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The chemical and optical properties of 1D single-crystalline cadmium sulfide (CdS) nanowires (NWs)

synthesized by a solvothermal method were discussed systematically. The CdS NW was characterized

using different analytical techniques. In our work, CdS was employed as the active nanomaterial to

detect ethanol gas for the first time and showed good gas sensing performance. Especially, the fast

response (0.4 s) and recovery speed (0.2 s) to 100 ppm ethanol were much faster than the reported

values. The visible-light detector based on CdS NWs demonstrated ultrafast decay speed (3.77 ms),

which was the fastest in the reported photodetectors (PDs) based on randomly oriented CdS NW

networks. This research indicates that the CdS NW is an excellent nanomaterial for high performance gas

sensors and PDs.
Introduction

With large surface-to-volume ratios and Debye length compa-
rable to their small sizes, one-dimensional inorganic nano-
structures have stimulated an increasing interest over the past
two decades due to their specic functional properties. Up to
now, nanoscale devices based on metal oxide nanostructures,
such as ZnO,1 SnO2,2 Co3O4,3 TiO2,4 In2O3,5 have been widely
reported. However, metal chalcogenides which have the
advantages of low cost, chemical stability, easy fabrication and
extraordinary optoelectronic properties have received relatively
little attention.6 As one of the most important II–VI metal
chalcogenide semiconductors, CdS has the closest fundamental
physical properties with ZnO, one of the few dominant mate-
rials in nanotechnology along with Si NWs and carbon nano-
tubes, including crystal structures, lattice constants and so on.7

With a direct band gap (�2.4 eV, at room temperature), rela-
tively low work function (�4.2 eV), large refraction index,
excellent thermal and chemical stability, CdS is probably a very
promising material for visible-light detectors, sensors, wave-
guide photodetectors, lasers, eld-effect transistors, solar cells
and photocatalysis.8–11

Sensing of volatile organic compounds (VOC) is very
important for the safety of human life and industrial elds, and
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intensive efforts have beenmade in developing VOC gas sensors
based on 1D nanostructured materials in recent years.12 Though
CdS NWs may be advanced functional materials in applications
for the detection of chemical vapors, there are very few studies
on CdS gas sensors reported in the past years. In 1976, a Pd–CdS
Schottky diode was manufactured to detect hydrogen by Martin
C. Steele et al.13 In 1995, V. Smyntyna et al. produced CdS lm by
an electrohydrodynamic spray method and studied its oxygen
sensing properties.14 In 2012, B. T. Raut et al. fabricated a CdS
lm sensor to detect H2S.15 Apart from these reports above, little
has been written about the CdS gas sensors.

As an important application of semiconductor materials,
PDs or optical switches are critical for applications in imaging
techniques and light-wave communications, as well as future
memory storage and optoelectronic circuits.7 Due to the direct
band gap and high sensitivity, CdS is the most promising
material for detecting visible radiation and has recently come to
the forefront.9,16 In the past, relatively slow response speeds of
CdS bulk single crystals and lms (>tens of milliseconds) have
kept CdS far from the practical demands.17 Compared with CdS
bulk phases or lms, 1D CdS NWs have potential charge
transport benets because of the ability to conduct charges
efficiently along the length of the wire and oen show better
photoelectrical performance.18 Therefore, some 1D CdS nano-
structures were used in PD and showed good photoelectrical
properties. For example, Lee et al. obtained CdS nanoribbons by
a chemical vapor deposition (CVD) method and latterly fabri-
cated individual CdS nanoribbon-based visible-light PDs with
high photosensitivity and high photoresponse speed in 2006.19

Liang Li et al. constructed individual CdS nanobelt (NB)
photoconductive devices with fast speed and high quantum
efficiency in 2010. The single-crystalline CdS NBs were
RSC Adv., 2014, 4, 61691–61697 | 61691
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synthesized by an improved vapor–liquid–solid (VLS) process.9

To date, several kinds of synthetic techniques have been used to
prepare 1D CdS nanomaterials which were used in visible-light
detection, such as thermal evaporation,17,20,21 CVD,19 VLS,9

physical vapor deposition (PVD)9 and so on. But up to now, PDs
based on randomly oriented NW networks always had slow
response and discovery speed to illumination compared with
those based on a single NW. Therefore, it remains a challenge to
develop a convenient and low-cost method to produce CdS NW
PDs with fast speed.

