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PREPARATION AND CHARACTERIZATION ON THIN FILMS
OF DOPED IROX OXIDE PHOTOSEMICONDUCTIVE ELECTRODES.
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Abstract - Thin films of MgO-doped and CaC-doped iron c¢xide were prepared by spray
pyrolysis, The films were characterized by X-ray diffraction, scanning electron
microscopy and voltammetric techniques. The photoelectrochemical behavicr of thin film
electrodes depended greatly on the doping level, sintering temperature, substrate

temperature and added photosensitizing compounds in seolution, Both the MgD and the
Ca0-doped iron oxide thin films prepared at high temperature showed p-type photoelectro-
chemical  behavior, while the Cal-doped iron oxide thin films prepared at low temperature
showed n~type photoelectrochemical behavior. This characteristic change was interpreted
in terms of the surface structure change of the thin films and doping effect of nmetal
oxide.
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Iron oxide(u~Fez03) for the photoelectre- Fez0s thin files are produced rather simply
lysis of water is linexpensive and stable and incxpensively by nodulating the
in  aqueocus  solutionf!-27, It has a sintering condition and spray pyrolysis
relatively snmall bandgap (Eg=2.2¢VY) which method. Photoelectrochewical behavior and
can utilize more than 40% of scolar energy. crygtal structure of these Ca0 and
Gardnerf3?! and Geiger®4? [irst reported MgO-doped Fe203 thin films have been
the p-type photosemiconductivity for a cxamined by X-ray diffraction, scanning
sintered mixture of Feg0sz with Mg0 or Ca0. electron microscope and voltammetric
Somorjails? reported the evolution of techniques,

hvdrogen through photoelectrolysis oua a

p-type photosemiconductor. Matsumotol®)? EXPERIMENTAL . )
obtained stable photocathodic current in Productlon of thin films: u-Fea0s(Baker GR)
acidic solution using Pt-Pd alloy coated and MgO(Mallinckrodt GR) or CaO(Kante GR)
p-type CaFea0; disk electrode. On the Cor 0;1—15 wt.ﬁ.were groun@ed and le?d
other hand, it has been reported that well in the crucible and stirred for 1h in
Fop04 thin film electrode which has been m“?“”“91- Methanol was evaporateq and
made by chemical vapor deposition!?lor dried in room btempersture. Each mixture

was again stirred in nitric acid for 24h
and spraved through a nozzle ( diameter
0.2 mm ) at conslont pressure (3.5 kg/om).
The Pt foll substrate temperature ( 200 °C
and 350 °C) were maintained and sprayed 10
times for 3 min interval,

spray pyrolysis®®Thas n-type photoseni-
conductivity. Tn this sludy, CaG and gD
dopoed Fe0s thin files are produced using
spray pyrolysis mnethod and their
characteristics are examined,



Produced films were dried for 1h at each
temperature and placed in a Pt coated
alumina crucible.The samples were

Measurements of structural and photo-
electrochemicalcharacteristics: Siemens
nodel D500 X-ray diffractometer (mono-
chromated <CuKa radiation) and Hitachi
X-650 scanning electron microscope were

used to microanalysis of the film surface.
Cyclicvoltammogranm and capacitance

sintered for more than 12h in an electric
furnace(Honeywell DCP-7700) at 1100-1400°C
and then quanched in distilled water.

