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CdS/ZnO Core/Shell Nanowire-Built Films for Enhanced
Photodetecting and Optoelectronic Gas-Sensing

Applications

Zheng Yang, Linjuan Guo, Baiyi Zu,* Yanan Guo, Tao Xu, and Xincun Dou*

Uniform CdS/ZnO core/shell nanowires are hydrothermally synthesized
using a two-step process and assembled into a photodetector and a NO,
optoelectronic sensor for the first time. The corresponding photodetector
exhibits a fast, reversible, and stable optoelectronic response with a rise
time of ~26 ms, a decay time of ~2.1 ms and a stability of over 5 months.
The remarkable photosensitivity and fast photoresponse are attributed to
the formation of a heterojunction structure between CdS and ZnO, which
greatly inhibits the recombination of photoinduced electrons and holes. The
CdS/ZnO core/shell nanowires also show an excellent visible-light-activated
gas sensing performance towards ppb-level NO, at room temperature. The
responses range from 6.7% to 337% toward NO, concentrations of 5 to
1000 ppb. It is found that the sensitivity of the NO, sensor is dependent on
the illuminated light intensity with a maximum value at 0.68 mW/cm?. The
sensing mechanisms of the CdS/ZnO nanowires under visible-light irradia-
tion and the influence of light intensity are also discussed. The present CdS/
ZnO core/shell nanowire not only benefits the fabrication of efficient photo-

studied over recent years due to their great
potential in improving semiconductor-
based device technologies,'=3 including
nanowire or nanorod-based lasers,**! pho-
todetectors, ) solar cells,'*!!l and gas
sensors.'2"1 Core/shell nanowires that
consist of two components with distinct
functionality are ideal building blocks for
nanoscale photodetectors and gas sensors
since they have large surface-to-volume
ratio, stable chemical and physical proper-
ties.'>"18 For photodetectors, the usually
high electron-hole recombination rates can
be greatly suppressed by the introduction
of a core/shell nanowire structure,!!>20
resulting in an enhanced photocurrent.
For gas sensors, one-dimensional het-
erojunction structures can enrich more
versatile functions such as enhanced sen-
sitivity,'3 lower operating temperaturel?!]
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detectors, but also makes the instant, optically controlled sensing of ppb-level

NO, gas possible.

1. Introduction

One-dimensional heterojunction nanostructures consisting
of two important functional materials have been extensively
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and Dbetter selectivity?”l compared with
single material.

CdS is an important II-VI com-
pound semiconductor with a bandgap
of ~2.4 eV and it has excellent optoelec-
tronic properties in the visible-light region.?>-261 A variety of
one-dimensional CdS nanostructures have been synthesized
and fabricated into photodetectors with excellent performance
in the visible-light region, such as large photocurrent to dark
current ratio, short rise time and decay time.[?’~2°l Previously,
it was proved that the photocurrent to dark current ratio of
a CdS-based photodetector can be further enhanced through
the formation of hetrojunctions.?%3! As a result, it is consid-
ered that the construction of a continuous thin shell layer,
whose band structure can facilitate efficient electron transfer
from the CdS core to the shell, and subsequently sorting out
electrons to preferentially transport in the shell layer and
holes to transport in the core layer would be of great interest
to develop highly efficient CdS-based photodetectors. ZnO,
whose conduction band and valence band are 0.2 and 0.8 eV
lower than those of CdS respectively,3?l can meet the require-
ments to construct a high performance CdS based photode-
tector. Furthermore, nanostructured ZnO, which is also an
optoelectronic material,>3334 is widely used as the sensing
material to fabricate NO, gas sensors due to its outstanding
sensing properties.?>*% A core/shell nanowire structure with
core and shell respectively functionalizes as the photodetecting
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element and the gas sensing element will fascinate a unique
gas sensor and shine light on optoelectronic gas sensing. As
a result, the fabrication of CdS/ZnO core/shell nanowires can
be a good choice to build photodetectors and the resulting NO,
gas sensor would be of great importance to optoelectronically
sense ppb-level NO, gas. Furthermore, the instant, optically-
controlled sensing can be realized because the CdS/ZnO core/
shell nanowires can combine both the advantages of photode-
tectors and gas sensors. However, there is no report on core/
shell nanowires which simultaneously functionalize as a pho-
todetector and an optoelectronic gas sensor.