In this experiment, gas sensing and optical properties of
single-crystalline CdS NWs prepared by a solvothermal method
were studied. The CdS NWs-based gas sensor shows high
sensitivity, ultra-fast response (0.4 s) and recovery time (0.2 s),
and high selectivity when used to detect ethanol. For the visible-
light detector based on CdS NWs, the fabrication process of
devices affords the advantages of high efficiency, low-cost and
easy mass production. The photo-to-dark conductance ratio of
the CdS detector was more than 2 orders of magnitude under
460 nm light irradiation at 4 V bias. The obtained device shows
ultra-fast response (750 ms) upon illumination, which is much
quicker than the vast majority of reported 1D CdS devices. The
decay speed (3.77 ms) is the fastest in the reported PDs based on
randomly oriented CdS NW networks.
Experimental section
Preparation and characterization of CdS NWs

All of the reactants were analytical pure and used without
further purication. Uniform CdS NWs were prepared through
a simple solvothermal method. In a typical procedure, 1.9 g of
cadmium nitrate and 1.4 g of thiourea were added into a Teon
stainless steel autoclave of 50 mL capacity which had been lled
with ethylenediamine to 60% of the total volume. Aer that, the
autoclave was maintained at 180 �C for 48 h and then air-cooled
to room temperature. Lastly, the solid precipitate was ltered
and washed several times with absolute ethanol and distilled
water in order to remove residual impurities. The yellow
product was dried at 70 �C in air.

The crystal structures of the products were determined by
the X-ray diffraction (XRD) method based on a Shimadzu XRD-
6000 diffractometer at room temperature. The morphology and
the microstructure of the products were analyzed by a eld-
emission scanning electron microscope (SEM, XL 30 ESEM
FEG). A Tecnai G220S-Twin transmission electron microscope
(TEM) was used to observe the morphology of the sample and
conduct the energy dispersive X-ray (EDX) analysis. Photo-
luminescence (PL) measurements were carried out with a He–
Cd laser (325 nm, 18 mW). Time-resolved PL studies were per-
formed with the time-correlated single-photon counting
(TCSPC) system under right-angle sample geometry. A 405 nm
picosecond diode laser (Edinburgh Instruments EPL375, repe-
tition rate 2 MHz) was used to excite the samples. The uores-
cence was collected by a photomultiplier tube connected to a
TCSPC board. All measurements were performed at room
temperature.
61692 | RSC Adv., 2014, 4, 61691–61697
Gas sensor fabrication and measurement

To produce the gas sensor, some CdS NWs were mixed with a
suitable amount of water aer sonication to form a yellow paste.
The paste was coated onto a ceramic tube with a pair of Au
electrodes attached for resistance measurements. Fig. S1 in the
ESI† shows the schematic structure of the CdS NWs gas sensor.
Aer being welded on the pedestal, the gas sensors were aged
for 72 h at the work temperature of 120 �C.

The gas sensing properties of the gas sensor were measured
by a CGS-8 (Chemical gas sensor-8) intelligent gas sensing
analysis system (Beijing Elite Tech Co., Ltd., China). In the gas
sensing experiments, the low concentration ethanol gas is
prepared by two steps, which is explained in the ESI.† The
sensitivity value (S) of the sensor was dened as S¼ Ra/Rg, where
Ra is the device resistance in air and Rg is its resistance in the
presence of a test gas. The response speed was measured as
follows: rstly, the sensor was put into the test bottle with a
certain concentration of target gas; secondly, the sensor was
taken out to recover in air when the sensitivity reached a
constant value. The time taken to achieve 90% of the total
sensitivity change was dened as the response time sres in the
case of response (target gas adsorption) or the recovery time srec
in the case of recovery (target gas desorption).
Visible-light detector fabrication and measurement

The preparation process of the PD is illustrated in Fig. S2 in the
ESI.† Firstly, the planar-interdigitated Au electrodes were
deposited on the quartz substrate by a magnetron sputtering
method aer a standard photolithography process. Both the
nger width and the separation distance between the electrodes
were 30 mm, and the total active area A was 0.886 mm2.
Secondly, some CdS NWs were dispersed in a suitable amount
of water to form a yellow suspending liquid through sonication.
Finally, a few drops of the resulting suspensions were dropped
onto the Au electrodes and a CdS NWs-based PD was obtained
aer the water evaporated. The surface of the substrate is very
smooth and water evaporates easily, so the contact between CdS
NWs and Au electrodes is good.

