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Zn0-core/ZnFe,04-shell nanocable arrays on the sapphire substrate were grown using a simple sacrificial
Zn0O-nanowire-array templating method. When comparing to pure ZnO nanowire arrays (the “core” only)
or ZnFe,;04 nanotube arrays (the “shell” only), the ZnO/ZnFe, 04 nanocable arrays have demonstrated the
highest photodegradation capability of rhodamine B (RhB) under visible light illumination. Although
all three nanostructure arrays showed photocatalytic activities under visible light, their degradation
pathway are found to be different. The least effective dye-sensitization mechanism is responsible for the
RhB degradation in the presence of ZnO nanowire arrays, while the highly-reactive radicals produced by
photogenerated electron-hole pairs in visible-light-excited ZnFe,0,4 contributes to RhB degradation in
both ZnO/ZnFe,04 nanocable arrays and ZnFe,; 04 nanotube arrays. The type Il band alignment between
ZnO and ZnFe; 04 leads to effective charge carrier separation in the nanocable arrays, but is absent in the
case of ZnFe, 04 nanotube arrays. This explains the more efficient RhB decomposition in the presence of
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the ZnO-core/ZnFe,04-shell nanocable arrays.
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1. Introduction

In recent years, great efforts have been devoted to the develop-
ment of the semiconductor-based photocatalysis for water and air
purification, addressing the increasing problem of environmental
pollution worldwide. Among various semiconductor-based photo-
catalyts, zinc oxide (ZnO) has received considerable attention due
toits good photocatalytic activity [ 1-5]. However, its large bandgap
(~3.2eV) only allows it absorbing UV light for the required band
gap excitation and charge carrier generation, limiting its light har-
vesting efficiency, since UV light only contributes ~4% of the solar
energy [6]. In fact, visible light contributes about 50% of the solar
energy. This makes the visible-light-driven photocatalyts promis-
ing for practical applications. Although ZnO can utilize the visible
range of solar spectrum via a dye-sensitization mechanism, but the
corresponding efficiency remains low [7,8]. Alternative solution is
to directly use semiconductors with smaller band gap. For example,
zinc ferrite (ZnFe,04) has a bandgap of ~2.3 eV [9,10], matching
the visible range of solar spectrum. However, due to the rapid
recombination of photogenerated electrons and holes, ZnFe,04
itself usually shows rather poor photogradation activities [11-13].
Generally speaking, the performance of the visible-light-driven
photocatalyts made of single-component semiconductor is not
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satisfactory to date [14]. One of the promising solutions is coupling
two different semiconductors forming a heterojunction. The behav-
iors of electrons and holes at the heterojunction interface depend
on the band alignment of the two semiconductors. If the conduc-
tion band minimum (CBM) of one semiconductor is more positive
than that of the other, while the valence band maximum (VBM)
of the former is more negative than that of the latter, they form a
type I heterojunction. Both electrons and holes are driven to the
narrower-bandgap semiconductor due to the internal electric field
and recombine with each other efficiently. Such heterojunctions
are commonly used in light emitting applications. On the other
hand, if both CBM and VBM of one semiconductor are more positive
(or negative) than that of the other, a type Il band alignment forms.
The electrons and holes can be driven to opposite directions and
physically separated, thus minimizing their recombination. This
configuration is often employed in photovoltaic and photocatalytic
applications [15,16]. A number of semiconductor combinations
have been identified to have type Il alignment. The band gap
energies of these semiconductors and their band alignments have
been summarized in recent literatures [17-19]. Practically, semi-
conductor heterojunctions with type II band alignment, such as
TiO,/CdS [20-22], TiO;/WO3 [23], TiO,/ZnFe;04 [24,25], ZnO/CdS
[26],Zn0/Zn,TiO4 [27], have shown good photocatalytic activities.

Among various morphologies, pseudo-one-dimensional
(pseudo-1D) nanostructures (e.g., nanowires, nanobelts, nano-
tubes, nanocables, etc.) are promising structures for photocatalytic
applications—the 1D morphology is ideal for efficient transport of
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electrons. Moreover, when these nanostructures are fabricated on
a substrate in an aligned manner, they may enhance light absorp-
tion [28-31]. In addition, some of them can serve as templates for
the growth of other pseudo-1D materials, making it possible to
form desired heterojunctions.

