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The rate constants for the transfer of singlet energy from a variety of aromatic donors to azoalkanes are
In a number of cases it can be shown that exchange interactions predominate and, for these, estimates

can be made of the exchange interaction energy, U.. For the trans-azoalkanes U. = 20 = 10 cm™! and for the cis-

azoalkanes U, = 50 = 20 cm™1,

To date the most thoroughly explored mechanism of
singlet energy transfer is the coulombic-induced or
Forster transfer.2? However, as the oscillator strengths
of the donor emission and acceptor absorption bands
decrease, the importance of coulombic-induced transfer
diminishes and exchange-induced transfer may become
significant.

kq®
1D* + 1A_____> 1D + IA* (1)

Aliphatic azo compounds fall into this latter category
because of their low extinction coefficient n-=* bands
(Figure 1). Moreover, the absence of nearby bands
allows one to observe the rare but theoretically pre-
dictable fall-off in transfer rate when the singlet energy
of the donor greatly exceeds that of the acceptor. Some
preliminary data in this field have been reported.4¢ In
this paper, we shall consider these data together with a
body of results for a variety of aromatic hydrocarbon
donors and azoalkane acceptors in light of current
theories of energy transfer.

Experimental Section

Materials. The preparations of the azo compounds shown
below have already been reported.”~!! Before use, trans-AIP and
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cis-AIP were purified by preparative gas chromatography and
trans-ATB by spinning band distillation; their purities were checked
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by analytical vpc. DBH and DBO were purified by sublimation.
The solid aromatic hydrocarbons were purified either by vacuum
sublimation or by zone refining. Benzene and m-xylene were dis-
tilled carefully and the center cut employed. In all cases the
purity of the hydrocarbons was checked before use by comparison
of their absorption and emission spectra with that given in the litera-
ture.!2.1® The spectrograde solvents, cyclohexane, acetonitrile,
isooctane, and hexane, were used without further purification.
Quenching Studies. Steady-state emission spectra of degassed
solutions were measured on a Farrand spectrofiuorimeter (C. S.
and L. F.) and on a Perkin-Elmer Hitachi spectrofluorimeter (P. E.).
Absorption spectra were recorded on a Cary 14R spectrophotome-
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Figure 1. Absorption spectra of azo compounds in cyclohexane.
The numbers refer to the extinction coefficients (A~! cm™1) at the
absorption maxima of the n — #* bands: (—) DBH; (----)
DBO; (-:'-) trans-AIP; (—--) cis-AIP; (—-.—) trans-ATB.

ter. The rate constant, kq, for the quenching of the aromatic hy-
drocarbon donor (D) fluorescence by the azoalkane acceptor (A)
was determined by measuring the steady-state emission intensities
of D in the absence (/) and in the presence () of A. I was always

I = 1 + 7pk[A]

corrected for trivial absorption by the acceptor.!* Except for
coronene, the lifetimes (7p) of the various donors were taken from
ref 2b and 12. The coronene singlet lifetime was determined by
exciting a degassed cyclohexane solution with an air-spark flash
(1/e time = 0.13 X 107¢ sec; 0.005 uf capacitors) and by moni-
toring the emitted light with the photomultiplier-oscilloscope circuit
previously described.!s A lifetime of 0.35 X 1076 sec was obtained,
in good agreement with that reported by Kropp and Dawson for
coronene in a solid matrix.1®¢ Direct evidence that the quenching
of aromatic hydrocarbons occurs by energy transfer as represented
by eq 1 is the fact that the fluorescence of DBO can be effected by
exciting naphthalene-DBO in regions where only naphthalene ab-
sorbs.t Good indirect evidence is the fact that the experimental
quenching constant falls off rapidly when the singlet energy of
the donor is less than the singlet energy of the acceptor (see, for
example, Figure 5) and that singlet sensitization results in the same
photochemistry as direct n — 7* irradiation.

