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The rate of the photoinitiated autoxidation 
of sulfite is considerably influenced by ferric 
ions in trace concentrations.

The autoxidation of sulfite, both therm al and 
photochemical, has long been considered to  proceed 
by a free radical chain reaction where the S 0 3~ 
radical acts as chain carrier1-4. In  the therm al au to 
xidation of sulfite, which is one of the best known 
trace m etal catalyzed reactions, the form ation of 
the S 0 3~ radical was explained by one-electron 
transfer between the catalyzing m etal ions (e.g. 
Cu2+ ions) and the sulfite ions (equation (1)). In  the 
photoinitiated reaction the form ation of the radical 
by reaction (2) was assumed.

Cu2+ +  SO2 -------► SO- +  Cu+ (1)

SO2- S03 +  eaq (2)

As has recently been shown5, reaction (1) cannot 
be one of the individual steps of the therm al 
reaction, due to high values of stability  constants of 
sulfitocuprous complexes formed as interm ediary 
products during the copper catalyzed autoxidation 
of sulfite. The reactive interm ediates of the therm al 
reaction are probably ternary  complexes of the type 
[0 2Cu(S03)«]-2n+1. The fact th a t all d a ta  on the 
autoxidation of sulfite suggested th a t both  therm al 
and photoinitiated reactions proceed by the same 
mechanism made us investigate whether the course 
of the photochemical reaction was influenced by 
m etal ions similarly as the course of the therm al 
reaction, and w hether ternary  complexes of the 
same type were also interm ediates of the photo
chemical reaction.

The autoxidation of sulfite was carried out in a 
silica flow-cell irradiated by UV light. On one side 
the flow-cell wras connected to a therm ostated  vessel 
bubbled writh  oxygen, on the other side it was
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connected to  a flow-cell of a spectrophotometer 
(Unicam SP 800). The circulating reaction mixture 
was irrad iated  with UV light em itted from a high 
pressure m ercury spectral lamp of 90 W  output 
(Philips No. 93136). The concentration of sulfite 
was followed spectrophotometrically a t X =  245 nm.

The effect of the addition of various cations on 
the velocities of the therm al and photochemical 
reactions was followed, and it was found th a t the 
rate  of the  photoinitiated reaction wras considerably 
influenced by ferric ions. Although cuprous ions 
catalyse the therm al reaction at trace quantities 
already, they  exhibited no definite influence on the 
photochemical reaction. The catalytic effect of 
ferric ions is shown in Fig. 1.

Fig. 1. Dependence of log k on log [EDTA] at various 
[Fe3+]. Additions of [Fe3+] : 1 — 0; 2—-1,9- 10_5M; 
3 — 4,5- 10-5M; 4— 9,1 • 10~5 M k (mim 1) ; [SO32- ] 0 =  

4,7 • IO"5 M; [ 0 2] =  1,23 • 10~3 M; 25 °C.

The course of the photoinitiated autoxidation of 
sulfite follows the expression — d [S 0 32~]/dt = k  
[S 032-] (at [ 0 2] =  const.). The influence of ferric 
ions on the  velocity constant is apparent from the 
plot log k vs log [EDTA] for various additions of 
ferric ions (Fig. 1). An increase in the concentration 
of ferric ions in the reaction system increases also 
the ra te  constant of the  photoinitiated reaction 
(horizontal lines 1-4); addition of EDTA, on the 
contrary, brings the ra te  constant down (curves 1,4). 
The same effect as w ith EDTA was found with 
some other chelating agents. Since chelating agents 
have a m arked inhibiting influence a t low concen
trations already, the inhibiting effect cannot be 
explained by interaction with the assumed radical 
interm ediates but only by binding catalytically 
active ferric ions into catalytically inactive com
plexes. F u rther experiments revealed th a t the 
photoinitiated autoxidation has, similarly to the 
therm al reaction, characteristic features of a trace 
m etal catalyzed reaction: The value of the rate 
constant depends on the purity  of the reaction 
system ; the  value of the rate constant decreases 
w ith decreasing level of trace metals and a t the 
same tim e the experimental error of its determ ina
tion increases.




