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’ INTRODUCTION

Inorganic nanomaterials often exhibit very attractive proper-
ties, and they find applications in a wide spectrum of areas such as
optoelectronics, catalysis, biomedicine, and environment protec-
tion. Therefore, inorganic nanomaterials have received steadily
growing interest in the past decades.1�4 The ability to generate/
manipulate inorganic materials at a nanometer scale is undoubt-
edly essential to the understanding and further improvement of
current nanotechnology. Up to date, many efforts have been
devoted to exploring new methodologies in synthesis of inor-
ganic nanomaterials with various structures. Among the existing
synthetic strategies, solid-state conversion reactions, by which
the obtained products usually inherit the structure/composition
features of the solid precursors, are frequently employed to obtain
the nanomaterials that cannot be readily acquired using other
approaches.5�13 The most common solid-state conversion route is
heat-driven, involving direct thermal transformation from the solid
precursor to the desired nanomaterial. For example,many important
metal oxide nanostructures have been prepared through calcining
metal carbonates,5�8 metal sulfides,9,10 or metal alkoxides11�13 at
elevated temperatures.

Recently, we demonstrated that the light-driven solid-state con-
version route (LSCR) was highly effective for the preparation of
nanoporousTiO2material froma titanium-based inorganic�organic

hybrid compound.14,15 The principle of LSCR is very different from
that of the heat-driven solid-state conversion route (HSCR). The
precursors of LSCR are usually inorganic�organic hybrid semicon-
ductors, and the inherent driving force of LSCR is the photogenera-
tion of charges in the inorganic component of the hybrid
semiconductor. The photogenerated charges initiate a series of redox
reactions to remove the organic component of the hybrid semi-
conductor, resulting in the rearrangement of the inorganic species to
form a new compound. More importantly, the whole process of
LSCR can proceed at room temperature and is rather facile,
controllable, and reproducible. The success of LSCR for the forma-
tion of nanoporous titania prompted us to explore new inorganic�
organic hybrids and to elucidate the effect of light irradiation on its
transformation.

In this paper, we report the synthesis of a unique inorganic�
organic hybrid ZnS-CHA (CHA = cyclohexylamine) via a mild
solvothermal technique. Interestingly, the as-obtained ZnS-CHA
nanocomposite is photoactive toward UV light (e300 nm), and it
can be effectively transformed to zinc hydroxysulfate with a sheet-
like morphology through UV-irradiation. Furthermore, the zinc
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ABSTRACT: ZnS-CHA (CHA = cyclohexylamine) nanocompo-
site, a unique inorganic�organic hybrid semiconductor, has been
prepared from a mild solvothermal reaction system. This material
contains 2 nm-sized ZnS nanoparticles, and is photoactive toward
UV light (e300 nm). Under UV-irradiation, the ZnS-CHA nano-
composite is transformed to crystalline zinc hydroxysulfate na-
nosheets. The driving force of the light-driven transformation
reaction is the photogeneration of charges (electrons and holes) in
the ZnS nanoparticles, and these photogenerated charges interact
with the CHA molecules and the inorganic S2� species, leading to
decomposition of the organic component and self-oxidation of the
inorganic ZnS nanoparticles to form zinc hydroxysulfate. Through
simple thermal treatment, the as-formed zinc hydroxysulfate na-
nosheets are converted to ultrathin ZnO nanosheets with a porous feature, which exhibit high sensitivity and fast response and
recovery for ethanol detection when used as an electrical sensing material.
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hydroxysulfate nanosheets can be thermally converted to ultrathin
ZnO nanosheets, which exhibit excellent sensing properties.