Herein, CdS/ZnO core/shell nanowires were synthe-
sized for the first time and were fabricated into a photode-
tector and a visible-light-activated NO, sensor. There are
three crucial factors in this design to be highlighted. First,
the formation of the core/shell heterojunction structure
improves the photoinduced charge separation and thus leads
to a great enhancement of the photocurrent compared to
bare CdS nanowires. Second, the photoelectrons transferred
from CdS core to the ZnO shell can promote the interaction
between ZnO and NO,, resulting in a remarkable enhance-
ment of the room temperature NO, sensing properties
activated by the visible-light illumination. Third, the thin
thickness of the ZnO shell layer (<3 nm) brings NO, to the
proximity of the CdS/ZnO interface. We show that the corre-
sponding photodetector exhibits a fast, reversible, and stable
optoelectronic response and the resulting NO, sensor makes
the instant, optically-controlled sensing of ppb-level NO, gas
possible.
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2. Results and Discussion

2.1. Morphology Characterization of CdS/ZnO
Core/Shell Nanowires

CdS/ZnO core/shell nanowires were synthesized using a two-step
hydrothermal process. Firstly, uniform CdS nanowires were grown
through a hydrothermal method from a reported method.*¥ ZnO
shell layer was then grown by the hydrothermal method and the
shell thickness can be controlled through adjusting the concen-
tration of precursors and the reaction temperature. X-ray dif-
fraction (XRD) analysis was performed to investigate the crystal
phase of CdS/ZnO core/shell nanowires (Figure 1a). It can be
seen that for the CdS/ZnO core/shell nanowires, all the diffrac-
tion peaks can be well indexed as a mixture of hexagonal wurtzite
CdS (JCPDS, 41-1049) and hexagonal wurtzite ZnO (JCPDS,
79-2205). The morphology of the CdS/ZnO core/shell nanowires
was investigated by field emission scanning electron microscopy
(FESEM) and high resolution transmission electron microscopy
(HRTEM). Figure 1b shows the FESEM image of the CdS/ZnO
core/shell nanowires, in which one can see that most of the CdS/
ZnO core/shell nanowires have a diameter of 20-60 nm and
length of several micrometers. To confirm the formation of the
core/shell structure, HRTEM observation from the edge of an
individual CdS nanowire and the interface of a CdS/ZnO core/
shell nanowire was carried out, as shown in Figure 1c and d.
From the comparison, one can see that the core part is the CdS
nanowire and grows along the [001] direction, and the shell part is
ZnO layer with an average thickness of 2~3 nm. It is considered

Figure 1. (a) XRD pattern, (b) FESEM image of the CdS/ZnO core/shell nanowires, HRTEM image of the edge of (c) a CdS nanowire and (d) a CdS/

ZnO core/shell nanowire.
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that in the second hydrothermal reaction process, the zinc ions
adsorbed on the surface of CdS nanowires are hydrolyzed with the
help of hexamine, leading to the formation of Zn(OH),. Zn(OH),
dehydrates into ZnO seeds under high temperature and pressure.
With the growth time continuing, the ZnO shell layer forms.*!
It is expected that the present CdS/ZnO core/shell nanowires
should show good photoresponse and gas sensing properties due
to the desired heterojunction structure.

