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Abstract--Reaction of [Ru20(O2CR)2(MeCN)4(PPh3)2] (CIO4) 2 (1) with 1,2-diaminoethane 
(en) in MeOH-H20 yielded a mixture of products from which a diamagnetic ruthenium(II) 
complex [Ru(MeCN)(en)2(PPh3)](C104)2 (2) and a paramagnetic ruthenium(Ill) species 
[Ru(O2CR)(en)2(PPh3)](BPh4)2 (3) (R = Ph, a; C6H4-p-Me, b; C6H4-p-OMe, e) were iso- 
lated and characterized. The crystal structure of complex 2, obtained by X-ray diffraction 
analysis, shows a cis arrangement of the unidentate ligands in this octahedral complex. 
Complex 3 displays an axial EPR spectrum. Complex 2 undergoes two successive irreversible 
metal-centred one-electron oxidation processes at 1.13 and 1.33 V vs SCE in MeCN--0.1 M 
[NBu~]CIO, at 50 mV s- ~. The mechanistic aspects of the core cleavage reactions in 1 are 
discussed. 

Current interest ~-9 in the chemistry of (#-oxo)bis 
(/t-carboxylato)diruthenium(III) complexes stems 
from the discovery t° of a similar core structure in 
several non-heme metalloproteins. Besides this, the 
tribridged diruthenium(III) complexes are closely 
related to the carboxylate bridged (/~3-0xo)tri- 
ruthenium" and metal-metal bonded ~2 diru- 
thenium complexes. Unlike the chemistry of/~3- 
oxo trimetal complexes, an intriguing aspect of the 
tribridged dimetal complexes is the stability of the 
core. While the presence of a facially capping ter- 
dentate iigand renders stability of the core con- 
taining 3d metal ions, ~° the core can be readily 
stabilized for a 4d element like ruthenium with uni- 
dentate or bidentate terminal ligands. However, the 
susceptibility of the core towards cleavage depends 
primarily on the nature of the terminal ligands. We 
have recently shown 6-8 that in [Ru20(O2CR)4 
(PPh3)2] and [Ru20(O2CR)2(MeCN)4(PPh3)2] 
(CIO4)2 (l), the bulky n-acceptor PPh3 terminal 
ligands exert sufficient influence to weaken the 
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Ru--O bond trans to it. In this paper, we present 
evidence for the cleavage of the tribridged diru- 
thenium(III) core. Complex 1, on reaction with 1,2- 
diaminoethane (en), yields yellow monomeric 
ruthenium complexes of formulations [Ru(MeCN) 
(en)2(PPh3)] (CIO4)2 (2) and [Ru(O2CR) 
(en)E(PPh3)](BPh4)2 (3) (R = Ph, a ; C6H4-p-Me, b; 
C6H4-p-OMe, c). Herein we report the synthesis, 
structure and properties of complexes 2 and 3. 
Complex 2 has been structurally characterized by 
X-ray crystallography. 

EXPERIMENTAL 

The solvents and reagents were purchased from 
commercial sources. Ru2CI(O2CMe)4, Ru2CI 
(O2CR), and [Ru20(O2CR)2(MeCN)4(PPha)z] 
(CIO4)2 (1; R = Ph, a; C6H4-p-Me, b; C6H4-p- 
OMe, c) were prepared by literature methods. 6'13'14 

Preparation of[Ru(MeCN)(en)2(PPh3)](C104)2 (2) 

Complex 2 was isolated from the reactions of en 
with the precursor complexes la- le .  A rep- 
resentative procedure is described below. 
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A 0.3 M solution o fen  in MeOH (1.65 cm 3, 0.48 
mmol) was treated with a solution of lc (270 mg, 
0.19 mmol) in MeOH (10 cm 3) under refluxing con- 
ditions for 2 h. The resulting purple reaction mix- 
ture was added to a 5 cm 3 aqueous solution of 
NaC104. The purple precipitate thus obtained was 
filtered off and the filtrate was slowly evaporated. 
Needle-shaped crystals of  2 obtained from this solu- 
tion after 15 days were washed with cold water and 
dried in vacuo over P4O10. Yield ca 20%. Found:  
C, 39.2; H, 4.7; N, 9.6. Calc. for C24H34N 5 
O8PC12Ru : C, 39.8 ; H, 4.7 ; N, 9.7%. 