’EXPERIMENTAL SECTION

Materials. Zinc acetate dihydrate, thiourea, cyclohexylamine (CHA),
and ethanol were purchased from Beijing Chemical Factory. The refer-
ence ZnO sample was purchased from Tianjin Jinfeng Chemical Industry
Co., Ltd. All the reagents were of analytic grade and used as received
without further purification. Deionized water was used throughout.
Preparation of ZnS-CHA Nanocomposite. The ZnS-CHA

nanocomposite material was prepared through a solvothermal route.
In a typical synthesis, zinc acetate dihydrate (0.64 g, 3 mmol) as the zinc
source and thiourea (0.45 g, 6 mmol) as the sulfur source were added to
CHA (40 mL) and stirred vigorously for 20 min. The mixture was sealed
in a 50 mL PTFE-lined stainless steel autoclave and heated at 120 �C for
20 h. After cooling to room temperature, the white ZnS-CHA precipitate
was washed several times with ethanol and dried naturally at room
temperature. The yield of ZnS-CHA was nearly 100% on the basis of the
zinc source used.
Light-Driven Transformation from ZnS-CHA to Zinc Hy-

droxysulfate. Irradiation of ZnS-CHA under UV-light was performed
in a water-cooled quartz cylindrical cell which was illuminated from an
internal light source with about 1 cm optical path length. The UV-light
source was a 125 W high-pressure mercury lamp, and the irradiation
intensity of the UV-light was about 9.1 � 104 μW/cm2. The ZnS-CHA
sample (2.0�3.0 g) was dispersed in water (200 mL) and then exposed
to the UV-light irradiation for 7 h. During the irradiation process,
gaseous O2 was bubbled through the solution. After the irradiation, the
solid sample was harvested and dried in air. The obtained product was
the zinc hydroxysulfate described in the title of this paper, and its yield
was about 98% on the basis of the zinc amount.
Formation of ZnO Nanosheets from Zinc Hydroxysulfate.

Two ZnO materials were obtained by calcining the zinc hydroxysulfate
sample in a muffle furnace at 450 and 750 �C for 2 h, respectively. The
corresponding ZnO samples are designated ZnO-450 and ZnO-750,
respectively.
General Characterization. The powder X-ray diffraction (XRD)

patterns were recorded on a Rigaku D/Max 2550 X-ray diffractometer
using Cu KR radiation (λ = 1.5418 Å). The scanning electron micro-
scopy (SEM) images were taken on a JEOL JSM 6700F electron
microscope, whereas the transmission electron microscopy (TEM)
and high-resolution TEM (HRTEM) images were obtained on a JEOL
JSM-3010 microscope. The FT-IR spectra were acquired on a Bruker
IFS 66v/S FTIR spectrometer. The X-ray photoelectron spectroscopy
(XPS) was performed on an ESCALAB 250 X-ray photoelectron spectro-
meter with a monochromated X-ray source (Al KR hυ = 1486.6 eV). The
energy scale of the spectrometer was calibrated using Au4f7/2, Cu2p3/2,
andAg3d5/2 peak positions. The standard deviation for the binding energy
(BE) values was 0.1 eV. The thermogravimetric (TG) analysis for ZnS-
CHA was performed in air on a NETZSCH STA 449C TG thermal
analyzer from 25 to 800 �C at a heating rate of 10 �Cmin�1. The UV�vis
diffuse reflectance spectra were recorded on a Perkin�Elmer Lambda 20
UV�vis spectrometer. The absorbance spectra were obtained from the
reflectance spectra by Kubelka�Munk transformations. The analysis of
the organic species present in the UV-irradiation reaction system was
performed on a Shimadzu GC-2014C gas chromatograph.
Sensor Fabrication and Testing. The gas sensor was fabricated

by pasting viscous slurry of the obtained ZnO sample onto an alumina
tube with a diameter of 1 mm and a length of 4 mm, which was
positioned with a pair of Au electrodes and four Pt wires on both ends of
the tube. A Ni�Cr alloy coil through the tube was employed as a heater
to control the operating temperature. Gas sensing tests were per-
formed on a commercial CGS-8 Gas Sensing Measurement System

(Beijing Elite Tech Company Limited). For comparison, the sensor
performance of the commercially available nanosized ZnO with a particle
size of 100�200 nm was also tested.

