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Abstract

Fluorescence lifetimes, fluorescence yields and triplet yields have been determined for 3-azafluorenone and its 7-substituted derivatives
in various solvents. The energy of the lowest excited singlet state and the rate of intersystem crossing are found to be significantly higher in
hexane relative to those in more polar solvents. The substitution with fluor and methyl groups as well as the solvent polarity enhancement
considerably decelerate the triplet formation. This effect is attributed to the increase in the activation energy of the transition from the
lowest singlet to a close-lying higher triplet excited state. The internal conversion gains in importance with increasing solvent polarity and
becomes the major excited state depopulating process for the substituted derivatives in polar media. The changes in the internal conversion
rate constants can be rationalized based on the energy gap law. © 2001 Published by Elsevier Science B.V.
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1. Introduction advantageous for automated amino acid analysis as well as
in forensic science [20].

The photophysical properties of fluorenone derivatives = The main goal of the present paper is to elucidate how the
have recently attracted considerable attention, because theyntroduction of heterocyclic nitrogen in the position three
are excellent model compounds for the study of the effect of of the fluorenone moiety alters the fluorescent behavior and
molecular structure [1-5], temperature [6,7] and microen- the kinetics of the transitions undergoing from the singlet
vironment [8-12], on the rate of the radiationless deacti- excited state. In addition, we reveal how the solvent polarity
vation. Systematic investigations have elucidated the majorand the substitution influence the dominant excited state de-
factors determining the competition among the various re- activation pathway and the rate of the various relaxation pro-
laxation processes and revealed the mechanism of the hy<cesses. The results are compared with those for fluorenones
drogen bonding induced quenching [1,13—16]. In spite of the to gain more insight into the effect of molecular structure
widespread current interest in the excited fluorenones, theon the photophysical properties. A list of the investigated
fluorescent behavior and the energy dissipation processes ofompounds is given in Scheme 1.
their nitrogen heterocyclic homologues have not been stud-
ied yet.

Azafluorenones are important in several respects. They2. Experimental details
serve as precursors to the synthesis of physiologically active
compounds. Their hydantoins and succinimide derivatives The 3-azafluorenone derivatives were kindly provided by
have been shown to be aldose reductase inhibitors [17,18].Pr. Evan P. Kyba (Alcon Laboratories Inc., Forth Worth, TX,
An important class of natural alkaloids, the onychine USA). The synthesis of the compounds has already been
derivatives, possesses azafluorenone moiety [19]. More-described [21]. HPLC grade solvents (Merck) were used as
over, 1,8-diazafluorenone is an outstanding reagent for theobtained. Samples were deoxygenated by purging with ni-
detection ofa-amino acids by fluorescence method. It is trogen of high purity. Corrected fluorescence spectra were

substantially more sensitive than ninhydrin and particularly recorded on a home-built spectrofluorimeter equipped with a
Princeton Applied Research type 1140 A/B photon-counting

system. Fluorescence quantum yields were determined rel-
* Corresponding author. Tel+36-1-325-7900; fax#36-1-325-7554. ative to that of fluorenone in acetonitrile for which a ref-
E-mail addressbiczok@chemres.hu (L. Biék). erence yield ofdg = 0.032 was taken [6,7]. Fluorescence
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Scheme 1. Investigated compounds:=R{, F, CHs.

lifetimes were measured using an Applied Photophysics
SP-3 time-correlated single-photon-counting apparatus with
a hydrogen lamp operated at 30 kHz. Data were analyzed by
a non-linear least-squares deconvolution method. Intersys-
tem crossing quantum yields were determined from XeCl

excimer laser flash photolysis experiments using the energy
transfer method described in our previous paper [1].
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3. Results