2.2. Photodetector Properties

The CdS/ZnO core/shell nanowires are constructed into a pho-
todetector, as shown in Figure 2a, which shows the schematic
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diagram of the device for the optoelectronic properties evalua-
tion. The SEM image of the brushed film is shown in Figure S1.
The thickness of the film is confirmed to be 10 pum by SEM cross
section observation. The current-voltage (I-V) characteristics
of the photodetector, which were measured in dark condition
and illuminated with 367 or 468 nm light (0.68 mW/cm?) were
shown in Figure 2b. Upon 468 nm light illumination, the cur-
rent across the nanowire dramatically increases from 0 to 158
nA at an applied voltage of 4.0 V. The current further increases
to 183 nA upon 367 nm light illumination at an applied
voltage of 4.0 V. The increase of the photocurrent is ascribed
to the effective separation of the photogenerated electron-
hole pairs under illumination of which the energy of photons
is larger than the band gap of either CdS or ZnO. Under 468

Figure 2. (a) Schematic diagram of a photodetector constructed from CdS/ZnO core/shell nanowires. (b) I-V characteristics of CdS/ZnO core/shell
nanowire-based photodetector in dark condition and illuminated with 367 nm (0.68 mW/cm?), 468 nm monochromatic light (0.68 mW/cm?). (c) Pho-
tosensitivity calculated according to the -V characteristics of the photodetector illuminated at 367 and 468 nm shown in Figure 2b. (d) Time-dependent
photoresponse of the CdS/ZnO core/shell nanowire photodetector and a CdS nanowire photodetector measured by periodically turning on and off a
468 nm light (0.68 mW/cm?) at a bias of 4 V. (e) Time-dependent photoresponse of a CdS/ZnO core/shell nanowire-based photodetector from light
on (760-790 ms) to light off (27602768 ms) under 468 nm light (0.68 m\W/cm?) at a bias of 4 V. (f) Schematic diagram of the energy band structure,
charge separation, transfer and transport in CdS/ZnO core/shell nanowires under 468 nm light illumination.
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nm light, only CdS core nanowire can be excited. While under
367 nm light, both CdS core nanowire and ZnO shell layer will
generate photoinduced electrons. Figure 2c shows photosen-
sitivity calculated according to the [~V characteristics of the
photodetector illuminated at 367 and 468 nm light shown in
Figure 2b. At an applied bias of 4 V, the photosensitivities are
1.1 and 1.3 mA/W under 468 and 367 nm light illumination
(0.68 mW/cm?). Figure 2d shows the periodic photocurrent
response of the CdS/ZnO core/shell nanowires and bare CdS
nanowires under 468 nm light illumination (0.68 mW/cm?)
at room temperature and at an applied bias of 4 V. The light
on and light off time are 10 s, respectively. For CdS/ZnO core/
shell nanowires constructed photodetector, the photocurrent
increases quickly from about zero (dark current) to 143 nA
once light is on. The maximum photocurrent of each cycle
is nearly the same and it almost unchanged once light is on,
indicating a rather stable and reversible photoresponse. The
photocurrent of CdS/ZnO core/shell nanowires-based pho-
todetector is about 28 times larger than that of the pure CdS
nanowires-based photodetector at a bias of 4 V. It should be
noted that this dramatic improvement in photocurrent indi-
cates that the recombination of photogenerated electrons was
effectively inhibited due to the formation of the core/shell het-
erojunction structure. It is found that the photoresponse of
the CdS/ZnO core/shell nanowire constructed photodetector
can be optimized by changing the film thickness and 10 pm
is found to be the most appropriate thickness (Figure S2). A
closer examination of time responses (Figure 2e) shows that
the fast photocurrent on-off process is consisted of photocur-
rent plateau and can be characterized by rise time (~26 ms)
and decay time (~2.1 ms). The dark current is confirmed to
be around 8.2 pA, as shown in Figure S3a. The decay time is
always shorter than the rise time under different intensities of
light illumination (Figure S3b-d). The shorter decay time was
related to a fact that once the light was turned off, the number
of photogenerated electrons and holes in the interface region
decreased quickly. Compared to the CdS nanowire-based pho-
todetector in Figure 2d and other CdS nanostructure-based
photodetectors (listed in Table S1),(232>2742 the present CdS/
ZnO core/shell nanowire-based photodetector shows a supe-
rior photocurrent to dark current ratio since the dark current
is zero evaluated by our measuremental setup. Compared to
the ZnO nanostructure or hybrid-based photodetectors,*3-#¢]
the present CdS/ZnO core/shell nanowire-based photode-
tector shows not only a remarkable photocurrent to dark cur-
rent ratio, but also a much shorter rise time and decay time.
It is also found that the photoresponse of the present CdS/
ZnO core/shell nanowire-based photodetector is much better
than that of the CdS and ZnO nanowire (SEM image shown
in Figure S4) mixture constructed photodetector (Figure S5),
indicating the superiority of the core/shell structure in photo-
detecting application. The shell thickness also influences the
photoresponse and a thick shell (~10 nm, SEM image shown
in Figure S6) would lead to a decrease of the photocurrent to
dark current ratio (Figure S7).

