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Radii of S2O8
2- and cis,cis-[(bpy)2Ru(OH2)]2O4+ 

 The crystallographic shape of S2O8
2- is that of two overlapping slightly distorted 

tetrahedral SO4 units, where the O-O bond is nearly perpendicular to the S-S axis, giving the 

aspect of a prolate spheroid; the average S-O bond length is 1.48 Å,1 very nearly the same as the 

S-O bond length in SO4
2- (1.49 Å). From the equation for the volume of a prolate spheroid ሺܸ ൌ

ସగ

ଷ
ܽଶܾ, where a and b are the minor and major semi-axes) with a = 1.48 Å and ܾ ൌ 2ܽ, an 

equivalent radius of 1.9 Å is calculated for S2O8
2-. The crystallographic shape of cis,cis-

[(bpy)2Ru(OH2)]2O4+ is that of a distorted hemisphere, where the face containing the cis-

coordinated water molecules is nearly planar. From the reported crystallographic bond lengths, 

radii defined by the pyridine units cis and trans to the nearly linear Ru-O-Ru bond are a = 5.9 Å 

and b = 8.0 Å, respectively.2 The corresponding volume, calculated as one-half that of a prolate 

spheroid, is 583 Å3, giving an equivalent radius of 5.2 Å. 
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Figure S1. Experimental setup for performing pulse radiolysis with flow pre-mixing. Two Ar-

purged buffered (2 mM borate, pH 9.2 plus 10 mM tert-butyl alcohol) solutions, one containing 

20 µM {3,3} and the other containing 4 mM S2O8
2-, are flow-mixed and passed into an optical 

flow cell using a remotely-controlled syringe pump. The electron pulse and optical kinetics 

detection are timed to occur while the solutions are still flowing.  
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Figure S2. Stoichiometry of the {3,3} + S2O8
2- reaction. Incremental additions of K2S2O8 were 

made to ~20 μM {3,3} in 4 mM sodium borate, pH 9.2, at ambient temperature. Concentrations 

of {3,3} and {3,4} in product solutions were determined at their visible absorption maxima; data 

are normalized to the initial amount of {3,3} present (denoted [{3,3}]0). Closed symbols: {3,3}; 

open symbols: {3,4}. The dashed lines show the theoretical results for 2-to-1 consumption of 

{3,3} by S2O8
2-.  
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Figure S3. Semilogarithmic representation of normalized kinetic traces obtained from the decay 

of {3,3} absorption at 624 nm at various medium pH and 25 oC. Conditions: [{3,3}]0  20 µM, 
[S2O8

2-] = 10 mM, constant ionic strength of 40 mM. Experimental data points are shown in 

blue. Red dashed lines give linear fits of the initial portion of the kinetics (20 % of shown 
timescale). As can be seen, in both alkaline and acidic media with S2O8

2- in excess, {3,3} decay 
kinetics are rigorously exponential, but significant deviations from exponentiality are observed in 
neutral media. Additional studies indicated that this effect is not caused by anation of the 
complex ion; specifically, t½ values measured for first-order substitution of 5-40 mM phosphate 
at pH 7.2 were (3-0.9)×103 s, far too slow to interfere with oxidation initiated by flow-mixing 
solutions of unbuffered {3,3} and phosphate-buffered K2S2O8, and nearly identical deviations 
were observed when the cationic buffer, tris-hydroxymethylaminomethane, was substituted for 
phosphate. Kinetic modeling indicates that comproportionation reactions also do not limit the 
overall reaction dynamics under these conditions. Similar kinetic effects have been noted in the 
reaction of Os(bpy)3

2+ with peroxydisulfate,3 and presumably involve side reactions or deep 
oxidation4 of the complexes by SO4

•-.  
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Figure S4. Typical kinetic trace recorded at 624 nm corresponding to the {3,3} + (CH3)2
•COH 

reaction in an N2O-saturated solution also containing 50 mM 2-PrOH, 20.5 µM {3,3}, and 2 mM 
NaOH. An 80 ns radiation pulse was applied to produce 0.34 µM of primary water radiolysis 
radicals per unit G-value. Under these conditions all radicals from water radiolysis 

H2O \/\/\→ eaq
-(2.7), OH (2.8), H●(0.55) 

(G-values are shown in parentheses) are converted into the alcohol radicals on a sub-
microsecond time scale through the following rapid reactions5-8 

