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Abstract: Iron oxides with different morphologies on F-doped tin oxide (FTO) covered glass substrates were
synthesized through hydrothermal route. The pretreatment of iron oxide crystalline seeds on FTO glass through
inorganic iron salts solution dipping method makes the as-prepared iron oxide thin films more uniform and compact.
The effects of surfactants on the crystal morphologies of iron oxides were studied. Uniform iron oxides thin films with
rod-like and tetrahedral morphologies could be obtained through this route by using dodecylbenzensulfonate (SDBS)
and triblock copolymer P123 as morphology directing-agent, respectively. The modulated morphologies of iron oxide
thin films may be attributed to the assembly between surfactant and ferric oxo-clusters or different velocity of
crystalline facets growth induced by adsorbed anions. Photoelectrochemical properties of iron oxide thin films with
different morphologies were studied. The larger values of produced photocurrents of iron oxide thin films with

tetrahedral morphology may be attributed to the minimization of the diffuse distance for photogenerated holes.
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Since the hydrogen production from the direct Fujishima and Honda!, conversion of solar energy to

photo electrolysis of water was first demonstrated by hydrogen as a clean and renewable energy source has
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received more attention. The classical work shows that
it is possible to induce the water-splitting by light, using
TiO, semiconductor as photoanode. However, TiO, has a
wide band gap (3.2 eV), and only a small fraction of the
solar spectrum (light below 420 nm) can be utilized.
Therefore the main interest of the present study is
focused on the shift of activity of photoanode materials
to the visible region of sunlight**.

Iron oxide (a-Fe,0;, or hematite) with a favorable
band gap of 2.0~2.2 €V remains a promising material,
due to its chemical stability in aqueous environments
Thin-films Fe, 04
photoanodes has been reported fabrication through

and matchless abundance Pl

several methods, including spin coating ©; DC
magnetron sputtering ”; atmospheric pressure chemical
vapor deposition (APCVD)®; spray pyrolysis of Fe(III)-
containing solutions'” etc. Hydrothermal route has been
widely used in the synthesis of semiconductor thin films

10221 "which is a facile method and

on different substrates
the products morphologies may be controlled by
additives, e.g., anions or surfactant. To the best of our
knowledge, there have been no reports on a-Fe,0; thin
films prepared through hydrothermal route.

We report here the synthesis of different
morphologies of a-Fe,O; thin films by hydrothermal
route, using ferric chloride as inorganic precursor,

(SDBS)  and  triblock
morphology  directing-agent,

dodecylbenzensulfonate
copolymer P123  as
respectively. In the hydrothermal system, crystalline
(F-doped tin oxide)

substrates make the as-prepared a-Fe,O; thin films

seeds of iron oxides on FTO

more uniform and compact, compared with those films
on FTO substrates without crystalline seeds treatment.
The photoelectrochemical properties of a-Fe,O; thin

films with different morphologies are also reported.
1 Experimental

1.1 Preparation of Fe,O; films

All reagents were of analytical grade and used
without  further purification. Manipulations and
reactions were carried out in air without the protection
of nitrogen or inert gas. FTO glass substrates were

washed with ethanol and water several times before

use. To get the FTO covered with iron oxides
crystalline seeds, the substrates were dipped in the
ferric nitride ethanol solution for several times, then
dried and calcined at 500 °C for 4 h. In a typical run,
1.621 7 g of FeCl;-6H,0 was added into 35 mL of
deionized water and stirred until totally dissolved. The
reaction solution was then transferred into a 50 mL
Teflon-lined autoclave. The FTO

substrates (1.5 ¢mX2 ¢m) were put on the bottom of

stainless steel

Teflon-lined stainless steel autoclave. The autoclave
was sealed and heated to 200 C and kept for 2 h
(FeCl;+H,0—Fe,05+HCI). After being cooled down to
room temperature naturally, the as-prepared iron oxides
thin films/FTO were washed with deionized water and
absolute ethanol several times. In order to study the
effects of surfactants, 0.2 g dodecylbenzensulfonate
(SDBS) or 0.5 g (EO)y (PO)7 (EO)y (P123) was added
into the reaction solution with other conditions
unchanged.
1.2 Characterization
X-ray diffraction  (XRD) measurements were
performed on a Rigaku D/MAX-Ultima I X-ray
diffractometer with Cu Ka radiation (A=0.154 18 nm,
40 kV, 40 mA), flash
monochromator and a scan rate of 10° min~" (scan
range: 20°~60°, CPS type of X-ray recording). UV-Vis

transmission spectra were performed at Varian Cary

detector,  graphite

50 Probe UV-Visible Spectrophotometer. Morphologies
of the as-prepared samples at different experimental
conditions were characterized by scanning electron
(SEM) Philips XL30 with an electron
accelerating voltage of 10 kV.

microscopy

The  photoelectrochemical — properties  were
characterized by linear scanning voltampere (LSV)
technique performed on a CHI633C electrochemical
workstation system with 500W xenon lamp (USHIO
Module X500) illumination. The LSV

measurements were performed in a 1 mol -L.™" NaOH

Optical

aqueous solution from —0.30 to 0.40 V with a scan rate
of 20 mV +sin a standard three-electrode configuration
coupled with the sample films (working electrode), an

Ag/AgCl electrode

purity platinum (counter electrode).

