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ABSTRACT. The electrocatalytic reduction of oxygen is investigated by cyclic voltammetry and chro-
noamperometry at glassy carbon electrode and carbon microelectrode coated with a variety of cobalt
phenylprophyrins in various pH solutions. Oxygen reduction catalyzed by the monomeric porphyrin Co(ll)-
TPP mainly occurs through the 2¢~ reduction pathway resulting in the formation of hydrogen peroxide
whereas electrocatalytic process carried out 4e~ reduction pathway of oxygen to H,O at the electrodes
coated with cofacial bis-cobalt phenylporphyrins in acidic solution. The electrocatalytic reduction of oxygen
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is irreversible and diffusion controlled. The reduction potentials of oxygen in various pH solutions have
a straight line from pH4 to pH 13, but level off in strong acidic solution. The reduction potentials
of oxygen shift to positive potential more 400 mV at the electrode coated with monomer Co-TPP com-
pound than bare glassy carbon electrode while 750 mV at the electrode coated with dimer Co-TPP com-
pound.
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Fig. 1. Cyclic voltammograms of oxygen reduction at

bare glassy carbon electrode in various pH solutions;

(@) pHO, (b) pH4, () pH 7, (d) pH 10, and (e) pH 13,

respectively. Scan rate was 20 mV/s.
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Fig. 2. Cyclic voltammograms of oxygen reduction at
Co(II) monomer modified glassy carbon electrode in
various pH solutions; (a) pHO, (b) pH4, (c) pH7,
(d) pH 10, and (e) pH 13, respectively. Scan rate was
20 mV/s. Co(Il) monomer; Co(11)-5,10,15,20-tetrakis(a-
bromo-m-tolyl) porphyrin.
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Fig. 3. Cyclic voltammograms of oxygen reduction at
Co(Ii),-1 dimer modified glassy carbon electrode in
various pH solutions; (a) pHO, (b) pH4, () pH7,
(d) pH 10, and (e) pH 13, respectively. Scan rate was
20 mV/s. Co(ID);-1; Co(ID),-tetrakis[ m,m-(methylene
(m-pyridine sulfonyl)imino)methylene ]-strati-bis(5,10,
15,20-tetraphenyl porphyrin).

2 fed gadTedie 1 o] A o
otk &, pHO09 H,SO0, £-Heif 4]

o] FYPuk-g-o dE AFel4) B} 750 mV 2
go g o|FHASE & F Utk
5 A3 Co(Il),-1 dimer7}
fre] Al staAdSFol el CVE Fig 4o el
th. o] 5 264 £ 4+ 3l%of pH 0ol 44-¢f pH
137bA] Aka9] o) ATl Andale FAHS
& 2 AEE iitiea— Evan)= 83 ZelX 31 SYA-AF
€ g "M B i FRase] el
a2z pH 1064 (a), (b)2) FLAHF= w534
WebtS pH 13004 A5 b= a)ioh o E 3o R
Fozch ol¢} & ZHIEHE pH sl wE
FAHE Fig. 59 A8t} Fig. 59 bellA &
% 9J%0] Co(ID-TPP monomer: pH 133l 73§t
odzte]d e} pH 0] 733 AHd S ol MTlo]
gl AVHAE o154 4 & ¥ pH4
4 pH10 Atelel A= 238 af] dFHFNA
B} 4 23 ARE J1HES B F ck o9
2 At ofd bl o7k gk £ AY
A8 2 1 M| BEEslttn AlEEw B3
3lehA Agg s 2 T FASS Bl
& ubyo] mgiE]e]ot & Fo|r}. 2efy Co(ll). 9]
dimer5< 25 pH £ Folja] Alegl Ax o
AHNE 8] wEo R o571 glon Fig. 52

o o
i

2 o
T
E
%

oy ol 2
A
o, o —-
(=]
% %
)
& L
& o
_)LO
e
dfa

(@2} (@M & 5 alxe] £A9 pHY} A Z o2
Z5E BAAY 2} AEE o] £ 3o Folxl:
AL B 4 Uk vk A8 ARG F4-37) A=)}

2 FokellA o]E EASE FuiE o83} M5 E
Nuksted HAE TR 5 U ole AAY
QAR FdelA Fr|Helzl & 5 glr} o) E
Co(I1);9] dimer7} =& dsa g4 Co(Il) mo-
nomer B} f-43F Zojg 2HL3l= o] F= B3
A= 9¥A4, Scheme 2| Vebd vl 24o] dimer9)
cofacial cobalt 24280l 4 24827} 7+2+e) Co
(ID) Aol H3p=le] shedo] AlPd of FAJo <
od = sle 7FsAl g AR B 5 A,
T 25 AR FA Alolo] Aka¥Ar) AdtHERA
07} HOR 7= WhS7 28 2h= 4o 39 7R o]
dold 7hsAdell ot Anz A4 5 QU o
2hA ks gdukgel AR 0,8 7hs 2
LR E 4o YIRS dolr ] 93