’RESULTS AND DISCUSSION

Preparation and Characterization of ZnS-CHA Nanocom-
posite.The ZnS-CHA nanocomposite was prepared from amild
solvothermal reaction system, in which cyclohexylamine (CHA)
acted not only as the solvent but also as the reactive agent that
entered the structure of ZnS-CHA. The presence of CHA in the
ZnS-CHA nanocomposite was confirmed by IR spectroscopy
(Figure 1a). The characteristic absorption bands associated with
CHA appear in the IR spectrum,16,17 and the stretching vibra-
tions (3176 and 3101 cm�1) and bending vibrations (1588 and
1453 cm�1) of �NH2, the stretching vibrations (2928 and
2855 cm�1) of �CH2, and the stretching vibration C�N
(1027 cm�1) are all clearly seen. Figure 1b shows the XRD
pattern of the ZnS-CHA nanocomposite. The peaks at 2θ = 29.4
and 51.8� can be assigned to the (002) and (103) planes of
wurtzite ZnS. In addition to the two peaks related to ZnS, a
strong XRD peak at 2θ = 5.8� and two relatively weak peaks at
2θ = 11.5 and 18.2� are also observed, and these three peaks
correspond to the d-spacing values of 1.54, 0.77, and 0.47 nm,
respectively. The presence of these XRD peaks (2θ < 20�)
indicates the formation of mesostructures18,19 because of the
assembly behavior of the CHA molecules.
The TEM measurements further confirm the structure of the

ZnS-CHAnanocomposite. TheTEM image (Figure 2a) shows a set
of black/white spots occurring across the whole ZnS-CHA particle.
TheHRTEM imaging (Figure 2b) indicates that the black spots are
the inorganic ZnS particles with a size of about 2 nm, and the white
spots should correspond to the region where the organic compo-
nent CHA is located. It is noted that the particles of the ZnS-CHA
nanocomposite are plate-like with a diameter larger than 1μmand a
thickness larger than 100 nm (see SEM image in Figure 2c). On the
basis of the above observations, it is presumed that the ZnS-CHA
composite is formed from the very small ZnS nanoparticles through
assembly with the CHA molecules.

Figure 1. IR spectrum (a) and XRD pattern (b) of the ZnS-CHA
nanocomposite.
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The thermogravimetric (TG) analysis for ZnS-CHA was
carried out in air from 25 to 800 �C, and the corresponding
TG curve is shown in Figure 3a. It is seen that the as-synthesized
ZnS-CHA material is stable at temperatures below 150 �C, and
an obvious weight loss takes place at 150 �C and ends at about
640 �C. A total weight loss of about 46.5% is observed, and this
weight loss is attributed to the decomposition of CHA and the
oxidation of ZnS nanoparticles to ZnO in the hybrid material.
From the weight loss value it is estimated that the empirical
composition of the ZnS-CHA nanocomposite is ZnS 3 0.55CHA.
To obtain valuable information about the chemical nature of the
elements involved, XPS has been performed for the ZnS-CHA
nanocomposite. Figures 3b�d show the XPS spectra of Zn2p,
S2p and N1s. The spectrum for Zn2p (Figure 3b) exhibits
two peaks at 1020.8 and 1043.8 eV, which are assigned to the
2p3/2 and 2p1/2 core levels of Zn

2+ in ZnS,20 respectively. The
spectrum for S2p (Figures 3c) shows a single peak at 161.6 eV
attributable to S2� in ZnS.20 The spectrum for N1s (Figures 3d)
also shows a single peak at 399.4 eV. This binding-energy value is
close to that for alkylamine (399.6 eV) but deviated from that of

alkylammonium (402.4 eV).17 This observation suggests that the
CHA molecules in the ZnS-CHA nanocomposite are not proto-
nated, in agreement with the IR spectrum (Figure 1).
Figure 4 shows the UV�vis diffuse reflectance spectrum of the

