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In situ growth of lamellar ZnTiO3 nanosheets on TiO2
tubular array with enhanced photocatalytic activity†
Yunyu Cai,a Yixing Ye,a Zhenfei Tian,a Jun Liu,a Yishu Liub and Changhao Liang*a
We report a self-sacrificed in situ growth design toward preparation of ZnTiO3–TiO2 heterojunction
structure. Highly reactive zinc oxide colloidal particles derived by laser ablation in liquids can react with
TiO2 nanotubes to form a lamellar ZnTiO3 nanosheet structure in a hydrothermal-treatment process.

Received 4th August 2013,
Accepted 2nd October 2013
DOI: 10.1039/c3cp53307g

Such hybrid structural product was characterized by X-ray diffraction, scanning and transmission
electron microscopy, UV-vis diffuse reflection spectroscopy and X-ray photoelectron spectroscopy. The
enhanced photocatalytic activity of the hybrid structure toward degradation of methyl orange (MO)
and pentachlorophenol (PCP) molecules was demonstrated and compared with single phase TiO2, as a
result of the efficient separation of light excited electrons and holes at the hetero-interfaces in the two
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semiconductors.

Introduction
Nano-sized heterojunctions based on TiO2 nanotube (TNT)
array films have always been research topics for their potential
applications in solar cells, water splitting and water purification due to their excellent photochemical sensitivity under light
irradiation.1–3 Generally, vertically aligned TiO2 tubes with high
specific surface area can provide ample active sites to composite
with other compounds, to fabricate special micro/nano structures
as a hard template.4–8 Moreover, heterojunction structures
immobilized on TNTs have been further promoted for practical
application as micro-devices.9,10 Various methods have been
used to fabricate heterojunctions such as impregnation, electrochemical deposition and chemical vapour deposition.11–13 For
utilizing the large surface area of TNTs, bottom-up approaches
are usually employed to input ions or molecules that are
deposited in the tubes or adhered on the walls and then crystallize
to a new phase. The newly crystallized compounds would have a
more appropriate size and dispersion to avoid the inhibition of
light absorption in TNTs.
It is a great challenge to control the contact area and tightness
between TiO2 tubes and other compounds to construct an acting
a

Key Laboratory of Materials Physics and Anhui Key Laboratory of Nanomaterials
and Nanotechnology, Institute of Solid State Physics, Hefei Institutes of Physical
Science, Chinese Academy of Sciences, Hefei, 230031, PR China.
E-mail: chliang@issp.ac.cn; Fax: +86-551-65591434; Tel: +86-551-65591129
b
Anhui Provincial Laboratory of Biomimetic Sensor and Detecting Technology,
West Anhui University, Lu’an, Anhui 237015, PR China
† Electronic supplementary information (ESI) available: XRD patterns of ZnTiO3
NPs, TNTs and metal Ti, TEM image of ZnTiO3 NPs, TEM image and XRD pattern
of ZnOxHy colloid. See DOI: 10.1039/c3cp53307g

