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Photo1 ysis of solutions of 2,1,3-benzot hiadiazole-4,7-dicar bon i tri le (1 ) containing et hylenediam i netet ra-acetic acid 
disodium salt (EDTANa2) and cetyltrimethylammonium bromide (CTAB) micelles at pH 5-5.5 causes formation of 
(l)*-, identified by its visible and e.s.r. spectra. 

Micelles have been shown to have a number of possible roles 
in photochemical electron transfer reactions. 1 Amongst these 
are (a) the inhibition of ground state complexation between 
electron donor or acceptor and chromophore,2 and (b) effects 
on the relative rates of forward and energy wasting back 
electron transfer reactions by promoting charge separation.3 

During the course of studies aimed at identifying possible 
neutral electron transfer catalysts4 for use in the photochem- 
ical decomposition of water, we have discovered a reaction in 
which the micelle fulfils both these roles simultaneously and 
apparently protects an unstable radical anion from the 
environment, in which it is unstable. 

Compound ( l ) 5  has a strong U.V. absorption centred at 320 
nm and irradiation at this wavelength causes weak emission at 
380 nm. On addition of ethylenediaminetetra-acetic acid 
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disodium salt (EDTANa2), this emission is increased ca. 10 
fold.$ The intensity of the emission in the presence of EDTA 
is highly pH sensitive, decreasing dramatically in intensity 
from pH 4-5.5 and then increasing slowly at high pH. 

At pH 5.5, the emission intensity in the presence of EDTA 
can be reduced by addition of cetyltrimethylammonium 
bromide (CTAB) at concentrations greater than the critical 
micelle concentration, although the intensity of the emission 
remains higher than that of solutions of (1) in the absence of 
EDTA. 

We interpret these results as arising from complex forma- 
tion between (1) and EDTA [ (laEDTA)] and that complexa- 
tion causes a reduction in the efficiency of non-radiative decay 
processes of the excited state of (1). On addition of CTAB, 

5 Such stimulated emissions have been observed e.g. where complex- 
ation by cyclodextrin occurs [see S.  Scypinski and J .  C. Love, hi. 
Lab., 1984, 14, (3) 60, and refs. therein]. 
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EDTA + (1) (1)aEDTA 

(1) + CTAB * (l)-M 

(l)-EDTA i- M (l) .M + EDTA 

Scheme 1. Equilibria existing in solutions containing (l), EDTA, and 
CTAB. 

Table 1. Major features in the visible spectrum of (l)--  in CTAB 
micelles (400-800 nm). 

Eldm3 Width at half 
h/nm mol-* cm-1 heighthm 
760 5395 20 
688 4477 32 
625 2257 
490 4750 102 
452 4775 88 

this complex is broken down and some (1) enters the micelles 
[(l-M)], see Scheme 1. Its absorption spectrum is apparently 
unaffected. 

Continuous photolysis with light from a 500 W tungsten 
lamp of solutions containing (1) (2.5 x 10-4 mol dm-3), 
CTAB (0.4% w/w), and EDTA (0.1 mol dm-3) at pH 5-5.5 
produces brown solutions, the visible spectra of which (see 
Table 1) are almost identical to those of ( 1 ) a -  produced by 
pulse radiolysis. The presence of ( 1 ) e -  is confirmed by e.s.r. 
studies which show a 17 line signal. This can be attributed to an 
overlapping 1 : 2 : 3 : 2 : 1 quintet of 1 : 2 : 3 : 2 : 1 quintets from a 
radical with a (NA) = 0.255 and a (NB) = 0.075 mT. 

This electron transfer reaction is evidently highly efficient 
since, despite the very low extinction coefficient of (1) in the 
visible region of the spectrum, up to 50% conversion into 
(l)-- can be observed in ca. 30 min.0 

The formation of the radical anion can only be detected 
under conditions of pH where there is a significant proportion 
of (1) inside the micelles. This is because electron transfer 
apparently does not occur within the (1)mEDTA complex (as 
evidenced by the strong emission intensity of this complex) 
and hence can only occur when the complex is separated, e.g. 
if (1) is in the interior of the micelle and EDTA is 
electrostatically bound to its surface. This will also inhibit back 
electron transfer between EDTA-+ and (1)*- sufficiently for 
EDTA*+ to decompose, see Scheme 2. 

In addition, the micelle serves a third function in this system 
by protecting the formed radical from the protic environment, 
in which it is unstable. This instability is demonstrated by the 
observation that, whereas cyclic voltammograms of aqueous 
methanolic solutions of (1) show6 a quasi-reversible 1 electron 
couple with E” = -0.49 V (vs. normal hydrogen electrode), in 

§ Quantum yields for this reaction have not yet been measured. 
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Scheme 2. Role of the micelle in formation of (1)s- on irradiation of 
solutions containing (l) ,  EDTA, and CTAB. 

acetate buffer at pH 4.5 a 1 electron reduction wave with Em,, 
= -0.53 V is observed with no accompanying wave corre- 
sponding to reoxidation. 

Although its decay kinetics are currently under investiga- 
tion, the stabilisation of (1)- is evidently highly efficient since 
spectrophotometric studies show that for a solution of (1)- (8 
X 10-5 mol dm-3), only half has decayed in 12 h, and the 
colour is still clearly visible after 24 h. Similar stabilisations 
e.g. of esters from hydroxide ion by negative micelles are well 
known.’ 

The observation4 that (1) is a highly efficient quencher of 
the excited state of [Ru(bipyridyl)#+ suggests it might have 
importance as an electron transfer agent. Studies of its use in 
this way are being actively pursued. 

We thank Dr. F. Davis for recording the e.s.r. spectrum of 
(1)- and Professor A. Ledwith, Dr. R. G. Compton, and Dr. 
D. Bethel1 for helpful discussions. 
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