
Journal of Photochemistry, 12 (1980) 11 - 16 
0 Elsevier Sequoia S.A., Lausanne - Printed in Switzerland 

TIME-RESOLVED SPECTRA OF AN INTRAMOLECULAR EXCIPLEX 

SfLVIA M. de 3. COSTA and M. J. PRIETO 

Centro de Quimica &&%&.@a~, Complex0 I, Institute Superior T&nico, Au. Rovisco 
Pais, Lisboa-l (Portugal) 
K. P. GHIGGINO, D. I’HILLIPS and A. J. ROBERTS 

Department of Chemistry. The University, Southumpton SO9 5NH (Gt. Britain) 

(Received January 25,1979) 

summary 

The intramolecular exciplex formed from N,N-methylphenyl 2ethyl- 
(2-naphthoyl)amine was studied by time-resolved emission spectroscopy 
using a cavity-dumped argon ion laser (wavelength, X = 257.26 nm) and 
single-photon counting detection. The spectra, taken at several time delays 
after excitation, show that the excited amine (lifetime, rf = 1.78 ns) contrib- 
utes to the exciplex formation. The excited naphthoate (rf = 7.98 ns) is the 
major species observed in the late-gated spectrum (31 ns after excitation), its 
lifetime being larger than that of the exciplex (Q = 4.27 ns). 

The results obtained are explained on the basis of the existence of a 
static quenching and a slow dynamic quenching. 

1. Introduction 

Time-resolved emission spectroscopy has been used in studies concerned 
with the solvent relaxation of excited states [l] . In particular, Ware et al. 
[2] have used the technique to study the temperature-dependent spectral 
shifts of the aminophthalimides in alcoholic solvents. 

The method of single-photon counting has also been used to measure 
the rate constant for exciplex formation [3,4]. It is now well established 
that an exciplex may be formed by exciting either partner of a given electron 
donor-acceptor pair [5,6]. 

We have reported [ 71 that, in the aminoester (I) shown in Fig. 1, the 
exciplex/monomer intensity ratio varies with excitation wavelength, and the 
ratio increases when the excitation is essentially in the aniline chromophore. 

In order to obtain more information regarding the excited state respon- 
sible for exciplex formation in this compound, we used the technique of 
time-resolved emission spectroscopy, and found that the excited amine is 
effective in forming the exciplex. 
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Fig. 1. 

2. Experimental 

The time-resolved fluorescence spectrometer used has been described 
previously [ 8 ] and consisted of a frequencydoubled and cavity-dumped 
argon ion laser for excitation and for single-photon counting detection. 
Excitation was at a wavelength of 257.25 nm and the fluorescence resolution 
was 0.5 nm. 

The sample (I) was dissolved in cyclohexane (purified by passing three 
times through a silica column) such that the absorbance was 0.1 at a wave- 
length of 280 nm. The solution was thoroughly degassed by the freeze- 
pump-thaw technique. 

Lifetimes were fitted to single- or double-exponential decay schemes 
using a non-linear least-squares convolution procedure on an ICL 1900 series 
computer. 

3. Results and discussion 

The total fluorescence spectrum of (I) is shown in Fig. 2. The time- 
resolved spectra, recorded 0,10.6 and 31 ns after excitation, are shown in 
Fig. 3. The lifetimes of the major emitting species at each wavelength are 
given in Table 1. 

Using steady state fluorescence techniques [ 71, no emission of the 
aniline chromophore could he detected in this compound. However, using 
the experimental conditions described here, the total fluorescence spectrum 
showed a broad band lying under the emission of the naphthoate ester. This 
broad band could be assigned to the aniline chromophore and was consistent 
with the lifetimes measured and listed in Table 1. These indicate that there 
are three major emitting species present in solution: (1) that emitting at 
315 nm corresponds to the amine moiety with a lifetime of 1.78 ns; (2) the 
well-structured emission centred at 350 nm has a lifetime of 7.96 ns and is 
attributed to the naphthoate chromophore; and (3) the broad structureless 
emission appearing at 440 nm should be due to the intramolecular exciplex 
with a lifetime of 4.27 ns. 

At the excitation wavelength of 257.25 nm both the aniline and the 
naphthoyl chromophores will be excited, although the excitation is mainly 
localized on the amine. Energy transfer from the amine to the naphthoyl is 
possible and might be operating, given the fluorescence intensity of the 
naphthoate group at this wavelength. 
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Fig. 2. The total fluorescence spectrum of (I) in cyclohexane. Resolution, 5 A; LXC, 
25’7.25 nm. 

