer
species. An increase or decrease in pH results in enhancement or a decrease of emission from the ionic
conformer with parallel dwindling or intensification of emission of the neutral species. Phosphorescence in

both the solvents arises from the open conformer.

Introduction features common to most excited state PTs is their rapidity, on
h -Eet introduced th ¢ the femtosecond to nanosecond time sé&iét These rapid
More than 50 years ago, Fster introduced the concept of  angfers are commonly attributed to a barrierless process. Also,

excited state intermolecular proton transfer 3T) on the 5\ mper of systems containing more than one H-bond exhibit
basis of some unusual shifts in fluorescence spectrum of SOMeltiple PTsLe

organic molecules. In 1955, Weltdound that methyl salycylate . L .

exhibited fluorescence with an unusually large stokes shift, ESIPT hasaw!de range of _appllca_nons. Tgfse mclud_e energy/

which corresponded to an excited state isomer formation via data storage d_ewc_es and optical switchihé Ram_an flltezr73

proton transfer. The classic papef Weller on excited state and hf’”d scintillation counte?§,po_lym_er photostabilizers;

intramolecular proton transfer (E?T) of methyl salycilate and trl_plet quencher%_‘.Oth(_ar appllcatlons_ center _a_round_elec-

(MS) spurred intense research on this subject in many troluminescent materl_als with photochemical staplllty, resistance
to thermal degradation, and low self-absorption and light-

laboratoriest™ '8 Among them, M3 10 and its related com- o . :
pounds such as-hydroxyacetophenone (OHAR) and emitting diode material&® It has been suggested that ESIPTs

o-hydroxybenzaldehyde (OHBAY 17 have been well-studied have the potential for understanding the binding properties of

as prototypes of the molecules showing the ESIPT processesPrOtein'zgas well as optical probes for biomolecufé8!Because

It is a well-known fact that the properties of the molecules of all of the interesting and useful applications, different groups

experience a change in the excited states with respect to thehroughout the world are working with a wide variety of

ground state due to the change in charge density distributionﬂuore,SCIng amel—base-co.ntaln!ng. molecule§ in order to sys-
after excitation. When acid and base moieties of the same €Matize and control their emissive properties.
molecule become stronger acids or bases in the excited state, In the present work, we study the emission properties of
proton transfer (PT) may occur rapidly in the excited state to 2-hydroxy 1-naphthaldehyde (HNL) by steady state and time-
form a tautomer; the signature of that process is emission of resolved emission spectroscopy. HNL is the simplest aromatic
strongly stokes-shifted fluorescence following absorption of a molecule with intramolecular hydrogen bonding involving
UV photon. Kash# first showed that an intramolecular PT is ~ carbonyl group$? The properties of this molecule are interesting
facilitated in the excited state in those molecules where therein relation to OHBA. Luminescence properties of HNL are
is a hydrogen bond between the H atom of the donor group rather different from OHBA. HNL shows dual fluorescence,
and the acceptor of that molecule in the ground state. The but OHBA shows single fluorescence only in the visible region.
importance of this H-bond is such that it is convenient to discuss S0, we hope that a combination of steady state emission
its nature. Transfer of a proton between two groups of an Spectroscopy with picosecond spectroscopy will provide useful
aromatic molecule causes a large electronic and structuralinformation concerning the structure and dynamics involving
rearrangement, which is associated with significant changes inthe excited states of HNL. In this paper, we first perform
dipole moments, molecular geometry, and quite lamg&000 quantum semiempirical calculations to see the feasibility of
cmY) fluorescence shift. The dynamics of such a process could €xcited state intramolecular proton transfer with respect to the
strongly be dependent on the nature of the solvent, namely, with dipole moment change and charge density distribution from the
respect to the formation of a hydrogen bond. One of the prime ground to excited state. On the basis of prediction, a detailed
investigation of absorption and fluorescence properties of HNL

*To whom correspondence should be addressed. E-mail: spsc@ N different environments and ifi-cyclodextrin (3-CD) was
mahendra.iacs.res.in. carried out. We try to identify the species that are responsible

10.1021/jp026404q CCC: $25.00 © 2003 American Chemical Society
Published on Web 12/11/2002