Theory

General treatments of both coulombic- and exchange-
induced energy transfer have been given.?>8 1In this
section some of the major results which are important
in the interpretation of the experimental data will be
presented. In particular, the rate constant for ex-
change-induced transfer will be expressed in such a
manner that its formal similarity with coulombic-
induced transfer is apparent. This form also leads to a
simple method for estimating exchange energies from
experimental data.

Coulombic Interactions. It can be shown that the
first-order rate constant for coulombic-induced transfer

(14) C. A. Parker, ‘“Photoluminescence of Solutions,”" Elsevier, New
York, N. Y., 1968, p 222. Right angle illumination was used. Under
these conditions log Io/I = log (Jo/Dexptt — ADexc* — ADen®, where
AD.x A is the absorbance, for / = !/; cell length, of A at the exciting
wavelength and AD.x* is the corresponding absorbance at the wave-
length where the emission is monitored.

(15) C.Steel and T. F. Thomas, Chem. Commun., 900 (1966).

(16) J. L. Kropp and W. R, Dawson, “Molecular Luminescence,”
E. C.Lim, Ed., W. A. Benjamin, New York, N. Y., 1969, p 39.

(17) P. S. Engel and C. Steel, Accounts Chem. Res., 6, 275 (1973);
cf. ref 8.

(18) D. L. Dexter, J. Chem. Phys., 21, 836 (1953).

of electronic energy from a donor D to an acceptor A
separated by a distance R is given by

2 2
k(R) = i}’:— U2 fo(p)ea(s)ds = i—Z—UcﬁJ 2)

In eq 2 subscript t stands for transfer. If the transfer
is specifically coulombic induced, the superscript ¢ is
used. For exchange-induced transfer, the superscript
is e. The subscript q is used in eq 1 since the constant
is often measured by studying the quenching of 'D*
fluorescence by A. éi(p) is the normalized extinction
coefficient of the acceptor absorption at wave number
7 (cm~1), that is fea(p)ds = 1; fp(¥) is the similarly
normalized fluorescence intensity at » of the donor.
Thus, the integral J in the above expression is a measure
of the Franck-Condon overlap of the donor emission
and acceptor absorption bands. U, is the matrix
element (Yp+¥a| Vo|¥n¥ax for the coulombic interaction
energy, where V. is the coulombic potential arising
from interaction between the protons and electrons of
D with the charges on A. Equation 2 is in fact a form
of the Forster equation; however, in the latter es(3)
is usually left unnormalized. We choose to incorporate
the oscillator strength of A into U, leaving &s(7) as a
normalized term in the F-C integral. This preserves
the formal similarity with exchange-induced transfer,
asseenineq 5.

The field arising from a complex arrangement of
positive and negative charges can be analyzed as the
sum of fields arising from a dipole (d) plus a quadrupole
(q) plus an octapole (0) and so on. Provided R > ¢
(the diameter of the molecules concerned), V. can be
expressed as a series in increasing powers of 1/R. More-
over, under these conditions the leading term in the
series (V4" will dominate.!® V.4~¢ represents the

Vd-d__l_ mp- _i( -R ‘RS (3)
¢ = Re D My R? mp - R)(my
interaction between mp, the dipole moment associated
with D, and m,, the dipole moment associated with A.
Neglecting higher terms, U.2 becomes

K Mps_p|| Ma_as?
n2RS

where K2 is an orientation factor (about 0.66), n is the
solvent refractive index, Mp+_.p is the mean electronic
transition moment for the transition D* — D, and
M _.a« is the corresponding moment of the transition
A— A*

For smaller values of R, R ~ g, there is of course still
a coulombic interaction but ¥, can no longer be ex-
pressed as a power series in R. However, by construct-
ing models for typical dipoles and quadrupoles and
numerically evaluating ¥(R) at R ~ ¢, the following
can be deduced: (a) for d—d interaction, eq 3 is not
in error by more than a factor of 2; (b) d-q and q-q
interactions, though of the same order, are still smaller
than d-d interactions. Thus, eq 3 will give the correct
order of magnitude for the coulombic interaction and
the Férster equation will still be a reasonable approxi-
mation for the rate of coulombic-induced energy trans-
fer.