As schematically shown in Figure 2f, when the CdS/ZnO
core/shell nanowires are under the illumination of visible-
light, photogenerated electrons are injected from the conduc-
tion band of CdS into the conduction band of ZnO, leading to
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a high density of electrons in the conduction band of ZnO.!!
The holes transport along CdS nanowires, while the electrons
move along ZnO shell. As a result, the heterojunction struc-
ture between CdS and ZnO can retard the recombination prob-
ability of excess carriers and prolong lifetime of the photogen-
erated excess carriers, leading to a remarkable photocurrent
improvement.

2.3. Optoelectronic Gas Sensor Properties

To evaluate the NO, sensing performance of the CdS/ZnO
core/shell nanowires constructed optoelectronic sensor, inde-
pendent resistance change measurements are carried out at 8
different concentrations of NO, ranging from 5 ppb to 1 ppm.
Figure 3a shows the responses of a CdS/ZnO core/shell
nanowires—based optoelectronic gas sensor upon exposure to
8 different concentrations of NO, gas under 468 nm light illu-
mination (0.68 mW/cm?) at room temperature and at a bias of
4.5 V. The thickness of the film is 10 pm. The relative sensor
response in resistance is defined as Equation (1),

Response = (R, — R, ) / R, X 100% 1)

where R, and R, are the electrical resistances of the sensors
in NO, gas or in air measured under the same light intensity,
respectively. One can see that the sensor resistance increases
quickly once NO, gas is introduced and the response gradu-
ally saturates. Upon purging with air, the sensor resistance
decreases to the intial value due to the desorption of NO, mol-
ecules from the surface of ZnO shell, which leads to the release
of the attracted photogenerated electrons by NO, molecules.
The CdS/ZnO core/shell nanowires-based gas sensor shows
responses ranging from 6.7% to 337% by varying the NO, con-
centration from 5 ppb to 1 ppm. The detection limit of the pre-
sent sensor is measured to be 5 ppb.

Figure 3b plots the responses of CdS/ZnO core/shell nanow-
ires-based optoelectronic gas sensor as a function of NO, con-
centrations. The data points can be well fitted with Langmuir
isotherm adsorption, as shown in Equation (2),

Response = 446.43 /(1+326.93/C) 2)

where C represents concentration of NO,. It can also be fur-
ther confirmed by the linear fitting of Response™ versus C!,
as shown in the inset of Figure 3b. The results can be under-
stood as the surface coverage of adsorbed NO, molecules
follows Langmuir isotherm adsorption.*”] At lower concen-
trations, the NO, sensor exhibits an approximate linear rela-
tion between the sensor response and the NO, concentration
because the surface adsorption sites are not saturated. At
higher concentrations, the surface coverage tends to saturate
and hence leads to the saturation response.*8! Figure 3c pre-
sents the response time and recovery time which are calculated
by 90% of the total time of the resistance change takes upon
different concentrations of NO,, as shown in Equation (3) and
Equation (4),