ZnS-CHA nanocomposite. It is seen that the absorption onset for
ZnS-CHA appears at about 300 nm in the ultraviolet region,
corresponding to a bandgap energy of 4.13 eV which is larger than
that (3.91 eV) of the bulk wurtzite ZnS. The blue shift of absorption
onset is attributed to a quantum confinement effect because the size
of the ZnS nanoparticles in the ZnS-CHA nanocomposite is smaller
than the exciton Bohr radius of ZnS (2.5 nm).19

Light-Driven Transformation from ZnS-CHA to Zinc Hy-
droxysulfate. UV-irradiation of the ZnS-CHA nanocomposite
was performed in O2-saturated water without deliberate addition
of any organic/inorganic species. Figure 5 presents the XRD
pattern and the IR spectrum of the obtained solid product after
the UV-irradiation. It is seen that upon UV-irradiation the XRD
diffraction peaks associated with the ZnS-CHA nanocomposite
and the IR absorption bands for CHA molecules (Figure 1)
completely disappear, and some new diffraction peaks and IR
absorptions show up (Figure 5). The new diffraction peaks in
Figure 5a correspond to those of zinc hydroxide salts,6�8,21�23

whereas the IR spectrum (Figure 5b) shows four obvious
absorption bands in the region from 500 to 3800 cm�1. A strong
and broad IR absorption due to stretching vibrations of OH and a
relatively weak absorption due to bending vibration of OH are
observed at approximately 3402 and 1647 cm�1, respectively,
indicating that a large number of OH groups and water molecules
exist in the obtained solid product after UV-irradiation. The two
absorption bands at 1119 and 589 cm�1 are characteristic of sulfate
anions.24 The X-ray diffraction and the IR spectroscopy indicate
that the ZnS-CHA nanocomposite is transformed by UV-

Figure 2. TEM (a), HRTEM (b), and SEM (c) images of the ZnS-CHA nanocomposite.

Figure 4. UV�vis diffuse reflectance spectrum of the ZnS-CHA
nanocomposite.

Figure 3. TG curve in air (a), and XPS spectra of (b) Zn2p, (c) S2p, and
(d) N1s for the ZnS-CHA nanocomposite.
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irradiation to zinc hydroxysulfate, accompanied by the removal of
the organic components. Indeed, organic species such as ethanol,
formaldehyde, and cyclohexylamine have been detected in the
aqueous phase through gas chromatography after the UV irradia-
tion of the ZnS-CHA nanocomposite in water. These organic
compounds are believed to arise from the decomposition/removal
of the organic component in the ZnS-CHA material.
The XPS analysis further confirms the complete conversion of

the ZnS-CHA nanocomposite to zinc hydroxysulfate. As shown
in the overall XPS spectrum of the zinc hydroxysulfate sample
(Supporting Information, Figure S1), only the characteristic
peaks of Zn, S, O, and C elements are observed, whereas no
XPS peaks of N1s are detected at around 400 eV. This result
indicates that no nitrogen is present in the zinc hydroxysulfate
and the CHA molecules in the ZnS-CHA nanocomposite are
eliminated by UV-irradiation. The weak peak of C1s at around
285 eV is attributed to the signal from adventitious elemental
carbon from the XPS instrument.25 Figures 6b�d present the
high-resolution Zn2p, S2p, and O1s spectra of the as-obtained
zinc hydroxysulfate. The peaks located at 1021.9 and 1044.9 eV
(Figure 6b) are assigned to the Zn2p3/2 and Zn2p1/2, respec-
tively. In comparison with those in the ZnS-CHA nanocomposite
(Figure 3a), the peaks of Zn2p in the zinc hydroxysulfate material
show a shift of 1.1 eV toward higher energy, but the distance
(23 eV) between the two Zn2p peaks remains unchanged. This
phenomenon demonstrates that the zinc species in the ZnS-
CHA nanocomposite and zinc hydroxysulfate are both divalent
Zn2+ cations, but the chemical environments of the zinc cations
are different. The single peak located at 170.1 eV (Figure 6b) is

attributable to sulfur of SO4
2�,23 and the presence of this peak

confirms that under UV irradiation the S species (S2�) in ZnS-
CHA nanocomposite are oxidized to SO4