3 e F@ sl Age s

Co(IDy-1 AR &k v &g Foll ] AR A7
UEEHCAIS Fig 6o bk Fig 69 (A
10 mM K;Fe(CN)s &30 1M KNO; §of4<]
CA F4& B)= 4 =3kgl H,S0, £944149
CA F4olc} Fig.6& o33 & Cottrell®* 2]
upe} (V2o el (S EAEIH e olE AE
Fig. 7 vjepiich

. nFAD.V*Co’
W= oy

nl/Ztl/Z
714 v FHUARF -l ubSol] FAH HAxp
A P (em?/s), 12|
ig. 70l Ax2] 7187
T FE AR Feojzlen z7]
= A2l Qe s AAdeA glepd
£ B 7 Utk o]E2HE d& 7&7] S Fig.6
ol FHF i, & Baranski F%o| Atgl o}
3 22 Aol dislsly AastRle] gholgl b
ngs 2& 5
n StiesCy

=== 2
ny Si. C @

371 A nee EFEAZ AT KFe(CN):2 2

Journal of the Kovean Chemical Society



A #e) Y pHe| 4%

739

1.8
35y A 16{ 8
a
34 1.4
25 12
€2 a
] 2 0.8
3 3 1.5 b
g 0.8
1
- 0.4
> ; 0.24
0 ol »
s . e 02 r v y
¢ -02 -04 -08 -08 -1 -12 -14 -18 02 -04 -08 -08 -1 -12 -1.4 -18
1.8
b a
147 O
1.2
14
<®
§ ‘é’ 08
5 E 08
°E
0.4
02
o-
02 . , - . 02 r , v . .
-02 -04 -08 -08 -1 ~-12 -14 -16 -02 -04 -08 -08 -1 -12 -14 -1.8
14
1.2
N
& 084
< 0
=
5, 061
e o4
02
iy
0.2 . T . .
%4 05 068 07 08 09 1 1.1

Potential, V vs, Hg/Hg2504

Fig. 4. Cyclic voltammograms of oxygen reduction at bare glassy carbon electrode (a) and Co(II):-1 modified
glassy carbon electrode (b) in various pH solutions; (a) pHO, (b) pH4, (¢) pH7, (d) pH 10, and (e) pH 13,

respectively. Scan rate was 20 mV/s.
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43 5 10 15 20 25 30 Table 1. Kinetic parameters for oxygen reduction at
. catalysts coated electrodes in 1M H,SO, solution
] 8 k° " Do
51
! » E—
Sample oz (cm/s) a b (cm?/s)
54
5 Bare 046 4.75X10* 17 19 1.82x10°3
R R Colly ~ 047 520X107° 28 29 182x10°5
£s . Co(l-1 049 7.22X10°° 35 36 1.82X10-°
CE Co(ll:-2 046 641X10°* 36 37 1.82%10-°
474 Co(l);-¥ 048 7.72X10° 36 37 1.82X10-5
. “Number of electrons from cyclic voltammetry at glassy
’ carbon electrode. *Number of electrons from chronoam-
a5 perometry at carbon microelectrode. “Co(1D)-5,10,15,20-
0 s 10 15 20 25 ]

(Time, sec}

Fig. 6. Chronoamperometric results obtained at a Co
(ID-1 dimer modified carbon microelectrode in 10
mM KiFe(CN)s contained 1M KNQO; (a) and 1 mM
oxygen in LOM H,SO, solution (b). The potentials
stepped were —0.7V (a) and —0.6V (b).

tetrakis(a-bromo-m-tolyDporphyrin. Co(ID),-tetrakis[m,
m-(methy]ene(m-pyridinesu]fonyl)imino)methy]ene]~st-
rati-bis(5,10,15,20-tetraphenylporphyrin). ‘Co(ID),-tetrakis
[m,m-(methylene(formamido)imino)methylene]-strati-bis
(5,10,15,20-tetraphenylporphyrin). /Co(Il)y-tetrakis[ m,m-
(methylene(m-pyridiniumsulfony])imino)methy]ene]-st-
rati—bis(S,10,15.20-tetraphenylporphyrin).
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Fig. 8. Cyclic voltammograms of oxygen reduction at

Co(II) monomer modified glassy carbon electrode in

1.0 M H,SO, solution; (a) oxygen saturation (Oy), (b)

nitrogen saturation (N), and (c) O,-N,. Scan rate was

20 mV/s.
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Fig. 9. Voltammograms of oxygen reduction at Co(II)
monomer modified glassy carbon electrode in 1.0 M
H,SO, solution. Scan rates were (a) 5, (b) 10, (c) 20,
(d) 30, (e) 40 and (f) 50 mV/s, respectively.
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Fig. 10. Voltammograms of oxygen reduction at Co
(II)-1 dimer modified glassy carbon electrode in 1.0
M H,SO, solution. Scan rate were (a) 5, (b) 10, (c)
20, (d) 30, (e) 40 and (f) 50 mV/s, respectively.
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Fig. 11. Plots of peak current vs. v'”? for Fig.9 and
Fig. 10; (a) Co(Il);-1 dimer and (b) Co(II) monomer.
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