Preparation of  [Ru(O2CR)(en)2(PPh3)](BPh4)2 (3) 
(R = Ph, a ; R = C6H4-p-Me, b ; R = C6H4-p-OMe, 
e ; X = CIO4 ; R = Ph, a' ; C6H4-p-Me, b' ; C6H4- p- 
OMe, c') 

Complexes 3a-3c as well as 3a'-3e'  were syn- 
thesized by following a general procedure. A rep- 
resentative one is given below. 

A solution of le (270 mg, 0.19 mmol) in MeOH 
(10 cm 3) was treated with a 0.3 M solution of en 
in MeOH (1.65 cm 3, 0.48 mmol) and the reaction 
mixture was boiled under reflux for 2 h. The result- 
ing purple reaction mixture was added to a 5 cm 3 
aqueous solution of NaCIO4 to precipitate a purple 
solid which was removed by filtration, and the 
resulting yellow solution was evaporated to 
dryness. From the residue, which was a mixture of 
complexes 2 and 3e', complex 3e' was extracted 
with cold HzO. An aqueous solution of NaBPh4 
was added to this extract to isolate 3e in an ana- 
lytically pure form. Yield ca 20%. Found : C, 74.0 ; 
H, 6.4; N, 4.9. Calc. for C78H78N4OaPB2Ru: C, 
73.6; H, 6.1 ; N, 4.4%. Complex 3a: yield ca 20%. 
Found : C, 74.1 ; H, 6.1 ; N, 5.0. Calc. for C77H76 
N402PBzRu: C, 74.4; H, 6.2; N, 4.5%. Complex 
3b: yield ca 25% . Found:  C, 73.9; H, 6.1; N, 5.1. 
Calc. for C78H78N402PB2Ru: C, 74.5; H, 6.2; N, 
4.5%. 

Physical measurements 

The elemental analyses were carried out using 
a Heraeus CHN-O Rapid instrument. Electronic 
spectra were recorded on a Hitachi U-3400 Spec- 
trophotometer. The ~H N M R  spectra were 
obtained using an ACF-200 spectrometer. Con- 
ductivity measurements were performed on a Cen- 
tury CC603 digital conductivity meter. Cyclic 
voltammetric measurements were obtained using 
a three-electrode set-up on a PAR Model 174A 
polarographic analyser connected to a Houston 
Instruments Omnigraphic X - Y  recorder. A plati- 
num button, a platinum wire and a saturated calo- 
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mel electrode (SCE) were used as working, auxiliary 
and reference electrodes, respectively. The measure- 
ments were made at 25°C in MeCN containing 0.1 
M[NBu]]CIO4(TBAP). The data reported are 
uncorrected for junction potentials. Ferrocene was 
used as a standard to verify the potentials observed 
against the SCE and to obtain the electron-transfer 
stoichiometries of the redox couples by peak cur- 
rent measurements. The Fen/Fe nI couple of ferro- 
cene was observed at +0.42 V (vs SCE) under 
similar experimental conditions. EPR measure- 
ments were carried out on a Varian E-109 X-band 
spectrometer working at a microwave frequency of 
9.05 GHz. 

Crystal structure determination of  [Ru(MeCN) (en)2 
(PPh3)] (C104)2 

The pale-yellow, needle-shaped crystal used for 
data collection was obtained by slow evaporation 
of a solution of  complex 2 in H20-MeCN.  The 
crystal, being unstable and becoming powder out- 
side the mother liquor, was sealed in a Lindemann 
capillary along with the mother liquor. 

Crystal data. C24H35NsOs:sPC12Ru, M =  732.5, 
monoclinic, P21/c, a =  20.493(3), b =  8.923(1), 
c = 36.605(6) /~,, fl = 92.96(1) °, V = 6684(2) ~3, 
Z = 8, Dc = 1.46 g cm -3, 2 = 0.7107 A, p(Mo- 
K,) = 3.58 cm -I, T = 293 K. 

Data collection, structure solution and refinement 

CAD4 diffractometer, a~-scan technique, graphite 
monochromated Mo-K~ radiation ; 7300 reflections 
measured (2 ° ~< 20 ~< 40), 6236 unique giving 2529 
with F0 > 5a(F0). The thin crystal was found to 
diffract weakly at higher angles and hence data were 
collected only up to 20 = 40 °. Since the absorption 
coefficient value was very small (# = 3.58 cm-m), 
the data were not corrected for absorption. 