though the Ag/AgCl electrode
used as a reference electrode,

was mainly

RESULTS AND DISCUSSION

Structural characteristics of thin films
Thin films were produced by doping Mg0 or

measurements were done by using PAR model Ca0 with Fez03 followed by spray pyrolysis
173 Potentiostat/Galvanostat which was with various doping levels (0.1-15 wt.%)
equipped with PAR model 175 Universal and changing the substrate temperature
o PN :
Programmer. The light of 500W tungsten (?02 C aﬁé rsjf C)', ]The films Cog the
halogen lamp{(General Electric) through mixture ol rezls with Mg0 or Cal were
" . . . sintered in a temperature range of
quartz tube which was filled in water . , R
focused surface of semi duct Al 1100-1400°C and each film was examined by
_ocuoe on u%rlaoe © ]ocmlcon uctor. X-ray diffraction analysis and the results
the potentia values are relported are shown in Table 1.
against a normal hydrogen electrode
TABLE 1. Characterization of Mg0 and CaO-doped TFe203 thin film on a Pt
substrate prepared at substrate temperatures 200°C and 350°C
(sintered at 1300°C).
Substrate Doping Isp;nel
Temperatures Materials Ispinel lecorundunm Ispinel *+ lcorundum
6 wt.Z MgO 235 110 0.49
8 wt.% MgO 257 38 0.74
12 wt.% MgoO 300 50 0.86
200 C
7 wt.% CaO 173 a5 0.68
2 wt.% CaOl 338 125 0.73
11 wt,% CaO 342 40 0.89
6 wt.% MgO 235 110 0.49
8 wt.% MgO 257 a8 0.74
12 wt.% Mg0 300 50 0.86
3 5 O "C et e e s £ rvnm oo e+ b —— ———
7 wt.% Cal 205 84 0.71
& wt.% CaO 370 1245 0.75
11 wt.% CaO 414 40 0.91
Table. 1 shows that the structural changes when 8.0 wt.% of Ca0 is doped. Magnelite
were obtained by varying the doping structure of Fes04 (311, 422, 333, 440) is
concentration and the substrate generally appeared rather then hematite
temperature. These X-ray diffraction structure at 350°C and it 1is especially
patterns have both hexagonal corundum of increased when 11 wt.% of Ca0 is doped.

a-Fez203 and cubic spincl of Fes0s (MgFe204
or CaFe204). Dieckman reported 1375°C, but
we found the transition temperature from
a-Fe203 to Fe304 is about 1300°C. Spinel
structure formed mostly as MgxFes-x04
(or CaxFes-x04) is dependent on the change
of substrate temperature and the doping
ratico., Hemmatite structure of a-TFez203
(012, 116, 214) is generally observed with
inéreasing formation of spinal structure
when CaQ is doped at 200°C and increased

characteristics of
MgO-doped Fe20s3 thin films Photoelectro—~
chemical behavior of MgO-doped Fez203 thin
film electrode was examined in 0.1N NaOH
solution and the voltammograms for varying
substrate temperature and doping
concentration are shown in Fig.l and Fig.
2. Fig. 1 represents that photocathodic—
currnt 1is increased remarkably as in-
creasing substrate temperature.

Photoelectrochemical
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~3.71 —C.45 —0.19 +0.07 +0.33

wolts ww. NHE

Fig.1. Photocurrent vs. potential (NHE)
curves in O0.1N NaOH for 8.0 wt.%
MgO-doped Fez0: thin film on a Pt
substrate prepared with various
substrate temperatures (1) 200°C,
(2) 250°C, (3) 3007 ,{4) 350°C.

Fig. 2 represents that photocathodic
current is increased with the doping
concentration of Mg0 and maximum p-tvpe
current is showed when 8.0 wt.% of MgO is
doped.

Ihetoclectrochemical  characteristics  of

Tal-doped Fep0y thin film electrodes @ In
the case of TFez03 doped with Ca0 thin
film electrode, the relation ship between
substrate ‘temperature and photoelectro-

chemical characteristics has been
examnined. Photoanodiccurrent (n-type) has
been obtained between - 0.3V and + 0.8V

when the film was formed at low substrate
temperature (200°C). Photocathodic current
{p~type) hag been obtained between + 0.5V
and - 0.6Y when the film was produced at
high substrate temperature ( 350 °C).