84 J. Phys. Chem. A, Vol. 107, No. 1, 2003 Chowdhury et al.

CHART 1: Optimized Geometry of HNL in the (a) 3.80 r T Y 1
Ground State and (b) Excited State
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for different emissions with a view to understand different 038 '
aspects of EQIPT.
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Experimental
Materials. HNL, purchased from Fluka, was purified by o i
recrystallization followed by vacuum sublimatiori-CD e
o 1

(Aldrich) was used as supplied. Methyl cyclohexane (MCH)
(Fluka) was purified by nitration and sulfonation, dried over
anl;ygrous soc(iium sulfate, and o(ljis';illed at 1°((12(Lj n-ﬁHepJgn_ﬁ _ 040 Yo YT yen
and benzene (spectroscopic grade) were used after distillation H o

(dry) and checking of any emission in the required wavelength o O-H bond length (A ) )
range. Ethanol (EtOH), acetonitrile (ACN), chloroform (CHCI F][QH“,r\leLl- Variation of , S, and $ energy with G-H bond distance
methanol (MeOH), sulfuric acid (#$04), and triethylamine 0 )

(TEA) (E Merck, spectroscopic grade) were used as supplied T Y T T T
but only after checking the purity fluorimetrically in the
wavelength range of interest. For aqueous solution, we used

deionized Millipore water. e 3 e Heat of formation 4315
Absorption and Emission Spectra.The absorption spectra —a— Dipole moment \_/

were taken with a Shimadzu UWis absorption spectropho-

tometer model UV-2401PC. The fluorescence and phosphores- 362 Jan

cence spectra were obtained with a Hitachi F-4500 fluorescence 3
spectrophotometer. For emission measurements, the sample ¥
concentration was maintained-aL£0~® M in each case in order S sl
to avoid aggregation. The quantum yields were determined by
using a secondary standard method with recrystallizedph- =
thol in MCH (¢r = 0.23). k-
Picosecond MeasurementFor lifetime measurement, the g
sample was excited with Rhodamine 6G dye laser (coherent
702-1) pumped by a cw mode-locked Nd:YAG laser (coherent
Antares 765). The emission was detected by a Hamamatsu MCD 43841
photomultiplier (2809U). The fluorescence decays were decon- . \ . , . . an
voluted using global lifetime analysis software (PTI). 0972 0974 0978 0978 0960 0962 0964
O-H bond length (A")
Figure 2. Variation of heat of formation and dipole moment as a
Quantum Chemical Calculation. To have some idea about  function of O-H bond distance keeping the ground state geometry
the excited state properties as well as the proton transferfixed for HNL.
feasibility and mechanism of HNL in excited and ground states,
we have calculated the energies of different electronic states,moiety of HNL. The dependence of the ground state singlet
heats of formation (enthalpy), and the dipole moment of HNL energy &) on the O-H bond length has a prominent effect.
using the MOPAC version 5 package with the AM1 Hamiltonian The S energy increases (Figure 1) with the increase of th¢dO
in different states of HNL. Chart 1 depicts the calculated bond length. So, the ground state proton transfer is no longer
equilibrium geometry of HNL in the ground state as well as in possible. The variation of the other two singlet stat&sapd
the excited state. In the ground state, theHDbond length is $) has been calculated from CI ¢66) calculation and is shown
~0.972522 A but in the optimized excited state thel®bond in Figure 1. The first excited singlet stat®) shows a minimum
length increases t0~0.980430 A and the €0—H angle value for a particular ©H bond length whereas the second
increases from-111 to 111.8. This structural change of HNL  excited singlet stat& does not show such a variation. The
in its excited state indicates the possibility of proton transfer in variation of dipole moment as well as the heat of formation
its excited state. The increase of the dipole moment from groundwith O—H bond length, where the other parameters remain
state to excited state indicates possible redistribution of chargeunaltered, has been calculated and plotted in Figure 2. The
of HNL in its excited state, and this is only possible by increase of the heat of formation with the-® bond length
intramolecular charge transfer from the acid moiety to the basic indicates that some external energy is required for the ESIPT

Results and Discussion
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TABLE 1: Absorption and Emission Data of HNL

fluorescence data

absorption data fluorescence peak

abs maxima €max at lower energy Y 22 wd
solvent (nm) band (dMimol~s™?) (nm) (nm) 1)

