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Aromatic Hydrocarbon-Diene Exciplexes. The
Importance of Reversible Exciplex Formation
Sir:

The interaction of aromatic hydrocarbon excited singlet
states with ground state dienes and olefins has attracted
considerable interest in the past decade.!"® The initial ob-
servation of fluorescence quenching by Hammond and
coworkers!? and subsequent observations of long-wave-
length emission®* and cycloaddition3-8 have been attrib-
uted to the formation of an exciplex intermediate (eq 1).!-°

b A + D
Ry k.
A*+DT<-—’(AD)*—>A+D+hv’ 1
oy k.
~
adducts

Rate constants for fluorescence quenching generally de-
crease with increasing diene ionization potential, as shown
in Figure 1 for quenching of naphthalene'® and trans-stil-
bene. Evans? attributed the variation in rate constant with
ionization potential to a charge-transfer mechanism for ex-
ciplex formation. The free energy change for electron trans-
fer as given in eq 22!° correctly predicts a linear relation-

AGygoionization potential (D)—electron affinity (A¥)  (2)

ship between log k4 and diene ionization potential for endo-
thermic electron transfer. An electron-transfer mechanism
does not satisfactorily explain (a) the large variation in ex-
cited aromatic sensitivity to diene ionization potential
(slopes in Figure 1), (b) the absence of significant rate en-

10 +

Diene lonization Potential, eV
Figure 1. Correlation of quenching rate constants for trans-stilbene
(@) and naphthalene (O©)'? with diene vertical ionization potential.'®

Yavs

10+

Electron Affinity, eV

Figure 2. Correlation of 2,5-dimethyl-2,4-hexadiene quenching rate
constants with excited state electron affinities.

hancement by polar solvents,'® and (c) the anomalously
rapid quenching rates of cyclic dienes for some aromatic
hydrocarbons (e.g., naphthalene, anthracene)'®< but not for
others (e.g., trans-stilbene, phenanthrene).

For the interaction of a series of excited aromatic hydro-
carbons with a single diene, it should be possible to corre-
late quenching rate constants with excited state electron af-
finity (eq 2).!° Our attempts at such a correlation are
shown in Figure 2. Even allowing for the large errors in-
volved in estimating electron affinities!® from singlet ener-
gies'! and ground state reduction potentials,'? the results
proved less than gratifying. However, the recent kinetic
analysis of a-cyanonaphthalene olefin exciplexes by Ware!?
indicates that reversible exciplex formation can lead to ob-
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Table I. Arrhenius Parameters for Quenching of Aromatic
Hydrocarbon by 2,5-Dimethyl-2,4-hexadiene

Flectron  10%,, M} AE*C AS¥,
Fluorescer (A*) affinity, eVa sec™* q23° C)b kcal eu
Naphthalene 1.51 28 0.52 -16
0.939 -1.54

trans-Stilbene 1.37 160 3.3 -1
Anthracene 1.35 13 -2.8
Fluoranthene 1.37 0.16 -7.4
Triphenylene 1.24 0.15 1.5 -24
Phenanthrene 1.15 0.14 1.8 =22

a_Eq — Evy,(A/A"), see text. D Obtained from the slope of linear
Stern—Volmer plots for fluorescence intensity and/or lifetime
quenching in degassed benzene solution, Singlet lifetimes measured
by single-photon counting except for rrans-stilbene (r ~ 2 X 10-'°
sec®b), ¢Obtained from slope of plots of log (k) vs. 7!, minimum
of six temperatures between 5 and 75°C. Corrected for the varjation
in fluorescer singlet lifetime and solvent density with temperature.
d Quenching by cis-1,3-pentadiene.

served fluorescence quenching rates (kq) significantly slow-
er than the rate of exciplex formation (eq 3, k, = kn + & +
k.). This report prompted us to examine the temperature

Ry = klk)/ky + k) (3)

dependence of the rate constants for quenching of aromatic
hydrocarbon fluorescence by dienes. 4