The current–voltage (I–V) characteristics and the responsivity
of the PD were measured by the Keithley 2601 Source Meter
together with a power meter. The monochromatic light was
obtained using a 30 W deuterium lamp and a monochromator.
The responsivity is calculated by: R¼ Iph/AE. Here, the R, Iph and
E are the responsivity, the photon induced current and the
irradiance of the light, respectively.
Results and discussion
Composition and morphology of CdS NWs

Fig. 1a and b show the typical SEM image and the magnied
SEM image of the CdS NWs with clean and smooth surfaces.
The diameters and lengths of NWs are in the range of 30–110
nm and several micrometers, respectively, while each NW is
uniform in width and thickness along its length direction. XRD
analysis was performed to investigate the crystalline phase of
the CdS NWs product and its crystallographic orientation. It is
This journal is © The Royal Society of Chemistry 2014
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Fig. 1 (a) SEM image and (b) magnified SEM image of the as-synthe-
sized CdS NWs product. (c) XRD pattern of CdS NWs. (d) EDS result of
CdS NWs.
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clearly seen in Fig. 1c that the diffraction peaks of the product
are consistent with the peaks of the hexagonal wurtzite CdS in
the JCPDS Card (no. 65-3414), with lattice constants of a¼ 4.132
Å and c ¼ 6.734 Å.22 This indicates that the space group of
hexagonal CdS in the pure wurtzite form belongs to P63mc. No
other crystalline impurities are detected. The EDX result in
Fig. 1d was acquired from one area of the as-grown CdS NWs. In
addition to C and Cu peaks from a TEM Cu grid, only Cd and S
peaks were recorded in the spectrum, showing that the CdS
NWs were chemically pure.

Fig. 2a displays the TEM image of CdS NWs. The detailed
microstructure of the sample (spot A) was further characterized
by the TEM image at high magnication in Fig. 2b. It is noted
that the measured interplanar distance (0.67 nm) for the NW
lattice corresponds to the (001) lattice spacing of the hexagonal
CdS crystal, which has a direction parallel to the long axis of the
NWs.6 The corresponding selected-area electron diffraction
(SAED) pattern (inset) further indicates that the CdS NWs are
hexagonal single-crystalline.19

Gas sensor performance and sensing mechanism

The gas sensing properties of the as-prepared CdS NWs for the
detection of ethanol were investigated. In order to determine
the optimum operating temperature, the sensitivity of the CdS
Fig. 2 (a) TEM image of the as-synthesized CdS NWs. (b) HRTEM
image of a CdS NW, the corresponding SAED pattern is shown in the
inset.

This journal is © The Royal Society of Chemistry 2014
NW-based gas sensors to 100 ppm ethanol gas in air were tested
as a function of operating temperature (Fig. S3†). The device
exhibits the highest sensitivity value towards ethanol of about
14.9 at 206 �C, which was determined to be the optimum
operating temperature and all other gas sensing tests of the as-
prepared CdS NWs were conducted at this temperature.

Fig. 3a shows the sensitivity of the sensor as a function of
ethanol gas concentration at 206 �C. In the inset, it can be found
that the sensitivity increases linearly with the ethanol concen-
tration from 2 to 100 ppm, which makes such devices very
practical. Fig. 3b shows the response–recovery curves of the gas
sensor towards 20, 50, 100 and 200 ppm ethanol, respectively.
The sensitivity values of the sensor underwent a drastic increase
when exposed to ethanol and then dropped to its initial values
aer the sensor was exposed to air. The representative dynamic
gas response of the gas sensor to ethanol is shown in Fig. 3c. For
100 ppm ethanol, the response time sres and recovery time srec
of the gas sensor based on the CdS NWs are found to be as short
as 0.4 s and 0.2 s, respectively, which were the fastest values
reported to our best knowledge (Table 1). The selectivity of
sensors is very important for their practical applications. It
ensures that the sensors can exactly detect the targeted mole-
cules. Thus the sensitivities of the single-crystalline CdS NW-
based gas sensor to 100 ppm of various gases, such as ethanol
(CH3CH2OH), methanol (CH3OH), acetone (C3H6O), formalde-
hyde (HCHO), hydrogen sulde (H2S), ammonia (NH3), benzene
(C6H6) and carbon monoxide (CO) were measured under the
same conditions. As shown in Fig. 3d, the sensor exhibits an
obvious response for ethanol and lesser effects for other volatile
gases, demonstrating that our sensor exhibits high sensing
selectivity for ethanol. The above results reveal that the single-
Fig. 3 (a) Sensitivity of the gas sensors at an operating temperature of
206 �C vs. ethanol concentration. The inset shows a linear depen-
dence of the sensitivity on the ethanol concentration in the range 2–
100 ppm; (b) response–recovery curves of the gas sensor towards 20,
50, 100 and 200 ppm ethanol, respectively; (c) dynamic gas response
of the gas sensor to ethanol at 100 ppm; (d) sensing sensitivity of the
gas sensors to different gases with a concentration of 100 ppm at an
operating temperature of 206 �C.