Binary-compound pseudo-1D nanostructures (e.g., ZnO
nanowires) are widely studied and can be synthesized using
both vapor-based methods and solution-based methods [32-38].
Among various 1D nanostructures, ZnO is probably one of the
easiest to grow into 1D morphology in the absence of any catalyst.
This is due to the crystalline anisotropy of ZnO—the polar {0001}
planes have higher surface energy than other common-observed
nonpolar planes (e.g., {0110}, {2110}) in most cases, so that
the growth rate along [0001] direction becomes the highest
[33,35,39]. However, obtaining ternary-compound pseudo-1D
nanostructures is more complicated. Multi-step recipes or multi-
ple precursors are often involved [40-44]|. For example, ZnFe; 04
nanorods can be obtained via microemulsion method [45,46]
and/or electrospun method followed by annealing [47]. ZnFe;04
nanotubes can be fabricated via sol-gel method or electrochemical
method with the help of anodic aluminum oxide (AAO) membrane
to confine the 1D growth [46,48-51]. It is also possible to syn-
thesize ZnFe,04 nanotubes via the solid reactions between ZnO
and iron oxides at elevated temperatures [10,52]. The synthesis
of semiconductor heterojunction at nanoscale (e.g., core/shell
nanocables) is even more difficult and rather limited comparing
to single-component nanostructures. For core/shell nanocables,
the core nanowires are usually fabricated in first step and then the
shell material is coated on the surface of the core preventing the
damage of its morphology and composition. Successful examples
include ZnO/ZnFe,0,4 nanocables [40], ZnO/CdSe nanocable arrays
[53], ZnO/ZnSe nanocable arrays [54], ZnO/ZnyCd_,Se nanocable
arrays [55], ZnO/CdTe nanocable arrays [56], CdS/CuxS nanocables
[57], Si/InGaN core/shell hierarchical nanowire arrays [58], etc.

In the present work, the ZnO-core/ZnFe,;04-shell nanocable
with aligned array configuration is successfully obtained by a
simple sacrificial ZnO-nanowire-array templating method. Similar
to other pseudo-1D nanostructures, the nanocable array config-
uration associated with large surface-to-volume ratio, leading to
optical path increase of the incident light in the structure and sup-
press reflection, and thus enhanced light absorption [28-31]. More
importantly, by forming a type Il band alignment between ZnO core
and the ZnFe,04-shell, one should expect improved charge carrier
separation and thus enhance photocatalytic activity. The photocat-
alytic properties of the nanocable arrays were compared to those
obtained from pure ZnO and ZnFe,;0,4 nanotube arrays, and their
respective photocatalytic mechanisms are discussed in detail.

2. Experimental

The three kinds of pseudo-1D Zn-Fe-O nanostructures (i.e.,
ZnO nanowire arrays, ZnO/ZnFe,04 core/shell nanocable arrays
and ZnFe,04 nanotube arrays) were synthesized on three single-
crystalline sapphire substrates (approximately 1 cm x 1 cm, labeled
S1, S2 and S3), respectively. The scheme of the synthesis pro-
cesses is shown in Fig. 1 and the detailed growth procedures can
be found elsewhere [10]. Briefly, three identical substrates were
firstly bonded onto one piece of glass slide and hydrothermal
ZnO-nanowire-array growth was carried out on these substrates.
Secondly, S1 was removed from the glass slide for further treat-
ment. S2 and S3 were simultaneously immersed into 0.05 M FeCl3
aqueous solution with vigorous shaking for 10 s and rinsed with DI
water. Next, S1, S2 and S3 were calcined in the air for 5h at 700°C
together. This leads to the formation of the nanocable arrays on S2
and S3. Then, the calcined ZnO-nanowire-array on the S1 is labeled

Sapphire substrates
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Fig. 1. The synthesis processes of three pseudo-1D Zn-Fe-O nanostructures on
sapphire substrates.

SS1, and nanocable arrays aligned on the S2 is labeled SS2. Finally,
the excess ZnO core on S3 was removed by 25% NH3 solution for
24 h, forming nanotube arrays (labeled SS3).