A

C))

(19) W. Kauzmann, “Quantum Chemistry,” Academic Press, New
York, N. Y., 1957, p 504.

Journal of the American Chemical Society | 96:2 [ January 23, 1974



T T T T

5
—i t QO 8
1ol iso0ctone (A} 7@

— cyclohexone (O)

9.0

ACCEPTOR: t-AIP

eupl
q
w
o,

lag k

o
=)

N
o

FTe'?ucene —O_ T

< Trephenylene
<Naphthalene

@
c
©
o
S
£
<
<<
v

<Perylene
<Caranene
<Fluarene
<m-Xylene
-Benzene

il L !
80 90 100 1o

E4(D) kcol mole™'

@
o
~
o

Figure 2. Rate constants for the quenching of the fluorescence of
aromatic compounds by trans-AIP as a function of aromatic
singlet energy. Solvent: acetonitrile (0), isooctane (A), and cyclo-
hexane (©). The horizontal lines on the top left of the diagram
refer to the values of the diffusion-controlled constant (kq) cal-
culated from eq 9. The viscosities are to be found in ref 23, Points
7 and 12 fromref 1. In some cases the quenching was so small that
only upper limits to k4 could be given; these points are shown with
arrows.
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Figure 3. Rate constants for fluorescence quenching by cis-AIP.

Exchange Interactions. For R ~ ¢, one must also
consider the fact that the electrons of D and A may now
exchange. This perturbation results in exchange-
induced energy transfer* (eq 5), where U, is the ex-

ke&(R) = %lﬁUeszD(I_/)éA(ﬁ)dI_/ = 4“'}—7:—2Ue2-] (5)

change-interaction energy. Unfortunately, unlike U,
U, cannot be expressed in terms of experimentally
observable quantities so that its evaluation becomes
a formidable quantum mechanical problem for all but
the very simplest of systems. 182

Relationship of Transfer Constants to Quenching Rate
Constants. Consider an energy transfer process that
requires a close encounter, say Renc ~ o. The rate
constant for formation of (D*, A) pairs is equal to the
familiar second-order diffusion constant

kq = 47rNDc/1000 (6)

where D is the sum of the diffusion coefficients of the
donor (Dp) and of the acceptor (D,). The probability
that energy transfer will occur during an encounter
will equal ky(o)/(ka) + k-q), where ky(a) is the first-
order rate constant for energy transfer of (D*, A) pairs

(20) J. N. Murrell and G. Shaw, J. Chem. Phys., 49, 4731 (1968).
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Figure 4. Rate constants for fluorescence quenching by rrans-
ATB. Points 22-24, 26, and 27 fromref 6.

T T

———<—hexone

F————"5—5c0ctone
———O—cyclohexone 34

0.0

ACCEPTOR

080

,
: "
.
A

O A O cen
A

expt
q

<

<

<Phenanlhrene

< Anthracene
l< Triphenylene
r<Naphthalene

I<Pyrene
m-Xylene

[<Fluarene
<Benzene

@ [<Chrysene

1 1
90 00 no

£, (D) keol male™

60 70

o

Figure 5. Rate constants for fluorescence quenching by DBH
(open points) and by DBO (closed points). Points 31-35 from ref
5; points 36 and 39-41 fromref 4.

at the encounter distance o, and k-4 is the first-order
rate constant for diffusion of D* and A out of the
encounter cage. An approximate formula for the
latter is2!

k-q = 6D/c? )
We should therefore have
_ 4nNDg k(o) )

7 1000 k(o) + (6D/c?)

where k, is the second-order constant associated with
reaction 1.

