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ABSTRACT: Mesoporous spindlelike iron oxide/ZnO core—shell hetero-
structures are successfully fabricated by a low-cost, surfactant-free, and
environmentally friendly seed-mediate strategy with the help of postannealing
treatment. The material composition and stoichiometry, as well as these
magnetic and optical properties, have been examined and verified by means of
high-resolution transmission electron microscopy and X-ray diffraction, the
thickness of ZnO layer can be simply tailored by the concentration of zinc
precursor. Considering that both a-Fe,O; and ZnO are good photocatalytic
materials, we have investigated the photodegradation performances of the core—
shell heterostructures using organic dyes Rhodamin B (RhB). It is interesting to
find that the as-obtained iron oxides/ZnO core—shell heterostructures exhibited
enhanced visible light or UV photocatalytic abilities, remarkably superior to the
as-used a-Fe,0; seeds and commercial TiO, products (P25), mainly owing to

Meseporous u-Fe,0,/In0
core-shell NPs

the synergistic effect between the narrow and wide bandgap semiconductors and effective electron—hole separation at the

interfaces of iron oxides/ZnO.
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B INTRODUCTION

Multicomponent core—shell heterostructures exhibit promising
magnetic, optical, and catalytic properties, quite distinct from
those of their single counterparts.' These advantages make
core—shell heterostructures become one of the most promising
candidates for the exploration of new applications and practical
significance for many different disciplines. The physical and
chemical properties of core—shell heterostructures are
determined and limited not only by their chemical composition
but also by the distribution of their physical dimensions,
structure, core—shell shape, and size.

According to the thermodynamic requirement of photo-
catalytic reaction, the redox potential of the valence band (VB)
hole must be sufficiently positive to generate hydroxyl radicals
and that of the conduction band (CB) electron must be
sufficiently negative to generate superoxide radicals.” Therefore,
it has been reported that ZnO can also be used as a major
component of photocatalyst due to its similar bandgap energy
(3.2 eV) and favorable band gap positions compared to the
other materials.> However, there are two bottleneck drawbacks
associated with semiconductor photocatalysts currently,
namely, high charge recombination rate inherently and low
efficiency for utilizing solar light, which would greatly hinder
the commercialization of this technology.4 Therefore, various
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methods have been developed to reduce the recombination rate
of photogenerated electrons and holes or increase the utilizing
rate of visible light in ZnO-based photocatalysts. More
importantly, traditional charge transfer between the narrow
and wide bandgap semiconductors is beneficial to isolate the
oxidation reaction due to the holes, and the reduction reaction
due to the electrons at two different sites, in order to prevent
the charge-carrier recombination. Moreover, the incorporation
of small band gap semiconductors, dyes and cocatalysts,
increases the probability of absorption of radiation in the
visible range. For example, we successfully prepared iron oxide/
SnO, and iron oxide/TiO, core—shell photocatalysts by
hydrothermal method in recently, the results reveal that the
combination of narrow bandgap (a-Fe,O;, 2.2 eV) and wide
bandgap semiconductors will enhanced their photocatalysis
abilities.>*

More recently, Chiu et al have synthesized spherical Fe;0,/
ZnO core/shell nanocrystals by seed-mediated growth
approach in nonhydrolytic condition.” Chen and co-workers
have fabricated Fe;O,/ZnO core/shell nanorods by combing
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Figure 1. TEM images of (a) a single hematite seed (the inset at left top corner is the overall feature of hematite seeds at low-magnification, the inset
at right corner is the corresponding size histograms for the length and outer diameter of hematite seeds) and (b) the hematite seeds after annealing

treatment.