The general morphology of the three pseudo-1D nanostructure
arrays on sapphire substrates was characterized using scanning
electron microscopy (SEM; Quantum F400) and their crystallinity
were examined by X-ray diffraction (XRD) using a diffractome-
ter with Cu Ka radiation (Rigaku SMARTLAB XRD). The detailed
microstructures and chemical compositions were investigated
using transmission electron microscopy or scanning transmis-
sion electron microscopy (TEM/STEM; Tecnai Spirit 12 and Tecnai
20 FEG) equipped with an energy-dispersive X-ray spectrometer
(EDX). The visible-light photocatalytic activities of the samples
(~1cm x 1cm) were evaluated from the degradation of 10 ppm
rhodamine B (RhB) aqueous solution with or without 1 M CH3OH as
the hole scavenger. The photodegradation reaction was performed
in a 5ml special home-made photoreactor, which was cooled by
the circulating water and capped by a piece of quartz. After the
adsorption-desorption equilibrium between the RhB solution and
the photocatalyst was reached in dark under magnetic stirring,
the photodegradation experiment was started by illuminating the
photoreactor with the visible light. The illumination source was a
150 W Xenon lamp (Bentham IL7) equipped with a 400 nm long-
pass filter. The degradation process was monitored by measuring
the absorption spectra of the RhB solutions using Hitachi U3501
spectrophotometer every 1 h.

3. Results and discussion
3.1. Morphologies, crystal structures and chemical compositions
The three batches of samples were made in a parallel manner,

so that their density on the substrate is similar. Fig. 2 illustrates
the morphology evolution of Zn-Fe-O pseudo-1D nanostructure
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Fig. 2. SEM images of (a) SS1, (b) SS2, and (c) SS3. The insert in each image shows the corresponding SEM image at larger magnification.

arrays, that is, from ZnO nanowires to ZnO/ZnFe,0,4 core/shell
nanocables and to ZnFe,04 nanotubes. Sample SS1 (700°C-
calcinated ZnO nanowire arrays) are vertically aligned on the
sapphire substrate (Fig. 2(a)). Each nanowire on the substrate has
well-defined hexagonal cross section and smooth surface. Their
diameters are around 200 nm. After treatment of FeCls solution
and calcination, the surface of the nanowires becomes rough,
forming a core/shell structure (i.e., sample SS2). Then, etching the
ZnO cores away leads to the formation of nanotube arrays (i.e.,
sample SS3). The inner diameters of nanotubes are around 150 nm
and the wall thicknesses are about 50 nm.

The crystalline structures of the three pseudo-1D nanostructure
arrays on sapphire were studied by XRD (Fig. 3). The diffraction
peaks from the sapphire substrates are marked with asterisks. For
sample SS1 (Fig. 3(b)), all the diffraction peaks can be indexed
to those of ZnO wurtzite structure (JCPDS Card No. 36-1451). For
sample SS2, besides the diffraction peaks from wurtzite ZnO, the
remaining peaks (Fig. 3(c)) can be assigned to cubic spinel struc-
ture of ZnFe,04 (JCPDS No. 89-7412). After removal of ZnO cores,
all of the diffraction peaks from ZnO disappear, leaving those char-
acteristic of ZnFe;04 only, as shown in the XRD spectrum of sample
SS3 (Fig. 3(d)).

TEM-related techniques are used to examine the change of
microstructures and compositions during the nanostructure forma-
tion in a detailed manner. The original ZnO nanowire is observed to
have a smooth surface from the TEM image (Fig. 4(a)). Selected-area
diffraction (SAD) pattern (Fig. 4(b)), taken from a single nanowire,
reveals its single crystalline nature. The corresponding energy-
dispersive X-ray (EDX) spectrum (Fig. 4(c)) only shows signals from
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Fig. 3. XRD spectra of (b) SS1, (c) SS2, and (d) SS3, together with the standard XRD
data of (a) ZnO and (e) ZnFe, 04. The diffraction peaks marked with asterisks come
from the sapphire substrates and the strong peaks are cut off in order to show all
small peaks clearly.

Zn and O with the atomic ratio between Zn and O close to 1 (the
Cu signals in all of the EDX spectra comes from the TEM supporting
grid).

After FeCl3 immersion and calcination, the surface of the ZnO
nanowire becomes rough and is covered with a thin shell (Fig. 5(a)).
Besides the diffraction spots from wurtzite ZnO, the SAD patterns
also show ring patterns, which can be indexed to cubic ZnFe;04
(Fig. 5(b)). The ring patterns also indicate the polycrystalline nature
of ZnFe,; 04 shell. Moreover, the signals from Fe also appear in the
EDX spectrum of sample SS2 and the atomic ratio of Zn:O also devi-
ate from 1, due to the formation of ZnFe, 04 outside ZnO (Fig. 5(b)).
In order to recognize the ZnFe,04 nanoshell clearly, the STEM-EDX
mapping is carried out from one of the nanocables, disclosing the
spatial distribution of the compositional elements (i.e., Zn, Fe and
0). The results (Fig. 5(d)) show that the Zn and O signals present
throughout the whole nanocable, while the intensity of Fe is mainly
confined in the shell regions, suggesting the ZnO-core/ZnFe;04-
shell configuration of the nanocable.

