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ABSTRACT: Here we report the facile synthesis of 1D ZnO/α-Fe2O3
semiconductor nanoheterostructures (SNHs), and we investigate the strong
interfacial interactions at the heterojunction, resulting in novel multifunctional
properties. ZnO-coated α-Fe2O3 nanowires (NWs) have been prepared by
combining electrodeposition and wet chemical methods. Significant improvement
in electrical conductivity, photoluminescence, and room temperature magnetic
properties have been observed for the ZnO/α-Fe2O3 SNHs over the pristine α-
Fe2O3 NWs because of the contribution of the ZnO nanolayer. The increase in
electrical conductivity in ZnO/α-Fe2O3 SNHs is because of the increase in free
electrons in the conduction band of the SNHs due to the formation of type-II n-n
band configuration at the heterojunction. The SNHs are found to exhibit enhanced
visible green photoluminescence along with the UV emission at room temperature.
The band-gap emission of the α-Fe2O3 NWs coupled to the defect emissions of the
ZnO in SNHs can be attributed to the profound enhancement of the visible green luminescence. Magnetization of the SNHs is
found to be increased nearly five times in magnitude over the primeval α-Fe2O3 NWs, which can be ascribed to the exchange
coupling of the interfacial spin at ZnO/α-Fe2O3 interface, the surface spin of ZnO nanolayer, along with the structural defects like
the cation vacancies (VZn) and the singly ionized oxygen vacancies (Vo

•) present in SNHs.

1. INTRODUCTION
Semiconductor nanoheterostructures (SNHs) have drawn
intense research attention because of their enormous potential
to exhibit multifunctionality in a single nanostructure.1−4 The
SNHs consist of two or more distinct semiconductor
components and can provide unique and enhanced properties
that cannot be achieved by the individual semiconductor
component. In particular, in the 1D SNHs, the unique
morphology and the high surface-to-volume ratios lead to
strong interfacial interactions between the semiconductor
components, resulting novel properties desirable for the
nanoscale electronics, energy conversion, catalysis, and sensor
devices.3−5 Recently, considerable efforts have been devoted to
fabricate different types of semiconductor-based NHs including
semiconductor/semiconductor, semiconductor/metal, metal
oxide semiconductor/metal oxide semiconductor, and metal
oxide semiconductor/metal core/shell 1D nanoheterostruc-
tures with fascinating physical properties.6−11 However, the
nanostructures of the ZnO and α-Fe2O3 oxide semiconductors
have been intensively investigated for various technological
applications. The wide-band-gap semiconductor ZnO has
become a revolutionary material for the modern day technology
because of its versatile properties suitable for electronic, optical,
sensor, photovoltaic, and spintronics applications.12−15 The
narrow-band-gap n-type α-Fe2O3 has also gained importance as
a material for electronic, field-emission, electrochemical,

sensors, and lithium ion battery devices.16−18 Hence, with the
expectation to achieve superior functionality and to integrate all
of these different properties together in a single nanostructure,
the ZnO/α-Fe2O3 shell/core SNHs could be an ideal choice.
However, the fabrication of 1D core/shell-type SNHs with
well-defined morphology and tunable functionality still remains
challenging. The SHNs have been fabricated by the vapor-
phase route, catalyst-assisted vapor liquid solid mechanism,
electrodeposition, and template-assisted approaches,2,5,19,20 but
to date the search for the facile, low-cost, and highly efficient
synthesis strategy for the SNHs with suitable control on their
structure and properties continues.
In this work, α-Fe2O3/ZnO core/shell SNHs have been