an inorganic-phase reaction with a hydrogen annealing process,
and the results reveal that the composite nanorods is a kind of
electromagnetic wave adsorptive materials.” Herein, we
successfully prepared the spindle-like mesoporous a-Fe,O/
ZnO core—shell heterostructures with high purity based on a-
Fe,O; nanospindles by a facile wet-chemical routes and
subsequent annealing treatment. The different structure
features of the iron oxide/ZnO composite particles can be
obtained by adjusting the used amount of zinc ions
concentration, and the as-prepared samples were investigated
by TEM aiming to explore the formation mechanism, which
would provide us some insights into the elaborate structure
architecting and functionality tailoring for the core—shell
heterostructures. Moreover, investigations on the photodegrad-
ability of the naked iron oxide seeds, commercial TiO,
nanoparticles (P25) and as-synthesized a-Fe,0;/ZnO core—
shell heterostructures for RhB dyes were performed to compare
their photocatalytic activities.

B EXPERIMENT DETAILS

Materials. Zinc acetate dihydrate (Zn(Ac),2H,0, Ac
CH,COO0), potassium hydroxide (KOH), Ethanol (95%), ammonia
(NH;-H,0), Ferric chloride hexahydrate (FeCly-6H,0), sodium
dihydrogen phosphate dihydrate (NaH,PO,-2H,0) were purchased
from Sinopharm Chemical Reagent CO. Ltd, RhB dyes were
purchased from Aladdin Chemical Reagent Co., Ltd., Degussa P2S,
which contains 80% anatase crystallites and 20% rutile crystallites with
an average particle size of 30 nm and a BET surface area of ~50 m?/ g
was obtained from Degussa AG (Germany). All chemicals were
analytical grade (AR) and used as received without purification.

Synthesis of Iron Oxide/ZnO Composite Particles. The
composites were fabricated via a three-step process: (1) a-Fe,O,
seeds were fabricated and the detail synthesis process was described in
our previous report by a forced hydrolysis method.” Briefly, 100 mL of
4.5 X 10~* M NaH,PO, solution was transferred to a flask and heated
to 95 °C. Then 1.8 mL of 1.48 M FeCl, solution was added dropwise
into the flask, and the mixture was aged at 100 °C for 14 h. After the
resulting mixture was cooled down to room temperature naturally, the
product was centrifuged and washed with double distilled water and
ethanol. (2) a-Fe,0,/Zn0O core—shell composites were synthesized by
a seed-mediate method. Typically, 20 mL of above a-Fe,O; seeds (8
mg/mL) was dispersed in 130 mL of water by ultrasonication disperse.
Then 50 mL of a certain concentration of Zn(Ac), were dropped into
the above solvent at the stirring rate of 500 rpm. Subsequently, 20 mL
of 5 wt % ammonia solution was dropped added into the flask when
the reaction temperature elevated to 40 °C, and the resulting solution
was further allowed to react for 1 h. The resulting solution was further
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collected by centrifugation at 10000 rpm for 10 min. (3) Finally, the
precipitates were annealed at 550 °C for 2 h in air atmosphere with the
heating rate of 10 °C/min. The obtained samples at different
concentration of zinc precursor (Cyy, jons) Of 0.02, 0.04, and 0.08 M
were named S1, S2, and S3, respectively.

Photodegradation Measurement. First, 100 mL of RhB
solution with a concentration of 6 mg/L was prepared. As-prepared
samples were weighed (20 mg) and added to 40 mL of the above RhB
solutions, respectively. The suspension was stirred in the dark for 30
min in order to reach absorption equilibrium. And then the mixed
solutions were illuminated under mercury and tungsten mixed light
lamp (OSRAM, 250W, including UV and visible light), and the RhB
solutions were illuminated under light in the photochemical reactor.
The solutions were fetched at 15 min intervals by pipet for each
solution and centrifuged. UV—vis adsorption spectra were recorded at
different intervals to monitor the degradation process using a
Shimadzu 2450/2550PC spectrophotometer.

