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Abstract 

The electrochemical behavior of trans-[Ru’vCl(0)(py),]+, and that of its related complexes, tram- 
[R~“‘Cl(0H)(py)~]+ and trans-[Ru”Cl(H,O)(py),l+, were investigated in both acetonitrile and aqueous 
solvents. The reduction process of trans-[Ru’“Cl(O)(py),1+ was an irreversible one; it converted into 
truer-[Ru”Cl(OH)(py),]O in CHJZN and trans-[Ru”Cl(H,O)(py),l+ in aqueous solvent by a one-step 
two-electron reduction. The 0x0 complex undergoes a one-electron oxidation to give a reactive trurans- 
[R~“CW)(PY).~~+, which is the species capable of oxidizing organic substances. 

Introduction 

The complex of tetrakis(pyridine)ruthenium(IV) 
with a monooxygen ligand, puns-[RuCl(O)(py),]+, 
is peculiar for the following reasons. 

(i) The (Ru’“= 02-) entity of the 0x0 complex is 
generated by a rare reaction, in which a coordinated 
nitro (or nitrosyl) ligand in trans-[R~Cl(N0r)(py)~] 
(or trans-[RuCl(NO)(py),]*+) is oxidized by NaClO 
(under basic conditions) to give the 0x0 complex of 
Ru(IV) [14]. 0x0 complexes of Ru(IV), reported 
by other researchers, and some relevant to the present 
investigation, including those of Ru(V), have been 
synthesized by the oxidation of the corresponding 
aqua (or hydroxo) complexes with a lower formal 
oxidation state of ruthenium atom [5-171. The oxygen 
source of each complex has been proved to be 
different. We assumed that such different processes 
exert effects upon the characteristics of the 
(Ru’“= O’-) entity. Actually, the former 0x0 com- 
plex, reported by us, can be prepared in a basic 
medium without decomposition of the entity [Z], 
while the latter is generally unstable at basic con- 
ditions [12]. 

(ii) Another marked difference is the structural 
parameter. The former is the complexwith the longest 
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Ru-0(0x0) bond distance (1.862(8) A) ever reported 

for the monooxygen ruthenium(IV) system [l, 21. 
Available data of the latter case are within 1.739(2) 

and 1.765(S) 8, [14, 181. In the present work, the 

electrochemical behavior of truns-[RuCl(0)(py)4]+ 
is investigated in both aqueous and non-aqueous 

solvents, as the extension of a comparative study of 
the 0x0 complex of Ru(IV). An electrochemical study 
is essential to evaluate the characteristics of high- 

valent metal complexes, and to obtain fundamental 

knowledge for this type of research. A considerable 
difference can be observed between the electro- 

chemical behavior of trans-[RuCl(O)(py),]+ and that 
of others in the literature [5-10, 13-1.5, 19-251: while 

the reported complex in aqueous solution exhibited 

a reversible two-step reduction, the present 0x0 

complex undergoes an irreversible one-step two- 

electron reduction which results in the formation of 

trans-[RuCl(OH)(py),] in CH3CN and truns- 
[RuCl(H,O)(py)J+ in aqueous solvent as the final 

reduction species. The results clarify the mutual 

relations of the electrochemical behavior of frun.s- 

[RuCl(O)(py).J+, rruns-[R~Cl(0H)(py)~]+ andrruns- 
[RuCI(OH~)(~~)~]+ in both acetonitrile and aqueous 

solvents. The 0x0 complex in CHJCN also undergoes 

a one-electron oxidation to give truns- 

[R~“CW)(PY)~I*+, which is the species capable of 

oxidizing organic substances. 
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the following two reductions occur successively at 
the same potential 

[R~‘~Cl(0)(py)~]+ +H+ +e- - 

[R~“‘C~(OH)(PY),I+ (12) 

[R~“‘C1(0H)(py)~]+ +H+ +e- 1 

[Ru”Cl(H,0)(~y)~l+ (9) 

where truns-[Ru”Cl(O)(py),]+ will undergo a one- 
electron reduction followed by a rapid chemical 
reaction to give truns-[Ru111Cl(OH)(py)4J+. The gen- 
erated species, trans-[Ru”‘Cl(OH)(py),]+, is reduced 
further to truns-[Ru**Cl(H,O)(py),]+ reversibly, as 
described earlier (eqn. (9)). Thus the overall re- 
duction is expressed by eqn. (13). 

[R~‘“Cl(0)(py)~]+ +2H+ +2e- - 

[Ru”Cl(H,0)(p~),l+ (13) 

Two-proton participation in eqn. (13) cannot be 
confirmed from the observation of pH dependence 
of the peak potential (as has been done in the case 
of eqn. (9)), since the method used above to estimate 
the number of protons in eqns. (10) and (11) is only 
applicable for a reversible process. 