N2O + eaq
- (+H2O)  N2 + OH- + OH•   k = 9.1×109 M-1 s-1 

(CH3)2CHOH + OH•  0.9(CH3)2
•COH + 0.1•CH2(CH3)CHOH + H2O k = 1.9×109 M-1 s-1 

  (CH3)2CHOH + H•  (CH3)2
•COH + H2   k = 7.5×107 M-1 s-1 

The -carbon •CH2(CH3)CHOH radical is not reducing. It is expected to react with the 
coordination complex as sluggishly as the tert-butanol radical (•CH2C(CH3)2OH) and should not 
interfere with the dynamics of the reactions of {3,3} with the strongly reducing -carbon 
(CH3)2

•COH radical. This reaction 

(CH3)2
•COH + {3,3}  (CH3)2CO + H+ + {2,3} kar2 

and the radical-radical recombination 

(CH3)2
•COH + (CH3)2

•COH (or •CH2(CH3)CHOH)  products krec 

are the only processes that occur on the observational time scale. With the krec fixed at 5.8×108 
M-1 s-1 (average of the literature data9-13), the kar2 value was fitted to the kinetic data through 
numerical integration of the last two reactions, and the fit is shown by the red line in the figure. 
Statistical analysis of the so-obtained kar2 from several kinetic traces recorded at various radiation 
doses yielded kar2 = (5.1 ± 0.3)×109 M-1 s-1.  
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Figure S5. Typical kinetic traces of {3,4} decay (red) and {3,3} formation (blue) recorded at 485 

nm and 624 nm, respectively, corresponding to the {3,4} to {3,3} conversion in an N2O-saturated 

solution also containing 50 mM 2-PrOH, 20 µM {3,4}, 2.5 µM S2O8
2-, and 3 mM NaOH. A 100 

ns radiation pulse was applied that produced 0.425 µM of primary water radiolysis radicals per 

unit G-value. Under these conditions all radicals from water radiolysis are converted into the 

alcohol radicals on a sub-microsecond time scale as described in the caption to Figure S4. 

Reaction of {3,4} with the strongly reducing -carbon (CH3)2
•COH radical 

(CH3)2
•COH + {3,4}  (CH3)2CO + H+ + {3,3} kar1 

and the radical-radical recombination 

(CH3)2
•COH + (CH3)2

•COH (or •CH2(CH3)CHOH)  products krec 

are the only processes that occur on the observational time scale. With the krec fixed at 5.8×108 

M-1 s-1 (average of the literature data9-13), the kar1 value was fitted to the kinetic data through 

numerical integration of these two reactions, and the fits shown by the solid lines in the figure 

yielded the same kar1 = 7.2×109 M-1 s-1. The signal amplitude ratio A485/A624 = 1.3 matches the 

{3,4} – {3,3} difference spectrum at this pH, as expected for the kar1 reaction being the only 

reaction involving the blue dimer.  
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Figure S6. Kinetics of the SO4
•- radical (wine) and hydrated electron (blue) obtained by 

picosecond pulse radiolysis of Ar-purged 2 M solution of K2S2O8 and neat water, respectively. 
Traces recorded at 450 nm (SO4

•- absorption maximum)14 on microsecond (a) and sub-
nanosecond (b) time scales, and at 520 nm (away from SO4

•- absorption maximum) on 
microsecond (c) and sub-nanosecond (d) time scales. The red lines serve only to smooth the data 
and have no analytical significance. A 30 ps radiation pulse was applied to all samples. In the 
absence of S2O8

2-, the only observable radiolysis product is the hydrated electron that absorbs 
more strongly at 520 nm than at 450 nm and decays with a 1 µs half-life. With 2 M Na2S2O8, 
the electrons are quantitatively captured by S2O8

2- within 0.05 ns,15 and the observed absorption 
that persists well into the microsecond time scale is attributable to the SO4

•- radical generated 
through reductive decomposition of S2O8

2- 

S2O8
2- + e-  {S2O8

•3-}  SO4
2- + SO4

•-   

The rise of the hydrated electron signal in panels (b) and (d) represents the electronic rise time of 
the detection system. The same rise time for the electron and SO4

•-, which is clearly seen in panel 
(b), indicates that, even if the S2O8

•3- radical exists as the bound thermally equilibrated species, 
its lifetime does not exceed 0.5 ns.  