The etching of ZnO core leads to the formation of the pure
ZnFe,04 nanotubes (Fig. 6(a)). The SAD pattern of such nanotube
only exhibits one set of ring pattern, which can be indexed to poly-
crystalline cubic ZnFe;04 (Fig. 6(b)). The atomic ratios of Zn:Fe:O,
as revealed by the corresponding EDX spectrum (Fig. 6(c)), are close
to 1:2:4. The STEM-EDX mapping of a single nanotube (Fig. 6(d))
shows similar spatial distribution of all the three elements (i.e., Zn,
Fe and O), suggesting the nanotube configuration.
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Fig. 4. (a) TEM image of sample SS1 and corresponding (b) SAD pattern and (c) EDX
spectrum taken from the same sample.
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Fig. 5. (a) TEM image of sample SS2 and corresponding (b) SAD pattern and (c) EDX
spectrum taken from the same sample. (d) The elemental mapping extracted from
STEM-EDX showing the spatial distribution of the compositional elements (Zn, Fe
and O) of the nanocable.
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Fig. 6. (a) TEM image of sample SS3 and corresponding (b) SAD pattern and (c) EDX
spectrum taken from the same sample. (d) The elemental mapping extracted from
STEM-EDX showing the spatial distribution of the compositional elements (Zn, Fe
and O) of the nanotube.

3.2. Photocatalytic activities

The photocatalytic activities of the three pseudo-1D nanostruc-
ture arrays under visible light (A >400 nm) are investigated using
the degradation of RhB as the probe reaction. In the blank experi-
ment, no photocatalyst is used. The major absorption peak of RhB at
553 nm only shows a very small decrease of ~5% after 3 h and the
peak center remains unchanged (Fig. 7(a)). Such decrease can be
attributed to the direct photolysis of RhB molecules under visible
light irradiation. In the presence of ZnO nanowire arrays, 29% RhB
molecules are decolorized after 3 hours’ irradiation. The peak maxi-
mum slightly shifts from 553 nm to 549 nm (Fig. 7(b)). After coating
the ZnO nanowires with visible-light-active ZnFe,04 crystals, the
photodegradation performance is greatly enhanced. The absorp-
tion peak of the dye solution dramatically dropped to 11% of its
initial height (i.e., 89% RhB is decolorized) and the peak center also
exhibits a large blue shift from 553 nm to 498 nm (Fig. 7(c)) after 3
hours’ irradiation. However, when removing the ZnO cores from the
nanocables, the photocatalytic activities are worsened. As shown in
Fig. 7(d), the absorbance only decreases by 43% after 3 hour’s illu-
mination and the amount of peak shift also becomes smaller (from
553 nm to 542 nm) than that of the nanocable sample.
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Fig.7. The change of the absorption spectra of RhB aqueous solutions (10 ppm) with
irradiation time under visible light (A >400 nm) (a) without any photocatalysts, at
the presence of (b) ZnO nanowire arrays, (c) ZnO/ZnFe, 04 nanocable arrays and (d)
ZnFe,04 nanotube arrays on sapphire substrates. The summary of the RhB absorp-
tion spectra change as a function of illumination time, including (e) absorbance
(A/Ap) decrease and (f) peak position (AX) shift.
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The degradation performance of the three nano photocatalysts,
considering both the RhB absorbance decrease and peak position
shift, are summarized and compared in Fig. 7(e) and (f). Since
the degradation reaction of RhB can be described as a pseudo-
first-order reaction, the degradation reaction rate k of the three
photocatalysts can be estimated by the following equation when
the dye concentration is low (<1 mM),

Co
ln? =kt (1)

where Cy is the initial concentration of RhB and C is the RhB
concentration at time t [59]. The calculated reaction rate con-
stant k of ZnO nanowire arrays, ZnO/ZnFe,04 nanocable arrays
and ZnFe,0,4 nanotube arrays are estimated as ~1.2 x 10~3 min~!,
~1.2x 1072 min~! and ~3.1 x 103 min~1, respectively.