fabricated by a two-stage solution chemical method by coupling
the template-assisted electrochemical route with the simple wet
chemical approach. The solution-based method is an alternative
approach to fabricate SHNs with the advantages of being
economic and simple, where it is easier to control in the
reaction process. The investigation of the interfacial interaction
between the ZnO and α-Fe2O3 semiconductor heterojunction
leading to exciting electrical, optical, and magnetic properties in
the single nanostructure has become the prime focus of this
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work considering the diverse applicability of the SNHs in
nanoscale electronic, optical, and spintronics devices. Notice-
ably, the ZnO/α-Fe2O3 SNHs are found to exhibit enhanced
electrical conductivity, remarkably improved green photo-
luminescence (PL), and room-temperature ferromagnetism
(RTFM) with the increase in magnetization by several orders of
magnitude compared with the pure α-Fe2O3 NWs because of
the contribution of the incorporated of ZnO nanolayer. These
studies reveal how the reconstructed band gap structure of the
SNHs influences their electrical conductivity and PL character-
istics. The role of the interfacial/surface spin to induce
magnetic moments in the SNHs is also examined. Therefore,
the present study demonstrates the advanced multifunctionality
of the ZnO/α-Fe2O3 SNHs.

2. EXPERIMENTAL DETAILS

The high-density arrays of ZnO/α-Fe2O3 SNHs with α-Fe2O3
NWs as core coated with ZnO nanolayer shell have been
fabricated by a two-stage solution-based process. First, the α-
Fe2O3 NWs were synthesized by the high-temperature
oxidation of the metallic Fe NWs prepared by the template-
assisted electrodeposition technique. Highly ordered self-
organized nanoporous anodic aluminum oxide (AAO) template
fabricated by the controlled two-stage electrochemical anodiza-
tion of high-purity aluminum foil, as described elsewhere,21,22

has been used as the host to prepare the Fe NWs. The AAO
template with one side coated with a conductive gold (Au)
layer grown by thermal evaporation technique has been used as
a working electrode in the electrodeposition process to
fabricate the highly ordered arrays of Fe NWs. A software-
controlled three-electrode electrochemical cell and a power
supply (potentiostat AutoLab-30) have been used for the
electrochemical deposition of Fe NWs. A high-purity Pt wire
and an Ag/AgCl calomel electrode have been used as the
counter and reference electrodes, respectively. Arrays of Fe
NWs have been electrodeposited in the pores of AAO using the
aqueous solution of 120 g/L FeSO4.7H2O and 45 g/L H3BO3
as electrolyte at room temperature (RT). The boric acid has
been used as buffer. The electrochemical deposition has been
conducted by using the dc voltage of −1.03 V, following linear
sweep voltametry results, maintaining the pH of the electrolyte
at 3.5. The electrodeposition was carried out for 13 min to
prepare the Fe NWs of ∼12 μm long. After the removal of the
template by dissolving it in 2 M of NaOH solution, the Fe NWs
were oxidized to form α-Fe2O3 NWs by heating them at 400 °C
for 2 h in oxygen atmosphere. To fabricate ZnO-coated α-
Fe2O3 SNHs, we added the 0.1 M Zn(CH3COOH)2·2H2O
solution prepared in ethanol dropwise on the arrays of α-Fe2O3

NWs until the surface of the NWs got wet, and then it was left
30 min to dry at RT. This process was repeated three times.
Afterward, the zinc-acetate-coated arrays of α-Fe2O3 NWs were
annealed in a furnace at 450 °C for 40 min in air. During
annealing, the ZnO/α-Fe2O3 SNHs were fabricated, where the
ZnO nanolayer grows on the surface of the α-Fe2O3 NWs
through the decomposition of zinc acetate salt at high
temperature.
The crystallographic nature of the as-prepared α-Fe2O3 NWs

