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photocatalytic systems.

The mechanism study of redox mediator to transfer the photogenerated electrons is extremely desir-
able for artificial Z-scheme photocatalytic systems. Here we find that the a-Fe, 03 exposed by {012} and
{104} facets can facilitate the reduction of 103 ~, which results in increasing the activity of photocatalytic
water oxidation significantly. By employing NalO3 as an electron acceptor, the O, evolution activity
(309.4 pmolh~! g-1) of a-Fe,03 photocatalyst mainly exposed by {012} and {104} facets is 84 times
higher than that (3.68 wmolh~! g-!) of a-Fe,03 mostly exposed by {101} and {111} planes. We antic-
ipate that the findings in this work may open the door for further development of enhanced Z-scheme

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Photocatalytic water splitting into hydrogen (H,) and oxygen
(03) has been regarded as a promising means of storing solar
energy [1,2]. In the past three decades, the artificial heterogeneous
Z-scheme photocatalytic systems for water splitting have been
extensively investigated [3,4]. This system features the unique elec-
tron transfer, which is fully dependent on the redox reactions of
the electron acceptor/donor pair. The electron acceptor is reduced
into the electron donor in the conduction band of the O,-evolving
photocatalyst and the electron donor is oxidized into the electron
acceptor in the valence band of Hy-evolving photocatalyst, respec-
tively [5]. Unfortunately, it is often difficult to control the migration
of electrons from the O,-evolving photocatalyst to the H,-evolving
photocatalyst sufficiently, which results in low efficiency of the
reported Z-scheme photocatalytic systems [6]. Thus, the mecha-
nism study of the redox mediators for efficient photogenerated
electrons transfer is extremely desirable.

Noteworthily, the properties of the solid-liquid contact inter-
face between the photocatalysts and redox reagent determine the
rate of electron transfer in Z-scheme photocatalytic systems. As
an electron acceptor/donor pair, the 103~ /I~ redox reagent has
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been widely used in the Z-scheme photocatalytic systems [7-9].
However, since the water oxidation reaction is a bottleneck of
water splitting owed to the four-electron process, it could be more
challenging in Z-scheme photocatalytic system when the redox
mediators (e.g., 103~ /I7) are used [10,11]. Therefore, the search for
suitable semiconductors as O,-evolving photocatalysts that pro-
mote the reduction of 105~ is of great importance to enhance the
performance of corresponding Z-scheme photocatalytic systems.

We have reported preliminary results in the electrocatalytic
process of redox mediators [12], which has attracted considerable
interests for its wide range of applications in other areas, for exam-
ple the Z-scheme photocatalytic systems for water splitting. Herein,
for the first time, we study the effects of redox reagent on the activ-
ity of O, evolution over a-Fe; 03 nanocrystals exposed by different
facets. The O, evolution activity of a-Fe;03 photocatalyst mostly
exposed by {012} and {104} facets is 84 times higher than that of
a-Fe; 03 mostly exposed by {101} and {111} planes in NalO3 aque-
ous solution. Moreover, we explore a series of low-cost O,-evolving
photocatalysts, and successfully confirm that a-Fe, 03 nanocrystals
mainly bounded by (012) and (104) facets demonstrate remarkable
photocatalytic activity of O, evolution in the presence of a sacrifi-
cial electron acceptor 103~. The findings indicate that the a-Fe;03
mentioned above could act as a promising candidate of O,-evolving
photocatalyst for designing a prominent Z-scheme photocatalytic
system.
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Fig. 1. (HR)TEM images of Octo-Fe, 05 crystals (a-c) and Cubic-Fe, 05 particles (d-f). The corresponding SAED patterns are shown in the inset. The scale bars in panels (a-f)
are 1 wm, 200 nm, 2 nm, 100 nm, 20 nm and 5 nm, respectively. Cubic-Fe,03: cube-like a-Fe,03; Octo-Fe,03: octodecahedron a-Fe,03.

