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Short Communication

The role of encounter complexes in singlet quenching
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While the existence of exciplexes in photochemical processes has been
well established [1, 2], considerable interest is still being directed towards
the mechanism of their formation and decay. The change in quantum yield
of adduct formation with temperature for some photochemical cycloaddi-
tions [3 - 6] led to the suggestion that the intermediate exciplex was being
formed reversibly. Subsequent thermodynamic studies [7 - 9] showed that
this was indeed the case. In a series of structure—reactivity studies [10, 11}
Hammond proposed the following mechanism in which the exciplex is
formed directly from the excited state A and the ground state Q, precluding
the formation of any encounter complex:

Al+Q === (AQ)! — A+Q
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Weller [12] and Ledwith {1] have proposed that the exciplex is formed
via a variety of collisional complexes termed encounter complexes in which
the components are separated by distances from 5 to 7 A. Indeed, there has
been one report [13] of emission from the encounter complex in the
difluoroanthracene—~dimethylhexadiene system. Yet, only the Evans mecha-
nism [14] recognizes the encounter complex in a kinetic scheme, but pro-
poses that charge transfer occurs irreversibly from an encounter complex
precluding any exciplex as proposed by Weller.

dxff

Al+Q 2L (Alg) 2, A-a4qr

—q

It has been shown [10, 15] that the free energy of the quenching
process is related to either the ionization potential or the electron affinity
of the quencher, and attempts have been made to show a linear correlation
between the logarithm of the quenching rate constant and these two phys-
ical properties [7, 8, 12]. In some cases a linear correlation either does not
hold or is suspect. A striking example of this is found in a recent report [16]
on the triphenylphosphine quenching of a series of substituted anthracenes
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with increasing electropositive character. The authors attributed this lack
of linearity to a change in the quenching mechanism through the series.
The above quenching mechanisms can be modified to include the re-
versible formation of an encounter complex which then leads to reversible
exciplex formation. Such a mechanism is shown in the following scheme:
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Al+Q =— Al (1)
k_q
ko

(A'1Q) = (AQ)* (2)
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A steady state approximation for steps 1 - 3 yields the following Stern—
Volmer expression:

Do/P =1+ky 7[Q] (4)
in which the quenching rate constant can be expressed as
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The right hand terms refer to the free energy differences between the
initial reactants and the three possible transition states in reactions (1) - (3).
As in the Evans mechanism, &' is measured and kg4;¢; can be calculated so
that the following expression is obtained:

Rt —1 = Fq (1+f‘_2) (6)
ky k, kg
The two right hand terms determine whether the second or third
transition state is rate determining. It can thus be seen that the Evans expres-
sion is obtained when the second transition state is rate determining and that
a deviation will be seen as the third transition state becomes significant.

Therefore, in the case of a series of acceptors and a constant donor,
where

AG=~c— {1E, + E(A"/A)}

if quenching occurs via charge transfer through irreversible exciplex forma-
tion from the encounter complex, a plot of In {(kgys/ky) - 1 }versus
1E, + E(A™/A) should result in a straight line, which has been shown by
Evans. However, if quenching occurs via charge transfer through reversible
exciplex formation from the encounter complex, a deviation from linearity
will be seen, the magnitude indicating the degree of reversibility, i.e. any
deviation from linearity of these plots can be attributed to the formation
of a significant amount of the encounter complex.

An example of this is seen in Fig. 1 which shows the data obtained
by Weiss and coworkers [16] for the substituted anthracene—triphenyl-
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Fig. 1. Fluorescence quenching of anthracenes by triphenylphosphine:(1) Ry = H, Ry = CN;
(2)R1=Br,Ro=Br;(3)R; =H,Ry=Br;(4)R1 =Cl,R2=Cl; () Ry =H, Ry = Cl;
(6)Ry=H,Ra=H;(7)R; =H, Ry = Me; (8) Ry = Me, Ry = Me; (9) R, = H, Ry = OMe;
(10) Ry = OMe, Ry = OMe,

phosphine system. This shows that as the anthracenes become increasingly
electropositive the line deviates from linearity. Thus, the attribution to a

change in mechanism could well be the conditions stated above.

N

[o 2 - I Y

10

11
12
13
14
15
16

M. Gordon and W. R. Ware (eds.), The Exciplex, Academic Press, New York, 1975.
dJ. B. Birks, Photophysics of Aromatic Molecules, Wiley-Interscience, New York,
1970,

d. Saltiel, J. D’ Agostino, R. D. Lura and O. L. Chapman, J. Am. Chem. Soc., 93
(1971) 2804.

F.D. Lewis, C. E. Hoyle and D. E, Johnson, J. Am, Chem. Soc., 97 (1975) 3267.
R. O. Loutify, P. deMayo and M. F. Tchir, J. Am. Chem. Soc., 91 (1969) 3984,

R. J. McDonald and B. K. Selinger, Tetrahedron Lett., (1968) 4791.

F.D. Lewis and C. E. Hoyle, J. Am. Chem. Soc., 97 (1975) 5950.

D. Creed, P, H. Wine, R, A. Caldwell and L. A. Melton, J, Am. Chem, Soc., 98 (1976)
623.

W. R. Ware, D. Watt and J. D. Holmes, J. Am. Chem. Soc., 96 (1974) 7853.

D. A. Labianca, G. N. Taylor and G. S. Hammond, J. Am. Chem. Soc., 94 (1972)
3679.

F. A, Carrol, M. T. McCall and G. S. Hammond, J. Am. Chem. Soc., 95 (1973) 315,

A. Weller, Pure Appl. Chem., 16 (1968) 115.

N. C. Yang, D. M. Shold, J. K. McVey and B. Kim, J. Chem. Phys., 62 (1975) 4559.
T. R. Evans, J. Am. Chem. Soc., 93 (1971) 2081.

B. S. Soloman, C, Steel and A, Weller, Chem. Commun., (1969) 927.

M. E. R. Marcondes, V. G, Toscano and R. G. Weiss, Tetrahedron Lett., (1974) 4053.
M. E. R. Marcondes, V. G. Toscano and R. G. Weiss, J. Am. Chem. Soc., 97 (1975)
4485,