Characterization. Powder X-ray diffraction (XRD) patterns of the
samples were recorded on a D8 Advance X-ray diffractometer
(Germany) using Cu Ko radiation (4 = 0.1542 nm) operated at 40
kV and 40 mA and at a scan rate of 0.05° 26 s™. Transmission
electron microscopy (TEM) images and selected area electron
diffraction (SAED) patterns were performed with a JEOL JEM-2010
(HT) transmission electron microscope at the accelerating voltage of
200 kV, and all the samples dissolved in ethanol by ultrasonic
treatment (S min) and dropped on copper grids. High-resolution
transmission electron microscopy (HRTEM) images were performed
on a JEOL JEM-2010 FEF (UHR) transmission electron microscope
at the accelerating voltage of 200 kV equipped with energy dispersive
X-ray spectrometer (EDX), and the samples also dissolved in ethanol
and dropped on carbon covered copper grids. Magnetic measurements
were performed on a Quantum Design MPMS XL-7 SQUID
magnetometer. The powder sample was filled in a diamagnetic plastic
capsule, and the packed sample was then put in a diamagnetic plastic
straw and impacted into a minimal volume for magnetic measure-
ments. Background magnetic measurements were checked for the
packing material.

B RESULTS AND DISCUSSION

Figure la shows the TEM image of as-used single a-Fe,O;
seed, and the insert image illustrates that large-scale a-Fe,0;
with a uniform size. The average length and outer diameter of
these hematite seeds are 232.4 and 42.9 nm, respectively. (The
result was statistically analyzed by JEOL SmileView software,
with more than 100 resoluble spindle-like particles). Figure 1b
depicts the TEM images of a-Fe,O; seeds after annealing
treatment. It can be clearly seen that the shape and size of the
particles are well preserved. It is noteworthy that the spindle-
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like particles present mesoporous morphology. The porous size
is ca. 5—8 nm and the recrystallization results in the formation
of mesoporous hematite. The origin of these pores can be
a351gned to the dehydroxylation of B-FeOOH to form a-
Fe,0;.'° Moreover, the structure and phase purity of the as-
obtained products were examined by PXRD, as shown in curve
a in Figure S1 (see the Supporting Information), and all of the
peaks can be well indexed to a pure rhombohedral structure
with an R3¢ space group for hematite (JCPDS PDF 33—
0664)."" a-Fe,0; is extremely stable and is often the end
number of transformations of other iron oxides. The crystal
phase will not change in the current annealing temperature, and
the result have been present in curve b in Figure S1 in the
Supporting Information.

The crystallinity, phase, and purity of the samples of a-Fe, 05
after ZnO coating were determined by XRD. Figure 2 shows
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Figure 2. XRD patterns of three a-Fe,03;/ZnO core—shell
heterostructures: S1, S2, and S3. The standard XRD patterns of a-
Fe,0; and ZnO, drawn from the respective JCPDF files, are shown at
the bottom in black and red, respectively.

the XRD patterns of the samples with different concentration of
zinc precursor. XRD peaks of the S1 (curve a, Cy, jons = 0. 02
M) represent the rhombohedral corundum phase of a-Fe,O,
with lattice parameters a = 5.0357 A and c = 13.7489 A,
matching well with the JCPDS card #33—0664 corresponding
to the powder diffraction pattern of standard hematite. The
ZnO peaks cannot be clearly identified, the possible reasons are
the ZnO with low degree of crystallinity and very low
proportion in samples. In the following section, the ZnO
layer was confirmed by HRTEM and EDX analysis. By
increasing the Zn ions concentration, the ZnO peaks can be
clear identified in S2 (curve b, C,, ;. = 0.04 M) and S3 (curve
¢, Cyzy ions = 0.08 M), both of the patterns of these single-
constituents can be well indexed to the standard patterns of
ZnO (PDF 36—1451, hexagonal phase) and a-Fe,O; (PDF
33—0664, rhombohedral phase), respectively. The current
results suggest that the shell growths for both S2 and S3
yield a crystalline shell without alloying, because it has been
confirmed that homogeneous alloying can cause obvious shifts
in the diffraction patterns.'>"