as well as the ZnO/α-Fe2O3 SNHs has been analyzed by X-ray
diffraction (XRD, Panalytical X’Pert Pro diffractometer), and
the composition of the SNHs has been determined by energ-
dispersive X-ray (EDAX) analysis. The morphology and the
structure of the arrays of α-Fe2O3 NWs and ZnO/α-Fe2O3
SNHs are studied by scanning electron microscope (SEM, FEI
Quanta-200 Mark-2) and transmission electron microscope
(TEM, FEI TECNAI G2 TF20ST). The crystalline structure of
the NWs has been further investigated by the high-resolution
TEM (HRTEM). The elemental composition and the
electronic state of Zn, Fe, and O in the ZnO/α-Fe2O3 SNHs
have been studied by X-ray photoelectron spectroscopy (XPS).
The PL measurements of the ZnO/α-Fe2O3 SNHs have been
conducted using a spectrofluorometer (Horiba JobinYvon,
Fluorolog-3) under an excitation of 330 nm light from a Xe
lamp source. RT magnetic measurements of the pure and ZnO-
coated α-Fe2O3 NWs have been performed using a vibrating
sample magnetometer (VSM, Lakeshore, model 7144) by
placing the axis of the 1D sample along the direction of the
applied magnetic field to get maximum coupling of the flux.

3. RESULTS AND DISCUSSION

3.1. Morphology and Crystallography. Figure 1a,b
represents the morphology of the as-prepared ZnO/α-Fe2O3
SNHs obtained from the SEM over the large sample areas. The
well-aligned 1D arrays of the SNHs, grown vertically on the Au
substrate, is evident from Figure 1a. The average diameter of
the ZnO/α-Fe2O3 SNHs is found to be nearly 200 nm. Here
the diameter of the as-grown α-Fe2O3 is found to be ∼100 nm
because they are fabricated using 100 nm diameter porous AAO
template. It can be seen that (inset of Figure 1b) small rough
nanocrystals are formed on the surface of α-Fe2O3 NWs after
ZnO coating, which were confirmed to be the ZnO
nanocrystals after spot EDAX experiment, although the core−
shell type nature could be confirmed only after TEM analysis.
Figure 1c shows the XRD patterns of the as-prepared α-

Fe2O3 NWs and the ZnO/α-Fe2O3 SNHs. The diffraction
peaks have been indexed to a pure rhombohedral phase (space
group R3c) of α-Fe2O3 NWs (JCPDS file no. 89-0597, a =

Figure 1. SEM images of the ZnO/α-Fe2O3 SNHs: (a) top view, (b) side view (Inset: high magnification cross-sectional view), and (c) XRD
patterns of the ZnO/α-Fe2O3 SNHs and α-Fe2O3 NWs.



5.039 Å, c = 13.77 Å) and a pure hexagonal wurtzite phase
(space group C6mc) of ZnO (JCPDS file no. 36-1451, a =

3.296 Å and c = 5.20 65 Å), as shown in the Figure 1c. The
XRD patterns clearly designate the good-quality polycrystalline

Figure 2. (a,b) TEM images of the ZnO/α-Fe2O3 SNHs. (c) HRTEM image of the ZnO nanolayer. XPS spectra for (d) Zn 2p, (e) Fe 2p, and (f) O
1s core level of ZnO/α-Fe2O3 SNHs.

Figure 3. (a) Room-temperature current−voltage curves of the ZnO/α-Fe2O3 SNHs and α-Fe2O3 NWs. Inset of panel a: the current−voltage
measurement setup and the current−voltage curve for the pure α-Fe2O3 NWs. (b) Energy band structures before and after the ZnO/α-Fe2O3
heterojunction is formed.



nature of both of the α-Fe2O3 NWs as well as the ZnO/α-
Fe2O3 SNHs without the presence of any other impurity phases
like metallic Fe and Zn. It also shown that the ZnO coating
over the α-Fe2O3 NWs does not affect the crystalline structure
of hematite because the diffraction peaks for the hematite phase
in the ZnO/α-Fe2O3 SNHs exist at nearly the same 2θ position
as that for the as-synthesized α-Fe2O3 NWs. The Au peaks in
the XRD pattern are originated from the underneath metallic
Au layer on which the SNHs were grown. Elemental
composition of ZnO/α-Fe2O3 SNHs investigated by EDAX
microanalysis confirms the presence of Fe, Zn, and O only and
nothing else.
To get a better insight into the crystalline structure of the

