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Abstract 

The quenching rate constants of excited states by two closely related electron donors (hexamethylbenzene and hexaethylbenzene) are very 
different. This is explained by the combined effects of steric hindrance, increase in the electron transfer distance and the exergonicity of the 
reaction. 
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1. Introduction 

The quenching rate constants kq of excited states by elec- 
tron acceptors or donors are well documented [ 1,2], and are 
usually assumed to depend on the reaction free energy AGct 
expressed as 

AGe, = Eox(D) - Er~(A) - E* + C ( 1 ) 

where Eo~(D) and Er~(A) are the oxidation potential of the 
donor (D) and the reduction potential of the acceptor (A) 
respectively, E* is the excited state energy and C corresponds 
to the electrostatic interaction between the ions resulting from 
electron transfer. 

However, the reality is more complex than represented by 
Eq. (1). For example, the electronic delocalization of D can 
significantly affect kq [3-7].  Obviously, steric hindrance is 
another interesting parameter, since the electron transfer effi- 
ciency depends on the A-D distance. Moreover, the transfer 
distance, which normally corresponds to the contact of the 
partners, can be increased with increasing exergonicity [ 8- 
11 ]. Interestingly, these two effects have opposite influences 
on the quenching rate. This paper provides an example of the 
combination of both influences using the well-known elec- 
tron acceptors, 9-cyanoanthracene (CNA), 9,10-dicyanoan- 
thracene (DCA) and triplet benzophenone (3Bp), and two 
closely related electron donors, hexamethylbenzene (HMB) 
and hexaethylbenzene (HEB). 
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2. Results and discussion 

The quenching rate constants kq of the singlet states were 
obtained from the linear Stern-Volmer plots. Those of the 
triplet states were derived from flash spectroscopy. 

From Table 1, it can be seen that both donor compounds 
have similar ionization and oxidation potentials. In principle, 
changing the substituents from methyl to ethyl should 
increase slightly the propensity of HEB to donate an electron 
compared with HMB, as reflected in the vertical ionization 
potentials. In agreement with this, the reversible oxidation 
potentials are identical. 

In view of the above-mentioned observations, it is remark- 
able to find that the quenching rate constants for HEB are 
considerably lower than expected in the case of CNA and 
3Bp, whereas with DCA the diffusional rate constant is 
observed. This can be explained by considering the combined 
effects of the steric hindrance and reaction exergonicity on 
kq. 

2.1. Steric hindrance 

HEB is the prototype of a class of sterically crowded, 
homo-substituted hexaalkylbenzenes, for which the lowest 
energy stereoisomer has an "up-down"  alternation of the 
alkyl groups [ 15]. It should be noted that this isomer is 
significantly more stable (by 18.9 kJ mol-  ')  than its nearest 
analogue [ 16]. Moreover, the geometries of HEB and HMB 
were optimized by the AM1 procedure and the molecular 
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Table 1 
Quenching rate constants and energetics in acetonitrile 

vlP(eV) E,~IV) l o g k q ( M - ' s  -~) 
[121 [12] 

CNA 
(E~,~ = - 1.58 V, E* = 3.04 eV) 

DCA 
( E~,,d = -- 0.98 V, E* = 2.90 eV ) 

3Bp 

( E ~ =  - 1.68 V, E* = 3.0 eV) 

HMB 7.85 1.62 9.16 10.23 [5] 
HEB 7.71 1.59 <_6.50 10.03 
AGet (eV) ~ -0.17 ~ -0.63 

9.14 
6.70 

~ - 0.03 

A Ge~ from Eq. ( 1 ) with C = 0.3 eV, an intermediate value between C = - 0.06 eV [ 13 ] and C = - 0.5 eV [ 14]. 

Table 2 
Quenching rate constants kq (M ~ s ~) in benzene 

~CNA* 1DCA* 3BP* 

log k,~ Exciplex h~,~ (eV) log kq Exciplex hvm~ ~ (eV) log kq 

HMB 8.04 Yes 275 9 9 Yes 2.39 9.10 
HEB _< 6.5 No _<. 6.5 No - N 6.5 

radii  were  de r ived  f rom the van  der  W a a l s '  vo lumes ;  they 

were  f o u n d  to be 4.85 A and  3.43 ~ for  H E B  and  H M B  

respect ive ly .  This  leads to steric h ind rance  fl)r H E B  and  thus 

to a lower  kq va lue  than  for H M B .  

2.2. E x e r g o n i c i t y  

Fur the r  i n f o r m a t i o n  tends  to indicawe that  the t ransfer  dis- 

tance can  inc rease  s igni f icant ly  with the exergonic i ty  of  the 

react ion.  It shou ld  be  kep t  in m i n d  that  this  ef fec t  has  an 

oppos i te  in f luence  on kq to tha t  re la ted to s ter ic  h indrance .  

Th i s  exp la ins  why,  in the case  o f  D C A  as acceptor ,  the 

d i f fus iona l  l imi t  is still obse rved .  The  decrease  in kq due to 

s ter ic  h indrance ,  w h i c h  ev iden t ly  occurs ,  is o v e r c o m e  by the 

increase  in kq due  to the s igni f icant ly  h igher  exergon ic i ty  of  

the reac t ion  for D C A  c o m p a r e d  wi th  C N A  and 3Bp. 

Th i s  in te rp re ta t ion  is subs tan t i a t ed  by the fact  that,  in ben-  

zene,  a low q u e n c h i n g  rate cons t an t  is o b s e r v e d  for  the three  

acceptors  w h e n  H E B  is used  as d o n o r  ( T a b l e  2) .  In this  

solvent ,  the deac t iva t i on  p robab ly  p roceeds  via an excip lex  

m e c h a n i s m .  Fu r the r  e x p e r i m e n t s  will shed more  l ight  on the 

emi s s ion  decay  o f  the exciplex.  Cur ren t  ev idence  indica tes  

that  exc ip l exes  are ex t r eme ly  d e p e n d e n t  on the mutua l  

a r r a n g e m e n t  o f  the pa r tne r s  and,  in par t icular ,  on thei r  sepa- 

ra t ion  d i s t ance  [ 17,18] .  F r o m  the van  der  W a a l s '  radii, it is 

c lear  tha t  the a roma t i c  r ing  o f  H E B is less ava i lab le  for exci-  

p lex  fo rma t ion  than that  o f  H M B .  This  is in ag reemen t  wi th  

the obse rva t i ons  tha t  exc ip lex  e m i s s i o n  is not  obse rved  and  

the q u e n c h i n g  rate  cons t an t s  are very low wi th  H E B as donor ,  

even  in the case  of  DCA.  
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