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Excited Complex Formation between Aromatic Hydrocarbons and 
Heterocyclic Compounds 

By R. STEPHEN DAVIDSON, ANDREW LEWIS, and (in part) TERENCE D. WHELAN 
(Department of Chemistry, The 

Many excited singlet aromatic hydrocarbons 
form fluorescent exciplexes with furans, thiophens, 
pyrroles, and indoles. 

Summary 

THERE have been a number of reports of photoreactions 
of aromatic hydrocarbons with heterocyclic compounds, 
e.g. reaction of benzene with furanl and pyrrole,2asb naph- 
thalene with p y r r ~ l e , ~  and 1-cyanonaphthalene with furan.4 
Since the ionisation potentials of these heterocyclic com- 
pounds lie in the region 8-10eV6 there is the possibility that 
they will quench the first excited singlet state of the hydro- 
carbons by an electron transfer process. The occurrence 
of such a process will not only affect the physical decay 
processes of the excited hydrocarbon but also the type of 
products formed in the reaction.6 We now present unequi- 
vocal evidence for the formation of singlet exciplexes 
between aromatic hydrocarbons and heterocyclic com- 
pounds. 

Quenching of the fluorescence of l-cyanonaphthalene, 9- 
cyanophenanthrene, and 9-cyanoanthracene by furans, 
thiophens, pyrroles, and l-methylindole in non-polar sol- 
vents is accompanied by the appearance of a new structureless 
fluorescence band to the red of the hydrocarbon fluorescence 
(see Table). These emission bands are attributed to 
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fluorescence of exciplex intermediates. The emitting 
species has considerable charge-transfer character since the 
wavelength for maximal emission is particularly sensitive 
to changes in solvent polarity. In the majority of cases, 
increase in the polarity of the solvent is accompanied by a 
shift of the emission band to the red with a concomitant 
decrease in quantum yield of exciplex fluorescence. No 
exciplex emission from any of the systems was observed 
when ethanol and acetonitrile were used as solvents. The 
wavelength of exciplex emission for a number of the com- 
plexes was determined for a variety of solvents and from 
these data dipole moments for the complexes were cal- 
culated. Exciplexes of 1-cyanonaphthalene with 2- 
methylfuran, 2,5-dimethylfuran, 1-methylpyrrole, and 1- 
methylindole were found to have dipole moments of ca. 
8-9 Debye,t i.e. these complexes have considerable 
charge-transfer character. 

From a study of the effect of temperature upon the 
relative intensity of aromatic hydrocarbon and exciplex 
fluorescence bands in the 1-cyanonaphthalene-2-methyl- 
furan and -1-methylpymole systems it was calculated* 
that the enthalpy of exciplex formation in the two systems 
was 2.5 and 9.0 kcal mol-l respectively. The lower stability 
of the exciplex derived from 2-methylfuran is to be expected 

TABLE 

Wavelength (nm) of exciplex emission in benzene sohtion or rate constant (1 mo1-l s-l; & 0.5) for fluorescence quenching8 

Furan (8.89 eV)b .. 
2-Methylfuran (8.39 e V b  
2, &Dimethylfuran 

(8.01 eV)b . . 
Thiophen . . * .  

l-Methylpyrrole .. 

l-Methylindole . . .. 
(8.2 e V b  

1,2,5-Trimethylpyrrole 

Naphthalene l-Cyanonaphthalene Anthracene 
C 4 x 107d C 

1 x 1OBe 
C 414 nm C 
C 432 nm C 

C C C 

452 nm 8 x 1088 
9 x l oge  

430 nm 520 nm 500 nm 
455 nm 

9-Cyanoanthracene 9-Cyanophenanthrene 
1 x 1 0 7 6  

1 x 107e 

5 x 109e 
z x 1 0 7 d  
1 x 107e 

6.5 x l oge  

C 

C C 
3 x 109d 437 nm 

C 

2 x 109d 452 nm 

515 nm 
455 nm 

a In  none of the systems investigated could association between the hydrocarbon and heterocycle be detected by U.V. spectroscopy, 
e Acetonitrile b Ionisation potentials; see ref. 5. 

solvent. 
C Exciplex emission not observed in these systems. d Cyclohexane solvent. 

t After an examination of molecular models of these complexes a vdue Of 6-0 A was chosen for the cavity radius of the complex. 
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from the fact that the ionisation potential of this heterocycle 
(8.39 eV5) is higher than that of 1-methylpyrrole (8.2 eV) .  
The enthalpy of formation of the exciplex containing 
pyrrole is similar to that for the naphthalene-triethylamine 
exciplex (8.0 kcal mol-l).D 

Many of the heterocyclic compounds studied do not form 
fluorescent exciplexes with excited singlet polycyclic 
aromatic hydrocarbons although they quench the fluores- 
cence of the hydrocarbon. The rate constants for the 
quenching process increase as the ionisation potential of the 
heterocyclic compound is decreased (see Table). In those 
cases where quenching in cyclohexane solution is relatively 
inefficient, change of solvent to acetonitrile leads to an 
increase in the rate constants. This increase may indicate 
that either quenching in this solvent involves complete 

electron transfer to give radical ions or else the exciplex is 
sufficiently stable in this solvent to prevent its dissociation 
into the hydrocarbon excited snglet state and ground state 
heterocycle. 

The behaviour of the aromatic hydrocarbon-hetero- 
cyclic systems is very similar to the well known aromatic 
hydrocarbon-amine systems.1° One would therefore ex- 
pect that the photoreactions of these systems should show a 
dependence upon solvent p ~ l a r i t y ~ y ~ ~  and sensitivity to the 
presence of proton donors.2b~7 
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