SNHs as well as to confirm the growth of the core−shell type
α-Fe2O3/ZnO SNHs, we performed TEM and HRTEM
analysis. From the TEM images (Figure 2a,b), it is clear that
a 1D core−shell type SNHs is formed with α-Fe2O3 core and
ZnO shell. The diameter of the α-Fe2O3 NWs is nearly 100 nm.
It is evident from the TEM micrographs that the ZnO coating
is quite uniform on the surface of the α-Fe2O3 NWs. The
thickness of the ZnO nanolayer varies from 30 to 40 nm. It is
also evident that the ZnO nanolayer consists of tiny ZnO
nanocrystals/nanocluster. The HRTEM analysis of the selected
area of ZnO nanolayer further confirms the good crystalline
nature of the ZnO, as shown in Figure 2c. However, the
formation of the ZnO nanocluster-like layer is quite reasonable
because the whole zinc acetate layers on the NWs surface might
not get decomposed at the same time to form ZnO. The
spacing between the crystal planes of ZnO is measured to be
∼0.28 nm, which corresponds to the (100) plane of ZnO.
The account of chemical composition and the valence state

of the elements in the pure α-Fe2O3 NWs and ZnO/α-Fe2O3
SNHs has been examined by XPS. Figure 2d shows the high-
resolution XPS spectrum of the Zn 2p core level displaying
doublet located at 1022.6 and 1045.7 eV, respectively,
corresponding to the Zn 2p3/2 and 2p1/2. The values of the

binding energies and the energy difference (23.15 eV) between
the two peaks of the Zn 2p spectrum clearly indicate that the
Zn is in the +2 oxidation state in ZnO.23 The XPS spectrum of
the Fe core 2p orbital is shown in Figure 2e. The Fe 2p3/2 and
Fe 2p1/2 peaks located at 711.4 and 725 eV, respectively, with
another tiny peak at 719.1 eV correspond to the Fe3+ oxidation
state of iron.24,25 The O 1s core level spectrum, shown in
Figure 2f, shows the peak centered at 530 eV that can be
attributed to the O2+ in α-Fe2O3

26 and the Zn−O bond
formation because of the O2− ions on the wurtzite crystal
structure of the ZnO.

3.2. Electrical Properties. The local electrical measure-
ments of the pure α-Fe2O3 NWs and ZnO/α-Fe2O3 SNHs
were performed using the conductive AFM probe (c-AFM)
with Pt−Ir coating placed on the top of the sample to build an
electrical contact. The experimental setup with the stable DC
bias applied to the aligned arrays nanoheterostructures via the
Au layer on which the samples are fabricated is shown in the
inset of Figure 3a. Figure 3a shows the current−voltage (I−V)
characteristics of a bunch of ZnO/α-Fe2O3 SNHs and pure α-
Fe2O3 NWs measured at RT. The I−V curves show the Ohmic
behavior, from the slope of which the resistivity of the samples
could be calculated by knowing the diameter and length of the
NWs measured from the SEM. In our experiment, the
resistivity of the pure α-Fe2O3 is calculated to be 8.2 × 103

Ω m, which is in good agreement with the reported values,27,28

as the hematite is known to be a poor semiconductor, typically
exhibiting a high electrical resistivity of ∼103 Ωm.29 It is evident
that the ZnO/α-Fe2O3 SNHs are significantly more electrically
conductive. This indicates that the coating of the ZnO
nanolayer on the surface of the α-Fe2O3 NWs effectively
improves the conductivity of the nanoheterostructures. The
resistivity of the ZnO/α-Fe2O3 SNHs is measured to be 3.1 ×
102 Ω m; one order of magnitude enhancement in the electrical
conductivity is observed over the pure α-Fe2O3 NWs.