-

1 i ]
-G.71 —OG.45 —C. 19 +0.07 +O_33

volts s, NHRE

Fig.2. Photocurrent wvs. potential (NHE)
curves in 0.1 N NaBH acecording
doping amounts of Mg0 in Fez203
thin filmns on a Pt substrate
prepared at substrate temperature
350°C. (1) 3.0 wt.%,{(2) 6.0 wt.%,
(3) 8.0 wt. %, (4) 12.0 wt.% MgO.

Photoanodic current is increased with
doped ratio of Ca0 and the maximun
photoanodic current has been obtained when
8.0 wt.% of Ca0 is doped at 200 °C (Fig.3).
lowever the curve is showed naximum
photocathodic current (p-type) when 11.0
wt.% of Ca0 is doped at 350 C (Fig.4).

The intensity of n-type or p-type photo-
current is depended on the formation rate
of the spinel structure because the
transition fron corundum  to spinel
increases with doped concentration in
sintering process at high temperature (1300
CH. The potential of these
electrodes 1s + 0.08V for 2.0 wt.% doped
n~-type electrode(Fig.5) and is +0,.10V for
11.0 wt.% doped p-type electrode(Fig.()

onsct
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-0.31 -0.05 +0.21 +0.47 +0.73
Volts vs. NHE
Fig.3. Photocurrent s, potential (NHE)
curves in 0.1IN NaOll for 8.0 wt. %
Ca0-doped Fe203 thin film on a Pt
substrate prepared at substrate
temperature 200°C.
R
L o)
2
510.0} N
> ]
oy [
= /0
{ 6.0F ' 8
=
e L / J
) [ ]
2.0 o B
1 I}
-0.05 +0.21 +0.47
Volts ws. NHE
Fig.5. Ipn? vs. potential for 8.0 wt.%

a0-doped Fez203 thin film on a
Pt substrate at 200°C

These electrodes
in 0.1 N NaOH
photocurrent curve
distortion and
corrosion of film

stable
voltage
little
due to

are relatively
solution but the
had
unstability

showed a
surface after several
In the case of CaO-doped Fe203, the
covalent character of iron-oxygen
bond(Fe-0) is strengthened for considering
their basicity when calciunm the
oxygen with iron( Ca¢---+0—-—- - Fe ) and
the bond
~iron

hours.
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specific doping
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vs. potential. (NHE)
curves in 0.1N NaOH for 11.0 wt.%
Ca0~doped Fe20z thin Film on a Pt
substrate prepared at substrate
temperature 350°C.
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Ien? vs. potential for 11.0 wt.%

CaO~doped Fez203 thin film on 2
Pt substrate at 350°C.
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Bandgap energy of doped Fep03 thin film indirect bandgap semiconductor(Fig.7). Each
electrode Bandgap energy and transition bandgap is 2.1 eV for 8.0 wt.% MgO wt.%
types follow Butler?t?! equation. Ipn = Ca0 doped thin film (p-type) and 2.05 eV
(A/hv) (hv=Eg)n”2 From the plot of hv wvs. for 8.0 wt.% Ca0 doped thin film (n-type)
photocurrent (Ipnhv)'72, all of the doped from Tig.7.
Fee03 thin filws conflirm the proper form of
D
— T T T T T ) S T 7T
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5 3l ~2.10 eV Fe 2.0 eV Ee 2.05 eV
5 6 "
3,1
e 4t -
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N t -
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Photon Energy (V)
Fig.7. Indirect bandgap plot for the
a) 8.0 wt.% MgO-doped FezOs,
b) 11.0 wt.% CaO-doped Fez203,
¢) 8.0 wt.% CaO-doped Fe203.
CONCLUSION Ca0 or MgO-doped Fe20s3 thin film substrate temperature showed n-type at

electrodes affected largely on photoelectro-

chemical behavior by modulating substrate
temperature and doping concentration at
specific sintering temperature (1300°C).
MgO-doped Fe203 film showed generally
p-type photoelectrochenical behavior,

vihercas CaO~doped Fe203 depending on
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