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HIGHLIGHTS

e We produced a green 3.1-nm-thick TiO,(B) nanosheets on a large scale.

e The efficiency of TiO,(B) nanosheets is 23 times higher than that of P25.

o The conduction band edge of TiO,(B) is 0.6 eV higher than that of anatase.

o The TiO,(B)-anatase nanocomposites show catalytic rate of 1312 pmol h=1 g~ .
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Recently, the production of hydrogen through water splitting using titania (TiO;) as photocatalyst has
received great attention in the new energy field. In this work, a single one-step hydrothermal method is
used to synthesize ultra-thin TiO, (B) nano-sheets, anatase TiO;, and their composite, using ethylene
glycol (EG) and ethanol as the solvent. A new composite nanostructure with anatase TiO, quantum dots
grown on TiO, (B) nano-sheets is obtained at certain ratios between EG and ethanol. Even without the
help of co-catalyst, a high photocatalytic efficiency, about 45 times of that of rutile-anatase mixed
Degussa P25, is observed in the TiO; (B)-anatase composite nanostructure. The outstanding performance
can be attributed to its large specific surface area, abundant surface active sites, mixed phase promoted
efficient charge separation. Moreover, the properly aligned band structure, with the conduction band
level of ultra-thin TiO, (B) about 0.6 eV higher than that of the anatase, provides a large driving force for
the reduction of water.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Since the discovery of water photolysis on a TiO, electrode
under ultraviolet (UV) light irradiation in the 1970s, the study of
solar hydrogen production based on photocatalyst has been being a
hot topic in the material and energy fields [1-3]. Although some
new photocatalysts have been found following TiO,, it is still
regarded as the most promising semiconductor photocatalyst, due
to its advantages of high photocatalytic activity, chemical stability,
low cost, and environmental friendliness [4—6]. To gain a high
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photocatalytic efficiency, the photocatalyst should have suitable
band structure, effective charge separation and migration route for
photo-generated carriers, enough surface active sites and surface
area [7].

Among the TiO,-based photocatalysts, the composite TiO;
nanostructures have been demonstrated to have a higher photo-
catalytic activity compared to the single phase ones, since the
heterojunction interface built between various phases provides a
charge separation route [8—12]. For instance, several experiments
showed that the anatase-rutile junction outperforms the individual
polymorphs [12—15]. Electron paramagnetic resonance for the
mixed anatase-rutile samples indicated that electrons flow from
rutile to anatase, while holes move in the opposite direction [16,17].
However, because the conduction band level of TiO, (both anatase
and rutile) is not high enough to directly reduce water to produce
H, [4,15,18], co-catalysts, such as Pt, were usually loaded to provide
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effective proton reduction sites for water, and also to suppress the
charge carrier recombination [7,8,19]. The introduction of noble
metal increases the cost of TiO,-based photocatalyst and limits its
applications at industrialized scale.

To gain a high efficient H, production for TiO, without the help
of the co-catalyst, synthesis of TiO, nano-sheet is an effective way
to ameliorate the above problems for its huge specific surface area,
abundant surface Ti>* as active sites and unique enlarged bandgap
caused by quantum confinement effect [20—22]. Recently, a less
symmetrical metastable TiO, (B) phase was found to have a
monoclinic structure consisted of both edges and corners shared
TiOg octahedra [23,24]. The layered crystal structure of TiO, (B)
tends to form two-dimensional (2D) corrugated nano-sheets,
leading to a large surface area and confined thickness at atomic
scale [25,26]. Moreover, these nano-sheets not only produce huge
catalytic active sites, but also cause quantum confinement effect on
the movement of electron-hole pairs [20—22].

However, there were few reports on H; evolution using TiO; (B)
nano-sheets as photocatalysts for hydrogen production. Kumar
successfully achieved TiO, (B)-anatase mixed-phase titania nano-
rods by an effective annealing method. While the mixed-phase
nanorods show high photocatalytic activity for Hy production us-
ing Cu,0 as the co-catalyst, they exhibit little photocatalytic activity
as P25 without the help of Cu,0 co-catalyst [27]. The band gap of
the TiO, (B) nanorods was found to be about 3.2 eV, keeping almost
the same as the one in the bulk material [27]. Given the enlarged
band gap of 3.6 eV in TiO, (B) nanosheets [25], it is important to
explore the H, production based on TiO, (B) nano-sheets and its
composites.