Figure 4. (a) Deconvolution fitting plots of the room-temperature photoluminescence emission spectrum of the ZnO/α-Fe2O3 SNHs. Inset of panel
a: the change of the photoluminescence emission spectrum of the ZnO/α-Fe2O3 SNHs with respect to pure α-Fe2O3 NWs. (b) Schematic model
proposed for the different transitions in the Fe2O3 NWs and ZnO nanolayer to address the PL from the ZnO/α-Fe2O3 SNHs in UV and green
wavelength region.



The enhanced conductivity of the ZnO/α-Fe2O3 SNHs over
the pure α-Fe2O3 NWs can be explained based on the complex
band configuration at the ZnO/α-Fe2O3 semiconductor
heterojunction. Both ZnO and α-Fe2O3 are n-type semi-
conductor with different band gap energy and work function.
Because the work function of ZnO NWs (ΦZnO) is 5.2 eV,
which is lower than the work function of α-Fe2O3 (ΦFO), that
is, 5.88 eV,30,31 the electrons are supposed to have easily
transferred from ZnO to the α-Fe2O3 side if the band bending
is not present, as shown in Figure 3b after the heterojunction is
formed. Because of the formation of the ZnO/α-Fe2O3
heterojunction, a band bending takes place at the interface
(see Figure 3b) and hence a barrier height of ΦZ1 is created in
the ZnO side, which traps the free electrons in ZnO. Moreover,
on the basis of the Anderson model, a “staggered” type II32

band configuration is supposed to appear at the ZnO/α-Fe2O3
interface, which will further increase the barrier height to Vbi =
ΦFO − ΦZnO. Therefore, when the heterojunction is formed,
the free electrons of ZnO nanolayer get trapped in the ZnO
side, and because of the potential difference at the ZnO/α-
Fe2O3 heterojunction interface, the free electron from the α-
Fe2O3 NWs can easily migrate to the ZnO nanolayer, as shown
in Figure 3b. The formation of the heterojunction brings in
more interfacial charge separation and the free electron density
on the conduction band of the ZnO/α-Fe2O3 SNHs increases,
leading to the enhanced electrical conductivity of the SNHs.
3.3. Photoluminescence Property. The RT luminescence

property of the ZnO/α-Fe2O3 SNHs is investigated by PL
spectroscopy, and the PL spectrum is shown in Figure 4a. The
change of the RTPL characteristics of the ZnO/α-Fe2O3 SNHs
with respect to the pure α-Fe2O3 NWs is shown in the inset of
Figure 4a. It is found that the pure α-Fe2O3 NWs (inset of
Figure 4a) exhibit a strong band-edge green emission peak
centered at 497 nm (2.5 eV), with no other defect-related
emission peaks. Bulk α-Fe2O3 is known to have small band gap
at 580 nm (2.14 eV)33−35 due to the d-d electronic transition.
Therefore, it is believed that the blue shift (∼83 nm) of the
band-edge emission peak of α-Fe2O3 NWs compared with bulk
samples is because of the quantum confinement effect. Here, as
the α-Fe2O3 NWs are grown via thermal oxidation of Fe NWs,
the metallic Fe NWs are converted into α-Fe2O3 part by part
during oxidation. Therefore, it is expected that the 100 nm
diameter α-Fe2O3 NWs would contain many tiny α-Fe2O3
clusters of a few nanometers scale dimension in its body, which
are responsible for the quantum confinement effect in α-Fe2O3

NWs. In fact, the HRTEM study of the pure α-Fe2O3 shows the
presence of such α-Fe2O3 nanoclusters in the α-Fe2O3 NWs
body. (See Figure S1 of the Supporting Information.)
Interestingly, after the coating of ZnO nanolayer on α-Fe2O3