Subsequently, the morphology feature of the as-prepared
mesoporous iron oxide/ZnO sample (S2, C;, ;0. = 0.04 M) was
detailed investigated by TEM, and shown in Figure 3. Figure 3a
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shows the low-magnification TEM micrograph for the as-
prepared hematite/ZnO composite nanoparticles, and all the
particles are spindle-like in shape with an average diameter of
49.5 nm and a length of 240.2 nm. Additionally, there are no
clear agglomerations observed between two particles. The
bright ring patterns from SAED of the sample given in Figure
3a can be well-indexed to the hexagonal crystalline phase of
hematite and ZnO aggregates. As shown in Figure 3b, a close
observation of hematite/ZnO composite particles clearly shows
the formation of uniform spindlelike core—shell structure. The
a-Fe,O; mesoporous core appears black and ZnO shell is light
colored in the image because hematite has a higher mass—
thickness contrast. The average thickness of the ZnO shell is
observed to be ca. 10 nm according to the difference in contrast
between the core and shell regime. The mesoporous structure
of S2 have also been confirmed by nitrogen adsorption—
desorption isotherms (see Figure S2 in the Supporting
Information), and the sample exhibits a type H3 hysteresis
loop according to Brunauer—Deming—Deming—Teller
(BDDT) classification, which indicated the presence of
mesopores (2—S0 nm) with a cylindrical pore mode. Figure
3d is the dark field micrograph of Figure 3c by setting Z (002)
ring of ZnO (see the SAED in Figure 3a), thus the ZnO shell
layer are imaged as brighter dots. Combining with the XRD and
SAED results, the above observation results demonstrate that
a-Fe,0;/Zn0O core—shell particles are successfully fabricated by
our method.

In order to better investigate the crystal structure of the
spindle-like @-Fe,0;/Zn0O composite particles, HRTEM and in
situ EDX patterns of as-obtained sample S2 were performed
and are shown in Figure 4. A close observation of a single a-
Fe,03/Zn0O particle clearly shows the formation of core—shell
structure (Figure 4a). The a-Fe,0O; core appears black and the
ZnO shell is light colored in the image because hematite has a
higher mass—thickness contrast. The HRTEM image shows
alternate bright and dark regions that signify the variations in
the surface thickness in the hematite core. The results illustrate
the core with mesoporous structures have been formed in the
annealing process. We carried out the EDX analysis in different
regions of this composite particle. The tip regions (1# and 3#)
of composite particle showed a very high atomic ratio of Zn to
Fe. This ratio decreased in the 2# region far away from the tip
regions, the results reveals that the ZnO have been successfully
coated on the surface of a-Fe,O; seeds. As shown in Figure 4b,
the interplanar spacings of 0.282 and 0.270 nm obtained by
HRTEM can be indexed to the (100) plane of ZnO and (104)
plane of a-Fe,O; respectively. From the Fourier trans-
formation (FFT) pattern (insert in Figure 4b), it can be
concluded that the iron oxide follows the hexagonal closed pack
corundum structure with the layer stacked along the [001]
direction (c axis). Those results reveal that a-Fe,0;/ZnO
core—shell structures are successfully fabricated by the present
method.

For further investigating the growth mechanism of spindle-
like mesoporous a-Fe,0;/ZnO core—shell particles, we
decrease and increase the concentration of zinc ions to a-
Fe,0; seeds, respectively, and the TEM micrographs of as-
obtained products S1 and S3 are shown in Figure 5. When the
reaction was conducted at Cy, ;,, = 0.02 M, the SEM image
(Figure Sa) shows uniform spindle structure, and the insert
EDX spectrum reveals that the sample compositions contain
Zn, Fe and O elements. The TEM and HRTEM images in
Figure Sb,c provide further insight into the morphology and
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Figure 3. (a) Low-magnification bright-field TEM image and the insert is the SAED patterns; (b) a high-magnification bright-field TEM image; the
() bright-field and (d) corresponding dark-field TEM images of the a-Fe,05/ZnO core—shell heterostructures (S2).
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Figure 4. (a) EDX patterns from different regions and (b) HRTEM image of single a-Fe,0;/ZnO core—shell heterostructure (the inset is the

corresponding FFT image).