In the Forster equation, a critical transfer distance
R, is defined such that k.°(R,) equals the reciprocal of
the fluorescence lifetime of the donor in the absence of
quencher (7p). It should be pointed out that Ry ~ ¢
does not imply that quenching by coulombic interaction
is necessarily efficient. Fluorescence lifetimes of many
donors lie in the range 5-50 nsec?12 so that k*(Ro) ~
108 sec~!. But for most solvents at room temperature
k-4 ~ 10" sec™!, so that under these circumstances, by
€q 8, kq < kd.

Results and Discussion

Exchange-Interacﬁon Dominant. (a) The Diffusion-
Controlled Region. In Figures 2-5 the experimental

(21) P. J. Wagner and I. Kochevar, J. Amer. Chem. Soc., 90, 2232
(1968).
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Table I. Comparison of k(o) with k_q4 for Diffusion-Controlled Energy Transfer to Azo Compounds

10-19%¢(0) @ 10-10k_q b 1010k jexptl, 10~ 1%g4,°
Donor Acceptor Solvent sec™1 sec™1 M~1sec™! M~1sec™!
Triphenylene DBH Hexane 0.020 13.2 1,24 2.1
Naphthalene DBH Cyclohexane 0.34 4.2 1.0 0.66
Naphthalene DBH Isooctane 0.34 8.2 1.5 1.3
Naphthalene DBO Isooctane 0.055 8.2 1.5¢ 1.3
Triphenylene cis-AIP Cyclohexane 0.30 4.2 0.78 0.66
Naphthalene cis-AIP Cyclohexane 0.075 4.2 1.1 0.66
Triphenylene trans-AIP Cyclohexane 0.031 4.2 0.61 0.66
Naphthalene trans-AIP Cyclohexane 0.019 8.2 0.77 0.66
Naphthalene trans-AIP Isooctane 0.019 4.2 1.2¢ 1.3

a Calculated from the Férster equation? setting o = 5 A. b k_q was calculated from eq 7 setting ¢ = 5A. D at 20° was obtained from

D = 2kT/3won using experimental values of y. < Calculated fromeq9.

— e
Si
E 4(D)
E4(A)
So So
DONOR ACCEPTOR

Figure 6. Energy levels involved in energy transfer when the
singlet energy of the donor is considerably greater than the singlet
energy of the acceptor.

quenching constants of various azo compounds for a
series of donors are given. The original experiments
reported in ref 4-6 were carried out using isooctane and
hexane as solvents. Cyclohexane was used in this work
because most lifetime studies?? and many kinetic
measurements have been reported in this solvent. The
horizontal lines in the figures give the values of k4 calcu-
lated from the equation??

ks = 8RT/3000n )

where 7 is the solvent viscosity.?? 1t is apparent from
eq 4 that in order to minimize coulombic effects one
must choose (D, A) pairs in which the D — D* and
A — A¥ transitions have low extinction coefficients.
Some of the pairs which satisfy this criterion and yet
have diffusion-controlled quenching constants have
been tabulated in Table I. It can be seen that in all
cases the coulombic term k.%(c) as calculated from the
Forster equation is much smaller than k-4, so that
coulombic terms cannot account for the high rates.
In these cases exchange interaction must dominate.

(b) Franck—-Condon Factors. Even if U, or U, is

(22) J. G. Calvert and J. N. Pitts, Jr., “‘Photochemistry,” Wiley,
New York, N. Y., 1966, p 626.

(23) “Handbook of Chemistry and Physics,” 53rd ed, Chemical
Rubber Publishing Co., Cleveland, Ohio, 1972, pp F37, F40; *“Inter-
national Critical Tables,” Vol. III, McGraw-Hill, New York, N. Y.,

1930, p 218; J. Timmermans, “Physico-Chemical Constants of Pure
Organic Compounds,” Vol. I, Elsevier, New York, N. Y., 1950, p 94.

d Reference 5. ¢ Reference4.

large, k(R) will become small if the overlap integral J
is small. This will occur either if the singlet energy of
the donor Ey(D) is significantly less than or greater than
the singlet energy of the acceptor Ey(A).