0 2 4 6 8

0

0.01

0.02

hydrated electron

SO.-
4  radical

a
bs

or
ba

nc
e

time, s

a) at 450 nm

         

0 0.5 1.0

0

0.01

0.02

0.03

SO.-
4  radical

hydrated electron

b) at 450 nm

a
bs

o
rb

a
nc

e

time, ns

0 2 4 6 8
0

0.02

0.04

hydrated electron

SO.-
4  radical

a
bs

o
rb

a
nc

e

time, s

c) at 520 nm

        

0 0.5 1.0
0

0.02

0.04

SO.-
4  radical

hydrated electron

d) at 520 nm

a
bs

o
rb

a
nc

e

time, ns  



8 
 

 

Figure S7. Eh–pH predominance diagram for blue dimer species computed using raw literature 

data uncorrected for ionic strength that are summarized in Tables S1 and S2. The dashed line 

corresponds to the one-electron reduction potential of peroxydisulfate: E0(S2O8
2-/SO4

•-,SO4
2-) = 

1.45 V and pKa(HSO4
-) = 1.96.  

0 2 4 6 8 10 12
0.4

0.6

0.8

1.0

1.2

1.4

1.6

{3
,4

}-
(H

2O
) 2

{4,4}-(OH)2

{5,5}-(O)2

{4,5}-(O)2{3,4}-(H2O)(OH)

{3,3}-(H2O)2

{3,3}-(H
2 O)(OH) {3,3}-(OH)2

{3,4}-(OH)2

E
h
, V

 v
s 

N
H

E

pH



9 
 

 

Figure S8. An instantaneous configuration of an ion triple formed by a ML௭ೌା cation, SO4
2- 

anion (Zb = -2), and SO4
•- radical (Zc = -1). In the case of {3,4} cation, Za = 3-5, depending on the 

protonation state. The ionic radii are taken as ra = 5.2 Å and rb = rc = 1.5 Å (see page 1), which 
gives the center-to-center anion-cation separation between a = ra + rb = 6.7 Å and a + δr = 7.7 Å. 
The ion triple formation constant (at µ = 0) is computed in three steps. In step 1, the SO4

•- radical 
is not present and the ion pairing constant between {3,4} and SO4

2- is evaluated in the usual way 
(see main text eqs. 6 and 7) 

ᇱܭ    ൌ
ሾሼ૜,૝ሽ൉൉൉ୗ୓రమషሿ౅ౌ
ሾሼ૜,૝ሽሿሾୗ୓రమషሿ

ൌ ସగ௅௔మఋ௥

ଵ଴଴଴
݌ݔ݁ ቀെ ௓ೌ௓್௘మ

஽௔௞்
ቁ   (S1) 

Here, L is the Avogadro number, e is the electron charge, D is the bulk dielectric constant of 
water, and the other symbols have their usual meanings. In step 2, the SO4

•- radical is brought in 
and allowed to reside anywhere between a and a + δr from the center of {3,4} except the space 
already occupied by SO4

2-; that is, the shortest center-to-center distance between SO4
2- and SO4

•- 
is Rmin = 2a×cos(max) = rb + rc = 3 Å and the maximum angle is max = 77 degrees. The 
equilibrium constant for SO4

•- addition 

ᇱᇱܭ     ൌ
ሾୗ୓ర•ష൉൉൉ሼ૜,૝ሽ൉൉൉ୗ୓రమషሿ౅౐
ሾሼ૜,૝ሽ൉൉൉ୗ୓రమషሿ౅ౌሾୗ୓ర

•షሿ 

can be readily obtained from the above model 

ᇱᇱܭ  ൌ ଼గ௅௔మఋ௥

ଵ଴଴଴
݌ݔ݁ ቀെ ௓ಲ௓಴௘మ

஽௔௞்
ቁ ׬ ݌ݔ݁ ቀെ ௓್௓೎௘మ

஽ሺଶ௔ ௖௢௦ሻ௞்
ቁ ݏ݋ܿ ݀ౣ౗౮݊݅ݏ

଴   (S2) 

and evaluated through numerical integration. Finally, the ion triple formation constant is 
computed by combining eqs. S1 and S2 

୘୍ܭ     ൌ
ሾୗ୓ర•ష൉൉൉ሼ૜,૝ሽ൉൉൉ୗ୓రమషሿ౅౐
ሾሼ૜,૝ሽሿሾୗ୓రమషሿሾୗ୓ర•షሿ

ൌ  ᇱᇱܭᇱܭ

The entropy of ion tripling can be evaluated from 

    ୍୘ܵ ൌ െܴ ߲ሺ்௟௡௄౅౐ሻ

்߲
 

taking into account the temperature dependence of D.
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Table S1. pKa of blue dimer species. 