surface properties of the prepared sample S1. A close
observation of a single particle clearly shows the formation of
core—shell structure. The core thickness of SI is ca. 7 nm and
the core regions display a clear mesoporous nature. And the
HRTEM image (insert in Figure Sc) of the tip region shows the
lattice planes with interplanar spacing of 0.281 nm correspond-
ing to the (100) plane of ZnO. When the Zn ions
concentration of precursor elevated to 0.08 M, the sample S3
presents the spindle or somatoid shapes, as shown in images d
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and e in Figure S. By close comparison, one can see that the
tips of the S3 are not so speculate as those of the pristine a-
Fe,0; seeds and previous samples S1 and S2 (Figure 5f), the
result illustrates that two or more a-Fe,O; seeds were packed in
a single composite particle. Compare with the S1, the
composite particle showed a very high atomic ratio of Zn to
Fe in EDX spectrum. The difference may be related to the large
excess of ZnO coating, which can be further proved by the
insert HRTEM image in Figure 5f, and a lattice spacing of 0.191
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Figure 5. Typical FESEM, EDX, TEM, and HRTEM images for (a—c) sample S1 (Cy, ;ons = 0.02 M) and (d—f) S3 (Cz, jons = 0.08 M), respectively.

nm for the (102) plane of ZnO shell can be observed on the
surface of S3. The above results reveal that the ZnO shell
thickness can be tailored by the Zn ions concentration in the
precursor, and excess Zn ions concentration is not beneficial to
maintain the morphology and shape of original a-Fe,0; seeds.

The synthetic route and formation mechanism for fabricating
the mesoporous hematite/ZnO core—shell heterostructures
was shown in Scheme 1, in seed-mediated growth method, the

Scheme 1. Synthetic Route and Formation Mechanism for
Fabricating the Mesoporous Hematite—ZnO Core—shell
Composite Particles®

(i) (iii)

Zn (In) NH-H,0 Annealing
—_—
Zn(OH)s. W -Fe; 05
M Zn0O

(i) The zinc precursor absorbed on the surface and small gaps of
hematite seeds; (ii) adding ammonia to Zn(Ac), causes an instant
supersaturation of [Zn(OH),],” (growth units) and forms Zn(OH),
on the surface of hematite seeds because of the enhanced
concentration of OH™ ions; (iii) the Zn(OH), decomposes and
forms ZnO coating layer because of the annealing treatment, and
hematite seeds will form as mesoporous structures.

shell formation involves two steps, mainly concluding the
adsorption on the surface of monodisperse seeds and the
growth under annealing treatment. Due to the presence of
spindle-like hematite seeds, the growth of ZnO shell proceeded
through heterogeneous nucleation rather than forming separate
nuclei by homogeneous nucleation. Figure S3 in the Supporting
Information shows the HRTEM image of a single a-Fe,0;
seed, a large number of gaps are distributed between both grain
boundaries, and the result reveals that the spindle-like particle is
composed of small nanocrystals and the overall surface of the
particle is rough. This feature endows the a-Fe,0; seeds with
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high adsorption for the zinc ions. The adsorbed zinc precursor
would react with ammonia and form Zn(OH),. In the
annealing process with a slow heating rate, the Zn(OH),
decompose and form ZnO shell layer on the surface of a-
Fe,O; seeds and finally generating core—shell nanostructures

(Zn** 4+ 20H” — Zn(OH), 5 700 + H,0)."* Additional-
ly, the mesoporous core has been observed due to the
dehydroxylation of f-FeOOH to form a-Fe,O; in annealing
process.