This journal is

c

the Owner Societies 2013

interface which greatly aﬀects the transportation and recombination
of light-induced electrons and holes.14 Interestingly, self-sacrificed
in situ growth of new structures on TiO2 itself has been recommended, because the as-formed interface has matching lattices
and forces constituents into very tight contact.15
Among the various functional materials, the well known zinc
titanates have stimulated much interest in microelectronics,
lithium anode materials, gas sensors, and photocatalysts due to
their good semiconducting, dielectric properties.16–21 Moreover, zinc titanates as ternary oxides can possess specific
functions that are unavailable for binary oxides.22 Zinc titanates
can be thought of as the composites of a ZnO–TiO2 system.
Different atom ratios of Zn–Ti–O and lattice arrangements lead
to various phases corresponding to special properties and
applications, for example, ZnTiO3 in a hexagonal structure for
microwave dielectrics,18 ZnTiO3 in a cubic structure for high
performance catalysts,19 Zn2TiO4 for dehydrogenation materials,20
and Zn2Ti3O8 for anode materials in Li-batteries.21 Obviously, the
phase of TiO2 must be involved in the synthesis of zinc titanates.
TiO2 has always been viewed as an ideal source for the preparation
of titanates, especially for lamellar structures.23–26 It is reasonable
to design and grow zinc titanates using TiO2 as a precursor, and
further to construct zinc titanate–TNT heterojunctions for
combining the properties of ternary titanates and TiO2 in a
heterojunction structure.
Toward the synthesis of zinc titanates, various methods have
been attempted using TiO2 as a raw material. For instance, ZnO
and TiO2 powders were mixed in a centrifugal ball mill for solid
state reaction,27 ZnO and TiO2 were co-sputtered on a Si substrate
for co-coagulation,28,29 TiO2 was impregnated in a zinc ion
solution for thermal treatment.30,31 Each listed method would
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change the morphology of the raw materials seriously. However,
it is still a great challenge to produce a heterojunction structure
of zinc titanate–TiO2.32–34
In this study, we report a self-sacrificed in situ growth
strategy toward the formation of zinc titanate–TNT heterojunction
structures. The lamellar nanosheets of zinc titanate with a cubic
phase can be fabricated directly on the anodized TiO2 nanotube
array by using special zinc oxide (labelled as ZnOxHy) colloidal
NPs as reactive precursors. This special zinc oxide colloid was
prepared by using pulse laser ablation in liquids (LAL), a powerful
non-equilibrium technique for the formation of metastable nanomaterials that have peculiar structural properties, which are
generally unavailable by normal wet-chemistry approaches.35–44
Our former reports have shown that laser ablation of metal in
water could lead to the formation of highly reactive clusters of
metal oxide species with oxygen vacancies and unsaturated
valences.45–48 Such colloids in a metastable state usually possess
high active surfaces, which favour the formation of novel
materials and structures in selected post-treatments. Here, a
fresh ZnOxHy colloid derived by laser ablation of metal Zn in
water was mixed with excessive ammonia and then experienced
a hydrothermal reaction with amorphous TiO2 at 200 1C.
Evidently, part of the amorphous TiO2 can dissolve and react
with active ZnOxHy species to form cubic ZnTiO3 nanosheets,
leading to the formation of nano-sized ZnTiO3–TiO2 heterojunction structures by controlling the reaction parameters.

Experimental
Firstly, the TNTs were obtained by a simple anodization process. In a typical procedure, a 0.25 mm-thick Ti foil (99.99%)
was sequentially cleaned in acetone, ethyl alcohol, and water
under sonication and then dried in air at room temperature.
The anodising electrolyte was ethylene glycol (EG) solvent
containing 0.25 wt% NH4F and 2 vol% H2O.12 One side of the
metal Ti foil was brought into contact with an electrolyte
through a 15 cm diameter O-ring. Graphite was used as the
counter electrode in a two-electrode cell. Anodic oxidation was
conducted at room temperature for 90 min at a DC voltage of
60 V and a current density of 4 mA cm 2. The as-formed TNTs
were washed by de-ionized water repeatedly and dried for the
next experimental step. All chemical solvents and reagents
mentioned here were of analytical grade.
Secondly, a ZnOxHy colloidal solution was prepared by laser
ablation in liquids (LAL). Typically, a zinc target (99.99%) was
first immobilized on a support in a vessel filled with 15 mL of
deionized water. Then, the zinc target was irradiated for 2 min
by a Nd/YAG pulsed laser with laser wavelength of 1064 nm,
10 Hz in frequency, 8 ns of pulse duration, and 100 mJ per
pulse in energy. The fresh colloid was mixed with 5 mL
ammonia (25 wt%) and then sealed in an autoclave together
with a piece of TNT film. The hydrothermal reaction lasted for
15 hours at 200 1C. After the reaction, the TNT film was taken
out and washed repeatedly in deionized water, and finally dried
for further investigation. Such TNTs involved in the hydrothermal
reaction were named as samples ZnTiO3–TNTs. For parallel
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experiments, zinc ions-style precursors, prepared by adding
5 mL ammonia (25 wt%) to 15 mL zinc acetate solution (5 mM),
were sealed in the autoclave with TNTs for the same hydrothermal
reaction and the ultimate samples were verified as cubic ZnTiO3
nanoparticles (NPs).
A FEI Sirion 200 field-emission scanning electron microscope (FESEM) was used to check the morphology of materials
on the surface of the TNTs. The structure was analyzed using a
high-resolution transmission electron microscope (HRTEM,
JEM, JEOL-2010). For TEM sample preparation, a small amount
of material was peeled oﬀ from the surface of the TiO2 film and
then ultrasonically dispersed in ethanol, and the obtained
suspensions were dropped onto a copper-grid. The phase
structure of product was investigated by using X-ray diﬀraction
(XRD) with a Philips diﬀractometer (X’pert Pro) with Cu-Ka
radiation (l = 1.5419 Å). X-ray photoelectron spectrum (XPS)
analysis was performed by using an Al Ka X-ray source on a
Thermo-VGESCALAB MKII spectrometer. Diﬀuse reflection
spectra of the heterojunction films and absorption spectra
monitoring of organic pollutant degradation were both carried
out by using a Shimadzu UV-2550 spectrometer. Electrochemical
impedance spectra (EIS) curves of ZnTiO3–TNTs and blank TNTs
were measured on a Zahner IM6e Electrochemical Workstation
to investigate the electron transfer and the interfacial electrochemical behaviours.

