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In recent years considerable interest has developed regarding the 
excited state reactions of bifunctional compounds, where two distinct 
reactive parts &e linked by an inert chain which is usually made up of 
methylene units. Upon excitation of one of the functional groups, reaction 
can occur between it and the other group to which it is linked by the chain. 
In this way excimer emission, proceeding from a complex between an 
excited functional group and (usually) the same group in the ground state, 
has been observed in a wide range of such compounds [l] . 

Several attempts have been made to analyse the kinetics of such excimer- 
forming reactions. However, all of these methods have inherent disadvantages, 
and in this note a new approach is described which is relatively simple and 
relies on a minimum number of assumptions. It is based on the time-resolved 
measurement of tbe excimer fluorescence in the presence of quenchers Q’ 
and Q”. The excimer formation kinetics of a bifunctional compound Ar- 
(CH&Ar can be representedunder these conditions by the following scheme: 
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where 7 and 7' are the lifetimes of the species in the absence of quencher Q. 
In general [ 21 the variation with time of the excimer fluorescence I’(t) is 
given by 

r:(z) = C(exp (-AIt) - exp (--x5&)) (2) 

where C, X1 and X2 are constants which can be readily obtained by fitting 
experimentally determined values of 1’(t) as a function of time to eqn. (2). 
In eqn. (2) XI and X2 are given by 



= +[1/7 + ki + k,[Q] + l/r’ + k2 + k4[Q] T x1.2 
T {(rZ, + l/r’ + k4[Q] - kl - l/r - k,[QJ )’ + 4k1k2)1’2] (3) 

from which the following relations can be derived: 

AZ + x2 = l/7 + l/r’ + kl + kz + [Q] (k3 + k4) (4) 

and 

X1h2 = (W + MQI W/T + MQI + k,) + O/T + kdQ1 W, (5) 
Equation (5) can be further modified to give 

002 - 01~2)oI/CQl = h/r + k3/d + k2ks + klkd + k,k,[Q] (6) 

where (X1X2)o, the value of X1X2 in the absence of any quencher, is given by 

(X1X2)o = l/7(1/~’ + k2) + k&’ (7) 

In eqns. (4) and (6) all quantities on the ieft-hand sides are known; the right- 
hand sides are linear in [Q] . These equations will thus be expected to give 
straight lines of slopes and intercepts S1 and 1, (for eqn. (4)) and Ss and 12 
(for eqn. (6)), where 

11 = l/7 + l/7’ + kl + k2 (8) 

Sl = ka + kd (9) 

12 = kq/r + k3/r1 + kzks + k,k4 (10) 

S2 = kBkd (11) 

From eqns. (9) and (11) k3 and k4 can be immediately obtained for any 
quencher Q: 

k4 = + (S1 f (Sir3 - 4s~)~‘~) (9 

k3 = + (& T (S1 2 - 4S2)1’2) (13) 

If the experiment is carried out with two quenchers Q’ and Q”, then applica- 
tion of eqn. (10) in both cases leads to 

(&kl; - I;k;)/(k$k; -k;k;) = 1/r’ + k2 (14) 

where the primed and double-primed quantities are derived from experiments 
with one or other of the two quenchers Q’ or Q”. Since, from eqns. (9) and 
(11), ki and k; and ki and k; for these two quenchers are known, eqn. (14) 
provides a direct relation between T ’ and k2_ This, together with eqns. (7), 
(8) and (lo), allows a complete solution to be made for the four quantities 
kl, k2, r and 7’. 

This procedure, which might at first sight appear rather cumbersome, is 
in fact experimentally quite feasible. Work in this laboratory has shown that 
h1 and X2 can be determined with a high degree of accuracy using single- 
photon counting equipment, and that relations such as those outlined in this 
work can be used successfully to obtain the rate parameters for excimer 
formation between unlinked molecules [ 3, 41. A wide range of choice is 
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available for the quenchers Q’ and Q”, among them heavy atom quenchers 
[ 51 and free radical quenchers [6]. The methods derived’ earlier can be 
extended to exciplex formation in linked molecules [ 73, and to excimer 
formation of linked compounds in aqueous micelles [ 81 provided that the 
quenching species (which in this case could be metal ions) are located in the 
bulk aqueous phase and not in the micellar phase where they would give rise 
to undesirable statistical effects [ 91. 

Perhaps the most useful aspect of this procedure is that, unlike other 
methods [lo - 121, it does not rely on measurements on the unlinked 
molecule ArH or ArCHs, or on the linked molcule at very low temperatures 
[ 131, to provide a value of 7. While it may seem not unreasonable that the 
properties of the excited monomer part of the linked molecule will closely 
resemble those of its unlinked analogue, this is an untested and untestable 
assumption about which nothing is known with certainty. In addition, our 
procedure does not rely on being able to resolve two distinct decay modes 
in the monomer emission [ 11,131 nor does it necessitate a suitable tempera- 
ture region (apparently difficult to obtain) in the steady state fluorescence 
behaviour of the linked compound from which ln( 1 + k&) or ln( 1 + l/kg') 
canbedetermined[12]. 
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