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Figure 1 (a) Possible reaction pathways of O, 2e” and 4e ™ reduction catalyzed by metal complexes; (b) X-ray diffraction structure of heme active

sites of CcOs [3] (color online).
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Figure 2 Structure of porphyrin.
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Figure 3 Molecular structures of Co porphyrins 1-9.
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Table 1 Comparison of meso-substituted tetraalkyl cobalt porphyrins
as catalysts for the electroreduction of O,

Molecule E,;» (V vs. SCE) n
1 0.34 3.2
2 0.32 3.4
3 0.34 3.7
4 0.24 2.7
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Figure 4 Molecular structures of Co porphyrins 10 and 11.
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Figure 5 Molecular structures of Fe porphyrins 12-15.
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Table 2 Properties of catalytic systems with 15 and different buffers
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Figure 6 Molecular structures of Fe porphyrins and Co porphyrins 16-23.
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Table 3 Electrocatalytic reduction of O, by cobalt porphyrins in
1.0 M HCIO,

Compound  E, with O, E,” %H,0, * n
5 0.13 0.15 100 2.0
16 0.15 0.20 80 2.4
17 0.15 0.20 100 2.0
18 0.17 0.20 100 2.0
19 0.20 0.22 100 2.0
21 0.17 0.20 70 2.6
22 0.20 0.22 45 3.1

@) i=0.5L N I AL, L A PR A AR AE400 r/minitf
SE BRI HIAT; b) HnfE THE TS,

F 4 ColhIFKEL.0 M &R HIFLAL(V vs. SCE)
Table 4 Potentials (V vs. SCE) of cobalt porphyrins in 1.0 M HCIO,

Compound  E,, without O, E,. with O, n %H,0,
10 0.07 0.05 2.8 60
24 0.10 0.08 2.6 70
25 0.16 0.14 3.1 45
26 0.18 0.14 3.1 45
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Figure 7 Molecular structures of Co porphyrins 24-27.
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Figure 8 Molecular structures of Fe porphyrins 28-30 and Co
porphyrins 33-35 (color online).
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Figure 9 Molecular structures of 31 and 32 (color online).

()l 22 T A2 Co' v 0388 3oL Bl 17 15 50 O=O XU A1 141
S9RE AR PTE. R EEE L, =M SRR
H,0,7 F 1 j1L95%, B =FMAC&Y N2e” ORRME
.

F 5 Conhuki HIAL 21 R ATORR ¥

Table 5 Electrochemical properties and ORR data of the Co porphyrins

2.4 SRR BRI

E 4 J8 Dbk ) I AH A AR v, J8 G 2 RS A
JEEMEME, AT LA SR 0 A B ISR, X TR E
vhE) A, SR AL G e B OO B, i
SRR EE BN )R, R PR S ORRAEALIE M 3R
W&z —. HRTCA RS T 58 ZRoAE s 22 LA
TEATTIEAT R (1) SINERAL S, R
5 (2) SIAT IE LA B BRI, il i e AR R AR E 1A
&, 3) BEGIAZINE K, BEEE, HWENEE
%,

Nocera % Ho A E#1i id Wproton  relay A4
AL gl N4 @ ki) 58 — oz 2, it 1 “Hangman”
KIRFBLE4936~40 (K10). Proton relaygE o #t i F
%, AFTO-OW 2. L5 Aproton relay2> 534
Co"" i J5 HL7 1] 51 A% 50200 mV (#5). HRHERRDEMRK
455, 36ilidde /AH ALK 0L F NH,0. A Ai1HE
W, AT RE AR T Nz o 2k A 248 1 O, H [l 1 pK L AH,
AR TR TS 2 BT B RN (PCLET), %Kk
RERE T O-OBERI 2, M S 1 H,0, 1T Rk

Bl 10  Colhiik36~40111 5y 14514
Figure 10 Molecular structures of Co porphyrins 36—40.

1171 /1T

Compound Ei, (Co) (V) E, (Co ) (V) Eorr (mV) %H,0 n
Co(CgFs)y -1.00 0.40 453+6.5 48 2.9
36 -1.20 0.48 436+8.5 71 3.4
37 -1.31 0.28 364+7.0 33 2.6
38 -1.32 0.11 444+2.1 49 2.9
39 -1.28 0.07 398+4.2 35 2.6
40 -1.23 0.12 425+3.8 39 2.7
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Figure 11 Synthetic models of 41-44.
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Figure 12 Molecular structures of Fe porphyrins 45-47 and Co
porphyrins 48-50.
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Figure 13 Molecular structures of Fe porphyrins 51-53.
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Figure 14 Molecular structures of Fe porphyrins 54-56.
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Figure 16 Dinuclear Co porphyrins 60—63.
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Figure 17 Dinuclear Co porphyrins 64 and 65.
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Figure 18 Molecular structures of Co porphyrins 66—-69 (color
online).
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Electrocatalytic oxygen reduction reaction with metalloporphyrins
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Abstract: The development of H,-O, fuel cell technology is an important strategy to solve the current energy problem.
The catalytic efficiency of oxygen reduction reaction (ORR) on the cathode of fuel cell is a key factor that affects the
overall energy conversion efficiency. Inspired by cytochrome ¢ oxidases (CcOs) in nature, the researchers have studied
many metal macrocyclic porphyrin complexes as ORR catalysts which show excellent electrocatalytic activity for ORR.
This review addresses the current status of metal porphyrins in ORR, including the effects of meso- and -substituents,
axial ligands, second coordination spheres, binuclear metal, different metal centers, and carbon-based materials on the
catalytic activity and selectivity of ORR. Furthermore, the future research direction of metal porphyrin catalysts is also
predicted.
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