RSC Adv., 2014, 4, 61691–61697 | 61693
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Table 1 Comparison of the reported ethanol gas sensors

Material Work temperature Response time Recovery time Ethanol concentration Response (Ra/Rg) Reference

CdIn2O4 nanoparticle 260 �C 6 s 30 s 1000 ppm 150 37
CdO lm 400 �C 19 s 103 s 1000 ppm 1.28 38
Flower-like a-Fe2O3 nanostructure 280 �C 1 s 0.5 s 100 ppm 37.9 39
Flower-like SnO2 nanostructure 240 �C 2 s 15 s 100 ppm 42.6 40
Pt@SnO2 nanorods 300 �C 2 s 20 s 100 ppm 30.1 24
Au@SnO2 core–shell structures 300 �C 3 s — 100 ppm 76.9 2
ZnSnO3 nanorods 250 �C 5 s 15 s 500 ppm 109 41
Au/ZnO nanoplates 300 �C 13 s — 5 ppm — 42
ZnO nanoplates 135 s — —
Au/ZnO nanostructures 300 �C 10 s — 50 ppm 8.9 11 and 43
CdS NWs 206 �C 0.4 s 0.2 s 100 ppm 14.9 In this work
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crystalline CdS NWs have promising applications in detecting
ethanol vapor.

The gas sensing mechanism of the CdS NWs is explained as
the space–charge region model, which mainly involves gas
adsorption, charge transfer and desorption processes. Once the
sensor is exposed to air at a high temperature, oxygenmolecules
can extract the electrons from the conduction band of CdS and
form ionized oxygen species (O2

�, O�, O2�), leading to a narrow
conduction channel. Then, the CdS NW shows a high resistance
state in air due to the formation of a space–charge region. O� is
believed to be dominant at the operating temperature around
200 �C.23 When reductive ethanol gas molecules approach the
CdS NWs surfaces, they will react with the adsorbed oxygen
species and release the trapped electrons back into the NWs.
Therefore, the conduction channel becomes wider, increasing
the conductivity of the CdS NWs eventually:24

C2H5OH(gas) / C2H5OH(ad) (1)

C2H5OH(ad) + 6O�(ad) / 2CO2 + 3H2O + 6e� (2)

There are several reasons for the better gas-sensing perfor-
mance of the present CdS nanowire-based device: (1) compared
with 0D nanoparticles and thin lms, structures of 1D CdS
nanowires with the larger surface-to-volume ratios and length-
to-diameter ratios could be used as an important factor to
explain the fast response performance.25,26 1D sensing archi-
tectures provide unparalleled advantages in terms of facilitating
fast mass transfer of the gas molecules to and from the inter-
action region. What’s more, they require charge carriers to
traverse any barriers introduced by molecular recognition
events along the entire wire.27 Therefore, the 1D architecture of
CdS nanowires are considered to contribute to the extremely
rapid response and recovery behavior of sensors. (2) In poly-
crystalline states, the carriers must overcome the many barriers
created at the inter-grain contacts by thermionic emission in
order to move from one grain to the other, which reduces the
mobility of conduction electrons. While in a single crystalline
state, the current ows parallel to the surface without over-
coming many grain barriers.28,29 In our work, the CdS nanowire
is single crystalline, there are few grain boundaries in the
nanowire, which is advantageous for the quick transfer of
61694 | RSC Adv., 2014, 4, 61691–61697
electrons in the sensing materials and benets the fast
response. (3) Compared with O element, the electronegativity of
S element is weaker. Thus, it is easier for oxygen molecules
adsorbed on the CdS surface to react with reactive chemical
species S2� in CdS than reactive O2� in a metal oxide to form
ionized oxygen species (O2

�, O�, O2�). Therefore, the activation
energy for the transformation of oxygen molecules to ionized
oxygen on the CdS surface is lower than that needed on the
metal oxide surface. Thus, more ionized oxygen species are
formed on the CdS surface. As we know that ionized oxygen
species are the bases of the gas sensing reaction, the CdS NWs
sensor may need a lower working temperature than traditional
metal oxide based devices.

