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Photochemistry of Tris(2,2’ - bipyridine)ruthenium( 11) in Chlorinated Solvents 

By MARIO GLERIA,* FRANCESCO MINTO, GIANCARLO BEGGIATO, and PIETRO BORTOLUS 
[Laboratorio di Fotochimica e Radiazioni d’ Alta Energia del Consaglao Nazionale delle Ricerche (Sezione di Legnaro) , Via 

Romea 4, 35020 Legnaro (Padova), Italy] 

Summary The photolysis of tris(2,2’-bipyridine)ruthen- 
ium(I1) in chlorinated solvents a t  436 nm and room 
temperature leads to the formation of cis-dichlorobis- 
2,2‘-bipyridine)ruthenium(11) and 2,2’-bipyridine as the 
main products. 

IN spite of the large number of papers on photochemical and 
photophysical studies of tris(2,2’-bipyridine)ruthenium(11) 
published during the last decade,l the direct substitutive 
photochemistry of this complex has not been reported, 
although a recent report by Van Houten and Watts2 
mentioned that a direct photochemical release of one 2,2’- 
bipyridine ligand was obtained by irradiating [Ru (bipy),] 2+ 

in dilute acid at 95 “C a t  436 nm. N o  attempts were made 
to identify other photolytic products of the ruthenium 
complex or to determine the quantum yield of the process. 

However, on dissolving [Ru(bipy),12+ chloride in dichloro- 
methane (and in several other chlorinated solvents such as 
chloroform, 1,2-dichloroethane, trichloroethane, 1,1,2,2- 
tetrachloroethane, etc.) containing a small percentage of 
ethanol to dissolve the complex, and irradiating the solution 
a t  436nm and room temperature, a photoreaction takes 
place leading to a colour change from yellow to violet. The 
spectral changes during irradiation of a solution of [Ru- 
(bipy),12+ in CH2C12-EtOH (99.8: 0.2 v/v) are shown in the 
Figure. The maxima a t  288 and 455 nm characteristic of 
[Ku(bipy),] 2+ decrease during photolysis ; correspondingly 
three other maxima at 299, 375, and 555nm appear, and 
isosbestic points are observed a t  270, 296, 304, 350, 407, 
and 487 nm. 

Spectrophotometric analysis of the photolysed solution 
shows that the absorption peaks at 299, 375, and 555nm 
are due to the presence in the reaction mixture of the cis- 
dichlorobis( 2,2’-bipyridine) ruthenium(I1) complex. This 
can be concluded by comparing the U.V. and i.r. spectra of 
the photolysis product with those of the pure complex, 

/m 

FIGURE. Spectral changes during irradiation at  436 nm and 
room temperature of a solution of [Ku(bipy),lz+ in CH,Cl,- 

30; (5) t = 40 min. 
EtOH (99.8:O.Z v/v): (1) t = 0;  (2) t = 10; (3) t = 20; (4) t = 

synthesized as in ref. 3. Elemental analysis of the photoly- 
sis product also agrees with the formulation [Ru(bipy),]- 
C12.H20. 

The presence of 2,2’-bipyridine in solution was confirmed 
by distilling off the solvent and subliming the solid residue 
over a ‘cold finger’; a white powder was collected whose 
spectrum is very similar to that reported for 2,2’-bipyridine.d 

The quantum yield for the formation of cis- [Ru(bipy),]Cl,, 
calculated on the basis of spectral changes, was found to be 
0.02. It appears to be very sensitive to the amount of 
ethanol in solution and it is drastically reduced by increasing 
the ethanol concentration. Particular attention should be 
paid to the fact that commercial chlorinated solvents are 
normally stabilized with ethanol : therefore the dichloro- 
methane we used for our studies was carefully purified by 
known procedures5 
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