In this work, we performed a systematic investigation on the
growth of TiO, (B) nano-sheets and their effects on the hydrogen
production by using the hydrothermal method. It was found that
the ethanol/EG ratio in the solvent plays an important role in the
crystal growth. At proper conditions, a new morphology of anatase
quantum dots grown on the surface of TiO, (B) nano-sheets was
successfully synthesized for the first time. Even without loading
any co-catalysts, the TiO, (B)-anatase composite was shown to
possess a high photocatalytic activity, about 45 times higher than
that of commercially purchased Degussa P25. A detailed analysis on
the microstructure, chemical bonding, and electronic structure
reveals that the high photocatalytic activity is synergistically
contributed by large specific surface area, abundant surface active
sites, and properly aligned band structure. Especially, the accurate
band alignment of TiO, (B)-anatase shows that the conduction
band (CB) level of TiO, (B) is about 0.6 eV higher than that of
anatase, providing a larger driving force for the reduction of water
without the help of co-catalyst.

2. Experiments
2.1. Sample preparation

All purchased chemicals were analytical grade and used without
further purification. The ultra-thin TiO, (B) nano-sheets, anatase
TiO,, and their composite were synthesized by the hydrothermal
method. Solution A was prepared by adding 5 ml of titanium iso-
propoxide (TTIP) into 3 ml of HCl solution under stirring. Solution B
was obtained by dissolving 1 ml of polyethylene oxid-
polypropylene oxide-polyethylene oxide (Pluronic P123) in a
certain amount of ethanol. After stirring for 15 min, solution B was
added into solution A and stirred for another 30 min. Then, the
mixed solution with a certain amount of EG was transferred into a
200 ml Teflon-lined autoclave and heated at 150 °C for 20 h. The
volume ratios of ethanol to EG were 1/9, 5/5, 8/2, 10/0, and the
corresponding samples were named as Etl, Et5, Et8, Et10,

respectively. After hydrothermal reaction, the obtained products
were centrifuged and washed with ethanol for three times, and
then dried at 60 °C for 8 h.

2.2. Characterization

The powder X-ray diffraction (XRD) was carried out using a D8-
Advance diffractometer with a Cu Ko radiation source
(A =0.15418 nm). Raman spectroscopy was carried out on Renishaw
In Via with an excitation laser of 532 nm to analyze the phase of the
samples. The microstructure of the samples was characterized by
field emission high-resolution transmission electron microscopy
(FEI Tecnai G2 F30). The X-ray photoelectron spectra (XPS, ESCALAB
250Xi) of the samples were measured before water splitting ex-
periments. The binding energies were corrected for surface
charging by referencing to the designated hydrocarbon C 1s binding
energy at 284.8 eV. Gaussian function was used for the least-
squares curve fitting procedure. The ultraviolet photoelectron
spectroscopy (UPS) was used to obtain the work function and the
valence band maximum with respect to the Fermi level (Eg) of the
samples, and the position of Er was referenced to a gold standard
[28]. UV—vis diffused reflectance spectra of the samples were ob-
tained by the spectrophotometer (Japan SHIMADZU UV-3600) us-
ing BaSO4 as reference. BET (Brunauer-Emmet-Teller) analysis was
done on QDS-MP-30 Nitrogen adsorption apparatus to measure the
specific surface areas.

2.3. Photocatalytic hydrogen production

Photocatalytic H, production experiments were carried out in a
200 ml Pyrex reaction flask at room temperature and ambient
pressure. The openings of the flask were sealed with silicone rubber
plugs. Catalyst sample of 20 mg was suspended in 80 ml of meth-
anol aqueous solution, which is composed of 16 ml methanol and
64 ml H,0 in the reaction flask. A 350 W Xe arc lamp (XQ350,
Shanghai Lancheng, China) with current of 15.0 A was used as light
source to irradiate the flask. Prior to irradiation, the system was
bubbled with nitrogen for 30 min to remove the air and dissolved
oxygen. The reaction system was then irradiated by Xe arc lamp for
several hours. A continuous magnetic stirrer was applied at the
bottom of the reactor in order to keep the photocatalyst in sus-
pending status during the whole period of experiment. Every 1 h,
1 ml of gas was sampled by the head space auto sampler through
the silicone rubber plug, and the gas component was analyzed by
gas chromatograph (GC-2018, Shimadzu, Japan, TCD) with column
of 5 A molecular sieve. Nitrogen was used as a carrier gas. Pro-
duction of Hy was calculated according to the retention time and
peak area calibrated with standard H; gas.