NWs, the luminescence behavior of the hybrid nanostructures
has improved significantly. It is found that the intensity of the
green emission peak of the α-Fe2O3 NWs has enhanced
remarkably with the ZnO coating. The ZnO/α-Fe2O3 SNHs
exhibit both the strong near-band-edge (NBE) UV and the
deep-level visible green/green-yellow emissions. The complex
PL spectrum of the ZnO/α-Fe2O3 NHs can be fitted with three
different Gaussian peaks, as shown in Figure 4a. The intense
UV emission from the ZnO/α-Fe2O3 NHs centered at 387 nm
(peak 1) related to the NBE emission in ZnO nanolayer
corresponds to the free exciton (FX) recombination through an
exciton−exciton collision process,36 as shown in Figure 4b. The
intensity of the UV peak in ZnO is sensitive to the size of the
ZnO, and it is found that the intensity of this peak increases as
the size of ZnO changes from bulk to nanoscale. Although, here
the UV emission of ZnO nanolayer does not exhibit a
significant quantum confinement effect, which is quite expected
because the Bohr-exciton radius of ZnO is ∼2 nm. Here
because the intensity of the green emission peak of ZnO/α-
Fe2O3 SNHs, situated at 515 nm (peak 2), enhances
significantly with respect to that of the pristine α-Fe2O3
NWs, it is expected that the most intense green peak (peak
2) of ZnO/α-Fe2O3 NHs is originated due to the band-to-band
electronic transition of α-Fe2O3 NWs coupled to the defect-
related emission from the ZnO nanolayer on α-Fe2O3 NWs
surface. ZnO nanostructures exhibit visible green/yellow-green
emission in the region ranging from 510 to 560 nm because of
the several structural defects such as Zn vacancy (VZn), oxygen
vacancy (Vo), Zn interstitial (Zni), and oxygen interstitial
(Oi).

37−39 Here, the green emission from ZnO nanostructures
centered around 510−515 nm is attributed to the VZn
defects.15,40−42 Therefore, the most intense emission “peak 2”
of the ZnO/α-Fe2O3 SNHs is ascribed to the combined effect
of the band edge emission in α-Fe2O3 NWs and the VZn
acceptor-type defect emission43,44 from ZnO, leading to
enhanced green emission from the SNHs, as shown schemati-
cally in Figure 4b. The emission peak 3 situated at 556 nm in
the visible yellow-green region is believed to be originated from
the oxygen-vacancy-related defect in ZnO.45,46 It is believed
that the recombination of the electrons trapped in the singly
charged oxygen vacancy (Vo

•) with photoexcited holes at

Figure 5. (a) M−H plots of the ZnO/α-Fe2O3 SNHs and pure α-Fe2O3 NWs measured at 300 K. Inset of panel a shows the close view of the
hysteresis loops of the ZnO/α-Fe2O3 SNHs. (b) Variation of the saturation magnetization (Ms), retentivity (Mr), and coercivity (Hc) of the ZnO/α-
Fe2O3 SNHs over the α-Fe2O3 NWs.



valence band results in the yellow-green emission from ZnO.45

Another mechanism demonstrates that the surface of the ZnO
can trap the photoexcited holes of the valence band and then
this hole tunnels back inside the ZnO matrix to recombine with
Vo

• to form doubly ionized oxygen vacancy (Vo
••) defects.

Thereafter, the electronic transition between the conduction
band and the Vo

•• provide luminescence in the yellow-green
wavelength region in ZnO.47,48

3.4. Magnetic Property. Figure 5a shows the room-
temperature magnetic hysteresis (M−H) loops of the ZnO/α-
Fe2O3 SNHs and pristine α-Fe2O3 NWs. The α-Fe2O3 NWs
show weak room-temperature ferromagnetism (RTFM) with
saturation magnetization ∼0.12 emu/g. This result is in good
agreement with the previous reports where different nano-
structures of α-Fe2O3 have been found to exhibit weak
RTFM.33,49−52 In general, bulk α-Fe2O3 is antiferromagnetic
in nature, but it shows an antiferromagnetic-to-ferromagnetic
transition, known as the Morin transition, at a certain
temperature called the Morin transition temperature (TM).