Responsetime = togo max — tinitial (3)
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Figure 3. (a) Plot of response versus time for a CdS/ZnO core/shell nanowire-based sensor upon exposure to NO, gas with concentrations ranging
from 5 to 1000 ppb at room temperature (under illumination of 468 nm monochromatic light, 0.68 mW/cm?). (b) Normalized response versus NO,
concentrations fitted using Langmuir isotherm adsorption. Inset: 1/Response versus 1/C with linear line fitting. (c) Response time and recovery time
calculated by 90% of the total time of the resistance change upon different concentrations of NO,. (d) Response changes of a sensor during 3 succes-
sive cycles of exposure to 100 ppb NO,. (e) Time dependent photoresponse in air or in NO, with a concentration of 50, 100, 200 ppb by periodically
tuning on and off a 468 nm monochromatic light (0.68 mW/cm?). (f) Light enhanced NO, sensing mechanisms in CdS/ZnO core/shell nanowires-

based optoelectronic NO, gas sensor.

Recovery time = t10% max — tmax 4)
where togo; may 1S the time point when resistance reached 90%
of the maxium value after NO, is introduced, tipia is the time
point when the NO, gas is introduced, t,,, is the time point
when the resistance in NO, reaches the maxium value, t09 max
is the time point when resistance reached 10% of the maximum
value after air is purged.*”) The response time keeps in the
range of 27-40 s, while the recovery time increases from 53 s to
227 s with the increase of the NO, concentration. Compared to
some of the other recently explored hetrojunction-based room
temperature NO, gas sensors (listed in Table $2),[13°0-¢ our
CdS/ZnO core/shell nanowires-based optoelectronic NO, gas
sensor displays a greater than an order of magnitude faster
response time and recovery time than the reported values.
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Furthermore, the detection limit (5 ppb) of our NO, sensor is
much higher than the reported values. In order to confirm the
repeatability of the present optoelectronic NO, gas sensor, the
sensor was exposed to 100 ppb NO, for three successive cycles
(Figure 3d). The response of each cycle keeps nearly at the
same value and they all agree well with the fitting in Figure 3b,
indicating the excellent repeatability of our CdS/ZnO core/shell
nanowire-based optoelectronic NO, sensors. Time dependent
photoresponse of the sensor in air or in NO, was tested by
periodically tuning on and off a 468 nm monochromatic light
(0.68 mW/cm?), as shown in Figure 3e. It is clearly shown that
the sensor can work once light is illuminated and it is repeat-
able. The optoelectronic properties of the CdS/ZnO core/
shell nanowires make the instant, optically-controlled sensing
of NO, possible since the photoresponse is fast and it takes

Adv. Optical Mater. 2014, 2, 738-745
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Figure 4. (a) Room temperature response curve of the CdS/ZnO core/shell nanowires-based optoelectronic NO, gas sensor in air at a NO, concentra-
tion of 100 ppb when the light intensity varies from 0.11 mW/cm? to 1.13 mW/cm?. (b) Light intensity dependent resistance in air (R,) and in 100 ppb
NO, (R,) at room temperature. (c) The corresponding response plot in air versus light intensity at room temperature. (d) The response plot in nitrogen

versus light intensity at room temperature.

only tens of milliseconds for the photocurrent to be stable and
always be the same level. A sensor with larger film thickness
(Figure S8) or with thick shell (Figure S9) would lead to a
decrease in the sensor response to NO,. The sensor response
towards NO, of the CdS and ZnO nanowire mixture con-
structed sensor is even worse (Figure S10), indicating the
superiority of the core/shell structure in gas sensing
application.

Comparing with the pristine CdS nanowires, the remark-
able improvement in the response of the CdS/ZnO core/shell
nanowires to NO, under light illumination can be explained by
the modulation of photo-induced charge transfer at the CdS/
ZnO heterojunction. When a CdS/ZnO core/shell nanowire
is exposed to air and under visible-light illumination, ionic
species, such as O7, O>~ always form on the surface of ZnO
above 200 °C, while O, usually form beneath 200 °C due to
photoelectron transfer from ZnO to the adsorbed oxygen mol-
ecules,””! which leads to the formation of an electron-depletion
layer (comparable to the Dybe length of ZnO, ~30 nmP’! in
the surface region of the ZnO shell. As a result, this surface
electron-depletion layer of the ZnO shell overlaps the deple-
tion region in the vicinity of the core/shell interface since the
average thickness of the ZnO shell is less than 3 nm.