MCH 359, 384 8142, 2094 424 0.0078
MCH + TEA 358, 384 7990, 2075 420 0.0092
MCH + H,SOy 359, 384 6888, 2080 344 0.0087
n-heptane 359, 384 9629, 2383 425 0.0068
benzene 358, 383.6 8095, 2353 428 0.0071
CHCl, 361 9332 335 434 0.0061
ACN 358 8636 335 433 0.0149
EtoH 359, 407 9029, 1014 350 447 0.0285
EtOH+ TEA 396.6 20800 350 455 0.031
EtOH + H,SO, 361.4 10 653 345 0.026
MeOH 359, 407 8477, 661 345 448 0.028
water 358, 410 7415, 276 349 450 0.022
water+ TEA 395 11 076 353 445 0.034
water+ acid 359 7412 343 444 0.01
water+ 3-CD 364, 414 7562, 781 341 442 0.031

from the O-H group of the HNL, which is only possible by
exciting the molecule. After examination of the computed charge
distribution using the Mulliken scheme, it is evinced that there
is an increase of charge distribution on the oxygen atom of the
C=0 group (basic moiety) and a simultaneous decrease in
charge on the oxygen atom of the-® group (acid moiety) in
going from the ground to excited state, which indicates a
possible proton translocation in the excited state. So, from the
guantum chemical calculation, we get a clear idea about the
intramolecular relaxation of HNL in its excited state. It is
probable that excitation of HNL will achieve a delocalized
excited state and then relaxes to the proton transfer configuration
by transferring the proton from the acid moiety to the basic
moiety. With this piece of information, we move on to the steady
state absorption and emission and also time-resolved emission
spectroscopy to get the mechanistic details of proton transfer,
if any, in the excited state.

Absorption. Absorption spectra of HNL were investigated
in different organic polar, nonpolar, and aqueous solutions and 0.0
in restricted geometrieg3{CD) at 298 K. In a dilute solution 300
of HNL (~107% mol dn13), the absorption spectrum exhibits a
band in the region of 357361 nm and another at318 nm,
depending upon the polarity of solvents.

In polar protic and hydroxylic solvents, HNL shows three
bands: one at-318 nm and the other at359 nm are strong _ )
in nature, and another relatively weak band is observeeta® structureless tail possibly account for ground state closed
nm region (Figure 3). In all nonpolar and polar hydrocarbon conformeric form | (Scheme £. The disappearance of the
solvents, HNL exhibits two bands: one-a818 nm and another  lower energy shoulder in polar or hydroxylic solvent is due to
at the 357361 nm region (Figure 3). A relatively high molar  an increase in the solutesolvent interaction causing mainly a
extinction coefficient émax ~ 8000) of the first absorption  loss of structure. It is pertinent to mention here that in ACN
maximum (358 nm) of HNL in all solvents indicates a solution, HNL shows a lower energy absorption band in the
character o — 77 transition for the first absorption bafit* 357—-361 nm region and addition of a little amount of alcohol
(Table 1). (like EtOH or MeOH) in this solution produces a weak band at

Comparing absorption spectrum of HNL with that of parent ~407 nm region (Figure 4). So, the band~a407 nm region
moleculef-naphthol (band at 318 nm, Figure 3), we observe may be assigned due to ground state intermolecular hydrogen
very little similarity between the two. It is interesting to note  ponding between solute and solvent interaction (Scheme 1).
that in any nonpolar hydrocarbon solvent the HNL spectrum Effect of Acid and Bas@ébsorption spectra of HNL in water

shows one shoulder at384 nm. On the other hand, in polar | Lok . .
or hydroxyl solvent, this shoulder vanishes producing a more N the presence of TEA are shown in Figure 5. With the increase

structureless broad band. So, the spectral change and presencd PH of the solution by addition of TEA, the intensity 6407

of lower energy shoulders in hydrocarbon solvents are due to "M band exhibits a progressive increase as well as a blue shift
aldehyde substitutions as well as intramolecular hydrogen up to~395 nm at the expense of the 359 nm bé&htlence,
bonding between acidic and basic groups of molecule (HNL), this band is due to the transfer of proton to solvent and formation
which was reported earliéf37 Also, it is important to note  of the anion of HNIE®41 (Scheme 1). It is pertinent to mention
here that a red-shifted shoulder in the hydrocarbon solvent andhere that for anion formation, a promoter base is necessary. The

10 | b

—0— B-napthol in ethanol
—x— ethanol
—&— Methyl cyclohexen

Absorbance

Wavelength (nm)

