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The Mechanism of the Microbial Extracellular Electron Transfer Promoted
by Natural Hematite in Red Soil

REN Gui-ping, SUN Man-yi, LU An-huai, DING Hong-rui* , LI Yan
The Key Laboratory of Orogenic Belis and Crustal Evolution ,
School of Earth and Space Sciences, Peking University, Beijing 100871, China

Abstract: In this paper, a dual-chamber reactor was built to study the mechanism of redox reaction and electron transfer
process between microorganisms and natural hematite in red soils in Changsha and Haikou. With the increase of hematite
as electron acceptor, the open circuit voltages of Changsha and Haikou red soils were increased from 425. 28, 414. 64 mV
to 511.46, 532.52 mV, respectively; and their maximum output powers were increased from 221.5, 171.0 mW/m’ to
431.4, 260.2 mW/m’, respectively. Electrochemical cyclic voltammetry tests show that there are Fe( Il ) reduction peak
at 0.43 V and Fe( I ) oxidation peak at 0.55 V (wvs. saturated calomel electrode; SCE) , implying that a new redox reac-
tion was introduced. Electrochemical impedance spectroscopy ( EIS) fitting results indicate that the electrode polarization re-
sistance(Rp) of hematite was decreased from 44840 () to 665 ). On the aspect of dynamics, this indicates that the de-
crease of electric potential resulted from the electrode reaction is favorable for the electron transfer. Experimental results
indicate that the hematite, representative of natural iron oxides in red soil, can effectively participate in and significantly
promote the process of extracellular electron transfer.

Key words: red soil; hematite; microorganisms; electrochemistry; extracellular electron transfer
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Fig.1 The XRD spectrum of natural hematite sample
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Fig.2 The Raman spectrum of hematite sample
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Table 1 The electrical parameters of electron

transfer in reaction systems
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Fig.3 Polarization curves and power density curves: (a)Changsha red soil system; (b)Haikou red soil system
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Table 2 EIS fitting parameters of hematite electrodes

(uncoated FTO as control)

H R g R,/Q C/F R./Q
OCV(0.1 V)  4.484x10* 9.10x107°  16.55
FTO
1/2 OCV 4.489x10* 9.45x107°  16.64
0CV(0.15 V) 665.2 7.01x107*  15.28
W FTO
1/2 OCV 547.7 6.80x107*  15.27
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