2� in the zinc hydro-
xysulfate. A quantitative analysis of the XPS data shows that the
atomic ratio of Zn/S is approximately 4:1, corresponding to a
composition of Zn4(OH)6(SO4) 3 nH2O for the obtained zinc
hydroxysulfate material. The presence of H2O and hydroxyl
groups (OH) is also supported by the strong XPS peak located at
532.5 eV (Figure 6c).
Figures 7a�b show the typical SEM images of the as-obtained

zinc hydroxysulfate sample. The images demonstrate that this
sample has a sheet-like morphology with a thickness of about
10 nm and a diameter up to several micrometers. The thickness
of the zinc hydroxysulfate sample is far smaller than the ZnS-CHA
nanocomposite (Figure 2c), demonstrating that the UV-irradiation
not only converts the structure of ZnS-CHA at the molecular level,
but also varies the morphology of the obtained inorganic product.
The TEM image (Figure 7c) further confirms the sheet-like
morphology of the zinc hydroxysulfate material. A high-resolution
TEM (HRTEM) image taken from the nanosheet edge is displayed
in Figure 7d. It is clearly seen that the zinc hydroxysulfate is highly
crystalline, and nanocrystals with sizes of 2�3 nm are randomly
arranged and tightly interconnected to form the individual na-
nosheet. Light-driven room-temperature crystallization of inorganic
nanomaterials is unusual because in previous reports light-driven
synthetic strategy only led to amorphous inorganic products,14,15

whereas normally the zinc hydroxide salt nanostructures were
hydrothermally prepared at temperatures over 90 �C.6�8

On the basis of the characterization, a formationmechanism of
zinc hydroxysulfate from ZnS-CHA is proposed and briefly
described as follows. Upon UV irradiation on ZnS-CHA, elec-
trons are photoexcited from the valence band to the conduction
band in the ZnS nanoparticles, leading to the formation of
energy-rich electron�hole (e�-h+) pairs (eq 1).26 The photo-
generated electrons move to the surface of the ZnS, where they
are captured by O2 in water to form oxidative species such as
superoxide radicals O2

•� (eq 2). These reactive oxygen species
function as an effective oxidizing agent, resulting in the decom-
position of CHA molecules in ZnS-CHA. In the meantime, the
photogenerated holes located in the valence band directly oxidize
and decompose the CHA molecules. The resulting amines in
water, which are produced and removed from the ZnS-CHA
compound through the UV-irradiation, lead to the formation of
OH� species according to eq 3. On the other hand, the ZnS
nanocrystals in ZnS-CHA undergo photocorrosion induced by
self-oxidation (eq 4), giving rise to Zn2+ and SO4

2� ions.
Through reaction of Zn2+ with OH� and SO4

2� ions, the
nucleation and growth of Zn4(OH)6(SO4) 3 nH2O is realized,
as shown in eq 5.

Figure 5. XRDpattern (a) and IR spectrum (b) of the obtained product
after UV-irradiation of the ZnS-CHA nanocomposite.

Figure 6. XPS spectra of (a) Zn2p, (b) S2p, and (c) O1s for the solid product after UV-irradiation of the ZnS-CHA nanocomposite.
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ZnS þ hv f ZnSðe� þ hþÞ ð1Þ

e� þ O2 f O2 3
� ð2Þ

R-NH2 þ H2O T R-NH3
þ þ OH� ð3Þ

ZnS þ 4hþ þ 2O2 3
� f Zn2þ þ SO4

2� ð4Þ

4Zn2þ þ 6OH� þ SO4
2� þ nH2O f Zn4ðOHÞ6ðSO4Þ 3 nH2O

ð5Þ

Formation of ZnO Nanosheets. ZnO can be easily formed
through calcining the as-synthesized zinc hydroxysulfate at ele-
vated temperatures. Typically, the as-obtained zinc hydroxysulfate
was heated at 450 and 750 �C in air, and the resulting ZnO samples
are designated ZnO-450 and ZnO-750, respectively. Figure 8
shows that the XRD patterns of the ZnO-450 and ZnO-750