Results and discussion
Fig. 1 shows SEM images of the TNTs before and after the
hydrothermal process. Fig. 1a–c respectively introduce the top
view and the side view (inset) of the amorphous TNTs, ZnTiO3–
TNTs and ZnTiO3 NPs. The amorphous TNTs had a regular
array configuration (appr. 120 nm in diameter and 5 mm in
thickness). For ZnTiO3–TNTs in Fig. 1b, the top ends of tubes
disappeared and were substituted by abundant nanosheets.
Those nanosheets were arranged disorderly and showed no
regular morphology, while in the inserted sketch of Fig. 1b, part
of the TNTs was preserved. The top surface of the TNTs was
dissolved and reacted with the zinc oxide colloid to form the
nanosheet structure. For ZnTiO3 NPs in Fig. 1c, the substrate of
TNTs was dissolved absolutely. The newly formed ZnTiO3 NPs
also aggregated along the original array direction of TNTs and
were much thinner.
Fig. 2 depicts the XRD patterns of metal Ti foil, anatase
TNTs (TiO2–Ti) and ZnTiO3–TNTs. For the curve of ZnTiO3–
TNTs, the peaks located at 14.81 (110) and 23.61 (210) were

Fig. 1 Top and side view (inserted plot) of amorphous TNTs (a), ZnTiO3–TNTs
after hydrothermal reaction of the ZnOxHy colloid and TNTs (b), ZnTiO3 NPs after
hydrothermal reaction of Zn ions and TNTs (c).
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XRD spectra of ZnTiO3–TNT composite, TNTs and metal Ti foil.

attributed to cubic ZnTiO3 (JCPDS card No. 39-0190). The first
peak was very wide and the second peak was very weak which is
consistent with the thinness of the nanosheets and relatively
preferred growth direction along the (110) plane. All other
peaks of ZnTiO3–TNTs could be well-indexed according to
anatase TiO2 (JCPDS card No. 21-1272) and hexagonal titanium
(JCPDS card No. 44-1294) from the remaining original Ti foil.
The emergence of peaks at 38.51 (112), 48.11 (200), 62.71 (204)
indicated the formation of anatase TiO2 after the hydrothermal
reaction, however the tubular structure was maintained in
Fig. 1b. The peaks at 34.91 (100), 38.51 (002), 40.01 (101), 52.81
(102), and 62.71 (110) were attributed to titanium. The broadened
peaks at 38.51 and 62.71 of TiO2 overlapped with peaks of Ti.
Moreover, the two strongest peaks at 38.51 and 40.11 should
correspond to planes (002) and (101) of Ti foil as the bottommost substrate. The newly formed ZnTiO3 and recrystallized TNTs
after the hydrothermal reaction dominated the phases of such
heterojunction. For sample, ZnTiO3 NPs in Fig. S1 in the ESI,†
XRD spectra show the peaks at 14.71, 30.01, 43.01, 56.91 belonged
to planes (110), (220), (400), (511) of cubic ZnTiO3, and the peaks
at 35.11, 38.51, 40.11, 53.01, 63.01 corresponded to planes (100),
(002), (101), (102) (110) of the Ti substrate. The most widened peak
at 63.01 was unsymmetrical due to overlapping of the peak at 62.21
(213) of anatase TiO2. No other peaks were found. Anatase TiO2, as
one dominant phase in ZnTiO3–TNTs, almost entirely vanished.
Hence, the ZnTiO3 NPs show a cubic phase structure.
Further structural insight into ZnTiO3 nanosheets was
obtained by TEM investigation. Fig. 3a presents the vivid
morphology of as-formed ZnTiO3 nanosheets via the hydrothermal synthesis. Each nanosheet was nearly transparent and
the parts of the periphery of some nanosheets tended to curl
into a tube due to the surface tension for lamellar titanates.23
Fig. 3b is a magnification image of the curled part of the
nanosheets in Fig. 3a. Many parallel fringes along the direction
of such a ‘‘tube’’ are presented, displaying traces of the layers
constructing the lamellar titanate nanosheets. The space value
between those fringes was calculated as 0.610 nm which was a
little larger than the largest lattice space (0.595 nm) of the (110)
plane. This slight swelling phenomenon possibly resulted from
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Fig. 3 (a) TEM image of ZnTiO3 nanosheets of ZnTiO3–TNTs with an inserted
EDS spectrum, (b) magnified image of curled nanosheets in (a), (c) high resolution
TEM image of a planar nanosheet in (a), (d) corresponding SAED pattern of
nanosheet in (c).