Entry Species Charge
Observeda Correctedb 

pKa
0 (µ  0) pKa µ, M 

pKa1 H2O-{3,3}-OH2 +4 5.9 0.1c 5.1 

pKa2 HO-{3,3}-OH2 +3 8.3 0.3d 7.6 

pKa3 H2O-{3,4}-OH2 +5 0.4 0.4e -0.7 

pKa4 HO-{3,4}-OH2 +4 3.3 0.1f 2.6 

 

aFrom Gilbert et. al.;2 although ionic strengths have not been precisely specified, their 

approximate values could be deduced from the general experimental description; bComputed 

using Davies activity coefficient corrections ݈ߛ݃݋௜ ൌ െ0.509ܼ௜
ଶ ቀ √ఓ

ଵା√ఓ
൅ ௔଴ܭ݌ ቁ andߤ0.3 ൌ ௔௢௕௦ܭ݌ ൅

௔௖௜ௗߛ݃݋݈ െ ௕௔௦௘ߛ݃݋݈ െ  ௔௢௕௦ > 3; note the relatively largeܭ݌ ୌశ, with the last term omitted forߛ݃݋݈

corrections arising from the large charges of the species involved; cIn 0.1 M phosphate buffer at 

pH 6; dIn 0.1 M phosphate buffer at pH 8; eIn 0.4 M triflic acid; fIn 0.1 M triflate. 
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Table S2. Reduction potentials of blue dimer species vs. NHE. 

Entry Half-cell reaction 
Observed 

E′, V (µ, M) 

Correcteda 

E0 (µ0), V

Primary data 

E1 [H2O-{3,4}-OH2]5+ + e- = [H2O-{3,3}-OH2]4+ 1.07b (0.5) 1.16c 

E2 [HO-{4,4}-OH]4+ + e- + 2H+ = [H2O-{3,4}-OH2]5+ 1.53b (0.5) 1.49d 

E3 [O-{5,5}-O]4+ + 2e- + 2H+ = [HO-{4,4}-OH]4+ 1.59b (0.5) 1.62e 

E4 [O-{5,5}-O]4+ + e- = [O-{4,5}-O]3+ 1.41f (0.18) 1.46g 

Derived one-electron potentialsh 

E5 [HO-{3,4}-OH]3+ + e- = [HO-{3,3}-OH]2+ 0.46 0.51 

E6 [HO-{3,4}-OH]3+ + e- + H+ = [H2O-{3,3}-OH]3+ 0.96 0.96 

E7 [HO-{3,4}-OH]3+ + e- + 2H+ = [H2O-{3,3}-OH2]4+ 1.30 1.27 

E8 [H2O-{3,4}-OH]4+ + e- + H+ = [H2O-{3,3}-OH2]4+ 1.11 1.12 

E9 [H2O-{3,4}-OH]4+ + e- = [H2O-{3,3}-OH]3+ 0.76 0.81 

E10 [HO-{4,4}-OH]4+ + e- = [HO-{3,4}-OH]3+ 1.33 1.38 

E11 [HO-{4,4}-OH]4+ + e- + H+ = [H2O-{3,4}-OH]4+ 1.52 1.53 

E12 [O-{4,5}-O]3+ + e- + 2H+ = [HO-{4,4}-OH]4+ 1.82 1.77 

 

aComputed using Davies activity coefficient corrections ݈ߛ݃݋௜ ൌ െ0.509ܼ௜
ଶ ቀ √ఓ

ଵା√ఓ
൅  ቁ; bIn 0.5ߤ0.3

M triflic acid;16 cComputed from ܧ଴ ൌ ᇱܧ െ 0.059 ൬݈ܨ݃݋ ൅ ݃݋݈
ఊሼయ,రሽ
ఊሼయ,యሽ

൰, where ܨ ൌ 	 ሾୌశሿ

ሾୌశሿାሾ௄ೌయ
೚್ೞሿ

 is the 

fraction of fully-protonated {3,4} under conditions for measuring E′; dComputed from ܧ଴ ൌ ᇱܧ ൅

0.059 ቆ݈ܨ݃݋ ൅ ݃݋݈
ఊሼయ,రሽ
ఊሼర,రሽ

െ ୌశሾHߛሺ݃݋2݈
ାሿሻቇ; eComputed from ܧ଴ ൌ ᇱܧ െ 0.059 ቆ

ଵ

ଶ
݃݋݈

ఊሼఱ,ఱሽ
ఊሼర,రሽ

൅

ୌశሾHߛሺ݃݋݈
ାሿሻቇ; fIn 0.1 M phosphate buffer at pH 7;2 gComputed from ܧ଴ ൌ ᇱܧ െ ݃݋0.059݈

ఊሼఱ,ఱሽ
ఊሼర,ఱሽ

; 

hDerived using corresponding µ-corrected and uncorrected E1 – E4 from this table and pKa from 

Table S1.  
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Table S3. Data for correlating ket with G0′. In blue are values projected from the data in Fig. 11 
and Table S2. 