Figure 3. Electronic absorption spectra of HNL in different solvents
and electronic absorption spectrafhaphthol in EtOH; HNL= 5 x
1075 mol dm 3,
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SCHEME 1: Ground State Reaction Scheme for HNL in Hydroxylic Solvent
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Figure 4. Electronic absorption spectra of HNL in pure ACN and in 0.00 1
the presence of EtOH. Range of EtOH-@) = 0—7.5 x 1075 mol 300 350 400 4%
dm-3. wavelength

Figure 5. Electronic absorption spectra of HNL in water and in the
presence of an isosbestic point in the ground state indicatespresence of acid (#0,) and base (TEA) as a function of pH; (a) with
equilibrium between the closed conformer and the anion of addition of acid pH 2.6; (bi) with addition of base pH 6, 6.4, 7, 8.3,
HNL .42 9,10.7, 11.6, and 12.7.

It is observed that the weak red absorption band of HNL increase in absorbance is presumably due to the detergent effect
(~407 nm) disappeared by the gradual addition of dilufe H of 8-CD and is attributed to the additional dissolution of HNL
SO, (pH 2.6) (Figure 5). The progressive quenching (Figure 5) absorbed on the surface of the walls of the contatfhér.
and disappearance of the red absorption band fand) are Emission.HNL exhibits one large Stokes-shifted fluorescence
due to the rupture of intermolecular hydrogen bonding between band in all hydrocarbon solvents and distinct dual fluorescence
solute and solvent. The hydroxyl group proton of the compound bands in almost all polar and hydroxylic solvents having a
is certainly responsible for this mechaniéfn. bathochromic shift of fluorescence maximum with increasing

Effect of3-CD. The absorption spectra of HNL in constrained solvent polarity (Figure 7a) at room temperature. HNL shows
B-CD cavity were studied. AS-CD concentration is increased, a single large Stokes-shifted band~a424 nm in MCH. The
the absorption maximum is red-shifted accompanied by two band position and shape are found to be independent of
distinct isosbestic points at 364 and 330 nm (Figure 6). This excitation wavelengthlgyd in almost all solvents and inde-
observation confirms that in aqueous solutioBeéED a caged pendent of concentration in the range 0f 461075 mol dm3.
species of HNL with 1:1 stoichiometry is forméelA slight The fluorescence excitation spectrum in MCH monitoring at
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Figure 6. Electronic absorption spectra of HNL with different
concentrations of-CD in aqueous solution: (1) witho@CD (pure
water), (2) 9.1 mM, (3) 6.06 mM, (4) 2.6 mM, and (5) 1.3mMCD. 1ok b
424 nm exhibits a single band at380 nm, which agrees osl
reasonably well with the absorption spectra showing that the
Stokes-shifted fluorescence originates from the main absorbing gosr
species in the ground state (Figure 7a). The main species existinga
in nonpolar solvents is considered to be the intramolecularly © ot
hydrogen-bonded species (closed conformer). In analogy with
the fluorescence of MSand OHBAZ® the large Stokes-shifted o2r
lower energy band (5800 cr) may be considered to originate o L
from the excited state proton transfer (ESIFTprm of HNL 010 60 16 160 20024 376 360100 440150

but the characters of this species will be discussed later.

The fluorescence spectrum of HNL in EtOH shows two _. o .
Figure 7. (a) Fluorescence emission spectra and fluorescence excitation

distinct fluorescence bands, one higher energy band345 spectra of HNL in different solvents; fluorescence emission spectra of

nm and a large Stokes-shifted intense lower energy band atg naphthol in EtOH at room temperature. (b) Typical decay profile of
~448 nm. The fluorescence lifetime in EtOH was measured to HNL (emission wavelength monitored at 450 nm) in EtOH. The gray

be 84 ps monitoring at 450 nm (Figure 7b). The lifetime in solid curve represents the best computer fit of the experimental points
other solvents is below the measuring limit of the instrument. to a single exponential decay; excitation wavelength is 310 nm; the
The excitation spectrum of HNL in EtOH is not similar to that 'amp profile is denoted by the dark solid line.

obtained in MCH, and it is rather complicated. The fluorescence

excitation spectrum in EtOH obtained by monitoring the energy band of HNL is due to normal fluorescence of
emissions at 448 and 345 nm clearly reflects the absorption f-naphthol. This spectrum is fitted to the higher energy band
spectrum. This observation evidently indicates that there arein polar solvent with a small solvent shift.