The positions of the ruthenium atoms were 
derived from the Patterson map. Iterative appli- 
cation of  the least-squares refinement and difference 
Fourier map led to the development of  the entire 
structure. During the structure refinement, the 
observed data with F0 > 5a(F0) were found to be 
less than that required for a data-to-parameter ratio 
of  6:1 and hence to reduce the number of par- 
ameters phenyl group carbons were refined at the 
isotropic level. The asymmetric unit consisted of  
two molecules of  the complex along with one lattice 
water. Several atoms showed high thermal motion. 
Two of the four C104 anions were found to have 
positionally disordered oxygen atoms and the site 
occupancies of these oxygens were obtained by 
refining the occupancy factors (s.o.f.) of these 
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atoms. The complex molecules in the asymmetric 
unit have similar coordination geometry, even 
though the bond lengths and bond angles were mar- 
ginally different from each other. Hydrogen atoms 
of the complex cation, placed at the calculated posi- 
tions with d ( C - - H )  = 1.08/~, were constrained to 
ride on the atoms to which they are attached. The 
atoms which showed non-positive definite during 
anisotropic refinement were refined isotropically. 
Residuals are R = 0.079 and Rw = 0.069 for 
w = [a2(F0)]-% The maximum peak in the final 
difference Fourier map was 0.42 e /1,-3. All cal- 
culations were performed using VAX88 computer 
and SHELXS-86 and SHELX-76 programs.~5 A full 
listing of the positional and thermal parameters, 
bond lengths and angles has been forwarded to the 
Cambridge Crystallographic Data  Centre. 

RESULTS 

Synthesis and spectral properties 

The reaction of complex 1 with en under refluxing 
conditions in MeOH has led to the formation of a 
mixture of  complexes. TLC of the crude product 
shows the presence of blue, ~6 purple 8a and yellow 
coloured complexes in the mixture. The yellow 
complexes were separated from the other products 
by precipitating the blue and purple tribridged diru- 

thenium complexes by adding an aqueous solution 
of NaC104 to the reaction mixture. The yellow com- 
plexes remain soluble in the H 2 0 - M e O H  medium. 
Complex 2 was isolated in crystalline form by slow 
evaporation of  this solution. The remaining yellow 
solution, after removal of  complex 2, gives a hygro- 
scopic diperchlorate salt 3% which was converted 
to a non-hygroscopic solid [Ru(O2CR)(en)2(PPh3)] 
(BPh4)2 (3) by treating the solution with NaBPh4. 

Complex 2 is sparingly soluble in chloroform 
and dichloromethane. It is less soluble in water but 
highly soluble in MeOH and MeCN. Complex 3 is 
sparingly soluble in water and chloroform but 
highly soluble in MeOH,  MeCN and acetone. The 
perchlorate salt 3' is hygroscopic and sparingly sol- 
uble in MeOH and MeCN. The complexes are 1 : 2 
electrolytes in solution (Table 1). Complex 2 does 
not show any absorption in the visible region. It 
shows a peak at 325 nm. However, complex 3 dis- 
plays a visible band at ~ 440 nm. Electronic spectral 
data are presented in Table 1. 

The IH N M R  spectrum of complex 2 exhibits a 
singlet for the MeCN ligand. The CH2 protons of 
en appear  as four broad peaks within 2,5-4.9 ppm. 
A complex multiplet which is observed in the aro- 
matic region in the range 7.6-7.7 ppm undergoes 
exchange with D20 and this multiplet has been 
assigned to the NH2 protons of  the en rings. The 
phenyl protons of  PPh3 appear  in the range 7.49- 

Table 1. Physicochemical data for complexes 2, 3 and 3' 

Complex 2 3a 3b 3c 

AM, f2 -1 cm 2 M -l~ 230 240 237 242 
2 ... .  nm (e, M -1 cm-l)" 325 (910) 442 (1300) 445 (1290) 438 (1260) 
EPR, MeCN glass, 77 K - -  91t = 1.89;9± =2.29 9, = 1.90;9.. =2.29 911 = 1.89;9~ =2.28 

Complex 2 3a" 3b" 3c' 

~H NMR (6, ppm)[nH, j]h 
Me(O2CR) 
Me(MeCN) 
CH2/NH/(en) 

NH:(en) 