samples. For the ZnO-450 material, a set of strong diffraction
peaks (2θ > 30�), which are perfectly indexed to hexagonal
wurtzite ZnO, appear in the pattern. Several very weak diffraction
peaks (20� < 2θ < 35�) associated with Zn3O(SO4)2 are also
observed,21 indicating that the ZnO-450 sample is dominated by
the hexagonal wurtzite ZnO with a trace amount of Zn3O(SO4)2.
Because Zn3O(SO4)2 starts to decompose at about 700 �C
(eq 6),27 an attempt was made to eliminate the Zn3O(SO4)2
phase by increasing the calcination temperature to 750 �C. As
expected, at 750 �Cpure ZnO is obtained (Figure 8). On the other
hand, it is noted that when the calcination temperature increases
from 450 to 750 �C, the diffraction peaks of ZnO are markedly
intensified, demonstrating that the particle size of the ZnO crystals
increases distinctly with the increase of calcination temperature.

Zn3OðSO4Þ2 f 3ZnO þ 2SO2 þ O2 ð6Þ

Figures 9a�b show the typical SEM images of the ZnO-450
sample. The images reveal that the material maintains the sheet-
like morphology of the zinc hydroxysulfate precursor, with the
thickness of the particle being about 10 nmwhereas the diameter
is larger than 1 μm. A close inspection of the TEM image
(Figure 9c) indicates that there exist pores in the ZnO nanosheet,
and the HRTEM image (Figure 9d) shows that the ZnO
nanosheets are built up from smaller nanocrystals, the size of
which is 5�10 nm. The observed lattice spacing is about 0.26 nm,
corresponding to the interplanar distance of the (002) reflections
for hexagonal ZnO. The SEM images of the ZnO-750 sample are
displayed in Supporting Information, Figure S2. It is seen that the
particles of this sample maintain the plate-like shape only partly,
and the particle thickness (200 nm) of the material is much larger
than that of the ZnO-450 sample. The size of the nanocrystals in
the individual ZnO plate is over 100 nm.

Figure 7. SEM (a�b), TEM (c), and HRTEM (d) images of the zinc hydroxysulfate sample.

Figure 8. XRD patterns of the ZnO samples obtained by calcining the
zinc hydroxysulfate material at 450 and 750 �C.



9111 dx.doi.org/10.1021/ic201289b |Inorg. Chem. 2011, 50, 9106–9113

Inorganic Chemistry ARTICLE

Sensing Performance of ZnO Nanosheets. The sensing per-
formance of the as-prepared ZnO nanosheets was evaluated using
ethanol as the testing gas because ethanol sensors are of importance
for breath analysis and food control applications.6�8,28,29 The
optimal operating temperature of the sensor was 280 �C, and the
concentration of ethanol varied from 5 to 200 ppm. The sensor
sensitivity is defined as the ratio Ra/Rg, where Ra and Rg are the

electrical resistance of the sensor in atmospheric air and in the testing
gas, respectively. The response and recovery times are defined as the
times taken by the sensor to achieve 90% of the total resistance
change in the case of adsorption and desorption, respectively.
Figure 10a shows the dynamic response-recovery curve of the

sensor based on the ZnO-450 sample with increasing ethanol
concentrations. It is seen that the sensor has a wide response

Figure 9. SEM (a�b), TEM (c), and HRTEM (d) images of the ZnO-450 sample.