The first situation is especially familiar for triplet
energy transfer where the fall-off in k, whenEr(D) <
Ex(A) can be used as a method of locating the triplet of
A. The second situation is less familiar because in
general, when E(D) (or Et(D)) > E(A) (or Ex(A)),
higher levels of the acceptor overlap with the donor
resulting in favorable transfer to these higher levels
(see Figure 6). In the case of aliphatic azo compounds,
the S,—S, gap is large (see Figure 1) and one can observe
the fall-off in k, as one goes to the donors of higher
energy where J is small. Thus, E(D) > EJA) is a
necessary but not  sufficient condition for efficient
energy transfer. This can be seen in Figures 2-5
where the high energy singlet donors, m-xylene and
benzene, have quenching constants significantly less
than diffusion controlled. The reason why the quench-
ing constant for benzene-cis-AlIP lies above that for
m-xylene—cis-AlP will be discussed in the next section.

(¢) Exchange-Interaction Energies. For conditions
where exchange is dominant, one has a particular case
of eq 8 with k(o) = k(o). Two subcases may be
considered. (i) In the diffusion-controlled region
kot ~ kg, so that by eq 8 k*(s) > 6D/a? There-
fore, from eq 5 and the above inequality one may
estimate a lower limit of the exchange interaction
energy U.. (ii) In the region where k**% < kq, k*(0)
< 6D/a?;fromeq 8

6D
ko) ~ —r——
a2< d — 1>
kleptl

Since D, o, kg, and k,*** are all known or can be
estimated, k.%(¢) can be determined. This value is then
substituted into eq 5 to obtain U.. The above inequal-
ities will hold when J is sufficiently small. As pointed
out above, this condition can be experimentally obtained
in the singlet manifold but has not yet been realized in
the triplet where the electronic energy levels tend to lie
close together. Moreover, J values are difficult to
evaluate at present for the triplet manifold since ac-
curate determinations of the positions of the electronic
levels and the Franck-Condon envelopes are in general
not known. Thus, although triplet is much more
common than singlet exchange-induced transfer, the
latter affords the better method for experimentally
evaluating exchange energies.

Journal of the American Chemical Society | 96:2 | January 23, 1974
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Table II. Exchange-Interaction Energies (U.) for Various Donor-Acceptor Pairs
Point 100k oxpt], 10— 19ky,2
no. Donor Acceptor Solvent M-1sec™! M~1sec™1 1077,b cm U, cm™1
34 Phenanthrene DBH Hexane 0.70 2.1 152 61
36 Naphthalene DBH Isooctane 1.50 1.3 2620 >16
38 m-Xylene DBH Cyclohexane 0.58 0.66 246 99
39 Benzene DBH Isooctane 0.32 1.3 101 47
40 Naphthalene DBO Isooctane 1.5 1.3 683 >32
41 Benzene DBO Isooctane 0.013 1.3 2 55
18 Triphenylene cis-AIP Cyclohexane 0.78 0.66 2019 >13
19 Naphthalene cis-AlIP Cyclohexane 1.08 0.66 620 >18
20 m-Xylene cis-AIP Cyclohexane 0.25 0.66 192 34
21 Benzene cis-AlIP Cyclohexane 0.34 0.66 247 41
6 Triphenylene trans-AlIP Cyclohexane 0.60 0.66 1791 >14
9 Naphthalene trans-AlP Cyclohexane 0.77 0.66 1274 >17
8 Naphthalene trans-AIP Isooctane 1.2 1.3 1274 >23
11 m-Xylene trans-AlP Cyclohexane 0.098 0.66 103 25
14 Benzene trans-AIP Cyclohexane 0.057 0.66 44 27
13 Benzene trans-AlIP Isooctane 0.039 1.3 44 22
27 Triphenylene trans-ATB Hexane 0.56 2.1 1725 >25
28 Triphenylene trans-ATB Cyclohexane 0.46 0.66 1725 >14
30 m-Xylene trans-ATB Cyclohexane 0.033 0.66 143 >11

a Calculated fromeq 9.

b Corrected donor emission spectra fromref 12. Acceptor absorption spectra from Figure 1.