 

Entry MLz Z rz
a 

Observeda Evaluateda (µ  0) Correcteda (µ  0) 

2KIPket (µ) E0  KIP
b KIT

c -G0 ,d 2KIPket
 ,b log(ket) -G0′ ,e

Blue dimer species (this work) 

1 HO-{3,3}-OH +2 

5.2 

200 (40) 0.51 20 290 0.94 720 1.26 1.01 

2 HO-{3,3}-OH2 +3 15 (40) 0.81 140 6.5×103 0.64 100 -0.44 0.74 

3 H2O-{3,3}-OH2 +4 0.40 (40) 1.16 1.0×103 1.5×105 0.29 5.2 -2.59 0.42 

4 HO-{3,4}-OH +3 2.4×10-3 (30) 1.38 140 6.5×103 0.07 0.017 -4.23 0.17 

5 O-{4,5}-O +3 8.7×10-4 (30) 1.46 140 6.5×103 -0.01 0.005 -4.76 0.09 

Mononuclear polypyridine- and o-phenanthroline-based complexes (literature data) 

6 Ru(bpy)3 +2 4.8f 
0.011(300)17 

1.2618 22 370 0.19 
0.11 -2.60 

0.26 
9.0×10-3 (0)19 0.009 -3.69 

7 Os(bpy)3 +2 4.8f 49 (0)19 0.8218 22 370 0.63 49 0.046 0.70 

8 Fe(bpy)3 +2 4.8f 

0.55 (0)19 

1.0518 22 370 0.40 

0.55 -1.90 

0.47 0.41 (6)20 0.76 -1.76 

0.40 (0)21 0.40 -2.04 

9 Fe(4,4′-Me2-bpy)3 +2 5.0g 

6.7 (0)19 

0.9419 21 320 0.51 

6.7 -0.79 

0.58 6.0 (6)20 11.1 -0.57 

5.8 (0)21 5.8 -0.86 

10 Fe(tpy)2 +2 4.8h 0.51 (6)20  1.0518 22 370 0.63 0.95 -1.67 0.47 

11 Fe(phen)3 +2 5.0i 

0.11 (6)20 

1.15j 21 320 0.30 

0.20 -2.32 

0.37 0.30 (0)19 0.30 -2.14 

0.21 (0)21 0.21 -2.30 

12 Fe(5-Cl-phen)3 +2 5.0k 
0.042 (6)20 

1.15l 21 320 0.30 
0.078 -2.73 

0.37 
0.272 (0)21 0.272 -2.18 

13 Fe(5-Me-phen)3 +2 5.0k 

0.078 (6)20 

1.1519 21 320 0.30 

0.15 -2.46 

0.37 0.11 (0)19 0.11 -2.58 

0.086 (0)21 0.086 -2.68 

MLzS2O8
2-

IP

ket
SO4

2-

SO4
-


ML 

(z+1)

IT
G0
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Entry MLz Z rz
a 

Observeda Evaluateda (µ  0) Correcteda (µ  0) 

2KIPket (µ) E0  KIP
b KIT

c -G0 ,d 2KIPket
 ,b log(ket) -G0′ ,e

Mononuclear (NH3)5RuIIL complexes (literature data) 

14 (NH3)5Ru(pz)m +2 3.822 7.2×103 (100)22 0.55n 33 920 0.90 4.6×104 2.85 0.99 

15 (NH3)5Ru(Me-pz)m +3 3.922 190 (100)22 0.91p 350 4.0×104 0.54 3.1×103 0.64 0.66 

16 (NH3)5Ru(bpa)m +2 3.9q 2.0×105 (100)23 0.33r 32 830 1.13 1.3×106 4.31 1.21 

Pyrazine-bridged binuclear pentammine complexes (literature data) 