two fluorescing species, one with the emission maximum at  Effect of Acid and Baselhe spectral behavior of HNL in
shorter wavelength and the other with the emission maxium at EtOH by varying pH value with addition of electron donor as
longer wavelength (Scheme 1). So in the ground state, therebase (TEA) is depicted in Figure 8a. In aqueous EtOH with
are two main absorbing species, one is the intramolecularly addition of TEA, a high intensity emission peak is observed at
hydrogen-bonded closed conformer (I) and another is the ~455 nm with a decrease in intensity of the higher energy
intermolecularly hydrogen-bonded open conformer (I1)(Scheme emission peak. The electron-donating alkyl group is present in
1). The natures of these species will be discussed in a laterpolar solvents (MeOH, EtOH) and is able to release an electron
section. A similar result was obtained in MeOH. In polar toward the oxygen atom of the hydroxyl group (due-tb
solvents, HNL shows an increase in emission intensity of a lower effect); that is, when the dipole moment of the probe molecule
energy band with a slight red shift. Hydroxy derivatives of is larger in more polar environments, they act as strong proton
aromatic compounds are generally acidic in the excited singlet acceptors, particularly in the excited state. This indicates that
state relative to the ground stéfteso there is a tendency for  HNL has been deprotonated to its anion in various polar solvents
intermolecular proton transfer to solvent. Because in water the (Scheme 2). The intensity of the lower energy band seems to
proton activity is high, an intermolecular translocation of proton increase with a small red shift with addition of base. Excitation
is observed. This is reflected in the increase of rate of excited spectra corresponding to 455 nm emission show bands at 350
state proton transfer in polar solvents. Comparing fluorescencenm and at 400 nm in base medium, which agree well with the
spectrum of HNL with3-naphthol, we conclude that the higher respective absorption bands of the closed conformer and the

Channel Number
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SCHEME 2: Photochemical Scheme for HNL
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SCHEME 3: Excited State Reaction Scheme of HNL at
Room Temperature and at 77 K
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OO or Figure 8. (a) Fluorescence emission spectra of HNL in EtOH with
the presence of base (TEA) as a function of pH; (1) without base
(o] 0,

(EtOH); (2-9) with increasing pH as addition of base. (b) Fluorescence
emission spectra of HNL in EtOH with the presence of acigS@h);
(1) without acid (EtOH); (2-4) with increasing acid concentration.
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the change in large Stokes-shifted fluorescence intensity could

anion (vide supra). The effect of acid on HNL in nonpolar and be attributed to fluorescence of the zwitterionic form due to
polar protic solvents shows some interesting results. As the acidexcited state proton transf@{Scheme 3) and formation of anion
concentration is increased in EtOH solution, the intensity of due to intermolecular reaction with solvent (Scheme 2). By
the higher energy band increases relative to that of the lower adding base, the intermolecular hydrogen bond is ruptured due
energy band. the intensity of the higher energy band is weak atto creation of anion and this decreases the normal fluorescence
neutral solution. A further increase in acid concentration shows intensity5?
total disappearance of the lower energy band with an intense Comparing the emission spectrum @haphthol with that
higher energy band at345 nm (Figure 8b). In nonpolar solvent  of HNL, the peak at-455 nm of HNL may be assigned due to
also, the lower energy emission band4@4 nm) completely the fluorescence from the phenolate anion and the 345 nm peak
disappears with the addition of acid {600). These results  may be assigned due to the fluorescence from neutral HNL,
indicate the existence of more than one ground state conformerand these two peaks arise from II* and IlI* according to Scheme
of neutral HNL, and these conformers have different absorption 2. The higher energy emission band of HNL may well be
spectra. assigned as the fluorescence of pure neutral form II*. Analysis

