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Photo-oxidation of [Ru(CN),I4-, [Mo(CN),I4-, and [W(CN),I4- in Chloroform 
to give, respectively, [Ru(CN),I3-, [Mo(CN),I3-, and [W(cN),l3- 
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( Universitat Regensburg, Institut fiir Chemie, D-8400 Regensburg, W .  Germany) 

Summary Upon charge-transfer excitation (hirraa. = 228 
nm) [Ru(CN),]4-, [Mo(CN),]Q-, and [W(CN),I4-, dis- 
solved in CHCl,, are photo-oxidized to [Ru(CN),J3- 
(4 = 0.49), [M0(CN),l3- (4 = 0*40), and [W(CN),I3- 
(4 = 0.37). 

~~ 

THE production of solvated electrons is an important photo- 
chemical reaction of various transition metal comp1exes.l 
The reactive excited state is of the charge-transfer (C.T.) 
(metal to ligand) or C.T. (metal to solvent) type. Cyanide 
complexes in particular (e.g. ,  [Fe(CN),14-, [Ru(CN),J4-, 
[Mo(CN),I4-, and [W(CN),]*-), which contain reducing 
metal centres, undergo this photo-o~idation.~-7 The 
formation of solvated electrons has been detected by flash 
phot~lys is~-~J  or e.s.r. spectroscopy in low-temperature 
glasses.696 Upon continuous irradiation in aqueous solution 
at room temperature, this reaction becomes complicated 
by side reactions such as recombination and ligand sub- 
stitution. Quantum yields of electron production have 
been determined by using N20 as an electron s ~ a v e n g e r ~ - * ~ ~  
or by e.s.r. spectroscopy at low temperatures.6 s6 However, 
these involve rather complicated experimental procedures. 

We report that some cyanide complexes, which are 
known to form photoelectrons, undergo a clean, one-electron 
photo-oxidation without side reactions when CHCl, is used 
as  solvent. CHC1, seems to be an efficient electron scaven- 
ger (e- + CHCl, -+ C1- + -CHC12).8 Moreover, this solvent 
is unable to function as a ligand and substitutions, as 
complicating side reactions, are thus avoided. Spectro- 
photometry can then be used to study the photo-oxidation 
and to determine quantum yields. 

in CHC1, were obtained by using alkylammonium salts 
instead of alkali metal salts which are insoluble. The 
alkali metal salts of these cyanide complexes were first 
converted into the silver salts which precipitated from 
aqueous solution. The dried silver salts were then added 
to solutions of Et,NHCl in CHCl,. The precipitated 
AgCl was removed by filtration. The electronic absorption 
spectra of [RU(CN),]~-,~ [MO(CN),]4-,10 and m(CN),]4- lo 

in aqueous solution compared well with those obtained in 
CHCl,. Only at  shorter wavelengths in the C.T. region 
(e.g., X<350 nm for [MO(CN),]4- and [w(CN),]4-) was the 
extinction coefficient higher in CHC1,. This may be due 
to an enhanced contribution of C.T. (metal to solvent) 
bands.11~12 

Solutions of all three complexes were degassed and 
irradiated a t  282nm corresponding to C.T. bands of 

analysis of the spectral changes which accompanied the 
photolyses (Figure) clearly shows that photo-oxidation to 
[Ru(CN),I3-, [Mo(CN),I3-, and w(CN)8]3-, respectively, 
occurred as the only reaction. This can be inferred from the 
known spectra of the starting complexes and their oxidation 
products [Ru (CN) ,-, wo (CN) ,] ,--,lo and [W (CN) ,]3-.10 
The complex rRuICN),13- has not vei been isolated owing 

Solutions Of [Ru(CN),I4-, [M0(CN),l4-, and [W(CN),I4- 
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FIGURE. Spectral changes during the photolysis of a CHCl, 
solution (in a 5 cm cell) of (A) 3-24 x 10-6 M [Ru(CN),]a- (it 
initial; e, final), (B) 1.44 x M [Mo(CN),I4- (i, initial; f, 
final), and (C) 1.52 x M [W(CN),I4- (i, initial; e, final). 

to its instability in aqueous solution and its absorption 
spectrum was obtained only q~alitatively.1~ We have 
obtained an analytically pure sample of (Et,N),[Ru(CN),] 
as a precipitate upon prolonged photolysis of (Et4N),- 

I b , I " -  [Ru(CN),] in CHC1,. The absorption spectrum of [Ru- 
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(CN),J3- shows maxima at 455 ( E  875), 357 ( E  1455), 328 
( E  2184), and 298 nm ( E  2046) in acetonitrile. 

From the change in the optical density a t  various wave- 
lengths, the degree of photo-oxidation was easily deter- 
mined. Using ferrioxalate actinometry (hirrad, = 282 nm) 
the following quantum yields were obtained : [Ru(CN),]4-, 

0.37. These values are in fairly good agreement with 
those obtained by the N20 technique for aqueous solu- 
tions.4J 

When CHCI, solutions were not degassed, the quantum 
yields of photo-oxidation increased considerablyt (e.g. ,  
4 = 2 for [Ru(CN),]*-). The photoelectrons are apparen- 

4 = 0.49; [hfO(CN)8]4-, # = 0.40; and W(CN)~]'-J +.= 

tly scavenged very efficiently by oxygen which is reduced 
to superoxide,8 02-, which further oxidizes the unreacted 
complex. 

Longer-wavelength irradiations into ligand field (LF) 
bands which are well separated from the C.T. bands 

nmlo) did not cause any chemical change in CHCI, solutions 
of the complexes. 
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7 In  the presence of air [Fe(CN),I4- in CHCI, is immediately oxidized to  [Fe(CN),I3- in the dark. This remarkable reaction as well 
as the photo-oxidation of [Fe(CN),]4- in degassed CHCI, is currently being investigated. 
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