3. Results and discussion
3.1. Phase component and specific surface area

The phases of the titania samples prepared under various
ethanol and EG ratios have been determined by combining the XRD
and Raman spectroscopy. Fig. 1 displays the XRD patterns of the as-
prepared titania samples, together with the standard peaks of TiO,
(B) (JCPDS 046-1237) and anatase (JCPDS 71-1168). Notice that the
diffraction peaks of TiO, (B) at (110) and (020) are very close to
those of anatase at (101) and (200), making it hard to distinguish
them out. Fortunately, two peaks emerging at 15.2° and 28.6°,
corresponding to the (200) and (002) planes of TiO (B), can be used
as monitors to indicate the existence of TiO, (B) (see Fig. S1). It is
found that single anatase phase forms when ethanol is the only
solvent, as shown in the XRD spectrum of Et10. As EG is introduced
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Fig. 1. XRD patterns of the samples Et1, Et5, Et8, and Et10. A and B in the brackets
stand for the anatase and TiO, (B) phases, respectively.

into the solvent, TiO, (B) phase appears and the amount of TiO; (B)
phase increases with increasing the fraction of EG. The peak of
(200) plane in Etl is broaden and its intensity is quite low,
compared to the standard powder diffraction pattern of TiO, (B),
indicating ultra thin thickness along the [200] direction. The cor-
responding crystal dimension along the a-axis could be determined
from the FWHM at the (200) peak position according to Scherrer
formula [29], and the calculated thickness is about 3.1 nm, implying
that they are stacks consisting of about 3 monolayers on average.
Although XRD could be used to determine the phase formation in
the composite, however, it is hard to extract the mass ratio between
TiO, (B) and anatase due to undistinguished peak positions.
Raman spectroscopy was used to further explore the phase in-
formation and mass ratio in these samples, due to its excellent
sensitivity to the chemical compositions, phase transformation and
crystallinity. The characteristic Raman peaks of TiO; (B) are located
at 210, 256, 382, 422, 477, 553, 632, and 828 cm~! [30], and those of
anatase at 144, 197, 395, 516, and 638 cm ™! [31]. As shown in Fig. 2,
all the Raman peaks of Et1 match well with the peaks of TiO, (B),
indicating the formation of pure TiO, (B) phase, while Et10 displays
only the characteristic Raman peaks of anatase, indicating the for-
mation of pure anatase phase. These results are consistent with the
XRD data presented in Fig. 1. Meanwhile, Et5 (the ratio of ethanol to
EG is 5/5) and Et8 (the ratio of ethanol to EG is 8/2) exhibit the
characteristic Raman peaks of both TiO; (B) and anatase, indicating
the coexistence of both phases in the samples. The contributions of
anatase and TiOy(B) to the Raman intensities were extracted by
fitting using Lorentzian peak profiles. The mass ratio of the mixed
phases could be obtained by fitting the Raman peaks with equation

[32]:
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Fig. 2. Raman spectra of the samples Et1, Et5, Et8, and Et10. A and B in the brackets
represent the anatase and TiO, (B) phases, respectively.
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Where Ip and Ig are the Raman scattering intensities of the
144 cm™~! peak linked to anatase and the 256 cm ™! peak assigned to
TiO;, (B), and ma and mp are the relative mass of anatase and TiO,
(B), respectively. The correlation factor of different phase contents
Kr was calculated to be 6.57. The fitting results showed that Et5
(Et8) contains 1.7% (30.3%) anatase and 98.3% (69.7%) TiO, (B),
respectively. The introduction of EG apparently suppressed the
formation of anatase phase. When EG reached 80%, no anatase
phase could be detected, and only pure TiO, (B) was formed.
Table 1 lists measurements of the phase ratio, specific surface
area and pore volume for the samples. It is found that, the pore
volume decreases as the anatase phase increases, indicating the
increase of grain segregation. The specific surface area remains
large in the range of 265—288 m? g~! when anatase phase is less
than 1.7%, and is reduced gradually when further increasing the
anatase amount. The specific surface area for pure anatase is
167.63 m? g, about 3 times of 51 m? g, the specific surface area
for the commercially purchased Degussa P25.