Table ITI.  Constants for Coulombic-Induced Energy Transfer (k+*(¢)) for Donors with High Extinction Coefficients
. 10—-10kt(o-),b 10—-10k_d,c 10—10kqexptl,d
Donor Acceptor Ros A sec™! sec! M~1sec™!
Anthracene cis-AIP 13.6 8.4 6.3 2.51
Anthracene trans-AlP 8.4 0.44 6.3 1.37
Anthracene trans-ATB 10.1 1.3 6.3 1.07
Fluorene trans-AIP 8.4 0.23 6.3 0.90
Fluorene trans-ATB 7.9 0.17 6.3 0.29
Fluorene DBH 25.5 17.5 6.3 1.83
e Calculated from the Fgrster equation.?s * See Table I footnote a, ¢ See Table I footnote b.  Solvent cyclohexane. From eq 9, k4

has the value 0.66 X 1010 Af-1sec™1,

It is also interesting to note that in the second region
since

ko) _ 47No*
k-a 6000

the quenching constants should become independent of
solvent viscosity. The slower migration of the species
toward each other is exactly counterbalanced by the
longer time they spend in encounter. Of course if the
viscosity is increased sufficiently so that 6D/o? < k(0o),
then we no longer satisfy the condition for the second
region and the rates will become viscosity dependent.

In Table II, the values of U, calculated by the above
methods are tabulated. In all cases the donors have
low transition moments, Mp_.px, thus minimizing cou-
lombic effects. It can be seen that cis-azo compounds
have interaction energies in the range 50 = 20 cm™!,
while the values for the trans compounds lie in the
range 20 = 10 cm~!. It should also be noted that the
experimental quenching constant is not necessarily a
smooth function of E4(D). For example, comparison
of the data for cis-AIP with m-xylene and benzene shows
that the overlap with benzene is somewhat greater
than that with m-xylene because the second absorption
band of cis-AIP (see Figure 1) appreciably overlaps
the emission band of benzene. Thus, the quenching
constant does not decrease in going from m-xylene—cis-
AIP to benzene-cis-AlIP as it does for the other azo
compounds.

Coulombic Effects. If the data for the “plateau”
regions in Figures 2-5 are examined, it will be seen that,

qukd

ko) (10)

in general, most points lie rather close to the values
calculated from eq 9. However, some points do lie
somewhat higher. The two most obvious in this
category are anthiracene—cis-AlIP (point 17, Figure 3)
and fluorene- DEH (point 37, Figure 5). In both of
these cases the aromatic donor has a large extinction
coefficient for the So — S, transition. In Table IIT we
have gathered together all the data for donors lying in
the “plateau” regions which have high extinction coeffi-
cients. It will be noticed that the two points mentioned
above are those which have values of k.(¢) comparable
to k_q and R, values significantly greater than ¢.

The determination of an explicit theoretical equation
for the copulombic-induced quenching constant, kq°, in
the viscosity region where diffusional effects are im-
portant is a problem that has been considered by several
authors.24-26  The complete equations are very com-
plex and cannot be solved exactly.2? However, Yokota
and Tanimoto have given a treatment which seems to
be iri fair agreement with experiment. They show that
under certain limiting conditions

0.5147 NR,/: D
10007/4

where R, is in centimeters, D in square centimeters per
second, and 7 in seconds. If one makes a plot of the
experimental data for a series of donor—acceptor pairs

(24) M. Yokota and O. Tanimoto, J. Phys. Soc. Jap., 22,779 (1967).

(25) Y. Elkana, J. Feitelson, and E. Katchalski, J. Chem. Phys., 48,
2399 (1968).