Some evidence which supports the occurring of 
both reactions (eqns. (12) and (9)) at the same 
potential is obtained from a controlled potential 
electrolysis of truns-[R~‘“Cl(0)(py)~]’ which was 
carried out at pH 4.6. Figure 8 shows changes of 
the voltammograms with a rotating disk electrode 
and the plots of the convective diffusion currents 
(Id) against the quantity of electricity of the elec- 
trolysis (Q/ZW). In the early stage of the reduction 
of trans-[RuCl(O)(py),]+ (Fig. 8, a-c), the cathodic 
Id (of truns-[RuCl(O)(py),]+) decreases without any 
oxidation wave appearing. Nearly 1 mole of electron 
was consumed per mole of truns-[R~Cl(0)(py)~]+ 
until the voltammogram reached c. In the latter half 

0 0.5 

Fig. 8. Hydrodynamic voltammograms at Pt rotating disk 
electrode (1600 rpm) monitoring the course of the con- 
trolled-potential reduction ( - 0.1 V vs. Ag/AgCl . KCI) of 
tra~-[RuCl(0)(py)4]C104 (1.0 mmol dmm3) in buffered 
(pH=4.59) solution: a, prior to electrolysis; b-e, during 
electrolysis; f, at the end of electrolysis. 

stage, the reduction wave (of truns-[R~Cl(O)(py)~l+) 
decreased further by the continuous electrolysis (Fig. 

8, d-f), as the oxidation wave (of truns- 

[R~Cl(H,0)(py)~]+) appeared and increased. To- 
tally, two moles of electrons were consumed per 
mole of the 0x0 complex to give the voltammogram 
fin Fig. 8. Such results can reasonably be understood 
by showing that the reduction to give fruans-[Ru”‘- 
C1(OH)(py)4]+ (eqn. (12)) occurred mainly at the 
steps of a-c, while the further reaction to afford 
truns-[R~“Cl(H,0)(py)~]+ (eqn. (9)) proceeded at 
d-f. The results observed by coulometry are rather 
simple, compared to those found in acetonitrile 
solution (Figs. 3 and 4), due to a plentiful supply 
of protons, which take part in the reaction of the 
chemically generated species. It appears that essen- 
tially the same reduction occurs in truns- 

[RuCl(O)(~y)41+ of both aqueous and non-aqueous 

solvents. 
The electrochemical behavior of truns- 

[R~Cl(O)(py)~l+ in aqueous solution is unique, not 
like those of the reported complexes containing the 
same (Ru’“= O’-) unit, since the present 0x0 com- 
plex undergoes simultaneously the irreversible two- 
electron reduction at the same potential (0.20 V at 
pH= 4.4) throughout the pH region measured (pH 
0.7-13). The majority of the 0x0 complexes of Ru(IV) 

reported by other researchers display two reversible 
one-electron redox couples at different potential 
regions [5, 6, 9, 10, 13, 19, 20, 22, 23, 291. Some of 
the examples, however, have shown that the two 

reversible couples approach each other when the 
cyclic voltammetry is carried out at high pH con- 

ditions, and only a single reversible two-electron 
redox couple is observed at pH= 13 [7, 20, 211. 

Another feature observed in the present 0x0 complex 
isthatthereductionpotentialofthewave(truns-[RuJV- 

Cl(o)(p~)~]+ +2e- +truns-[RuJJCl(0)(py)4]+) ap- 
peared at a potential region negative compared with 

that of fruns-[Ru”C12(py)4]+‘o where no 0x0 ligand 
exists. The redox potential is also close to that of 
truns-[Ru1J1Cl(OH)(py)4]+m, even to that of trum- 

[R~‘rCl(H~0)(py)~]~+‘+. This is not unusual, since 

it is known that the value of potentials for the 
(Ru’“=~~-)~+/(Ru”‘-~H)~+ and (Ru”‘-OH)~+/ 
(Ru”‘-OH~)~+ couples are close in value (0.52 V for 

(trpy)(bpy)Ru(O)‘+ -, (trpy)(bpy)Ru(OH)2+ and 
0.49 V for (trpy)(bpy)Ru(OH)2+ --) (trpy)(bpy)Ru- 
(OH2)2’) [6, 201. The lower reduction potential of 
0x0 complexes is believed to be due to a proton 
loss and donation of the freed p-rr oxygen electron 
density to the metal to form the Ru=O double bond 

[20, 301. 
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