17 
(NH3)5Ru-pz-

Ru(NH3)5
m 

+5 4.722 2.6×104 (100)22 0.83s 1.3×104 1.0×107 0.62 2.1×106 1.91 0.79 

18 
(NH3)5Ru-pz-

Rh(NH3)5
m 

+5 4.722 4.2×104 (100)22 0.78t 1.3×104 1.0×107 0.67 3.4×106 2.12 0.84 

aUnits: radius of MLZ in Å, 2KIPket in M-1 s-1, µ in mM, E0(ML(z+1)/MLz) in V vs. NHE, G0 and G0′ in 

eV/molecule, KIP in M-1, and KIT in M-2; bComputed using eq. 4 and 6-7 (main text) and r0 = rz + 1.9 Å; 
cComputed as described in Fig. S8; dEvaluated from E0(ML(z+1)/MLz) and E0(S2O8

2-/SO4
•-,SO4

2-) = 1.45 V; 
eComputed using eq. 20 (main text); fTaken to be equal to rz for Co(bpy)3;24 gIncreased by 0.2 Å 

compared to Fe(bpy)3; hTaken the same as for Fe(bpy)3; iDerived from conductivity;24 jHCP on the web: 

CRC Handbook of Chemistry and Physics, 95th ed, 2014-2015, http://www.hbcpnetbase.com (Accessed 

December 18, 2014); kTaken to be the same as for Fe(phen)3; lCorrected from 1.12 V determined in 1 M 

H2SO4;25 mpz = pyrazine, Me-pz = N-methylpyrazinium, bpa = 1,2-bis(4-pyridyl)ethane; nCorrected from 

0.52 V at µ = 0.1 M;26 pCorrected from 0.87 V at µ = 0.1 M;26 qTaken to be equal to rz for (NH3)5Ru(Me-

pz); rCorrected from 0.293 V at µ = 0.1 M;23 sCorrected from 0.76 V at µ = 0.1 M;27 tCorrected from 0.71 

V at µ = 0.1 M.27  
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Table S4. Activation parameters for complex ion oxidations by S2O8
2- derived from temperature 

dependencies of the apparent bimolecular rate constant kapp = 2KIPket. 

 

Entry MLz Z 
Aapp 

M-1s-1 
log10(Aapp)

-S#
app 

eu 

Ea, 

kcal/mol 

H#
app 

kcal/mol

Blue dimer (this work) 

1 HO-{3,3}-OH +2 4.5×108 8.65 20.9 8.11 7.52 

Mononuclear polypyridine- and o-phenanthroline-based complexes (literature data)a 

2 Ru(bpy)3 +2 5.0×108 19 8.70 20.7 14.6 19 14.0 

3 Os(bpy)3 +2 2.8×108 3 8.45 21.9 9.4 3 8.81 

4 Fe(bpy)3 +2

5.7×108 19 8.76 20.5 12.4 19 11.8 

1.0×107 7 20 28.5 10.3 20 9.71 

2.5×107 7.39 26.7 21 10.6 10 21 

5 Fe(4,4′-Me2-bpy)3 +2
1.0×106 6 20 33.1 6.6 20 6.01 

7.6×106 6.85 29.2 21 8.23 7.64 21 

6 Fe(5,5′-Me2-bpy)3 +2 1.0×106 6 20 33.1 7.8 20 7.21 

7 Fe(tpy)2 +2 1.0×108 8 20 23.9 10.7 20 10.1 

8 Fe(phen)3 +2

1.0×109 9 20 19.3 13.5 20 12.9 

1.5×109 19 9.18 18.5 13.3 19 12.7 

3.4×108 8.53 21.5 21 12.7 12.1 21 

9 Fe(5-Me-phen)3 +2

1.0×108 8 20 23.9 11.9 20 11.3 

1.6×108 19 8.20 23.0 12.6 19 12.0 

6.8×107 7.83 24.7 21 12.8 12.2 21 

10 Fe(5,6-Me2-phen)3 +2 1.0×108 8 20 23.9 13.3 20 12.7 

11 Fe(4,7-Me2-phen)3 +2 1.0×105 5 20 37.7 6.9 20 6.31 

12 Fe(3,5,6,8-Me4-phen)3 +2 1.0×106 6 20 33.1 9.1 20 8.51 

13 Fe(5-Cl-phen)3 +2
1.0×1014 14 20 -3.53 20.7 20 20.1 

4.1×1011 11.6 7.4 21 17.9 17.3 21 

Averageb 5.2×1012 8.1 23.4 11.8 11.2 
aReferences are shown next to the actually reported data; bExcluding the first entry.  
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