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Communications to the Editor 

Chemistry of Exciplexes. III. Exciplex Fluorescence 
from Anthracene and Substituted Anthracenes in 
the Presence of 2,5-Dimethyl-2,4-hexadiene 

Sir: 

A photoexcited molecule may be deactivated by another 
ground state molecule even when the energy transfer from 
the excited molecule to the other molecule is energetically 
unfavorable. Pioneering work from the laboratories of WeI-
ler' and of Hammond2 demonstrated that photoexcited ar-
enes may be deactivated by amines and by 1,3-dienes, and 
exciplexes have been suggested as the intermediates in these 
deactivations. While arene:amine exciplexes have been 
characterized by their unique fluorescence, the fluorescence 
from exciplexes between unsubstituted arenes and 1,3-
dienes has not been reported. However, the role of arene: 
diene exciplexes in these processes has been supported by 
the detection of exciplex fluroescence from cyanoarenes and 
dichloroanthracene.3-6 Recent contributions from many 
laboratories including ours demonstrated that arenes react 
photochemically with 1,3-dienes, often in a regiospecific 
manner, to give a variety of adducts in both high quantum 
yields and chemical yields.7"10 These observations imply 
that product formation may be an important pathway in the 
decay of arene:diene exciplexes, which may overcome other 
decay processes including fluorescence, but the role of the 
exciplex in the photochemistry of arenes has not been con
clusively established. This communication deals systemati
cally with the detection and characterization of exciplexes 
of various arenes with a representative diene, 2,5-dimethyl-
2,4-hexadiene (DMHD), and their relationship with photo
chemistry. 

All fluorescence spectra were measured in degassed solu
tions containing 5 X 10 -5 M of the anthracene or 1-5 X 
1O-4 M of octafluoronaphthalene, in a Perkin-Elmer 
MPF-3 spectrofluorimeter with a constant temperature cell 
compartment, and were uncorrected. The fluorescence life
times were determined by time-correlated single photon-
counting methods using the deconvolution procedure pre
viously described." Anthracene (A) 9,10-difluoroan-
thracene (DFA), 9,10-dichloroanthracene (DCA), 9,10-
dibromoanthracene (DBA), 9-cyanoanthracene (CNA), 
9,10-dicyanoanthracene, (DCNA) and octafluorona
phthalene (OFN) exhibit exciplex fluorescence in the pres
ence of DMHD, which is in each case a broad featureless 
emission and shifts to red in media of increasing polarity.6 

These results are tabulated in Table I with the known [A*: 
DEA] system (DEA diethylaniline)12 in various solvents for 
comparison. In solvents of polarity higher than hydrocar
bons, exciplex fluorescence frequently diminishes and 
chemical reactions become an important nonradiative pro
cess. Preliminary investigations indicate that DCA and 
DBA undergo photochemical displacements in polar sol
vents.13 DMHD has no detectable influence on the absorp
tion spectra of the arenes except DCNA, which exhibits a 
weak end absorption extending beyond 430 nm. The excita
tion spectra of exciplex fluorescence coincide with the exci
tation spectra of the corresponding parent fluorescence ex
cept that of [DCNA*:DMHD] which shows a minor 
change indicating ground state complex formation. The for
mation of DCNA:diene complex in the ground state will 
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Figure 1. 

also account for the anomalously high quenching constants 
(/cqT, Table I) of DCNA fluorescence by dienes. The [A*: 
DMHD] and [CNA*:DMHD] systems exhibit appreciably 
weaker exciplex emissions, which are expected in view of 
the high chemical reactivities of excited anthracene and cy-
anoanthracene with DMHD;7 therefore, these measure
ments were made at a relatively low temperature and nar
row slit width in order to reduce the rate of consumption of 
the arene. 

The red-shift of exciplex fluorescence in polar solvents is 
a measure of the dipole moment or the polar character of 
the exciplex.12 We have found that the extent of solvent 
shifts of exciplex fluorescence maxima from methylcyclo-
hexane (or cyclohexane) to ethyl acetate among the anthra
cenes studied increases in the following order: from no de
tectable shift in anthracene, to DFA, DCA, DBA, CNA, 
and DCNA. [DCNA*:DMHD] exhibits an exciplex fluo
rescence in methylcyclohexane but none in ethyl acetate. 
The situation is analogous to the well-known [A*:DEA] 
system where the exciplex fluorescence is not detectable in 
polar solvents, because excited anthracene reacts with DEA 
to form ion pairs in these media.12 The ionization potential 
(IP) of an arene is a measure of its HOMO level or the 
LUMO level of its excited state. For a given ground state 
donor, the polarity of arene exciplexes will increase as the 
IP of the arene component increases.3 This is found to be 
the case for cyanoarene exciplexes. However, the IP's of an
thracene and dihaloanthracenes do not differ appreciably, 
while the polarity of their exciplexes with DMHD increases 
markedly in the series of A, DFA, DCA, and DBA. The in
crease parallels the size of the substituent, i.e., H < F < Cl 
< Br, and may be attributed to the polarizability of the sub
stituent. The polarity of exciplexes plays an important role 
in the orientation of adducts formed in the photocycloaddi-
tion of dienes to arenes, which will be discussed in an ac
companying communication.14 

We have also found that the quenching efficiency of 
DMHD on the fluorescence of most arenes and the profile 
of total fluorescence emission are dramatically modified by 
temperature. The results are illustrated by the effect of de
creasing temperature from 49.7 to -9.7° over 5° incre
ments on the fluorescence of DCA in methylcyclohexane 
containing 1 M DMHD (Figure 1). The quenching efficien-
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cy of DMHD increases by a factor of approximately 4 over 
this temperature range, and the exciplex fluorescence be
comes the major emission at low temperatures. By applying 
the method of Stevens and Ban15 to this system, the heat of 
formation (A//) , entropy of formation (AS), and ground 
state destabilization energy (ER) of [DCA*:DMHD] exci
plex were found to be -5 .74 ± 0.07 kcal/mol, -16 .9 ± 0.5 
eu, and 4.4 ± 0.2 kcal/mol, respectively.16 By comparing 
these values with the well-known [A*:DEA] system,12 we 
find that the two exciplex systems have similar AS, while 
the [DCA*:DMHD] system has a considerably smaller 
AH. 

We have found that the lifetime of the [DCA*:DMHD] 
exciplex in methylcyclohexane is 7.5 ± 0.5 nsec, invariable 
within experimental error from 6.0 to 30.5°, while the life
time of the [A*:DMHD] exciplex in acetonitrile decreases 
successively from 7.4 ± 1.4 to 3.5 ± 0.7 nsec as the temper
ature increases from 2.8 to 50.4°. Since DCA reacts with 
DMHD with very low quantum efficiency14 while anthra
cene reacts with DMHD in acetonitrile to give the 4x s + 
47rs adduct,7 the results indicate that the adduct formation 
contributes to the nonradiative decay of the exciplex or the 
exciplex is the intermediate in the photocycloaddition. A 
similar conclusion has been reached by Caldwell and Smith 
on cyanophenanthrene exciplexes.5 The result may be ex
pressed in the following equation: 

ArH ^= 
-Ai^ , e t c 

ArH* 
r diene 

chemical product(s) 
encounter . , --^ 

. , ^ ^ exciplex 
exciplex v - * / , etc. 

* ArH + diene 
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