Our results can most plausibly be explained by postulating of the variation in peak intensity for both of the species as a
the existence of three distinct excited state species. The first offunction of pH indicates that the change occurs solely as a
these is neutral HNL (Il of Scheme 2), which is responsible for consequence of the change in the ground state absorption. We
the emission band at345 nm; emitting further to the red is  could not observe any spectral change in nonpolar solvents with
the zwitterion (IV of Scheme 3), formed by intramolecular addition of base. This confirms that the intramolecular hydrogen
proton transfer; and the phenolate anion (lll of Scheme 2), bond is much stronger in HNL in the excited state, and an open
resulting from excited state proton transfer to the solvent. A conformer of HNL cannot be formed even in the presence of
panoply of evidencé4° favors the assignments that the excited base in these solvents.
phenolate anion is responsible for an emission band with a A fluorescence emission spectrum of HNL as a function of
maximum at~455 nm, while the zwitterion fluorescence aqueousp-CD concentration was recorded. For maximum
maximum is at~448 nm. Both the zwitterion and the phenolate concentration of-CD in aqueous solution, the intensity of the
anion are capable of considerable resonance stabilization bylower energy band of HNL increases with a slight blue shift of
delocalization of their formal charges. It is therefore expected fluorescence maxima. On decreasing concentratiofi-6D,
that their fluorescence will exhibit unusually large Stokes shifts. fluorescence spectra are shifted toward red and finally they
The neutral molecule on the other hand can undergo no overlap the spectra of HNL in aqueous solution. This blue shift
stabilization, and its fluorescence should exhibit a more normal of fluorescence spectra is produced due to the lower polarity of
Stokes shift. Such effects are commonly observed in moleculesthe 3-CD cavity#* When a probe molecule enters into the cavity,
such as 2-naphthdl, methyl salicylate’® and salicylamidé? it gets a less polar environment, which shows lower stabilization
etc., which undergo excited state proton transfer reactions. So,of the zwitterionic form in the fluorescence spectrum.
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Figure 9. Emission spectra of HNL in MCH glass in the presence of of TEA and HSO, at 77 K.
TEA and HSO;, at 77 K.

conformers. The phosphorescence spectra of HNL in MCH
Emission and Excitation Spectra at 77 Khe emission  could be characterized by a progression t@ stretching

spectrum of HNL in hydrocarbon solvent (Figure 9) consists modes, which is characteristic offar* aromatic carbonyl of
of a superposed Stokes-shifted fluorescence and phosphoresa benzaldehyde type of molecule. The short lifetime in MCH
cence spectrum, as was observed in the case of OHBINL than EtOH confirms this assignment. A benzaldehyde type of
shows a Stokes-shifted fluorescence-#i20 nm regionin MCH ~ molecule without intramolecular hydrogen bonding (i.e., open
at 77 K. Contrary to the room temperature fluorescence, an conformers, Scheme 3) is likely to be produced under irradia-
increase iMexe results in an increase in the low-temperature tion 5253 Experimental evidence explains this phenomenon of
emission intensity, keeping the peak position unchanged. TheHNL by suggesting that the phosphorescence should be obtained
Stokes-shifted fluorescence is considered to arise from thefrom the open conformer that is formed due to the rotation of
species, which is responsible for room temperature fluores- carbonyl group. So, there are two suggested structural forms of
cencés in nonpolar solvents. In the presence of a strong base open conformers of OHBA3 Going by similar arguments for
like TEA, an intense red-shifted fluorescence with two peaks HNL, it may be put forward that phosphorescence arises from
is observed. Because the peaks are so close to each other, theggen conformers, which are due to the rotation of the carbonyl
could be due to some vibronic effect. On addition of acid—(H group (Q and Q, Scheme 3) In nonpo]ar So|ventsy phospho-
SQy) to the solution, the fluorescence peak disappears. Therescence is weak but in the presence of TEA intense phospho-
phosphorescence peak is observeda00 nm. In the case of  rescence is observed. This indicates that the intramolecular
a polar solvent like EtOH at 77 K, two fluorescence peaks are hydrogen bond of HNL is stronger in a nonpolar solvent and
observed similar to the room temperature fluorescence. Like athe rupture of the intramolecular hydrogen bond is necessary
nonpolar solvent, the spectrum of HNL in a polar solvent for phosphorescence. The promoter base plays a definite role
consists of phosphorescence (Figure 10). The intensity of for breaking of the intramolecular bond of HNL. As the strength
fluorescence is decreased, and the intensity of phosphorescencgf the hydrogen bond depends on the substitution oftfie=
is increased in EtOH more than in MCH. It is observed that as O group, the interaction with the base hydrogen bond is broken,
the temperature is raised the phosphorescence intensity graduallyhe carbonyl group rotates easily to form an open conformer,
decreases, which is due to phosphorescence quenching, and onlnd phosphorescence is observed even in nonpolar solvents. In
fluorescence is observed at room temperature. The presence ofolar solvents, phosphorescence intensities do not increase
phosphorescence in the fluorescence spectrum seems to be dugecause the open conformers exist before irradiation.
to the presence of an intersystem crossing (ISC) in the proton |, EtOH, glass matrix molecules take ionic forms. EtOH is
transfer process of HNL. So, the HNL spectrum is characteristic 5 hydrogen-bonding solvent, and it breaks the intramolecular
of a 3zz* aromatic carbonyl of the benzaldehyde type. This hydrogen bond of the closed conformer to form an open
type of spectrum is usually found for benzaldehydes, which are conformer and anion. The strength of the intermolecular
intermolecularly hydrogen-bondé#>® As was suggested by  hygrogen-bonding capacity increases from EtOH to EtOH glass.
Nagaoka et af:3-154the phosphorescence is likely to be due Because of this capability in HNL, with EtOH glass, the