(reference electrode) and a high
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2 Results and discussion

Wide-angle XRD pattern of the as-prepared
samples is shown in Fig.1. As seen from Fig.1, with
the exception of the marked FTO glass substrate peaks,
the XRD data is consistent with the rhombohedral
symmetry of Fe,O; (space group: R3¢ (167), a=0.503 5
nm, b=0.503 5 nm and ¢=1.374 8 nm; PDF card No. 33-
0664) indicating the presence of a-Fe,O; structure and
absence of impurity phases. The inset digital
photograph in Fig.1 shows the as-prepared hematite
films is uniform and transparent in a large scale,
suggesting that a-Fe,0; films can be synthesized on the
crystalline  seed-treated  FTO  glass  substrates
successfully through hydrothermal treatment in a simple

inorganic iron salt system.

110
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Intensity (a.u.)

* (represent FTOs diffraction peaks). Inset is the digital photo of

transparent iron oxide films

Fig.1 XRD pattern of iron oxide/FTO films

The morphologies of the as-prepared a-Fe,0; films
are characterized by SEM observation in Fig.2. Fig.2 (a)
and (b) show the relatively uniform iron oxide films, and
there are no obvious cracks. When the reaction solution
was added with surfactant SDBS, the morphology of as-
prepared iron oxide thin films appears different from
that without surfactant. It seems more uniform with rod-
like morphology (Fig.3a, inset is the magnified SEM
image). When triblock copolymer P123 was used as
morphology-directing agent, the iron oxide thin films
with connected tetrahedral morphology was observed
(Fig.3b, inset is the magnified SEM image). The

modulated morphologies of iron oxide thin films may be

(a) low magnification image; (b) high magnification image

Fig.2 SEM image of iron oxide/FTO films prepared

in ferric chloride

I'ym

(2) SDBS; (b) P123

Fig.3 SEM image of iron oxide/FTO films prepared in

ferric chloride with surfactant

attributed to the assembly between surfactant and ferric

oxo-clusters. For the samples produced from SDBS,
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some crystalline facets may be adsorbed by the anions
during the crystal growth of iron oxides. While for the
samples from P123, ferric oxo-clusters may be
interacted with the copolymer to form iron oxide with
tetrahedral morphology.

Fig.4 shows transmittance spectra for the as-
prepared Fe)Os films with different morphologies. The
optical band gap of films can be estimated by
calculating the intercept of the extrapolated linear fit to

(T is the

transmittance value, n is 1/2 for hematite, as hematite is

the experimental data of a plot of (=In7)"

known to be indirect band gap semiconductor) versus
incident photon energy (hv), which can be seen from the
insets of Fig.4. The insets show the indirect band gap
values of all films are about 2.0 eV, which is consistent
with the values of the samples prepared through
atmospheric pressure chemical vapor deposition and
USP  (Ultrasonic Spray Pyrolysis). reported in the

literature"!.
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photon energy (hv) plots for corresponding films. The optical
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Fig.4 Transmittance spectra of the as-prepared samples

Fig.5 shows the photocurrent curves of the iron
oxide thin films with different morphologies. The
photocurrent of Fe,O; thin films with tetrahedral
morphologies is larger than others, which may be in part
attributed to the nanostructure. The morphologies of
iron oxide thin films may influence the
photoelectrochemical properties, e.g. the improvement
of photocurrent of the iron oxide films may be attributed
to the change of nanostructures (smaller grains), which

improved photocurrent is in part attributed to the
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(a) without surfactant; (b) SDBS; (c) P123
Fig.5 Photocurrent-voltage curves for iron oxide

electrodes in darkness and under illumination

at a scan rate of 20 mV s

dendritic nanostructure which minimizes the distance
photogenerated holes have to diffuse to reach the Fe,0y/
electrolyte interface while still allowing efficient light

absorption ™,

The improved photocurrent of as-
tetrahedral

morphology may be attributed to minimize the distance

prepared iron oxide thin films with

photogenerated holes of diffusion.
3 Conclusions

Different morphologies of a-Fe,0; thin films were
synthesized by hydrothermal route, using ferric chloride
as inorganic precursor, SDBS and P123 as morphology
rod-like  and

morphologies were obtained. Crystalline seed of iron

directing-agent.  The tetrahedral
oxide on FTO substrate make the as-prepared a-Fe,O3
thin films more uniform and compact compared with
those FTO without pretreatment. The photocurrent of
Fe,O; thin films with tetrahedral morphologies is
larger than others, which may be attributed to the
tetrahedral morphology in minimization of the diffuse

distance of photogenerated holes.
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