Fig. 1 shows the absorption spectra of 3-azafluorenones inFig- 2. Fluorescence spectra of 3-azaf|uoren9ne (A); 7-fluor-3-gzafluo-
e . . renone (B); and 7-methyl-3-azafluorenone (C) in hexane (heavy line) and
hexane and acetonitrile. In the latter solvent no vibrational ..o nitile (thin line).
structure appears and the bands are red-shifted relative to
those in hexane. Introduction of the fluor and the methyl
substituent in the position 7 of the 3-azafluorenone moiety ple to the corresponding changes in the first absorption band.
leads to slight bathochromic shift of the long-wavelength Representative fluorescence spectra are presented in Fig. 2.
band. The position of the second band changes only for theThe energies of the lowest singlet excited st&&()) were
fluor derivative where small blue shift can be observed.  derived from the location of the intersection of the normal-
The fluorescence spectra are mirror symmetrical with the jzed absorption and fluorescence spectra. The results, sum-
long-wavelength band of the absorption spectra. The solventmarized in Table 1, clearly demonstrate the decreaSéaj
and the substituent effects on the fluorescence spectra resempith increasinger(30) solvent polarity parameter. It is es-
pecially noteworthy that thE(S;) of all 3-azafluorenones is
considerably higher in hexane than the other media. Despite
1 the similar polarity of hexane and toluene, the excited state
energy diminishes more going from the former to the latter
media than throughout the series of the other solvents indi-
cating that the character of the lowest singlet excited state
is different in hexane.

1 3.2. Photophysical parameters

The photophysical properties exhibit a peculiar solvent
dependence. The most remarkable features of the results pre-
sented in Table 1 are the short fluorescence lifetimpg &nd
c low fluorescence yield#F) of all 3-azafluorenones in hex-

1 ane. As the triplet yield is close to unity, intersystem cross-
4 ing is the dominant deactivation pathway from the singlet
excited state in this solvent independently of the substituent.

Changing the solvent from toluene to acetonitrile re-
sults in dissimilar tendency in the fluorescent behavior for
3-azafluorenone and its 7-substituted derivatives. In the
latter case, th&F and g values go through a maximum
Fig. 1. Absorption spectra of 3-azafluorenone (A); 7-fluor-3-azafluorenone whereas for the former compounds, monotonous increase

(B); and 7-methyl-3-azafluorenone (C) in hexane (heavy line) and ace- IS S€€n as the function of solvent p0|arit)’_- The tripl_et yields
tonitrile (thin line). of azafluorenones show parallel change in the series of sol-

Absorbance

300 350 400 450 500
Wavelength / nm



L. Bicdk et al./Journal of Photochemistry and Photobiology A: Chemistry 146 (2001) 59-62 61

Table 1

Photophysical parameters of 3-azafluorenone derivatives in various solvents at 295K

Solvent Er(30) E(S) Disc 7k (nS) & (1079) kisc (10" s71) kc (10"s71) ke (10"s71)

(kI mot1) (kI mot1)

3-Azafluorenone
Hexane 129 279 0.97 <0.6 0.4 >160 b >0.06
Toluene 142 269 0.92 2.2 8.6 42 3.2 0.39
Etad 160 267 0.86 24 9.4 35 54 0.39
CHCl3 170 266 0.56 6.1 22 9.2 6.9 0.36
CH3CN 191 264 0.53 6.7 24 7.9 6.7 0.36

7-Fluoro-3-azafluorenone
Hexane 129 269 0.96 <0.6 1.7 >160 b >0.28
Toluene 142 262 0.65 45 12 14 7.5 0.27
Etac 160 259 0.49 6.6 20 7.4 7.4 0.30
CH,Cl; 170 259 0.25 6.3 18 4.0 12 0.29
CH3CN 191 257 0.14 5.6 15 25 15 0.27

7-Methyl-3-azafluorenone
Hexane 129 268 0.88 <0.7 3.2 >125 b >0.46
Toluene 142 259 0.65 6.6 31 9.8 4.8 0.47
Etac 160 258 0.47 7.4 36 6.4 6.7 0.48
CH,Cl; 170 255 0.19 5.9 22 3.2 13 0.37
CH3CN 191 254 0.15 5.3 19 2.8 16 0.36

aEthyl acetate.
b Too small compared witfisc.

vents but the extent of diminution is much larger for the of the substituted derivatives. The radiative rate constants
substituted derivatives, where internal conversion becomesproved to be insensitive to the molecular structure and sol-
the major excited state depopulating process in polar media.vent variation.