2. Results

The a-Fe;03 nanocrystals mainly bounded by {101} and {111}
planes were synthesized via a one-step hydrothermal process using
sodium fluoride as the reaction controlling agent [13,14]. The mor-
phology and structure details of the synthesized a-Fe,03 samples
were investigated by scanning electron microscope (SEM) and
transmission electron microscopy (TEM) measurements. SEM and
TEM images (Fig. S1a and Fig. 1a-c) of the obtained samples «-
Fe,03 display octodecahedron crystals enclosed by twelve (101)
planesandsix(111)planes[13,14]. Ahigh-resolution TEM (HRTEM)
image (Fig. 1c) and selected area electron diffraction (SAED, inset in
Fig. 1c) of octodecahedron a-Fe,;03 (Octo-Fe;05) exhibit two sets
of lattice fringes both to be 0.25 nm, which can be assigned to the
lattice fringe of (110), (—210) and (—120) planes of «-Fe, 03 crystal
structure [13,15]. Moreover, the angle of 120° between these two
lattice fringes is consistent with the angle of the (110) and (-210)
planes [13,15].

For the synthesis of the other kind of a-Fe,O3 nanocrystals
mainly exposed by {012} and {104} facets, concentrated sodium-
hydroxide aqueous solution was used as the reaction controlling
agent [12,16]. As shown in high-magnification SEM image (Fig.
S1b), the synthesized nanocrystals are cube-like particles with
nonuniform sizes. We further carried out the TEM and HRTEM char-
acterization to investigate the inner crystal structures of cube-like
a-Fe;05 (Cubic-Fe,;03). In Fig. 1d and e, the as-prepared crystals
exhibit cube-like profiles with sizes ranging from 30 to 70 nm,
which is in agreement with the SEM results. The HRTEM image
(Fig. 1e) reveals two groups of (012) and (104) planes with one

interfacial angle that is approximately 85° [12,17]. Fig. 1f exhibits
the lattice spacing of 0.36 nm, which can be assigned to the {012}
crystal plane of a-Fe;03 [15]. A close look at this cube demon-
strates that one dihedral angle between adjacent lateral facets is
86° [15,17]. Similar results could be obtained from the selected
area electron diffraction pattern (in the inset). These results suggest
that the Cubic-Fe, O3 nanocrystals are single crystals, dominated by
exposing {012} and {104} facets.

Powder X-ray diffraction (XRD, Fig. 2a) confirms that all diffrac-
tion peaks of the synthesized samples are agree with the crystal
structure of the a-Fe;03 phase (JCPDS No. 84-0310) [12]. Fur-
ther, the bandgap calculations of the obtained Cubic-Fe,03 and
Octo-Fe; 03 samples are worth noting. UV-vis diffuse reflectance
spectra (Fig. 2b) show that the Cubic-Fe,03 and Octo-Fe;03 sam-
ples have similar absorption edge around 730 nm, indicating that
both of them display a remarkable visible-light-harvesting ability.
The band gap of Cubic-Fe;03 and Octo-Fe,O3 samples are deter-
mined from the Tauc plot [1]. The figure (inset) displays a good
linear fit when usingr = 1/2, claiming the indirect band gap of Cubic-
Fe,03 and Octo-Fe,03 samples are 1.69 and 1.68 eV, respectively
[18]. The valence band of Cubic-Fe, 03 and Octo-Fe; 03 nanocrystals
were also measured by valence band X-ray photoelectron spec-
troscopy (XPS) with the edge of the maximum energy at about
2.8 and 2.6 eV, respectively (Fig. 2c). Combined with the results of
the above-measured band gap and valence band, the energy band
diagram of Cubic-Fe, 03 and Octo-Fe;03 nanocrystals were shown
in Fig. 2d. The electrode potential of Cubic-Fe,03 and Octo-Fe;03
samples are not negative than the redox potential of H*/H, (0V vs.
NHE), which indicates that they cannot split water to release H.
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