the intercalation of active Zn species between the layers of
titanate in the hydrothermal reaction.49
Moreover, the inserted energy dispersive spectroscopy (EDS)
spectrum of the ZnTiO3–TNTs in Fig. 3a showed the elements
that the sample contained: Ti, Zn, O and Cu (from the copper
grid in the TEM test). The atomic ratio of Ti/Zn was nearly
1 : 0.98. Fig. 3c and d are the corresponding high resolution
image and selected area electron diffraction (SAED) pattern at
the same localized zone of the ZnTiO3 nanosheets. The lattice fringe
values were consistent with each other and both corresponded to
the plane (210). The analyzed results further confirmed the
conclusions in the SEM and XRD tests. For ZnTiO3 NPs, the
TEM image in Fig. S2 (ESI†) showed the irregular morphology of
the ZnTiO3 NPs, while the inset plot was the diffraction pattern
of these NPs. The diffraction rings in the pattern respectively
correspond to planes (220), (311), (400), (440) and some were
consistent with the XRD results in Fig. S1 (ESI†).
XPS spectra were analyzed between blank anatase TiO2
(TNTs) and ZnTiO3–TNTs. In Fig. 4a, the photoelectron peak
at a binding energy of 1021.71 eV belonged to the Zn2p3/2 and
demonstrated that the main chemical state of Zn was bivalent.
The metastable zinc species were finally transformed into a
stable state with the highest valence after the hydrothermal
reaction. For Ti atoms of anatase TNTs in Fig. 4b, the two peaks were
located at 458.79 eV (Ti2p3/2) and 464.49 eV (Ti2p1/2) respectively and
corresponded well to Ti4+ ions. After the formation of ZnTiO3, both

Fig. 4 XPS spectra of ZnTiO3–TNT composite and TNTs: (a) Zn2p3/2 of ZnTiO3,
(b) Ti2p of ZnTiO3 and TiO2, (c) O1s of ZnTiO3 and TiO2.
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of the peaks of Ti2p presented little shift toward the larger
binding energy direction. It was probably because of the
emergence of Zn atoms between the layers of nanosheets
leading to the change of the dispersion of electrons around
Ti atoms. The peak of O1s in Fig. 4c also shows an obvious shift
from 529.7 eV to 530.2 eV, probably due to the formation of
Zn–O bonds which are usually located at around 530 eV.50 The
peak at 532.2 eV has always been considered as the effect of OH
radicals adsorbed on the surface of TiO2.48 For ZnTiO3, no
surfactant unsaturated bonds should be present due to the Zn
species being located at the interlaminations.
It is well known that TiO2 would be dissolved as the
elemental structural units as octahedral TiO6 in water and
recrystallized as anatase TiO2 or transformed into the titanate
in strongly alkali solution under hydrothermal conditions.15,51
Here, the pH value of the hydrothermal solution was about 12,
by mixing 15 mL ZnOxHy colloid and 5 mL ammonia. Under the
high temperature of 200 1C, TiO2 could be dissolved as TiO6
units and then transformed into a lamellar titanate in the
hydrothermal reaction (eqn (1)). Our earlier work had illustrated that the ZnOxHy colloid mainly had ZnO, Zn and
Zn(OH)2 species so as to facilitate the formation of metastable
non-stoichiometric ZnOxHy clusters (see Fig. S3 in the ESI†).47
For such colloid clusters, the oxygen vacancies and unsaturated
valencies could not be negligible. After hydrothermal reaction,
the metastable Zn species would grow into stable nanocrystals
through oriented aggregation and Oswald ripening processes
by releasing electrons and removing oxygen vacancies.48 Here,
in Scheme 1, concerning dissolution and recrystallization
mechanisms for the synthesis of lamellar titanates,51 we
proposed that, when the titanate crystallized as nanosheets,
the metastable Zn species could intercalate into the space
between layers of the lamellar structure due to the electrostatic
attraction. Finally, zinc titanate as a stable Zn species was
formed (eqn (2)). It was reported that titanates could be
transformed back into TiO2 with a pH value of 12 in hydrothermal conditions.51 Hence, it possibly had a dynamic equilibrium between TiO2 and titanate nuclei in solution so as to
preservation the TNT substrate. For the parallelly prepared
sample of ZnTiO3 NPs produced under the same pH value,

Scheme 1
structure.