NHa,R,PPh3 

- -  - -  2.35s [3H] 3.80s [3H] 
2.59s [3H] - -  - -  - -  
2.55, 3.20, 4.00, 2.70, 3.05, 4.52, 2.75, 3.00, 4.50, 2.70, 3.05, 4.43, 
4.57, 4.86m [8H]" 4.90, 5.25m [10H] 4.75, 5.20m [10H] 4.62, 5.15m [10H] 
7.65m [8H] 7.40br [4H] 7.35br [4H] 7.40br [4HI 

8.55d [1H] 9.05d [1H] 8.65d [IH] 
11.90d [1H] 13.15d [1H] 12.15d [1H] 

7.49-7.58m [15H] a 7.50-7.80m [20H] a'e 6.82d [2H, 8] e 6.85d [2H, 7] ~ 
7.94d [2H, 8] ~ 8.48d [2H, 7] e 
7.50-7.60m [15H] a 7.45-7.60m [15HI a 

a In MeCN. 
b In CD3CN. S, singlet ; d, doublet ; m, multiplet ; br, broad. 
c CH2 protons of en. 
d PPh3 protons. 
e Aryl group protons of O2CR. 
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7.58 ppm as a multiplet. The 1H NMR data of 
complex 2 are given in Table 1. Since the phenyl 
group protons of the BPh~- anion in complex 3 
obscure the spectral details in the aromatic region, 
the IH NMR spectra of complex 3' have been inves- 
tigated (Table 1). Considering the paramagnetism 
of the ruthenium(III) complex (3'), considerably 
sharp proton resonances are observed except for 
the en protons. The peaks show downfield shifts. 
The methyl group of the para-substituted car- 
boxylate ligand exhibits a sharp singlet, indicating 
the presence of only one type of carboxylate ligand 
in the complex. The two doublets near 6.9 and 8.5 
ppm in complexes 3h' and 3c' are due to the aryl 
group of the carboxylate ligand. The PPh3 protons 
appear within 7.4-7.6 ppm. The CH2 protons dis- 
play broad multiplets but with a small downfield 
shift. The peaks for the NH2 protons in complex 
3' are considerably downfield shifted compared to 
those in complex 2. 

Complex 3 is paramagnetic and it exhibits an 
axial EPR spectrum in MeCN glass at 77 K. The 
EPR spectra of complex 3e is shown in Fig. 1, and 
the relevant data are presented in Table 1. The 
complexes are characterized by a g± value of ca 
2.28 and a gll value of ca 1.89. Based on these data, 
it can be concluded that the complex has an axial 
symmetry with trans arrangements of the uni- 
dentate ligands in an octahedral geometry. 

Based on the analytical, conductivity and spectral 
data, the proposed structure of the cationic complex 
in 3 and 3' is shown below. The NH2 protons of 
one en ligand are presumably hydrogen bonded to 
the unidentate carboxylate ligand. This is inferred 
from the appearance of two doublets near 12 and 9 

I I I I 
2200 2700 3200 3700 

Gguss 
Fig. 1. The EPR spectrum of [Ru(O2CC6H4- p- 
OMe)(en)2(PPh3)](BPha)2 (3c) in MeCN glass at 77 K. 
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ppm in the ~H NMR spectrum of complex 3'. These 
protons probably show a doublet because of their 
inequivalency due to hydrogen bonding. The peak 
near 12 ppm undergoes fast D20 exchange. This 
peak is tentatively assigned to the proton which is 
not involved in the hydrogen bonding interaction. 
The doublet near 9 ppm, which also disappears 
after some time, is assignable to the proton involved 
in hydrogen bonding. A broad peak near 7.4 ppm 
also undergoes complete exchange with D20, and 
this peak could be due to amino protons. Similarly, 
a broad multiplet which appears at 2.7 ppm along 
with the CH2 protons has also been found to be 
exchanged with D20 and this multiplet is tentatively 
assigned to the NH2 protons of the other en ligand. 
Four multiplets, observed near 3.0, 4.4, 4.6 and 5.1 
ppm, are assignable to the CH2 protons of the en 
chelate rings. 