to the open conformer Il (Scheme 1). Both the conformers lla jntermolecular hydrogen bonding increases at a lower temper-
and Ilb (Scheme 1) could give rise to the phosphorescence ingyyre than room temperature resulting in fluorescence and
these solvents. The phosphorescence lifetime was determ'”‘*%hosphorescence at 77 K.

to be 25 ms in MCH and 72 ms in EtOH.
Excitation spectra for HNL in both solvents for phosphores- Conclusion
cence are similar to those of room temperature absorption
spectra, indicating that the main species existing in polar and The quantum chemical calculations on HNL reveal that the
nonpolar solvents are intermolecularly hydrogen-bonded opencharge density distribution and stretching of the®bond in
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the excited state points that HNL is a good candidate for . (9) Herek, J. L.; Pedersen, S.; Banares, L.; Zewail, AJHChem.
; : : Phys.1992 97, 9046.

Intramo!eCUIar transfer of th‘? pr_oton in the excited .State' The (10) Acura, A. U,; Toribio, F.; Amat-Guerri, F.; Catalan, J. Photo-
absorption spectra of HNL in different solvents point to the ¢nem 1985 30, 339.

presence of an intramolecularly hydrogen-bonded closed con- (11) Nishiya, T.; Yamauchi, S.; Hirota, N.; Baba, M.; HanazakiJ..
former in the form of 384 nm band in a nonpolar hydrocarbon Phys. Chem1986 90, 5730.

: : : ; (12) Peteanu, L. A.; Mathies, R. A. Phys. Chem1992 96, 6910.
solvent, whereas a 407 nm band arises in protic and hydroxylic (13) Nagaoka, S.: Hirota, N.. Sumitani, M.. YoshiharaJKAm. Chem.

solvent due to intermolecular hydrogen bonding between solute soc. 1983 105, 4220.
and solvent. The addition of base causes a considerable increase (14) Morgan, M. A.; Orton, E.; Pimentel, G. Q. Phys. Chem199Q
in intensity of the 407 nm band marked by the formation of the 94 7927.

HNL ion. The addition of acid quenches this band due to the ; élh?slNgﬁgﬁE%ég'gyigggh'ma‘ U.; Ohta, N.; Fujita, M.; Takemura, T.

rupture of the intermolecular hydrogen bond.AfCD, a 1:1 (16) Nagaoka, S.; Hirota, N.; Sumitani, M.; Yoshihara, K.; Lipczynska-
inclusion complex is formed as evinced by two isosbestic points. Kochany, E.; lwamura, HJ. Am. Chem. Sod984 106 6913.

A large Stokes-shifted fluorescence at 424 nm in hydrocarbon 88 E:;ﬂgnivfﬁ Tcnr?é?ﬁ Fé OA(‘:C‘“; aArégé“;' frgﬁ ggg&%&zg%%a
solvent has been identified to be due to a possible excited state (19) Mosquera, M. Penedo, J. C.; Rodriguez, M. C. R.; Rodriguez-
proton transfer, and an excitation spectrum confirms the Prieto, F.J. Phys. Chem1996 100, 5398.
appearance of this band due to excitation of the ground stateLet(tZ(i)ggcahgggbgéZC-? Riedle, E.; Pfeiffer, M.; ElsaesserChem. Phys.
closed conformer. In hydroxylic solvents, the two bands 345 (21) Cho, D. W.. Kim, Y. H.. Yoon, M.: Jeoung, S. C.: Kim, Bhem.
and~448 nm of HNL were analyzed and found to be due to phys. Lett1994 226, 275.
an intermolecularly hydrogen-bonded open conformer and h(22) Chou, P. T.; McMorrow, D.; Aartsma, T. J.; Kasha, 8.Phys.

