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Electrocatalytic Activity of CozO4/C for Oxygen Reduction
and the Reaction Mechanism
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Abstract:  The Co30./C catalyst with nanoparticles was synthesized by a liquid control precipitation method. X-ray diffraction and trans-
mission electron microscopy were used to characterize the structure and morphology of the catalyst. The electrocatalytic activity of the cata-
lyst was investigated by line-scan voltammetry and cyclic voltammetry using rotating disk electrode technique. The results indicated that the
Co304/C has electrocatalytic activity for the oxygen reduction reaction (ORR). The exchange current density of CosO4/C catalyst obtained by
the Koutecky-Levich theory is 1.1 x 10 A/lcm? The overall electron transfer number for the ORR was determined to be ~2, suggesting that
the ORR catalyzed by Co3;0./C is a 2- electron transfer pathway. The process of oxygen adsorption on the surface of Co3;04/C was simulated
through Materials Studio to explore the catalytic mechanism. The state density, electron density, bond length, and adsorption energy of O and
Co were calculated. Restricted by the geometric configuration, O, can only be adsorbed by the Pauling adsorption mode. After adsorption,
the O 2p orbit and Co 3d orbit hybridize with each other and form a new chemical bond. The = bond of O, is mainly weakened by the elec-
tron transfer from Co to O. At the same time, the other O atom is activated. H" can easily bond with the other O and the catalytic reaction
occurs through 2- electron transfer pathway.
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Fig. 1. XRD patterns of Co;0,/C catalyst (1) and Co30, (2).
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Fig. 2. TEM image of Co30./C catalyst.
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Fig. 3. (a) Cyclic voltammograms of Co;0,/C catalyst recorded in
N,-saturated H,SO, solution (0.1 mol/L) at potential scan rate of 50
mV/s; (b) Current-voltage curves of Co30,/C catalyst recorded in N,-
or Op-saturated H,SO, solution (0.1 mol/L) at potential scan rate of 5
mV/s with catalyst loading of 0.073 mg.
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Fig. 4. Current-voltage curves for the ORR on a rotating glassy
carbon electrode coated with Co;0./C recorded in an O,-saturated
H,SO, solution (0.1 mol/L) at various electrode rotation rates at poten-
tial scan rate of 5 mV/s with catalyst loading of 0.073 mg.
ORR-o0xygen reduction reaction.
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Fig. 5. Tafel plot according to Eq. (2). Data from Fig. 4.
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Fig. 6. Koutecky-Levich plots for the ORR on a Co0;0,/C coated

glassy carbon electrode. The current data were taken at 0.1 V vs. RHE
from Fig. 4.
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Fig. 7. The spatial configuration of the Co;0, crystal.
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Fig. 8. The adsorption modes of O, on the active site of Co;0,/C
catalyst.
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Fig. 9. State density of O, before and after adsorption. (1) O, before
adsorption; (2) the adsorbed O; (3) the other O in Pauling adsorption
mode.
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Fig. 10. State density of O 2p and Co 3d before and after adsorption.
(1) Co 3d before adsorption; (2) Co 3d in Pauling adsorption mode; (3)
and (4) O 2p of the adsorbed O and the other O in Pauling adsorption
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Fig. 11. The change of electron density of O after adsorption on the
surface of Co3;0, catalyst. (a) The electron density changes of O, in
Pauling adsorption mode, the adsorbed O is on the left and the other O
is on the right; (b) The electron density changes of bonded Co and
adsorbed O in Pauling adsorption mode. The red ball is O atom and
blue ball is Co atom; Red electron cloud shows electronic enrichment,
whereas, blue electron cloud implies electronic lack.
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