PPh 3 
H2 I H 2 

H 2 ~ N ~  I /N~c.H 2 
/ Ru I 

H2C~N/  I ~N jCH2 

R--C~o,, ,  

XZ 

X=ClO 4 or BPhz, 

Crystal structure of  complex 2 

A PLUTO 17 diagram of the asymmetric unit of 
complex 2 is shown in Fig. 2. The presence of two 
similar molecules in the asymmetric unit with 
slightly different bond lengths and angles could be 
related to the disorderness of the perchlorate 
anions. In the cationic complex, two en and one 
PPh3 ligands, along with one linear MeCN ligand, 
complete the essentially octahedral coordination 
geometry around the ruthenium centre. The MeCN 
and PPh3 ligands are in cis disposition to each other. 
Selected bond distances and angles are listed in 
Table 2. The formation of complex 2 takes place 
from cleavage of the dimeric core in complex 1 with 
substitution of a carboxylate ligand by en. 

Electrochemistry 

The redox behaviour of complexes 2 and 3 have 
been studied by cyclic and differential pulse vol- 
tammetry using a platinum button working elec- 
trode in MeCN containing 0.1 M [NBu]]C104. 
Complex 2 undergoes two consecutive one-electron 
oxidations at 1.13 and 1.33 V vs SCE (Fig. 3). The 
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C65 
X~,~C64 

C66 C cn " cs2 

6 N7 NS,.~ :~U2 012 CI1~ ~) 

C9 ~I[CIO ~'~ ,. 
0 22 N9 U3 ~)041 " ' '  

C12TO21 O~ O'43 ~ )  

C6 
c .Z. Lc,  
/ oo, 

C34 ~ ¢ 3 6  23 

C35 
Fig. 2. A PLUTO diagram of two formula units of 
[Ru(MeCN)(en)2(PPh3)](CIO4)2 in the asymmetric unit 
of the unit cell. The disorder of two perchlorate anions 

(a and b) is not shown for clarity. 

electron transfer processes are irreversible and the 
couples involved are Run/Ru m and Rum/Ru TM. The 
sluggish electron transfer nature of these couples 
are further evidenced from the differential pulse 
voltammetric (DPV) results, showing a decrease of 
the ibs/ifs ratio on increasing the scan rateJ 8 The 
voltammetric data are presented in Table 3 and the 
differential pulse voltammograms of complex 2 are 
displayed in Fig. 3. 

Complex 3 did not show any metal centred elec- 
tron transfer process within the potential range of  
+ 1.8 to - 1.5 V. The only electrochemical response 
observed during the cyclic voltammetric scan cor- 
responds to an irreversible oxidation of the BPh4 
anion. 

DISCUSSION 

Recent studies on the (/~-oxo)bis(/~-car- 
boxylato)diruthenium(III) complexes have shown 
that the tribridged core can be stabilized in the 
presence of  bidentate and/or unidentate terminal 
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--0.6 1.0 1.4 
E(V) vs 5CE 

Fig. 3. Cyclic voltammograms ( ) at I0 (a), 20 (b) 
and 50 (c) mV s- J and differential pulse voltammograms 
( - - - - - - )  of [Ru(MeCN)(en)2(PPh3)] (C104)2 at 2 mV s-' 

in MeCN~).I M [NBu]](CIO4). 

ligands besides the terdentate facially capping 
ligands. The isolation of two monomeric species 
from a tribridged precursor shows that the stability 
of the core is reduced in the presence of n-acceptor 
and/or bulky terminal ligands. The presence of PPh3 
terminal ligands in complex 1 makes the core sus- 
ceptible to cleavage. The Ru---O(O2CR) bond trans 

to the PPh3 ligand is expected to undergo sub- 
stitution by en. 

In the precursor complex, the terminal MeCN 
ligand trans to the/~-oxo ligand is more labile, as is 
evidenced from the crystal structure of complex 
la 6 and [Ru20(O2CMe)2(MeCN)4(PPh3)2](C104)2 .7 
Experimental evidence for this observation is 
obtained from a study I by Sasaki et al. showing an 
exclusive exchange of the pyridine trans to the/~- 
oxo ligand in [Ru20(OECMe)2(py)6] z+ with pyri- 
dine-d5 in CD3CN. Hence, a substitution of MeCN 
trans to the oxo bridge in complex 1 by en could be 
the first step. A nucleophilic substitution of the 
Ru - -O  bond trans to the PPh3 ligand by a poten- 
tially bidentate 1,2-diaminoethane explains the 
cleavage of the core and the formation of  the mono- 
meric complexes 2 and 3. 
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Table 2. Selected bond distances (~) and angles (°) for complex 2 