When a CdS/ZnO core/shell nanowire is exposed to NO,
and under visible-light illumination (schematically shown
in Figure 3f), the adsorbed NO, gas molecules (NO,(g)) will
capture photoelectrons directly from ZnO shell and form NO
specie according to Equation (5).1%8

Adv. Optical Mater. 2014, 2, 738-745
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NO, (g)+e —2NO+0; (ads) (5)

As a result, the surface electron-depletion layer expands and
results in the increase of the overall resistance when exposed to
NO, gas. Under light illumination, a high density of electrons
accumulates in the conduction band of ZnO due to the efficient
restraining of photogenerated electrons go back to CdS core.
Thus, more electrons in ZnO shell participate in the reaction
with NO, gas molecules and a remarkable improvement in the
gas sensing performance is achieved.

2.4. Influence of Light Intensity on Gas Sensing Properties

As an optoelectronic gas sensor, the influence of the light
intensity on gas sensing properties needs to be investigated.
Despite of some handful reports on the light enhanced gas
sensors, the influence of the light intensity on sensing per-
formance is not extensively studied.” Figure 4a shows the
dynamic responses of a CdS/ZnO core/shell nanowires-based
gas sensor to 100 ppb NO, gas at room temperature under
468 nm light illumination at different light intensities from
0.11 mW/cm? to 1.13 mW/cm?. It should be noted that the
sensor response in dark can not be evaluated due to the meas-
urement setup limit. As shown in Figure 4b, the resistance
in air (R,) or in NO, (R,) under light illumination tends to
saturate with the increase of light intensity. In other words,
the photocurrent tends to saturate with the increase of light
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intensity and would limit the quantity of photogenerated
electrons participate in the reaction with adsorbed NO,. The
response plot of the CdS/ZnO core/shell nanowires-based
NO, gas sensor versus the change of the light intensity is
shown in Figure 4c. It is obvious that the sensor response
firstly increases from 14.5% to 106% with the increase of
light intensity, and then decreases from 106% to 71.3%. The
light intensity value of 0.68 mW/cm? acts as a shift point. To
further confirm that the response change on light intensity
is induced by NO, rather than O,, the sensor is also tested
using nitrogen as the carrier gas, as shown in Figure S11.
The sensor response is shown in Figure 4d, in which one can
see that there is a similiar light intensity dependent response
change with the maximum response at 0.45 mW/cm?. The
sensor response plot in air versus light intensity at 50 °C
towards 50 ppb NO, also shows a shift point at 0.068 mW/cm?
(Figure S12). These results strongly emphasized that the
influence of light intensity on the sensor response is remark-
able. There is a best light intensity value to obtain the highest
sensor response, which is totally different from the previously
reported results.!*% The present observation makes the
sensor behavior be controllable by adjusting the illuminated
light intensity.

It is reported that ultraviolet light irradiation was used
during the recovery of the NO, gas sensor to reduce the des-
orption energy level of the NO, gas.®1-%%] Here, we assume that
the visible-light illumination in our work has the similar effect
since the wavelength of our light is 468 nm. With the increase
of light intensity, desorption becomes much more easily. There
is a balance between light enhanced gas sensing and light
induced gas desorption. As a result, one should pay special
attention to control the illuminated light intensity in order to
get an optimized sensing performance.