20206

Illustration of the synthesis of the ZnTiO3–TNTs heterojunction

Phys. Chem. Chem. Phys., 2013, 15, 20203--20209

Fig. 5 UV-vis absorption spectra of ZnTiO3–TNTs and blank TNTs, the inset
shows a plot of (ahn)2 versus hn of TNTs showing the band gap energy.

temperature and duration time in a hydrothermal reaction,
TiO2 was dissolved and then in situ recrystallized to ZnTiO3 NPs
with zinc ions due to the rapid combination between ions and
TiO6 units (eqn (3)). The supposed chemical reaction can be
listed in the following equations:
Amorphous TiO2 + H2O - TiO6 + H+

(1)

ZnOxHy + TiO6 - ZnTiO3 (nanosheets) + H2O

(2)

Zn

2+

+ TiO6 - ZnTiO3 (nanoparticles)

(3)

Diﬀuse reflectance spectra (DRS) of semiconductors from
UV to visible light is one of the most powerful techniques for
immediately observing the absorption range of light to estimate
the values of the band gap (Eg). Fig. 5 presents the absorption
spectra of ZnTiO3–TNTs and anatase TNTs converted from DRS
data. For both samples, the absorbance values declined sharply
after 300 nm and gradually increased in the visible light region.
The absorbance in the range of 200–800 nm was always higher
than 0.45, which is possibly from the tubes or groove effects in
the array structure.52 Similar trends in curves of two samples
hinted that the layer of ZnTiO3 was too thin to cover the
absorption of the TNTs substrate. Moreover, the absorption
edge of sample ZnTiO3–TNTs was closer to the visible light
zone. It could be deduced that the heterojunction sample had a
lower energy limit to absorb photons. The inset plot of (ahn)2
versus photon energy hn belongs to the anatase TNTs as a direct
semiconductor, where a was the parameter of absorbance.48
The Eg value was estimated as 3.24 eV according to the intercept
of a tangent line crossing the horizontal axis. It was very close to
the commonly reported Eg value of 3.2 eV of anatase TiO2.53
while band gap of ZnTiO3 was reported as 3.65 eV.29,54 In view
of the gap between the two curves in Fig. 5, it is reasonable to
believe that the sample ZnTiO3–TNTs could absorb photons
with energy less than 3.24 eV due to the co-work of the two
semiconductors in the heterojunction structure.
To further investigate the activity of the ZnTiO3–TNT composite compared with pure anatase TNTs under UVA light
irradiation with a main wavelength of 365 nm (corresponding
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Fig. 6 Comparative degradation rate plots of time-dependent optical absorption spectra: (a) PCP; (b) MO.

to 3.39 eV), MO and PCP, as a typical organic dye and chloricphenol, were both chosen as model targets to conduct photo
degradation tests. Fig. 6 shows the comparative photodegradation rates of PCP and MO molecules on both samples as
photocatalysts. The initial concentrations (C0) of PCP and MO
solutions were 10 mg L 1 and 5 mg L 1 and the ratios of realtime concentrations (C) to C0 were recorded at time t in Fig. 6a
and b respectively. For the two target organic molecules, the
efficiencies in degradation were more obvious when the
ZnTiO3–TNT heterojunction was used as a photocatalyst.
The UVA photons of 3.39 eV could just match the estimated
band gap value of 3.24 eV above. The results indicated that
the heterojunction structure could degrade organic molecules
better than blank TNTs, which is consistent with the analysis of
the above DRS data.
For deeply analyzing the working mechanism of the heterojunction, the band gap structures of cubic ZnTiO3 and anatase
TiO2 were studied. As two excellent semiconductors, the conduction band edges (Ec) and valence band edges (Ev) were all
listed in Scheme 2. The Ec and Ev values (vs. NHE (pH = 0)) were
0.16 eV and +3.04 eV for anatase TiO2, 0.46 eV and +3.19 eV
for cubic ZnTiO3.54,55 When ZnTiO3 was grown on the TNTs
tightly, an interface layer would be formed with good compatibility by conjunct components in Scheme 2. Smaller inhibition
for the passing of carriers could be expected after the formation
of a low-resistance interface layer. Under UV light irradiation,
due to the driving potential from converse diﬀerences between
the Ec and Ev, both of the photo-induced electrons and holes in

