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Abstract:

A special CdO structure with a bio-inspired morphology was prepared by conversing CdS precursor
under annealing treatment. The as-prepared leave-shaped CdO microstructures were further used for
developing a sensitive gas sensor to detect acetone and diethyl ether. We find that the biomimetic
structure can significantly improve the gas diffusion and adsorption of analytes in the sensing layer of
gas sensor. During the gas-sensing process, the target gases can effectively diffuse through the CdO
materials and adsorb onto the surface of them. The results show that presented gas sensor exhibits a
fascinating gas-sensing performance with high response and short response time towards target
gases. Our findings provide a potentially general strategy for developing sensitive gas sensor with
enhanced diffusing and adsorbing properties towards analytes.
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Introduction

Bio-inspired materials have been of great
interests due to their special physical and
chemical properties which enable them to be
potentially applied in a large variety of
applications, e.g., electronic devices, lotus leaf-
like self-cleaning thin films, catalysts, etc [1-3].
Among various electronic devices, gas sensor
as a type of important one has been widely
desired in industrial manufacture, daily life and
environmental monitoring [4, 5]. Since the past
decade, developing sensitive gas sensors with
high response, short response and recovery
times for applications has become a great
challenge depending on the rapid development
of modern technology. In recent years, many
efforts have been contributed to improve the
sensing performance of gas sensors. However,
the enhancement on gas diffusion and
adsorption/desorption which greatly influence
the contact efficiency between gas analytes and
sensing materials has been rarely focused on.

Seen from the leaves in nature, it can be
found that almost all the leaves can adequately
contact with the surroundings including sunlight,
water vapor, and air. Therefore, preparing novel
gas-sensing materials with such a special leaf-
like structure would be a significant strategy to
effectively improve the contact between sensing
materials and target gas molecules. Herein, we
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report a novel gas sensor based on special
leave-shaped CdO microstructures which
exhibits a sensitive performance towards
acetone and diethyl ether. The biomimetic CdO
microstructures were prepared by annealing
leave-shaped CdS precursors which were
synthesized via a hydrothermal route.

Results and discussion

The typical morphology of the as-synthesized
precursors and final products are shown in Fig.
1. As can be seen from Fig. 1a and b, the
precursors exhibit a special profile of three-
dimensionally leave-shaped structure. The
length and thickness of each leave are ca. 3 ym
and 50 nm, respectively. After the thermal
treatment towards the precursors at 500 °C for
1 h in air, the samples keep a relatively similar
leave-shaped morphology, as shown in Fig. 1c
and d. However, some parts of the
microstructure are ruined. Some particles are
formed accompanying with the reduction of
each leave. It would be ascribed to the
conversion of phases from CdS to CdO, which
can be supported by the XRD patterns (Fig. 1e
and f). Seen from Fig. 1e and f, it can be
confirmed that the precursors and products are
CdS and CdO, respectively. It is indicated that
the S atoms in CdS precursors have been
replaced by O atoms under annealing treatment
in air, resulting in the formation of CdO crystals.
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Fig. 1. FESEM images of (a), (b) the as-synthesized
CdS precursors and (c), (d) the CdO prepared by
annealing precursors in air; (e) and (f) are
corresponding XRD patterns, respectively.

In order to further investigate the phase-
conversing behavior, the CdS precursors were
also annealed under a relatively lower (400 °C)
and higher temperature (550 °C) for 2 h,
respectively. Fig. 2 shows the FESEM images
of the as-obtained samples. As can be seen,
the samples remain a completely leave-shaped
morphology under a low temperature in
annealing process. However, we find that the
phase conversion from CdS to CdO cannot be
achieved completely at such a low temperature
(the XRD pattern is not shown here). When the
annealing conditions change to be at a
temperature of 550 °C for a time of 2 h, only
particles can be observed. All the leave-shaped
morphology disappears. So, by combining with
the leave-shaped morphology and the complete
phase conversion, the CdO samples obtained
after a relative mild annealing condition were
used to fabricate gas sensor for gas-sensing
measurements.
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Fig. 2. FESEM images of the samples prepared by
annealing CdS precursors at (a) 400 and (b) 550 °C
for 2 h.

Fig.3 shows the gas-sensing performance of
the sensor based on the leave-shaped CdO
microstructures towards acetone and diethyl
ether. Seen from Fig. 3a and b, the currents
increase rapidly when the target gases were
injected into the detecting chamber, indicating
that the sensor is sensitive towards analytes.
The gas-sensing mechanism can be ascribed to
the typical sensing behavior of semiconductors
[6]. In air atmosphere, O, is adsorbed on the
surface of CdO microstructures. It will capture
and react with electrons from CdO to produce
negative oxygen species, including O,", O7, and
O%. And then, a depletion layer is formed,
resulting in a high resistance of CdO materials.
When the CdO microstructure-based gas
sensor is exposed to reducing gases like
acetone and diethyl ether, some chemical
reactions between oxygen species and gas
analytes will take place, leading to the release
of electrons back to CdO and thereby
increasing the current of circuit.

The gas response calculated from the real-time
sensing curves is shown in Fig. 3c, which can
be a support for such a sensitive gas-sensing
property of the presented gas sensor. Even
towards the analytes at a concentration of 0.5
ppm, we find that the sensor can exhibit
remarkable gas responses. The response and
recovery times are presented in Table 1. The
short response time indicates that the
biomimetic microstructures can significantly
enhance the surface contact between target
molecules and sensing materials. The special
leave-shaped  structure not only be
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advantageous for excellent connect between
each CdO architecture, but also can keep a
relatively large remained space for gas diffusion
and adsorption because of the support of leave-
shaped morphology. It plays a role similar to the
leaves of plant in nature for contacting the
surroundings effectively, like sunlight, air, and
water vapor.
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Fig. 3. Real-time gas-sensing curves of the sensor
towards (a) acetone and (b) diethyl ether; (c) is the
calculated values of response.

Tab. 1: The response and recovery times of the gas
sensor based on CdO microstructures.

Caas/pPM Acetone Diethyl ether
tres/S tree/S | tes/S | trec/S

50 4.6 36.5 8.9 18.3
100 8.9 43.1 | 105 | 22.8
150 10.4 459 | 29.8 | 244
200 10.3 5511 | 243 | 264
250 12.6 76.8 | 228 | 21.5
300 10.5 68.3 | 171 | 23.8

Conclusions

In summary, a bio-inspired CdO microstructure
which possesses a leave-shaped morphology
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prepared by conversing CdS precursor was
reported for gas-sensing application. In the
process of annealing conversion, it is found that
neither too low nor too high temperature in
annealing process is advantageous to achieve
a leave-shaped structure and a complete phase
conversion. The gas-sensing results show that
the gas sensor based on the special CdO
microstructures is sensitive towards analytes
including acetone and diethyl ether. The
enhancing mechanism could be ascribed to the
special leave-shaped structure which can
provide a proper condition for the improvement
of gas diffusion.
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