3. Conclusion

CdS/ZnO core/shell nanowires have been synthesized
using a two-step hydrothermal process. The CdS/ZnO core/
shell nanowires are constructed into a photodetector and
its resulting photocurrent is ~28 times greater than that of
the pure CdS nanowires-based photodetector at at the same
bias. The dramatic improvement in photocurrent indicates
the recombination of photogenerated electrons is effectively
inhibited due to the formation of the core/shell heterojunc-
tion structure. The rise time of the device is of ~26 ms and
the decay time is of ~2.1 ms. The responses ranged from 6.7%
to 337% toward NO, concentrations of 5 to 1000 ppb when
applied as a room temperature optoelectronic gas sensor. The
remarkable improvement in the gas sensing performance
under light illumination is attributed to the huge increase in
photoelectrons density in ZnO shell, thus the number of elec-
trons that participate in the reaction with NO, gas molecules
greatly increases. The sensitivity of the optoelectronic NO, was
dependent on the illuminated light intensity due to a balance
between light enhanced optoelectronic gas sensing and light
induced gas desorption. The present results will shine light
on both nanostructured photodetectors and optoelectronic
sensing of hazardous gases.

© 2014 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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4. Experimental Section

Synthesis of CdS/ZnO Core/Shell Nanowires: Cadmium nitrate,
thiourea, ethylenediamine, zinc acetate and hexamine are all analytical
grade and were bought from Sinopharm Chemical Reagent Co. Ltd.

CdS/ZnO core/shell nanowires were synthesized using a two-step
hydrothermal process. Firstly, uniform CdS nanowires were grown
through a hydrothermal method from a reported method.B% In brief,
cadmium nitrate (1.9 g) and thiourea (1.42 g) were added into a teflon
stainless steel autoclave that had been filled with ethylenediamine to
60% of its capacity (50 mL). The autoclave was maintained at 180 °C for
48 h and allowed to cool down to room temperature. A yellow precipitate
(CdS nanowires) was filtered and washed several times with absolute
ethanol and deionized water to remove the residue of organic solvent.
Secondly, CdS nanowires (0.175 g) were put into deionized water
(30 mL) and ultrasonic treated for 20 min. Then, zinc acetate (0.133 g)
and hexamine (0.085 g) were added into the mixture above. After 10 min
magnetic stirring, the mixture was sealed in a teflon stainless autoclave
of 50 mL capacity, and kept at 120 °C for 12 h and allowed to cool down
to room temperature. The final products were filtered, washed several
times with absolute ethanol and deionized water, and dried in vacuum
at 65 °C for 6 h.

Characterization of CdS/ZnO Core/Shell Nanowires: X-ray diffraction
(XRD) measurement was carried out using powder XRD (Bruker D8
Advance, with Cu-Ke radiation operating at 40 kV and 40 mA, scanning
from 26 = 10 to 90°). Field-emission scanning electron microscopy
(FESEM, ZEISS SUPRA 55VP) and transmission electron microscope
(JEM-2011 TEM, 200 kV) were used to characterize the morphology of
the samples.

Device Fabrication, Optoelectronic Properties and Gas Sensing
Properties Testing: Initially, the CdS/ZnO core/shell nanowires were
mixed with deionized water in a weight ratio of 100:25 and ground in
a mortar for 15 min to form a paste. The paste was then coated on a
ceramic substrate by a thin brush to form a sensing film on which silver
interdigitated electrodes with both finger-width and inter-finger spacing
of about 200 pm was previously printed. The thickness of the film was
controlled by the brushed cycles. The sample was dried naturally in air
overnight. The photoelectric response and I-V curves were recorded
by Controlled Intensity Modulated Photocurrent Spectrometer 70
(CIMPS-2, ZAHNER) system under 367 or 468 nm monochromatic
light. The measurement was conducted in a conventional two-
electrode configuration. Gas sensing properties were measured by a
CGS-1TP (Chemical Gas Sensor-1 Temperature Pressure) intelligent
gas sensing analysis system (Beijing Elite Tech Co., Ltd., China) with
468 nm monochromatic light illumination. The sensors were pre-heated
at room temperature for about 24 h. The required amount of gas was
injected into the chamber (14 mL) using a 1 ml syringe and was mixed
with air (relative humidity was about 25%) or nitrogen. After the sensor
resistances reached a new constant value, air was purged in to recover
the sensor.

Supporting Information

Supporting Information is available from the Wiley Online Library or
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