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PHOTOELECTROCHEMICAL PROPERTIES OF FERRITES WITH THE SPINEL STRUCTURE 

L.G.J. DE HAART and G. BLASSE 

Solid State Chemistry Department, Physics Laboratory, Utrecht University, P.O.Box 80.000, 

3508 TA Utrecht, The Netherlands 

The photoelectrochemical properties of the ferrites ZnFe204, MgFe204 and Lie 5Fe2 504 with the . . 
spine1 structure are reported. The ferrites seem reasonable candidates for photoanodes in a 

photoelectrochemical cell, because of their 2.2 eV bandgap. The results show, however, that the 

visible absorptivity, the flat-band potential and the recombination processes limit severely 

their use as photoanodes. 

1. INTRODUCTION 

In search of the most suitable photoanode 

material for solar energy conversion, many 

n-type semiconducting materials have been in- 

vestigated'. Iron(III)oxide, u-Fe203, seems to 

be a reasonable candidate. Its bandgap of 2.2 

eV is well-suited for solar energy conversion 
2 . 

Fe203 can be made n-type semiconducting 

either by thermal reduction or by doping. Re- 

duction, however, results mainly in the forma- 

tion of a conducting surface layer of Fe304. 

This is due to the inability of the corundum 

structure(Fe203) to tolerate large concentra- 

tions of spinel(Fe304) inclusions3. 

In view of this we studied the photoelectro- 

chemical properties of the ferrites ZnFe20L,, 

MgFe204 and Li0.5Fe2.504 with the spine1 struc- 

ture. The Fe304 formed upon reduction is expec- 

ted to form a solid solution with these com- 

pounds. 

2. EXPERIMENTAL 

Samples were prepared by usual ceramic tech- 

niques. The powders were cold pressed and sin- 

tered at 1150 - 1300 'C in air. By heating in a 

stream of nitrogen at 700 'C for 2 - 2: hours 

the pellets became n-type conducting. 

Samples were checked by X-ray powder diffrac- 

tion. Diffuse reflection spectra were recorded 

on a Perkin-Elmer EPS-3T spectrophotometer. 

The cell arrangement and electrochemical mea- 

surement procedures have been described pre- 
4 

viously . All photoelectrochemical measurements 

were performed in I N NaOH. 

3. RESULTS AND DISCUSSION 

The diffuse reflection spectra of the fer- 

rites investigated are shown in Figure I. They 

show an intense absorption in the UV region and 

the neighbouring part of the visible region. 
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FIGURE I 
Diffuse reflection spectra of the ferrites 
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This absorption starts to decrease slowly around 

550 nm. Several crystal-field(C.F.) transitions 

on Fe 
3+ 

are expected in the visible region. 

But these transitions cannot account for the I 

intensity of the absorption observed. The 

02- + Fe3+ 
E 

charge-transfer(C.T.) transition is 

situated around 4.0 eV and can also not explain 

the absorption in the visible. 

Figure 2 shows the photocurrent action spec- 

tra of the ferrites. The photocurrent starts 

around 550 nm, but remains rather low in the 

visible region. Only with UV irradiation a rea- 

sonable efficiency is obtained. Note the dif- 

ference between the diffuse reflection spectra 

and the photocurrent action spectra in the vis- 

ible region. 
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FIGURE 3 
Band structure diagram of ferrites with the 

spine1 structure. See text. 

To explain this difference we used a band 

structure diagram shown in Figure 3. This is 
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FIGURE 2 
Photocurrent action spectra of the ferrites 

adopted from a semi-empirical energy-level dia- 

5 
gram for d-Fe203 . The C.F. transitions on Fe 

3+ 

will not give rise to any photocurrent, due to 

the localized nature of these transitions. So 

we omitted the excited state levels originating 

from the Fe3+ :3d5 configuration in this diagram. 

An inter-valence C.T. transition between two 

Fe 
3+ . 

Ions on octahedral sites(A in Fig.3), i.e. 

Fe3+(3d5) + Fe3+(3d5) + Fe2+(3d6) + Fe4+(3d4) 

can account for the photocurrent and part of the 

absorption in the visible2. This transition 

starts then around 2.2 eV. The 0 
2- 

-f Fe3+ C.T. 

transition(B in Fig.3) has a higher absorptivi- 

ty, resulting in higher values for the photo- 

current in the UV region. 

The photocurrent/voltage curves for the fer- 

rites are shown in Figure 4. They show a small 

and only slightly increasing photocurrent in 

the potential region from -0.3 V to about 0.3 V. 

Above the latter potential the photocurrent 

rises steeply with increasing potential and 

tends to reach saturation above 0.7 V. The slow 



L. G.J. de Haart, G. Blasse / Photoelectrochemical properties of ferrites 139 

J,, ( Wcm* I 

_-- we204 

t 

I’ 
i 

Li0.5Fe2.504 i _._. 
i 

300 
_ ZnFe,O, .r.-.-.- / 

i 

-0.5 0 0.5 1.0 
v vs SCE (Volt 1 

FIGURE 4 
Photocurrent/voltage curves for the ferrites 

increase of the photocurrent at low potentials 

and the transients observed in this region in- 

dicate, that at these low potentials recombi- 

nation processes predominate. 

Analysis of the admittance spectra of a PEC 

cell with a ZnFe204 anode leads to a linear 

Mott-Schottky plot. Extrapolation gives for the 

flat-band potential a value of -0.5 V vs SCE. 

A full account of this work will be published 
6 

elsewhere . 
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