The better sensitivity for ethanol than methanol is consid-
ered to be caused by the different optimum working tempera-
tures of the sensor to the two gases. According to previous
reports, the sensor shows selectivity at different operating
temperatures due to the distinction of the orbital energy of the
VOCs molecule.30 The energy needed for the gas sensing reac-
tion will reduce when the value of the LUMO energy is lower. As
the value of the LUMO energy for ethanol (0.12572 eV) is
reported to be lower than that of methanol (0.19728 eV), the
possibility of electron transfer between the ethanol molecules
and surface of CdS NWs will be larger.25,30 Therefore, the CdS
sensor showed higher sensitivity to ethanol than methanol.

PD performance and device mechanism

As shown in Fig. 4a, a PL spectrum for the CdS NWs was taken at
room temperature. The strong and sharp peak at 505 nm
demonstrated in the PL spectrum is consistent with room-
temperature band-edge emission from CdS,31 whereas the
weak and broad emission band around 640 nm can be due to
the luminescence of surface defects.10,32 The signal intensity
around 640 nm is much lower than that at 505 nm, indicating
that the number of defects on the NW surface is quite small.
Fig. 4b shows the results of photocurrent measurements per-
formed on CdS NWs device in the dark and under the illumi-
nation of 460 nm visible light, respectively. The I–V curve shapes
are consistent with the formation of back-to-back M–S diodes
due to the Schottky barrier between the Au electrodes and the
CdS NWs.33 At�4 V bias, the dark current is only 400 pA (shown
in the upper le corner of Fig. 4b) while the photocurrent can
This journal is © The Royal Society of Chemistry 2014
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Fig. 4 (a) Room-temperature photoluminescence spectra of CdS NWs. The PL excitation wavelength was 325 nm. (b) I–V curves of the CdS-
NWs PD in the dark conditions and under 460 nm light illumination, respectively. The inset in the upper left corner shows the I–V curve in the
dark, while the insets in the lower right corner show the image of the CdS-NWs device (left) and the schematic diagram of the device
configuration (right). (c) The photoresponse of the PD for different wavelengths. (d) Reproducible on–off switching of the device upon the pulsed
incidence light created by a mechanical chopper. (e) Photovoltage vs. time plots under light irradiation (a power of 2.8 mW cm�2). (f) Corre-
sponding temporal decay of the normalized photoluminescence signal.
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reach 70 nA under illumination (l ¼ 460 nm, 1.57 mW cm�2).
The ratio of photocurrent-to-dark reaches 2 orders of magni-
tude, and the low room temperature dark current is strongly
desirable for its practical application. The inset in the lower
right corner of Fig. 4b shows an image of the CdS-NWs device
(le) and the corresponding schematic diagram of a device
conguration (right). In the PD, the gaps between the Au elec-
trodes are bridged by CdS wires.

Fig. 4c displays the spectroscopic photoresponse of the
sensor at different bias (3 V, 4 V, 5 V) when illuminated by
different light from 300 nm to 600 nm. It can be found that the
responsivity of device will get higher with the increasing of bias
voltage. The low response to 520 nm light and the high response
to the green light of 490 nm suggest that this device is indeed
highly green light-sensitive. Similar to already reported devices,
it is seen that 510 nm is the cut-off wavelength and sensitivity
shows a steep decline in the long wavelength direction, indi-
cating that the electron–hole pairs excited by light with energy
larger than the band-gap of CdS should account for the
photocurrent.34