(26) 1. B. Birks and M. S. S. C. Leite, Proc. Phys. Soc., London (At.
Mol. Phys.), 3, 513, (1970), and references cited therein.

ko(M~1sec™!) =
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for which coulombic-induced transfer has been in-
volved,?#262 most of the points, except those of
anthracene, lie fairly close to the theoretical line for
ke vs. Ro/:DYYr'/s, Using the Yokota-Tanimoto
line, one estimates for fluorene~-DBH (R, = 25.5 A)
in cyclohexane a kg¢ of 2.0 X 10" M~! sec™!; the ex-
perimental value is 1.83 X 10 M~! sec-!. In the
case of anthracene, it seems best to plot Ware’s experi-
mental values” of k, vs. Ro/*D"*/r"/* and interpolate
the value of k, at Ro = 13.6 A. The value so obtained
is k¢ = (1.9 £ 0.6) X 10 M—! sec™!. The experi-
mental value for anthracene-cis-AIP is 2.51 X 10%°
M~1lsec L,

Conclusions and F'roblems

This study shows that the influence of coulombic and
exchange interactions on the rate of singlet energy
transfer can often be separated to a good degree of
approximation. The data allow estimates to be made
for U.. Since U. can be determined directly from
spectral data, eq 2, 5, and 8 allow a reasonably good
estimate to be made for the quenching constant (k,) of
any aromatic—azo pair.

There are, however, problems that remain. Al-
though the diffusion-controlled quenching constants do
depend upon solvent viscosity in the expected manner,
the points for hexane do not differ from those for cyclo-
hexane as much as one would expect from eq 9 (see
Figure 4). Since the hexane data were taken from a
different study,® there is always the possibility of a small

(27) W.R., Ware, J. Amer. Chem. Soc., 83, 4374 (1961).

systematic error. The reason why the &, for fluorene-
trans-ATB lies below that for fluorene—trans-AlIP
(Table III) is also puzzling. It should not be due to a
steric effect since we ran the quenching of triphenylene
by azo-trans-octane, a very bulky azo compound, and
obtained a k, of 3.5 X 10® M—! sec—!, which is close to
that of triphenylene—trans-ATB. Finally, we should
mention the perylene-trans-AIP point (Figure 2).
Perylene has a very high extinction coefficient (emax
39,500 M~! cm~!) but its Franck-Condon overlap
integral with trans-AIP is vanishingly small. There-
fore, both coulombic-induced and exchange-induced
transfer should be precluded; nevertheless, the quench-
ing constant is significant. Leonhardt and Weller* re-
ported that aniline (IP = 7.7 eV) quenches perylene
fluorescence with k; = 7.7 X 10° M~! sec™! in aceto-
nitrile and with k; = 1.6 X 10" M—! sec™! in benzene.
Since it seemed possible that the IP for trans-ATB
could be low,?® a charge-transfer complex could ac-
count for the high quenching constant for perylene-
trans-AIP. We ran this pair in acetonitrile and also
in cyclohexane, but as can be seen from Figure 2, the
data afford no support for the idea of a charge-transfer
complex.
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Abstract:
mono- and polyalkylated benzenes.
pendently measured singlet lifetimes.

The quenching of alkylbenzenes fluorescence by cis-piperylene has been studied for benzene and 22
Rate constants, k4, have been obtained from Stern-Volmer slopes and inde-
The %, values seem to be relatively independent of the number and size of the

alkyl substituents, changing only significantly when two or three fert-butyl groups are appended to the ring. It
is proposed that in the exciplex the interplanar distance between quencher and quenchee is 4.0to 5.5 A.

here has been considerable recent interest in the
possible role of steric factors in bimolecular “photo-
physical” processes involving contact or near contact
between partners.*~® The quenching of fluorescence
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of aromatic hydrocarbons by dienes is believed to be
such a process, occurring via a transitory complex
(exciplex) of the lowest excited singlet of the aromatic
hydrocarbon with the ground state of the diene.” The
suggested fate of the exciplex is outlined in eq 1, where

k1 k2
A* + Q= (AQ* —> A, + Qv 1)

ka1
A* is the aromatic hydrocarbon in its electronically
excited singlet state, Q is the quencher, (AQ)* is the
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