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Pros and Cons of Hematite as a Photoanode
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Pros and Cons of Hematite as a Photoanode
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Hematite Photoanode Production

/__Fabrication of Fe,O, and Sn'V-Fe,0, by Spray Pyrolysis
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Hematite Photo-Response in Steady State

Current Density, j / Am™

L Effect of Potential (applied at 1mV s) and White Light
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Flat Band and Charge Carrier Determination

Mott-Scottky Values
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Evaluation of the Flat Band Potential from j,vs V

Photocurrent
Squared, j* / A*>m™
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Verification of the Solid|Liquid Energetic Alignment
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Modelling the Hematite | Liquid Interface
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Model Predictions for Interfacial Behaviour

Applied Electrode Potential
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Interfacial Charge Transfer Prediction

LjTotaI = Anodic & Cathodic currents through CB edge + Anodic tunnelling current into CB

JToeXp{ $(E E, )}T(X(EF))+C(OH')NCB (";ﬁ)zexp{_W} C(0,(a0))Neg exp{ kBT(EEdge Ep)}[k;”jzexp {_eo(ECBZEEFDX—A) }exp {(L;;)F (EF_EW)}
K 0] 6T (0 e BT e SETEt | (0| (5 )| 5T o S B o g )
4Fk 0 [ OH'] g 4FKy 0, [0, (@)
E 50
< 45 - . ;
~ 40 - Experimental data; 1 mV s
L35
B’; 20 Model (predominantly tunnelling current)
o
7
o 25 -
8 20 -
= 15 1 Equilibrium Potential
2 10 - Oz(aq)+2H20+4e‘<——4OH‘
h -
=
Q b T

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Applied Electrode Potential / V (HgO|Hg) 12/15




Frequency Dependence of Charge Carrier Concentration

2 A2
The charge carrier densities are calculated from the slopes of N — 2 d (C A )
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Effect of Dopant of Recombination Kinetics

Analysis of typical Nyquist plots
L obtained under illumination

4
-Z”
A
R, R,+R, R +R,+R,
> 7
I(recombination _ (R3 B Rl) 1
ktransfer ( RZ o Rl)

K.G. Upul Wijayantha, S. Saremi-Yarahmadi
and L.M. Peter, Phys. Chem. Chem. Phys. 13,

2011, 5264

-Z" /| Q m?2

krecombination / ktransfer

2.0

1.5 4

1.0 o

100 1

10 o

0.1 -

0.01

0.15
0.10
0.05

0.00
0.00 0.05 0.10 0.15

at +0.3 V(HgO|Hg)
—e—Undoped
——Doped

Z |/ Qm?2

0

0.05 0.1 0.15

0.2 0.25 0.3 0.35

Electrode Potential / V (HgO|Hg)

14/15




Conclusions

e
i
|

» We have obtained a reasonably good understanding of interfacial
behaviour of undoped Fe,O, films in steady state

O Photocurrent onset potential cannot be shifted further left as
limited by flat band potential, obtained from j* vs. V plots

»  The influence of dopants must be better understood, particularly
their effect on recombination rate

\
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Interfacial Characteristics of the Undoped Fe,O,

E,+(E,—E) = -(V —AV,, +4.44 + E°(RE vs SHE) )
Quantity Value Unit Reference
On the absolute scale
E A -4.72 eV Butler M.A., Ginley D.S., Eibschutz M.
(1977) J. Appl. Phys. 48, 3070
AE -0.013 eV Calculated using the charge carrier density,

ncp, obtained from Mott-Schottky plots

On the electrochemical scale

Vg (measured) +0.022 V (HgO|Hg) Determined from the intercept of

5 - .
(]photocurrent) with the x-axis

AVy -0.15 V4 Calculated as the only unknown in the
energy-potential balance

[Fe-O‘]/ [Fe-OH2+] (at surface) 8.38x108 1

For the conversion between the two scales
E°(RE) = E"(HgO IHg) +0.12 V (SHE) Experimentally measured
E°(SHE) 0 V (SHE) Standard value 17/16




Electrochemical Impedance of Hematite in the Dark

Circuit representation of the
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