Figure 10. Dynamic response-recovery curve of the sensor based on the ZnO-450 sample with increasing ethanol concentrations (a), and comparison
of the gas concentration-dependent sensitivities (b), response time (c), and recovery time (d) of the sensors based on the ZnO-450 (red), the ZnO-750
(blue), and the commercially available ZnO (black) samples.
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range for ethanol from 5 to 200 ppm. When exposed to
5 ppm ethanol, the sensitivity of the sensor is about 3.4. The
sensitivity increases significantly with increasing ethanol concen-
tration. For ethanol concentrations of 10, 20, 50, 100, and
200 ppm, the sensitivities are about 4.7, 6.5, 8.8, 14, and 20,
respectively. For comparison, the sensor performances of the
ZnO-750 sample and the commercially available ZnO material
with a particle size of 100�200 nm (Supporting Information,
Figure S3) were also tested. Figure 10b shows the gas concen-
tration-dependent sensitivities of the sensors based on the three
materials. It is obvious that the sensors based on the as-prepared
ZnO-450 and ZnO-750 materials exhibit sensitivities distinctly
higher than that based on the commercial ZnO, and the
performance of ZnO-450 in terms of sensitivity is superior to
that of ZnO-750 at low ethanol concentrations (<20 ppm).More
importantly, the ZnO-450 sample we obtained exhibits the best
sensing properties among all the ZnO materials containing a
sheet-like structure reported so far.6�8,29 For instance, the
maximum sensitivity value described in the literature7 is 8.79
whereas the corresponding value for the ZnO-450 material is
about 14 in the presence of 100 ppm ethanol.
In addition to sensitivity, response and recovery times are also key

parameters for a gas sensor.6�8,28,29 Therefore, the gas concentra-
tion-dependent response and recovery times for the sensors based
on the ZnO-450, the ZnO-750, and the commercial ZnO samples
are also compared. As shown in Figure 10b, the time of response
(less than 6 s) and that of recovery (less than 12 s) are comparable
for both Zn-450 and the commercial ZnO. Nevertheless, the
corresponding times for ZnO-750 are very long, with the response
time exceeding 10 s at ethanol concentrations below20 ppmand the
recovery time exceeding 70 s at all ethanol concentrations. From the
experimental results it is concluded that the ZnO-450 nanosheets
are very promising for the fabrication of ethanol sensors because of
their high sensitivity and fast response and recovery.
The excellent sensing performance of the ZnO-450 material is

attributed to its ultrathin sheet-like morphology and porous
structure. It is known that the sensing mechanism of ZnO is based
on resistance variation, which is induced by the interaction
between the adsorbed oxygen on the surface of ZnO and the gas
molecules to be detected,6�8,28,29 and themodification of electrical
resistance mainly takes place at the grain boundaries.30,31 The
ultrathin sheet morphology and the small ZnO particle size in the
nanosheets lead to enhanced number of available reactive sites, and
thus improved sensitivity. On the other hand, the presence of the
porous feature in ZnO-450 nanosheets provides a high surface-to-
volume ratio, facilitating the diffusion of target gases. As a result,
the sensitivity of thematerial is distinctly high, and its response and
recovery are fast. It should be pointed out that the unique ZnO-
450 material is obtained only through the conversion of the zinc
hydroxysulfate with a particular morphology, and to our knowl-
edge, no other synthetic techniques have been successful in
achieving similar ZnO products.

’CONCLUSIONS

We have demonstrated a unique light-driven strategy for the
synthesis of inorganic nanosheet materials using inorganic�organic
hybrid semiconductor as the precursor. Differing from that of
the heat-driven solid-state conversion, the driving force of the
light-driven solid-state conversion is found in the photoexcited
charges generated in the inorganic component of the hybrid
semiconductor. In particular, the light-driven transformation

from ZnS-CHA nanocomposite to zinc hydroxysulfate na-
nosheets with a crystalline structure is realized at room tempera-
ture under UV irradiation. Investigations into this light-driven
solid-state conversion reaction reveal that the UV-irradiation not
only varies the structure of the inorganic�organic hybrid at the
molecular level, but also modifies the morphology of the
inorganic nanomaterial. Furthermore, ZnO nanosheets are ob-
tained by simply calcining the zinc hydroxysulfate nanosheets at
elevated temperatures, and the ZnO products show superior
sensing performance for ethanol detection. Our experimental
results provide insights into effects of light-irradiation on solid
state transformation of inorganic�organic hybrid compounds,
and the strategy reported here is anticipated to open new vistas
for preparation of inorganic materials with advanced functions.
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