50

This weak RTFM of α-Fe2O3 NWs is supposed to be due to
the change of the α-Fe2O3 spin axis from the c axis to the c
plane with an increase in thermal fluctuation.50,52,53 Another
report suggests that the self-grown oxygen vacancies in α-Fe2O3
can also induce ferromagnetism by destroying the antiferro-
magnetic interaction between sublattices.33 However, it is
found that in α-Fe2O3 nanostructures the RTFM is highly
sensitive to the size and shape of the nanostructures. Therefore,
the RTFM of the pristine α-Fe2O3 NWs having high surface-to-
volume ratios is attributed to the morphological features, the
uncompensated surface spins, and lower coordination.49 The
surface spins can also influence the core spins via exchange
coupling interaction, leading to weak RTFM in pristine α-
Fe2O3 NWs.
It is found that after the ZnO coating on α-Fe2O3 NWs the

magnetic response of the ZnO/α-Fe2O3 SNHs has enhanced
significantly. A distinct increase in the saturation magnetization
nearly five times the magnitude in ZnO/α-Fe2O3 SNHs is
observed compared with the pure α-Fe2O3 NWs. The variation
of the saturation magnetization (Ms), retentivity (Mr), and
coercivity (Hc) of the ZnO/α-Fe2O3 NHs over the α-Fe2O3
NWs is summarized in Figure 5b. However, the enhanced
RTFM in the ZnO/α-Fe2O3 SNHs is believed to be not
because of a single source but from the contribution of the
different origins. In ZnO/α-Fe2O3 SNHs, it is expected that the
uncompensated spins at the ZnO/α-Fe2O3 interface can
strongly influence the order of the core spins through large
exchange interaction, resulting in the ferromagnetic ordering in
the matrix. Several reports suggest that the injection of spin−
polarized carriers can take place at the ferromagnet−semi-
conductor interface, leading to enhanced ferromagnetism.54−56

Furthermore, the surface spins of the ZnO nanolayer can also
induce moments in the ZnO nano shell layer through exchange
interaction. Therefore, this exchange coupling between the
interfacial/surface spin and the core spin enhances the
magnetization of the ZnO/α-Fe2O3 SNHs as a whole.
However, along with these uncompensated interfacial/surface
spins, the structural defects like VZn (cation vacancy) and singly
ionized oxygen vacancies (Vo

•) present in ZnO, as indicated by
the PL investigation, can also induce moment in the SNHs.
The VZn defects in ZnO are believed to induce local magnetic
moments because of the unpaired 2p electrons of the O atoms
in the immediate vicinity of the Zn vacancies.40,57 Hence, the
magnetization of the ZnO/α-Fe2O3 SNHs is found to increase

significantly because of the magnetic moments introduced by
different sources.

4. CONCLUSIONS
In summary, the high-density arrays of ZnO/α-Fe2O3 SNHs
have been successfully fabricated by an easy, efficient solution-
based route. Polycrystalline structure assembly of the SNHs
with α-Fe2O3 NWs as core coated with ZnO shell were
prepared by this facile technique. Evidently, the formation of
ZnO/α-Fe2O3 SNHs significantly enhances the electrical
conductivity, visible green PL, along with the UV emission
and the room-temperature ferromagnetism, mainly because of
the semiconductor/semiconductor interfacial interaction. It is
found that the reconstructed band structure at the semi-
conductor interface of the SNHs helps us to enhance their
electrical conductivity by increasing the conducting electrons at
the surface of the SNHs. The nanoscale coupling of the ZnO/
α-Fe2O3 SNHs also influences their PL characteristics, leading
to enhancement of the visible green light emission. The
uncompensated interfacial spin coupled to the structural defects
is found to mediate enhanced magnetization in the SNHs.
Therefore, the ZnO/α-Fe2O3 SNHs demonstrate enhanced
multifunctionality ideal for electronic, optical, and spintronics
device fabrication.
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