Moreover, the room-temperature magnetic properties of the
spindle-like a-Fe,O; seeds and a-Fe,0;/ZnO core—shell
particles were investigated by SQUID. As shown in Figure
6a, the saturation magnetization (M) of a-Fe,O; seeds is 0.64
emu g~'. After coating, the M values of a-Fe,05/ZnO decrease
to 0.43, 0.029, and 0.0098 emu g_l for S1, S2, and S3,
respectively. As a result of the interaction with the ligands or
outer layers like the ZnO coating, indicating that the surface
anisotropy probably also affects the moment of the inner iron
oxide nanoparticles via the exchange interaction with those at
the surface.”>™"7 Thus, the Mg of iron oxide nanoparticles was
decreased by the immobilization of the ZnO shell on their
surfaces. The a-Fe,03;/ZnO samples have a negligible
remanent magnetization (My) characters, and all samples
exhibits soft magnetic properties and their coercivity values are
very low. It is noteworthy that the S3 displays a clear
antiferromagnetic property (Figure 6b), the result reveals that
the increasing of ZnO thickness will induce the disorder
structure of hematite cores, the nonsaturation of moments at
high field represents the contribution of the a-Fe,0;
antiferromagnetic core,'®' and this is also an interesting
ferromagnetic-antiferromagnetic transition behavior.

The photocatalytic activity was examined by a colorant
decomposition test using RhB dyes. The RhB displays an
absorption peak at the wavelength of about 554 nm in the
absorption spectra. Panels a and b in Figure 7 show the typical
time evolution of absorption spectra of RhB after photo-
degradation with the sample S1 and S3. With time increasing,
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Figure 6. (a) Hysteresis curves of hematite seeds and samples S1, S2, and S3, and (b) the magnified hysteresis loops of S3.
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Figure 7. Absorption spectra of the RhB solution as a function of UV irradiation time in the presence of (a) S1 and (b) S3; the insets in the left-top
corners are the photographs of color change of RhB solution before and after photodegradation; (c) logarithm of the normalized concentrations as a
function of UV irradiation time for the RhB solution containing various photocatalysts: bare (l), P25 TiO, (®), a-Fe,O5 (), S1 (V¥), S2 (4), and
S3 (A); (d) RhB degradabilities of a-Fe,O; seeds, P25 and a-Fe,05/ZnO heterostructures.

the intensity of the peaks of 554 nm decreased gradually,
suggesting that the RhB was gradually photodegraded by the
iron oxide/ZnO core—shell heterostructures. And the photo-
graphs of the color changing of RhB solution (insets in Figure
7a, b) clear reveal that the RhB have been degraded. The as-
used a-Fe,0; seeds and commercial TiO, nanoparticles (P25,
Degussa) were used as received for comparison purpose in this
experiment. In general, the photodegradation of RhB catalyzed
by the semiconductor nanomaterials follows a first-order rate
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law,”**! —In(C/C,) = Kt, where K is the apparent rate constant

of the degradation. Figure 7c shows the effect of different
samples on the kinetics of RhB. In our experiment, K was found
to be 0. 856% min~", 1.53% min~', and 2.40% min~" for the as-
obtained a-Fe,0;/Zn0O core—shell samples of S1, S2 and S3,
respectively. Moreover, the K values were found to be 0.341%
min~' and 1.13% min~' for the a-Fe,0; seeds and P2S,
respectively. The current K value is higher than the other
reports of zinc oxide nanomaterials were using to photodegrade