3.3. Rate constants of excited state deactivation
4. Discussion
In order to reveal how the environment and the molec-
ular structure affects the competition between the various The experimental data demonstrate that the introduc-
energy dissipation channels, the rate constants for fluorestion of the heterocyclic nitrogen atom in the position 3
cence emissiorkg), intersystem crossingigc) and internal of the fluorenone moiety leads only to minor changes in
conversion Kic) were derived using the expressions given the photophysical properties. For the related compounds,

below: azabenzophenones, conflicting reports can be found in the
®e literature regarding how the position of the nitrogen in the
kr = - (1) aromatic ring affects the excited state behavior. Theoretical
F

calculations suggested that the charge distribution of the

Disc 4-aza derivative resembles the most to that of benzophenone
kisc = (2) . .. .
= [22,23]. In contrast, the spectroscopic characteristics, triplet
1— Prece— @ yields and lifetimes of 3-aza isomer were found to be the
kic = - TIseT TR (3) most similar to those of benzophenone [24]. Our results,
F in agreement with the latter studies, show that the intro-

The results displayed in Table 1 demonstrate that the solventduction of heterocyclic nitrogen in the three position exerts
influences the photophysical processes mainly by control- relatively small effect because of the limited possibility for
ling the rate of intersystem crossing. Although only lower conjugation with the carbonyl group. Since the absorption
limit can be given forkisc in hexane because of the weak and fluorescence spectra as well as the photophysical prop-
fluorescence and the limited time resolution of our instru- erties of the 3-azafluorenone closely resemble to those of
ment, it is clearly seen that particularly rapid triplet forma- fluorenone, thenr* states associated with the heterocyclic
tion takes place in this apolar solvent. Thec markedly nitrogen atom seems to be located at higher energies and
decreases with increasing polarity of the media. Opposite therefore, are not involved in the photophysical processes
trend, rate constant enhancement, appears for the internain liquid phase. Hence, the interpretation of the results
conversion going from toluene to acetonitrile. In polar sol- summarized in Table 1 can be based on the knowledge ob-
vents radiationless relaxation to the ground state becomegained in previous studies of fluorenone and its derivatives
the dominant process depopulating the singlet excited state[6,7,25,26].
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The fluorescence yield and lifetime of 3-azafluorenone with the corresponding values for the substituted deriva-
was found to be temperature dependent. For example, theives. This fact is the consequence of the higher excited
fluorescence lifetimes in ethyl acetate are 2.2 and 4.1 nsstate energy of the former compound. Because of the higher
at 296 and 242K, respectively, whereas the fluorescenceexcited state dipole moment, solvent—solute interaction sta-
guantum yield increases from 0.0094 to 0.017 in this tem- bilizes theS; state of the substituted derivatives to a larger
perature range. These facts indicate that intersystem crossextent, which promotes more rapid relaxation to the ground
ing from the singlet excited state takes place not only via state.
the usual transition to lower-lying triplet levels but also
in thermal enhanced process to a triplet statg (vhose
energy is only slightly higher than that of ti& state. In  Acknowledgements
apolar solvents, wherg, andT, are adjacent, th§; — T,
transition is accelerated by its low activation energy and The authors are grateful to Dr. Evan P. Kyba (Alcon Lab-
consequently, rapid triplet formation takes place. On the oratories Inc., Forth Worth, TX, USA) for the kind donation
other hand, increasing solvent polarity decreases the energyf 3-azafluorenones. We very much appreciate the support
of § state and thereby, expands e, energy gap. The  of this work by the Hungarian Scientific Research Fund
continuous slowing down of triplet formation in the se- (OTKA, Grant T034990).
ries of solvents (Table 1) arises mainly from the enhanced
activation energy of thesy — T, process. However, the
remarkably highkisc in hexane indicates that the coupling
_betvv_een singlet and triplet excited states |s.mor<.a gfﬁuent [1] L. Biczdk, T. Bérces, H. Inoue, J. Phys. Chem. A 103 (1999) 3837.
in this solvent compared to more polar media. Similar ef- 51 5 ;" \weininger, Y. Ren, z. Wang, L. Chen, W.G. McGimpsey, J.
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