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In the photosubstitution of [Ru(bpy)3]2+ in aqueous acidic
(HX) solutions, the quantum yield of the initial breaking of a
Ru-N(bpy) bond changed 7 fold depending on the kind of X  in
the order, CF3so3" < No3' < Hso4‘ <Cl” <Br . In HCl-NaCl system
it increased linearly with increasing [Cl~ ]. The photosubstitu-
tion must have proceeded with a mechanism of associative nature.

The tris(2,2'-bipyridine)ruthenium(II), [Ru(bpy)3]2+, is among the most

important compounds in coordination chemistry which is continuing to play a key

role in the development of many fields.l) The complex ion undergoes ligand
substitution by irradiation of light.z) Meyer proposed a dissociative mechanism
for the substitution where a five coordinate intermediate with a unidentate bpy
ligand formed by dissociative chelate ring opening.3) Based on the mechanism he
explained the dependence of the substitution gquantum yield on the kinds and
concentrations of anions in the solution.

In this letter experimental evidence is shown which indicates associative
nature of the mechanism of the substitution of [Ru(bpy)3]2+. In the mechanism an
anion or a solvent molecule associate with the metal center to form a seven
coordinate activated complex which undergoes chelate ring opening with a rupture

of a Ru-N(bpy) bond resulting to form the unidentate intermediate.

7 mol dm_3) was

An aqueous acidic solution of the complex perchlorate (5X10°
irradiated by a light (436 nm) under nitrogen atmosphere with stirring at 70.0 °C.
In parallel with the decrease in intensity of the emission spectra of the tris
complex the absorption spectra of the solution changed with showing isosbestic
points. After the irradiation the absorption spectrum in CF3SO3H system agreed
with that of [Ru(bpy)2(0H2)2]2+. A plot of the logalithmic value of an emission
intensity of the solution at 590 nm vs. time of irradiation gave a straight line.
From the slope of the line, the substitution quauntum yield, ¢s’ was obtained.

The ¢s increased with the increase in the acid concentration to reach
limiting values at [H']>0.5 mol am™3 depending on the kind of acid (Fig. 1).4)
The acid dependence of @s was very similar to that observed for the rate constants
of thermal substitution of [M(bpy)3]2+ (M=V(II), Fe(II), Ni(II), etc.).s) Since
an [H'] dependence of the rate constants has been related to the formation of a
unidentate intermediate, the (a*] dependence of Qs also suggests the formation of

the intermediate as:
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In the intermediate the free end of a unidentate bpy éur)yzfo’—_———————dy_
is captured by a proton in acid solution, which pre- 0 61 62 03 64 65
vents the chelate ring closure resulting to assist (HX)/mol dm>
the substitution. Based on the mechanism the
observed quantum yield is expressed as: Fig. 1. Plots of Qs vs. acid
N concentration: O,CF3SO3H;
.o ky(k_q+k,)+kgk,[H] ®, HC1(I=1.0 mol dm >, NaX).
= +
s 1 (k_ +ky) (K_g+k,)+kyk,[H'] 5

Thus a limiting value at high acid concentration cor-

responds to Ql’ the quantum yield of the breaking of 4

an initial Ru-N(bpy) bond. A big difference in the

limiting values between CFSOH (0.66X107°) and HC1 o 3t
(3.0X10_3) systems (see Fig. 1) suggests the assis- 2

tance of anions for the breaking of the Ru-N(bpy) & 2r
bond. The @S measured in 0.5 mol dm_3 HC1l solution ,//

increased 1linearly with the increase in [c17] 1

(Fig. 2),4) indicating that the reaction is a first
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order with respect to [Cl™ ], since the o  at [H"1=0.5

mol dm_3 roughly equals to @1. These facts suggest

again the associative nature of the reaction. The (cC1/mol am™

o 's at [HX]= 0.5 mol am~3 (I=1.0 mol dm_3, NaxX) in- Fig. 2. Plots of ¢_ vs. g
creased in the order of X , CF3SO3 (0.50) < NO3 concentration (HCl-NacCl,
(1.00) < Hso4'(1.85) < C17(2.80) < Br (3.37) (values [H*1=0.5 mol dm 3).

in the parentheses are ¢s/10_3).4) The order is consis-

tent with the increasing coordination tendency of the ions to Ru(II) ion. These
results strongly indicate that the chelate ring opening, or the breaking of the
initial Ru-N(bpy) bond, is assisted by X , that is, the reaction proceeds with a

mechanism with associative nature, most probably with an interchange mechanism.
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