dx.doi.org/10.1021/am300669a | ACS Appl. Mater. Interfaces 2012, 4, 3602—3609
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the RhB, such as ZnO nanotetrapods,”> Co*" ions-doped ZnO
nanorods,”®> Ce0,~ZnO composite nanofibers,** TiO,/ZnO
composite nanofibers,” etc. Figure 7d displays the degrad-
ability of different samples, and the a-Fe,03;/Zn0O core—shell
nanoparticles display clear enhanced photodegradation ability.
Such improvement can be attributed to the several outstanding
features of the iron oxide/ZnO core—shell heterostructures,
including the small size of the semiconductor clusters and
mesoporous morphology, high surface volume ratio, and
effective electron—hole separation of the Schottky barriers.”®
As we have known, ZnO has no absorption response to the
visible light due to its wide band gap, thus, the light absorption
of a-Fe,03/Zn0O core—shell heterostructures was solely
contributed by the a-Fe,O; component in the photocatalysis
experiments (as shown the UV—vis spectra of a-Fe,O; seeds
and a-Fe,0;/ZnO samples in Figure S4 in the Supporting
Information). Obviously, the composites contain less a-Fe,O;
than the pure seeds with same weight. However, all of
composite particles exhibited better-enhanced photocatalytic
efficiency than the pure a-Fe,O; seeds, which must be
correlated to the complex band configuration of the a-Fe,0;/
ZnO core—shell heterostructures. The improvement is a result
of the confined potential of the excited electron—hole pair,
which reduces their interaction with traps on the surface and
the environment. As shown in Figure 8, the band configuration

Figure 8. Schematic diagram showing band configuration and
electron—hole separation at interface of a-Fe,O;/ZnO composite
nanospindles under light irradiation; y is the electron affinity, ¢ is the
work function, V, the contact potential, E, the vacuum level, Eg;
denotes Fermi level of a-Fe,05/ZnO core—shell structures.

and electron—hole separation at interface of a-Fe,0;/ZnO
composite nanospindles under light irradiation is proposed.
Under UV and visible light irradiation, the photogenerated
electrons in conduction band (CB) of a-Fe,O; core tended to
transfer to that the CB of ZnO due to the driving by the
decreased potential energy. This core—shell heterostructure can
reduce the electron—hole recombination probability and enable
to increase the electron mobility, and the photogenerated
electrons and holes would separate at the a-Fe,0;/ZnO
interface.”” Consequently, the electrons and holes were
transferred to the surfaces of a-Fe,O; and ZnO, respectively,
and finally formed as hydroxyl radicals (-OH). And the
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superoxygen radicals (-O,) would be formed by the
combination of electrons with O, adsorbed on the surface of
ZnO. As a powerful oxidant, the hydroxyl radicals could
decompose effectively the organic pollutes such as RhB.
However, the photocatalytic mechanism of these fabricated
semiconductor nanostructures is very complicated.”®™*° We
will further do a series of experiments focusing on the influence
of the different batches of iron oxides/ZnO samples on
photocatalytic activity and do extended research on the
degradation mechanism influenced by the morphology and
nanostructure of iron oxide/ZnQO core—shell heterostructures.

Bl CONCLUSION

In summary, the a-Fe,0;/Zn0O core—shell nanostructures have
been successfully fabricated by a facile three-step strategy. The
material composition and stoichiometry, as well as these
magnetic and optical properties, have been examined and
verified by various characterization techniques, the thickness of
ZnO layer can be simply tailored by the concentration of zinc
precursor. The a-Fe,03/ZnO core—shell nanostructures have
been investigated for photocatalysis applications. The results
show that the photocatalytic degradation abilities of the
spindlelike @-Fe,O; nanoparticles can be significantly enhanced
by the ZnO shell coating for RhB dyes, mainly because of the
effective electron—hole separation at the interfaces of the core—
shell heterostructures. Significantly, the enhanced performance
demonstrates the importance of evaluating new composite
photocatalysts, and the core—shell nanostructure reported in
this work provides a new path to fabricate heterostructural
materials for photocatalytical applications.
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XRD patterns for before and after annealing treatment of
hematite seeds (Figure S1), nitrogen adsorption—desorption
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