3.2. Photocatalytic hydrogen production from water splitting

Fig. 3a shows the rates of H, production from the water splitting
reaction for the as-prepared samples and commercial Degussa P25,
without adding any co-catalyst such as Pt. One can see that Etl
(single TiO, (B) phase) and Et10 (single anatase phase) exhibit
relatively high mass specific activities of 690 and 98 umol-h~'-g~,
respectively, about 23 and 3 times of that of P25 (30 pmol-h~!-g~1).
For the TiO, (B)-anatase composite nanostructure, Et5 shows the
largest mass specific activity of 1312 pmol-h~'-g~1, 45 times higher
than that of P25. With increasing the reaction time up to 5 h, Et5
maintained a stable hydrogen production rate (see Fig. S2),
demonstrating that the composite is robust photocatalyst without
phase change or structure collapse during the irradiation process.

To explore the intrinsic mechanism for the enhancement of
photoactivity, the surface specific activities of different samples are
shown in Fig. 3b for comparison. One can clearly see that, except
Et10 with a pure anatase phase and lower surface specific activity
than that of P25, the other samples with a single TiO, (B) phase or
TiO, (B)-anatase composite nanostructure have a larger surface
specific activity than that of P25. In particular, Et5 still shows the
largest surface specific activity of 4.55 pmol-h~!-m~2. These results
indicate that, in addition to specific area, other factors, such as the
density of active sites and interface between different phases, also
play important roles in the photocatalytic reactivity.

3.3. Functionalities of microstructures and chemical bonds

The morphologies and microstructures of Et1 and Et5 measured
by high resolution electron transmission microscopy are displayed
in Fig. 4. In consistent with previous report [26], Et1 with the pure
TiO, (B) phase shows a morphology of 2D corrugated ultrathin
nano-sheets, as illustrated in Fig. 4a and b. The exposed surface
crystal plane of Et1 could be read out from the HRTEM image
shown in Fig. 4c: Lattice fringes of 2.08 A and 1.87 A are found to be
perpendicular each other in a large area of the specimen, matching
well with the d-spacings of (003) and (020) planes for TiO, (B),
suggesting that the exposed surface of layered TiO, (B) nano-sheets
is (100). The reported lattice parameters of a = 12.204 A,
b=3.748 A, c = 6.535 A, 0. = y = 90, and B = 107.36 also indicate
that the cleavage plane of TiO, (B) should be (100) in the b-c plane.
The exposed (100) facet of nano-sheets is different from previous
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Table 1

Phase composition, specific surface area Sger, and pore volume of the as-prepared TiO,.

Samples Phase composition Sger(m?g~1) Pore volume (cm?g~1)
Et1 Pure TiO; (B) 265.19 0219
Et5 98.3% TiO; (B) and 1.7% anatase 288.21 0.190
Et8 69.7% TiO, (B) and 30.3% anatase 237.83 0.134
Et10 Pure anatase 167.63 0.122
1600 6 3.1 nm. The thicknesses of the nano-sheets are further character-
- 1a b L ized by AFM measurements, as shown in Fig. S3. The obtained
;!-” 1400-_ -5 ,_.E thicknesses are in the range from 1.1 nm to 3.3 nm corresponding to
'S 1200 - L £ 1—3 monolayers, evidencing the formation of ultra thin films.
g 1000_‘ -4 g Fig. 4d—f presents the TEM pictures of Et5 with mixed phases. As
% | o seen in Fig. 4e, in addition to the basic nano-sheet structure, there
T 8004 L3 © are some nanoparticles aggregated on the surface with the indi-
5 600- - 5 vidual particle sizes being about 3—5 nm in diameter. Fig. 4f dis-
E | -2 g plays the typical HRTEM image of one of aggregated nanoparticles.
T 400+ - B The lattice fringes are spaced by 1.89 A and 2.39 A and perpen-
n‘ZN 200_‘ -1 2 dicular to each other, corresponding to the (200) and (004) planes
T ] t T of anatase TiO,. This indicates that the quantum dots of anatase
0- -0 TiO, self-assembly grow on the TiO; (B) (100) surface, with the

A,
< 6>'7 6)6* 6\’:9 6}70 ’%3\ 6}7 &{s‘ 6}0 <(3'70

Fig. 3. Comparison of the H, production rates of samples P25, Et1, Et5, Et8 and Et10,
(a) mass specific activity and (b) surface specific activity.

report, where the (010) facet of TiO; (B) nano-sheets was obtained
by using TiCls as the precursor [25]. In addition, bond breaking or
bond distortion could be observed in the surface according to the
HRTEM picture in Fig. 4c, which commonly appears in the corru-
gated ultrathin films [33,34]. This result is consistent with the XRD
measurements, which indicate that the average thickness is about