Scheme 2 Illustration for charge separation and transfer in ZnTiO3–TNTs
heterojunction structure.
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ZnTiO3 have to pass the interface to the bulk phase of TiO2 in
Scheme 2. The band potentials of TiO2 and ZnTiO3 could form
a heterojunction with a straddling gap facilitating the transfer
of charge carriers and retard the e –h+ recombination in
ZnTiO3.56 It could improve the photocatalytic performance,
because those electrons and holes induced in ZnTiO3 should
be separated firstly and then both were pushed to the side of
TiO2 with various transfer rates. Subsequently, those active
electrons and holes would join in the reduction of oxygen
molecules to radicals ( O2 ) and oxidation of water molecules
to hydroxyl radicals ( OH) and/or further oxyful (H2O2).48
Organic molecules could be degraded by these active radicals.
Hence, benefiting from the self-sacrificed in situ growth of such
a heterojunction, the wide interface with tight contact would be
expected to display excellent transfer efficiency of photoinduced electrons and holes.
EIS is generally used to characterize the interfacial electrochemical properties of electrodes. Here, the EIS tests were
carried out by a three-electrode electrochemical cell with a
saturated silver chloride electrode (Ag–AgCl) as the reference
electrode, platinum (Pt) foil as the counter electrode. Both
anatase TiO2–Ti (TNTs) and ZnTiO3–TNTs were used as comparative working electrodes sealed by using epoxy resin with
about 7 cm2 exposed area on the top surface. The sweeping
range for EIS measurement under oscillation amplitude of
50 mV was from 0.003 Hz to 100 KHz in 0.1 M Na2SO4 as
the electrolyte. Fig. 7a and b indicate the minus Nyquist plots of
the samples of TNTs and ZnTiO3–TNTs respectively, while the
inserted plot in Fig. 7b is the magnified partial curve in the
high frequency zone. The arc radius of each curve in the high
frequency zone indicated the impedance of electrons migrating
on the surface of the working electrodes, while the almost
straight line in the low frequency zone implied Warburg
impedance of H+ or OH diffusing from electrolyte to surface
of electrodes in Na2SO4 solution.12 The radius of curvature of
TNTs was at least 100 times higher than that of ZnTiO3–TNTs. It
illustrated that the electrons have much lower inhibition at the
interface of the heterojunction. The interface layer between the
two semiconductors really favors the migration of electrons due
to the in situ growth with matched crystal lattices, while the
recrystallization of TNTs in the synthesis of ZnTiO3 would give
rise to a decrease in resistance of the body of the reserved TNTs,
all of which could improve the transfer efficiency of the
separated charge carriers under light excitation.

Fig. 7 Minus Nyquist plots of the synthesized samples obtained by EIS tests:
(a) blank anatase TNTs; (b) ZnTiO3–TNTs. The inserted plot of (b) showing a
magnified plot of the high frequency zone.
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Conclusions
To sum up, a novel heterojunction of lamellar ZnTiO3 nanosheets
on a tubular TiO2 array was made by employing the combination
of hydrothermal treatment and laser ablation in liquids techniques. The product structure was systematically investigated by
SEM, TEM, XRD and DRS. The abundant nanosheets were
disorderly located on the up surface of the TiO2 nanotube array
with a tight contact interface that formed in the self-sacrificed
in situ growth process. Each nanosheet was nearly transparent so
as to favor the transmission of light to arrive at TiO2 nanotubes. It
was deduced that the active zinc species from the colloid was able
to insert into the laminations of the titanate to form the lamellar
structure of ZnTiO3, and the initial amorphous TiO2 could be
transformed into an anatase phase. The photo-electrochemical
properties of the as formed heterojunction investigation show
that the better performance of such a structure compared with
blank TiO2 for photodegradation could be the result of formation
of the low-resistance interface layer of the heterojunction. The
EIS test also indicated the higher eﬃciency for transfer of
electrons in the interface layer. The tactic for the fabricated
heterojunction on TiO2 tubular array could promote the synthesis
of similar heterojunctions for potential energy and environmental related devices applications.
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