Arrhenius parameters for fluorescence quenching by
2,5-dimethyl-2,4-hexadiene are given in Table 1. Values for
trans-stilbene are consistent with diffusion-controlled, irre-
versible quenching.!® Values of AE? for all of the other aro-
matic hydrocarbons are smaller than 2 kcal/mol, negative
temperature coefficients being observed for anthracene and
fluoranthene. Negative temperature dependence is a conse-
quence of a substantially more positive AS? for exciplex dis-
sociation (k-) than for exciplex reactions (kp). Unfortu-
nately, the individual rate constants in eq 3 cannot be sepa-
rated due to the absence of exciplex emission.!? However, it
appears likely that the large variation in room temperature
fluorescence quenching rate constants for trans-stilbene,
anthracene, and fluoranthene (Figure 2) is the consequence
of increasing exciplex reversibility rather than decreasing
rates of exciplex formation.

Once the reversible nature of aromatic hydrocarbon-
diene exciplex formation is recognized, the previously men-
tioned problems of interpreting exciplex kinetics can be
readily explained. The decrease in fluorescence quenching
rate constants with diene ionization potential (Figure 1) re-
flects increased reversibility of exciplex formation and not
simply a decrease in the rate constant for exciplex forma-
tion.? Quenching of naphthalene by 2,5-dimethyl-2,4-hexa-
diene (IP = 7.84!%) displays a small positive temperature
dependence, whereas quenching by ¢is-1,3-pentadiene (1P
= 8.65'®) displays a negative temperature dependence. Re-
versible exciplex formation becomes increasingly important
with less electron-rich dienes.!? The absence of large kinetic
solvent effects is also explicable in terms of reversible exci-
plex formation. Even if charge resonance stabilization is re-
sponsible for exciplex formation, no simple solvent depen-
dence would be expected for the complex quenching rate
constant (eq 3). Finally, the enhanced quenching of naph-
thalene and anthracene by cyclohexadiene vs. acyclic dien-
es'®c may also be a consequence of reversible exciplex for-
mation. Yang® has reported high quantum yields for 4 + 4
cycloadduct formation from naphthalene and anthracene
with cyclohexadiene. If k, (and hence kp) is larger for cy-
clic vs. acyclic dienes with similar values of &, and k_|,
then enhanced quenching rates will be observed. Larger
values of k, would be expected for cyclic vs. acyclic dienes
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on the basis of increased frontier orbital overlap.6®7%!5 For
trans-stilbene (Figure 1), triphenylene, and phenanthrene,
frontier orbital overlap is comparable for cyclic and acyclic
dienes, and enhanced quenching rate constants are not ob-
served for cyclic dienes.

We conclude with a caveat concerning the interpretation
of fluorescence quenching data obtained at a single temper-
ature.!"3®> When quenching occurs via reversible exciplex
formation, the observed quenching constants can be sub-
stantially lower than the rate constant for exciplex forma-
tion (eq 3). Changes in fluorescer and quencher structure
can potentially alter all of the rate constants involved in ex-
ciplex formation and decay (eq 1).
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Electrochemical Generation of Stable Arene Metal
Tricarbonyl Dianions
Sir:

Although a few reports have appeared in the literature
regarding the nonaqueous electrochemical reduction of ben-
zenetricarbonylchromium compounds, no detailed study has
appeared regarding the reductive electrochemical charac-
teristics of arene chromium carbonyl complexes.!"* Gubin
has reported that the polarographic reduction of acetophe-
nonetricarbonylchromium occurs by an electrode reversible
one-electron process.>* In contrast, Dessy et al.' report
transferring two electrons per molecule of benzenetricar-
bonylchromium during an exhaustive controlled potential
reduction. The resulting solution was oxidized to regenerate
benzenetricarbonylchromium. In this paper, we wish to re-
port our electrochemical studies on a variety of arene chro-
mium carbonyl complexes in nonaqueous media and the
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