; _ _Chem.1984 88, 4596.

Itwr?mﬂlscglarily hlydrr?gl?n rzor(]j?er?] Clt?lseclj Svo?for?err’ rise%c (23) Kasha, M.In Molecular Electronic Deices Carter, F. L., Siat-

h ey-. : a_sc aico O_C edium, the lo e energy ba kowski, R. E., Wohljen, H., Eds.; Elsevier Science Publishers: New York,

intensifies with a red shift (band at455 nm) with a decrease  1988; p 107.

in the 345 nm band. The excitation spectrum of the 455 nm h(24) Elugl)ggvfoli;tscs%rc\)lal' A.; Trommsdorff, H. P.; Lehn, J. M. Phys.
em. A .

band correspo_nds to _bands due_to a closed conformer and thé& (25) Martinez, M. L. Cooper, W. C.; Chou, P. Them. Phys. Lett.

anion. In acidic medium, the higher energy band gets pro- 1992 193 151.

nounced with simultaneous disappearance of the lower energy (26) Heller, H. J.; Blattmann, H. RRure Appl. Chem1973 36, 141.

i i i i (27) Werner, T.; Woessner, G.; Kramer, H. E.lA.Photodegradation
ban.d';—he foregmr_]g resultsdeV|nce a poslsgk;LeBe?Stenci of theand Photostabolization of Coatindappas, S. P., Winslow, F. H., Eds.;
excited state speues._ On_e _ue_to neutra 45 nm), the American Chemical Society: Washington, DC, 1981, Vol. 151, p 1.
second due to a zwitterionic intramolecular proton transfer  (28) Tarkka, R. M.; Zhang, X.; Jenekhe, S.AAm. Chem. S0d.996
(closed conformer-448 nm), and the third due to the formation 118 9438.
of phenolate anion (open conformer) in intermolecular proton ~ (22) Sytnik, A, Del Valle, J. CJ. Phys. Cheml995 99, 13028.

I (30) Sytnik, A.; Gormin, D.; Kasha, MProc. Natl. Acad. Sci. U.S.A.
transfer (v_455_ nm). The effect gf-CD shows less stabilization 1994 91 11968.
of the zwitterionic form. (31) Sytnik, A.; Litvinyuk, I. Proc. Natl. Acad. Sci. U.S.A.996 93,

In MCH rigid glass, HNL shows Stokes-shifted fluorescence 125(95’%- Salman, S, RSpectrochim, ACH986 424 408
and phosphorescence in one envelope at 77 K. The acid (33) Seliskar, C, JJ. Mol. Spec'trosc1974 53 140.
guenches the fluorescence_to show phosphoresceneéQﬂ (34) Bergmann, E. D.; Hirshberg, Y.; Pinchass,JSChem. Soc195Q
nm. The phosphorescence in MCH glass has been assigned t@3?1-) | - . A

i i 35) Bangal, P, R.; Chakravorti, 8. Phys. Chem. A999 103, 8585.
arise from the open _conformer formed _d_ue to rotation of the (36) Woolfe. G. J.. Thistlethwaite, P. 3. Am. Chem. Sod981, 103
carbonyl group as evinced from the addition of promoter base. 3g,9°
The phosphorescence intensity is increased in EtOH due to an (37) Oki, M.; Hirota, M.; Hirofuji, S.Spectrochim. Actd966 22, 1537.
increase in intermolecular hydrogen bonding. In ethanolic glass gg; 'I\E/Ilelchlor, N+C-SSphectr?0hlr23-hActagﬁQ 7JE 31%2.7 140 293

H saesser, |.; schmetzer, Ghem. yS. L€ A .

also, fluoresg:ence and phosphorescence arise from a room (40) Potter, C, A, S.- Brown, R, Gchem. Phys. Let1988 153 7.

temperature intermolecular hydrogen-bonded open conformer.  (41) Guha, P.: Mandal, A.; Mukherjee, $. Lumin.1999 185, 79.
(42) Durmis, J.; Karvas, M.; Manaseck, Zollect. Czech. Chem.
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