An early-gated time-resolved spectrum, with the gate positioned on the 
leading edge of the pump pulse and with a narrow gate width, is expected to 
discriminate in favour of emission from the unrelaxed system, and indeed 
the spectrum displays large amine and exciplex components superimposed 
on the naphthoate emission. After IO ns (middle-gated spectrum) the amine 
and exciplex emissions have reduced in intensity leaving a noticeable naph- 
thoyl fluorescence. The late-gated spectrum shows mainly naphthoyl emission 
with little evidence for exciplex emission, 

Assuming that the quenching is purely dynamic when both chromophores 
are initially excited the exciplex could originate from either the donor 
(amine) or the acceptor (ester), but in both cases bimolecular formation of 
the exciplex must compete with the radiative and non-radiative decay of the 
chromophore. Since the amine lifetime is very short, exciplex formation 
from the longer-lived naphthoate would be favoured on the basis of this 
argument. However, the spectra obtained suggest that when the excitation is 
essentially localized in the amine chromophore the exciplex is preferentially 
formed from the excited amine and not from the excited naphthoate, since 
a significant exciplex component would be expected in the late-gated spectrum 
if the naphthoate chromophore were involved in a dynamic intramolecular 
exciplex formation. The magnitude of the Lifetime of the exciplex supports 
this conclusion. 



I I I 

300 350 400 450 500 
WAVELENGTH tntnl 



15 

300 350 400 450 500 
(cl WAVELENGTH ,nm, 

Fig. 3. (a) Early-gated spectrum: At (time delay) = 0,6t (gate width) = 3.8 ns; (b) middle- 
gated spectrum: At = 10.5 ns, 6t = 1.5 ns; (c) late-gated spectrum: At = 31 ns, 6t = 3 ne. 

The results obtained do not exclude the possibility of exciplex formation 
from the excited naphthoate but imply that the excited amine, in spite of its 
shorter lifetime, is more effective in forming the exciplex. On the basis of a 
dynamic quenching, the data obtained are consistent with the transfer of 
excitation to the naphthoate following a mechanism 

Aniline* - naphthoate ---+ (D+A-) F Aniline - naphthoate* 

since in this case the exciplex emission as an intermediate species would not 
contribute to the late-gated spectrum and the lifetime of the exciplex would 
be shorter than that of naphthoate, as is observed. 

TABLE 1 

Lifetimes of (I) measured at different wave- 
lengths 

316 0.060 1.78 zt 0.02 
338 0.031 7.96 * 0.02 
440 0.044 4.27 i 0.02 

“F(t) = Ae-' IT 
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However, the foregoing mechanism implies exciplex reversibility which, 
as has been pointed out in ref. 7, can be ruled out both on thermodynamic 
grounds and from the observed exponential naphthoate decay. Moreover the 
ratio &/$ (k 260) is much larger than the ratio TO/~ (a 1.7) ($0 and TO refer to 
the methyl naphthoate). 

Therefore it seems necessary to invoke the existence of a static inter- 
action, in agreement with our earlier reports 171. The exciplex observed in 
the early-gated spectrum essentially originates from a static quenching and this 
explains the efficiency of the amine for the exciplex formation. While the 
naphthoyl fluorescence emission is observed in the late-gated spectrum, the 
absence of a significant exciplex emission may be explained as follows: 

(1) the steady state measurements indicate a very low exciplex quantum 
yield; 

(2) the approach of both chromophores, implying the bending of a 
molecular chain, is slow [ 9, 101 and the unimolecular deactivation pathways 
from the excited naphthoate are very competitive in this case. 

Nanosecond emission spectroscopy thus supports our earlier observa- 
tions that the interaction in this system has both static and dynamic con- 
tributions. 

Further support for our conclusions will be provided by kinetic studies 
of this and similar systems which will be reported in a full paper. 

Acknowledgments 

We are grateful to the Science Research Council (Gt. Britain) for 
equipment grants, for a research fellowship (K.P.G.) and for a research 
studentship (A.J.R.). (S.M.B.C.) and (M.J.P.) acknowledge research grant 
QL3/4 from Instituto National de InvestigacZo Cientifica. 

References 

1 T. C. Werner, in E. L. Wehry (ed.), Modern Fluorescence Specfroscopy,Vol. 2, Heyden, 
London, 1976, Chap. 7, p. 77. 

2 W. R. Ware, P. Chow and S. K. Lee, Utem. Phys. Left.. 6 (1968) 356. 
W. R. Ware, S. Lee, G. Brant and P. Chow,J. Chem. Phys., 54 (1971) 4729. 

3 K. Yoshihara, T. Kasuya, A. Inoue and S. Nagakura, Chem. Phys. Let&, 9 (1971) 469. 
4 A. E. W. Knight and B. K. Selhnger, Chem. Phys. Lett., 1 (1971) 43. 
5 R. J. McDonald and B. K. SeEnger,Aust. J. Chem., 24 (1971) 1797. 
6 Y. Shirota, I. Tshushi and H. Mikawa, Bull. Chem. Sot. Jpn., 47 (1974) 991. 
7 S. M. B. Costa, M. J. Prieto and R. S. Davidson, J. Fhotochem., 12 (1980) 1. 
8 K. P. Ghiggino, D. Phillips, K. Salisbury and A. D. Swords,J. Pho tochem., 7 (1977) 14. 
9 T. J. Chuang, R. L. Cox and K. B. Eisenthai, J. Am. Chem. Sot., 96 (1974) 6828. 

10 J, A. Nairn, C. L. Braun, P. Caluwe and M. Sewarc, Chem. Phys. Lett., 54 (1978) 469. 