Generally speaking, RhB molecules usually have two differ-
ent degradation pathways, including the de-ethylation and the
degradation of chromophore processes [60-67]. The degradation
of chromophore of RhB involves the decomposition reaction of its
conjugated ring structure, which is responsible for the color of the
molecule, but will not cause an absorption peak shift. On the other
hand, the de-ethylation of RhB molecule (i.e., the fully N,N,N',N'-
tetraethylated rhodamine) takes place following the equations
below [68-70],

. De-ethylati
N, N, N’, N'-tetraethylated rhodamine (Amax =553 nm) e-ethyation

N, N, N’'-triethylated rhodamine (Amax =539 nm)De_em—yl&ltlon

De-ethylation
—

N, N’-diethylated rhodamine (Amax = 522nm)

N-ethylated rhodamine (Amax = 510nm)De_eth—yl>&ltion

Degradation

Rhodamine (Amax =498nm) ~—  CO,+H,0 + mineral acids

The four ethyl groups are removed one by one until RhB is com-
pletely converted to rhodamine with no ethyl group (Fig. 8), leading
to a large blue shift of the RhB absorption peak from 553 nm to
498 nm. After that, the conjugated ring structure of rhodamine is

destroyed, resulting in further decrease of the absorption peak but
without peak shift.

Although the bandgap of ZnO (~3.2eV) is larger than the
energy of the incident visible light, the degradation of RhB is also
observed at the existence of ZnO nanowire arrays under visible
light irradiation, which can be attributed to the dye-sensitized
mechanism [71]. As shown in energy diagram of ZnO (Fig. 9(a)),
its CBM (—0.1V vs. NHE) [72-75] is more positive than lowest
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Fig. 9. The schematic diagrams showing the different degradation mechanisms of
RhB by (a) ZnO nanowire arrays, (b) ZnFe;04 nanotube arrays and (c) ZnO/ZnFe; 04
nanocable arrays in 10 ppm RhB aqueous solutions under visible light (A >400 nm)
illumination for 3 hours, after the adsorption-desorption equilibrium between the
RhB solution and the photocatalyst was reached in dark under magnetic stirring.
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unoccupied molecular orbital (LUMO) of RhB (-0.6 V vs. NHE) [32],
but more negative than the reduce potential of water-dissolved
0,, E(02/02°7) (0.0V vs. NHE [15,76]). When irradiated with visi-
ble light, electron-hole pairs cannot be generated in ZnO directly.
However, the RhB molecules can be excited to the excited states
and inject electrons to CBM of ZnO. Then, these electrons are cap-
tured by the O, in water, producing superoxide radicals O,°*~. These
radicals further lead to chromophore degradation of RhB molecules
[64,66], showing peak intensity decrease in RhB absorption spectra
with subtle shiftin the peak position. However, the overall degrada-
tion efficiency via this route is low (29% degradation after 3 hours’
illumination).

As a narrow bandgap semiconductor, ZnFe,;04 has the ability
to utilize the visible light. The CBM of ZnFe;04 (—0.2V vs. NHE)
[77] is more negative than E(O,/0,°) and its VBM (2.1V vs. NHE)
[77] is more positive than the oxidation potential of OH group
E(-OH/OH™) (1.5V vs. NHE) [73,78] and highest occupied molec-
ular orbital (HOMO) of RhB (1.6V vs. NHE) [76] (Fig. 9(b)). Thus,
upon illumination, electron-hole pairs are generated in ZnFe, 04
nanotubes. The electrons are captured by O,, forming O, * radi-
cals, leading to degradation of chromophore of RhB. The holes in
the VBM of ZnFe, 04 directly oxidize RhB or react with the surface-
adsorbed OH group forming -OH radicals. These active pieces prior
cause de-ethylation of RhB molecules, resulting in a large blue shift
in the peak positions [60,61,64,66,69]. Combining the effects of
both electrons and holes, ZnFe, 04 nanotube arrays shows not only
absorbance decrease, but also peak shift after 3 hours’ irradiation.
However, the photocatalytic activity is still low (~43% absorption
drop), due to the lacking of an efficient charge carrier separation
mechanism. The photogenerated electron-holes cannot be effec-
tively used before their possible recombination.