Molecule 1 Molecule 2 

Ru(1)--P(1) 2.276(7) Ru(2)--P(2) 2.290(7) 
Ru(1)--N (1) 2.20 (2) Ru (2)--N (6) 2.15 (2) 
Ru(1)--N(2) 2.09(2) Ru(2)--N(7) 2.11 (2) 
Ru(I)--N(3) 2.12(2) Ru(2)--N (8) 2.15(2) 
Ru(1)--N(4) 2.14(2) Ru(2)--N(9) 2.15(2) 
Ru(1)--N(5) 1 .98(2)  Ru(2)--N(10) 1.97(2) 
N(5)--C(5) 1 .11(3)  N(10)--C(I 1) 1.13(4) 
C(5)--C(6) 1 .44(4)  C(11)--C(12) 1.43(4) 
P(1)--Ru(1)--N(1) 1 7 5 . 1 ( 5 )  P(2)--Ru(2)--N(6) 94.6(6) 
P(1)--Ru(1)--N(2) 95.8(5) P(2)--Ru(2)--N(7) 94.1(5) 
P(1)--Ru(l)--N(3) 95.4(5) P(2)--Ru(2)--N(8) 95.5(5) 
P(1)--Ru(1)--N(4) 94.0(5) P(2)--Ru(2)--N(9) 176.9(6) 
P(1)--Ru(I)--N(5) 92.3(6) P(2)--Ru(2)--N(10) 92.9(6) 
N(1)--Ru(1)--N(2) 80.0(6) N(6)--Ru(2)--N(7) 80.7(8) 
N(1)--Ru(1)--N(3) 87.4(7) N(6)--Ru(2)--N(8) 168.9(7) 
N(1)--Ru(1)--N(4) 90.5(7) N(6)--Ru(2)--N(9) 88.5(8) 
N(1)--Ru(1)--N(5) 85.1 (7) N (6)--Ru(2)--N(10) 95.1 (9) 
N(2)--Ru(1)--N(3) 92.5(7) N(7)--Ru(2)--N(8) 94.1(7) 
N(2)--Ru(1)--N(4) 1 6 9 . 1 ( 7 )  N(7)--Ru(2)--N(9) 86.5(7) 
N(2)--Ru(1)--N(5) 90.2(7) N(7)--Ru(2)--N(10) t72.2(8) 
N(3)--Ru(1)--N(4) 81.7(7) N(8)--Ru(2)--N(9) 81.4(7) 
N(a)--Ru(1)--N(5) 1 7 1 . 5 ( 7 )  N(8)--Ru(2)--N(10) 88.9(8) 
N(4)--Ru(1)--N(5) 94.3(7) N(9)--Ru(2)--N(10) 86.8(8) 
Ru(1)--N(5)--C(5) 1 7 5 ( 2 )  Ru(2)--N(10)--C(! 1) 178(3) 
N(5)--C(5)--C(6) 1 7 5 ( 2 )  N(10)--C(11)--C(12) 177(4) 
Ru(1)--P(1)--C(21) 1 1 2 . 5 ( 8 )  Ru(2)--P(2)--C(5 l) 119.0(8) 
Ru(1)--P(1)--C(3 l) 1 1 6 . 0 ( 8 )  Ru(2)--P(2)--C(61) 116.0(8) 
Ru(1)--P(1)--C(41) 1 1 9 . 1 ( 8 )  Ru(2)--P(2)--C(7 l) 112.6(8) 

Table 3. Electrochemical data for [Ru(MeCN)(en)2(PPh3)](C104)2 (2) in 
MeCN-0.1 M [NBu~](CIO,) 

CV data ~ 
v (mV s-l) Epa(RUlI/Ru !II) (V) Epa(Rum/Ru Iv) (V) 

10 1.11 1.31 
20 1.12 1.32 
50 1.13 1.33 

DPV data b 
v (mV s-') Ers (V) Ebs (V) Ibs/Ir~ 
Couple : Rull/Ru m 

2 1.05 1.03 0.58 
5 1.06 1.03 0.35 

10 1.07 t.01 0.25 

Couple : Rum/Ru w 
2 1.27 1.26 0.46 
5 1.28 1.25 0.30 

10 1.28 1.24 0.22 

° Ep~, anodic peak potential. 
Efs and Eb~ are forward and backward scan potentials, respectively. Ifs/Ibs 

is the ratio of forward scan and backward scan peak current, v, scan rate. 
Modulation amplitude = 50 mV (peak to peak). Drop time = 0.5 s. 
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