The rise and decay time of a PD are key parameters which
determine the capability of a device to follow a fast-varying
optical signal.35 We recorded the response characteristics of
the device using a modied test circuitry that involves a load
resistance. By measuring the voltage variation in the load
resistance, the results of the light variations are obtained.
Fig. 4d shows the excellent stability and repeatability of the
device under illumination (2.8 mW cm�2). It can be found that
when the light was turned on, the photovoltage rapidly
increased to a stable value, then drastically decreased to its
This journal is © The Royal Society of Chemistry 2014
initial level when the light turned off. By periodically turning
the light on and off, the photovoltage can be reproducibly
switched from the high state to the low state. No notable pho-
tovoltage degradation was observed, and the photovoltage
uctuations were very low, proving the high stability of the CdS
NWs-based detector. The rise and decay time are dened as the
time required for the voltage to increase from 10% to 90% of
Vmax and decrease from 90% to 10% of Vmax, respectively. From
Fig. 4e, it is known that the rise and decay times are 750 ms and
3.77 ms, respectively, which are much faster than most of the
reported 1D CdS based detectors. Particularly, the decay speed
is the fastest in the reported PDs based on randomly oriented
CdS NW networks. A detailed comparison of the most impor-
tant CdS nanostructure performances can be found in Table 2.
The above-mentioned results demonstrate that the present
method to fabricate ultrafast CdS NWs-based visible-light
detectors is facile and effective and can be commercialized.

Several unique characteristics of the device are believed to
contribute to the fast rise speed and the signicantly improved
decay speed as compared to previously reported CdS PDs: (1) the
short lifetime of photo-generated carriers in CdS NWs is bene-
cial for the fast decay speed. In Fig. 4f, a sharp nonlinear decay
as short as �80 ps in the PL of CdS NWs is demonstrated
immediately aer the laser pulse, indicating that the carriers
recombined quickly aer being generated by light irradiation. It
should be known that defects in active materials and surface
states inuence the recombination rate of carriers.35,36 In our
device, the superior crystal quality of nanostructures could
benet a high decay speed because the single crystalline CdS
NWs should have fewer numbers of defects than polycrystalline
RSC Adv., 2014, 4, 61691–61697 | 61695
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Table 2 Comparison of the most important CdS nanostructure visible-light PD parameters between this work and the previous reports

Material Method Rise time Decay time Reference

Single CdS nanobelt Thermal evaporation 91 ms 864 ms 17
Single CdS nanoribbon Thermal evaporation 551 ms 1.093 ms 20
Single CdS nanoribbon Chemical vapor

deposition
746 ms 794 ms 19

CdS nanobelts Thermal evaporation 1 s 3 s 44
Cl-doped CdS NWs Thermal co-evaporation <1 s <1 s 21
CdS NWs PVD process — 320 ms (white light) 45

57 ms (254 nm)
380 ms (365 nm)

CdS NWs Vapor–liquid–solid 0.8 ms 240 ms 35
CdS NWs Solvothermal method 750 ms 3.77 ms In this work
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materials. What’s more, the introduction of surface states
induced by depositing device electrodes onto the sensing
materials in traditional manufacturing processes is avoided.
Thus the short lifetimes of photo-generated carriers were
obtained. (2) The reduced recombination barriers in CdS
nanostructures were benecial to the rise and decay speed. It
has been demonstrated that the recombination barrier height
in GaN NWs decreases when the wire diameter is smaller than a
critical value (100 nm for GaN NWs).19 In our CdS NWs, the
diameters of which were in the range of 30–110 nm, recombi-
nation barrier height could be small. (3) The strong electrical
eld built by the high-quality Schottky contact between Au
electrodes and CdS NWs is desired to facilitate exciton disso-
ciation and leads to the fast response speed.34
Conclusions

In summary, high-quality single-crystalline CdS NWs were
prepared by a solvothermal route and were successfully used to
fabricate a gas sensor for the rst time. The gas sensor exhibited
high sensitivity, relatively low working temperature, good
selectivity, fast response (0.4 s) and recovery speeds (0.2 s)
toward ethanol. The optical properties of CdS NWs were also
investigated. The photo-to-dark conductance ratio of the cor-
responding detector was more than 102 under 460 nm light
irradiation. The short rise and decay times of CdS NWs under
light illumination are 750 ms and 3.77 ms, respectively, which
are very important for CdS NWs used in the eld of optoelec-
tronics and other elds. Our results implied that the excellent
gas sensing and optical properties make the single-crystalline
CdS NWs synthesized by a solvothermal method a good candi-
date for gas sensors and visible-light detectors with high-
performance.
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