When the ZnO and ZnFe,04 are coupled together, forming
Zn0O/ZnFe,04 core/shell nanocable arrays, a type Il band alignment
is formed between the two, i.e., both the CBM and VBM of ZnFe; 04
are more negative than those of ZnO (Fig. 9(c)). Consequently, the
photogenerated electron-hole pairs in ZnFe, 04 shells can be sep-
arated efficiently. The electrons are driven to CBM of ZnO and the
holes are left in the VBM of ZnFe,04. Both electrons and holes can
contribute to the photodegradation processes, thus leading to large
absorbance decrease (~89% drop) and obvious peak shift (=55 nm)
after 3 hours’ irradiation.

As discussed above, both electrons and holes can attribute to
the degradation process but take different degradation pathways.
Electrons mainly contribute to the degradation of chromophore and
holes mainly contribute to de-ethylation process. Further evidence
is provided by adding CH3OH, which is a typical hole scavenger
in aqueous solution [79,80]. Little change is observed in the blank
experiment (in the absence of any photocatalyst) after adding
CH3OH (Fig. 10(a)). However, the three nanostructures show differ-
ent behaviors. For ZnO nanowire arrays, its photocatalytic activity
is almost unchanged (Fig. 10(b)) in the presence of hole scavenger.
Although the presence of hole scavenger supposes to suppress
the charge carrier recombination, and thus contribute to longer
electron life time, it does not help to improve the photocatalytic
activity of the ZnO nanowire arrays. This result confirms that the
photodegradation of ZnO nanowires mainly relies on electron-
involved pathways, and suggests that the rate-limiting step for
ZnO photo-catalytic reaction could be electron transfer from RhB
to ZnO.

However, for ZnO/ZnFe,0,4 core/shell nanocable arrays, the
absorbance decrease of RhB becomes much smaller and the peak
maximum shift becomes negligible, as compared results obtained
in the absence of CH3OH (Fig. 10(c)). Since both electrons and holes
contribute to the degradation process in the nanocable arrays, once
alarge amount of holes are scavenged, only electron-involved path-
ways contribute to the photodegradation process. This explains
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Fig. 10. Evolution of the absorption spectra of RhB aqueous solutions (10 ppm RhB,
adding 1M CH30H) under visible light (A>400nm) as a function of the irradia-
tion duration (a) in the absence of any photocatalysts; in the presence of (b) ZnO
nanowire arrays; (c) ZnO/ZnFe,04 nanocable arrays; and (d) ZnFe,04 nanotube
arrays on sapphire substrates.

both the weakened photodegradation capability of the nanocables
and the disappearances of RhB absorption peak shifting along with
its intensity decrease.

On the contrary, the ZnFe,04 nanotube arrays show improved
photocatalytic activity and little peak shift is observed after 3 hours’
illumination in the presence of CH3O0H. This may be attributed to
the reduced charge carrier recombination, and thus longer electron
life time, due to the consumption of holes by the hole scavenger.
Although the contribution of holes to photo degradation is much
weakened, the increase in contribution by electron-involved path-
ways may exceed that of the holes, resulting in an improved
photocatalytic activity.

4. Conclusions

In conclusion, the visible-light-driven photodegradation activ-
ities of ZnO/ZnFe,04 nanocable arrays were demonstrated to be
superior to those of the ZnO nanowire arrays and ZnFe, 04 nanotube
arrays. Although all three nanostructure arrays show degradation
of RhB under visible light illumination, their degradation pathways
were found to be different. The degradation of RhB in the pres-
ence of ZnO nanowire arrays is attributed to the dye-sensitized
mechanism (which is the least effective one), while in the case of
ZnFe, 04 nanotube arrays, the production of reactive radicals by
the photogenerated electron-hole pairs in the visible-light-active
ZnFe,0,4 are mainly responsible for the photodegradation of RhB.
The nanocable arrays shares the same degradation mechanism as
the pure ZnFe,04 nanotube arrays, but exhibiting a much higher
degradation efficiency. This is due to effective separation of the
photogenerated electron-hole pairs in ZnFe;0y4, as driven by the
type II band alignment between ZnO and ZnFe,;04. In addition,
the nanocables can be obtained via a scalable wet chemistry
process. Moreover, the array-on-substrate configuration makes
them very convenient to be recycled after use comparing to their
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freestanding counterparts. These characteristics make them
promising candidate for a wide range photocatalytic applications.
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