© oy

exposed crystal plane of {010}. The atomic arrangement of TiO; (B)
(100) and anatase (010) planes, as well as the atomic matching
between the two planes, is schematically shown in Fig. 5. It is
demonstrated that the lattice misfit is only 1% along the b-axis and
3.5% along the c-axis of TiO, (B), explaining the self-assemble
growth mechanism. The crystal plane {010} of anatase TiO, was
reported to exhibit the highest photocatalytic activity among all the
facets of anatase due to the cooperative effect of surface atomic
structure and surface electronic structure [35,36]. Hence, The
exposed crystal plane of {010} of anatase in our work is expected to
make a positive contribution to photocatalytic activity.

The chemical states and electronic band structures were studied

| d,(004)=2.39 A :

Cpomey

AT d,(200)=1.89 A N

Fig. 4. (a,b) TEM images and (c) HRTEM image of ultrathin TiO, (B) nano-sheets in sample Et1; (d,e) TEM images and (f) HRTEM image of TiO, (B)-anatase composite in sample Et5.
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Fig. 5. The atomic arrangement and lattice matching between TiO- (B) (100) plane and
anatase TiO, (010) plane. The two planes are labeled by B(100) and A(010),
respectively.

to clarify the cause for the high photocatalytic activity. The Ti 2p
and the O 1s XPS spectra of the typical samples are shown in Fig. 6a
and b. All binding energies (BE) are referenced to the C 1s peak at
284.6 eV. The binding energies of Ti 2p3/2 and Ti 2p1/2 in XPS
spectra of Et1, Et5 and Et10 are given in Table 2. The core levels of
Et10 are consistent with those of the referenced stoichiometric bulk
anatase TiO, [37], indicating that they are related to Ti**. In
contrast, the core levels of Etl and Et5 are found to red shift to
lower binding energies with the shift values of 0.7 eV and 1.0 eV,
respectively, which is similar to the observed red shift of the
binding energy in the ultrathin 2D nano-sheets [22]. The decrease
of the binding energy signals the formation of Ti>* state, which can
enhance the reducibility to release electrons [38]. In the ultra-thin
TiO; (B) nano-sheets, the high density defect states formed by bond
insertion, bond breaking or bond distortion between metal and
oxygen atoms are responsible for the Ti>* formation [26,38].

The XPS spectra of O 1s were de-convoluted into three constit-
uents corresponding to different oxygen-containing chemical
bonds: water molecule (H-O-H) at 532.5—533.1 eV, hydroxide (Ti-
0-H) at 530.5—-531.5 eV and oxide (Ti-O-Ti) at 529.3—530.0 eV
[39—41]. Among them, the bridging hydroxyls (Ti-O-H) are known
to come from the dissociative adsorption of water on oxygen va-
cancies, and the Ti ions connected to the -OH group is in the +3

01s
Et1 \

Et5

A 458.6 eV

468 464 460 456 452 536 534 532 530 528 526 524
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m
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Fig. 6. The XPS spectra of the samples Et1, Et5, and Et10, (a) Ti 2p; (b) O Is.

Table 2
Binding energies of Ti 2p3/2 and Ti 2p1/2 in XPS spectra for the samples Et1, Et5 and
Et10.

Samples Et1 Et5 Et10 Ref [32]
Ti 2p3/2 (eV) 457.9 457.6 458.6 458.6
Ti 2p1/2 (eV) 463.7 463.3 464.3 464.3
AE (eV) 5.8 5.7 5.7 5.7

valence state. Ti>* acts as a Bronsted acid site to anchor water
molecule to form strongly bounded OH-H,0 complex [41,42]. As a
result, Ti>* is then oxidized to Ti** by —OH filled in the vacancies.
When exposed to light, photo-generated reducing electron can be
easily transferred to water molecule at the active Ti-OH site to
cause proton reduction. The percentage of the hydroxide chemical
bond of Et5, Et1, and Et10 are estimated about 23.2%, 21.8%, and
18.2%, respectively. This partially explains the highest photo-
catalytic activity in Et5 and relatively low photocatalytic activity in
Et10.

Based on the above analyses, high mass specific activities in Et1,
Et5, and Et8 are intimately related to three factors: the nano-sheet
structure, Ti>* active sites, and Ti-OH sites on the surface of TiO (B)
phase. The first factor enlarges the specific surface area and offers a
reduced distance for the photo-generated carriers to transport to
the surface, leading to a decrease of carrier recombination proba-
bility. The later two factors promote the carrier separation and
proton reduction. However, one critical question arising is why Et5
has a much higher photocatalytic activity than Et1, even though the
two samples have close TiO; (B) (100) surface areas (see Table 1). To
address this issue, we make an analysis of the effect of anatase
quantum dots on the photocatalytic activity in the following
section.

3.4. Effect of band structure on the water splitting

The band structures of TiO, (B) and anatase TiO, can be deter-
mined from the optical absorption and UPS spectra. Fig. 7a shows
the optical absorption spectra obtained from the UV—vis diffused
reflectance measurement for Et1-Et10 and P25. The band-gap
values calculated from the corresponding modified Kubel-
ka—Munk functions are shown in Fig. 7b [43]. The band gap takes
the largest value of 3.5 eV for Et1 with a pure TiO, (B) phase, and is
gradually reduced with decreasing the EG ratio, then reaches
3.22 eV for Et10 with a pure anatase phase, when no EG was added
in the solvent. The obtained band gap value of the pure TiO, (B)
nanosheets is 0.3 eV larger than the reported value of 3.2 eV in TiO,
(B) nanorods [27], indicating a quantum confinement effect due to
the ultra thin thickness of the TiO, (B) nanosheet.

Fig. 8a shows the UPS spectra of Et1 and Et10. The work func-
tions for TiO, (B) in Et1 and anatase TiO; in Et10 are found to be
4.59 eV and 4.52 eV, and the valence band edges are 7.10 eV and
7.40 eV with respect to the vacuum energy level E .., respectively.
In terms of these band parameters, the band alignments of single
phase TiO; (B) and anatase TiO» are plotted in Fig. 8b. One can
readily see that the bottom levels of conduction band of TiO; (B)
and anatase TiO; are about 0.9 eV and 0.32 eV higher than that of
the redox potential level of H"/H, (0 V vs. NHE). The higher con-
duction band results in a larger driving force for reduction of water
to form Hy, which makes a significant contribution to the higher
photocatalytic activity in Et1 than in Et10.

When TiO; (B) contacts anatase TiO; to form a heterojunction as
in Et5, their Femi levels align to the same position, and the corre-
sponding heterojunction band structure can been drawn in Fig. 8c.
The alignment of the Fermi level makes the difference of conduc-
tion band edges increases from 0.58 eV to 0.65 eV, leading to a
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structure of TiO, (B)/anatase heterojunction.

higher driving energy for the transferred charge from TiO, (B) to
anatase TiO2. Moreover, it is found that there exist no potential well
and potential barrier at the heterojunction interface, which pro-
vides a perfect carrier separation route and greatly reduces the
carrier combination at the interface. Consequently, the photo-
catalytic activity in Et5 is dramatically enhanced by the combina-
tion of functionalities of the interface and active {010} surface of
anatase TiO».

Compared to Et5, Et8 consisted of 69.7% TiO, (B) and 30.3%
anatase has a much lower photocatalytic activity, which seems to
contradict to the above analyses. The highly possible reason is that
the increase of anatase proportion does not enlarge the interface
between anatase and TiO (B), and then the photocatalytic activity
is strongly weakened by the decrease of TiO, (B) proportion. A
similar phenomenon has been observed in the rutile/anatase
composite [44]. In addition, obvious segregation of nanoparticles in
Et8, as observed by TEM, also plays a negative role in the photo-
catalytic activity via the reduction of specific surface area.

4. Conclusion

In this work, ultra-thin corrugated TiO; (B) nano-sheets with the
(100) exposed plane, were synthesized by the hydrothermal
method. By adjusting the volume ratio between EG and ethanol in
the solvent, a novel composite nanostructure with anatase quan-
tum dots grown on the TiO; (B) nano-sheets was obtained. The
measurement of hydrogen production showed that the TiO, (B)
nano-sheets have a high phtocatalytic activity even without the
help of co-catalyst, which is further enhanced by the composite
nanostructure. A detailed analysis showed that the high phtocata-
lytic activity can be attributed to several advantages of TiO; (B)

nano-sheets, including confined thickness in atomic scale, large
specific surface area, abundant surface Ti>* active sites, and a
relatively high conduction band edge with respect to the redox
potential level of H/H». In addition, the TiO, (B)-anatase composite
nanostructure shows a type-II heterojunction band structure
without potential well or barrier at the interface, which promotes
the charge separation at the interface, leading to a further
enhancement of phtocatalytic activity.
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