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In this  work,  Zn2SnO4 microstructures  functionalized  with  PdO  nanoparticles  were  successfully  synthe-
sized  combination  a facile  one-step  hydrothermal  method  and  subsequent  wet  impregnation  treatment.
X-ray  diffraction  (XRD),  field-emission  scanning  electron  microscopy  (FESEM),  transmission  electron
microscopy  (TEM),  and  selected-area  electron  diffraction  (SAED)  were  employed  to  obtain  the  crys-
talline  and  morphological  characterization  of the as-prepared  products.  The  results demonstrated  that
the morphology  of  the  final  Zn2SnO4 samples  have  uniform  octahedral  structure.  Interestingly,  the  surface
of  Zn2SnO4 octahedrons  was  assembled  by  nanosheets  with  the  assistant  of CTAB.  In addition,  gas-
sensing  properties  of the  as-prepared  Zn2SnO4 octahedrons  before  and  after  functionalization  with  PdO
ydrothermal method
as sensor

nanoparticles  were  systematically  investigated.  Compared  with  pure Zn2SnO4, the  sensor  based  on  2 wt%
PdO-loaded  Zn2SnO4 octahedrons  exhibited  obviously  enhanced  gas  sensing  properties  toward  ethanol.
The  response  value  was  82.3  toward  100  ppm  ethanol,  which  was  almost  five  times  higher  than  that  of
pure  Zn2SnO4. The  novel  structure  of  Zn2SnO4 octahedrons  and  the  catalytic  effect  of PdO  nanoparticles
were believed  to be  the  main  reason  of  the  enhancement  of gas sensing  characteristics.

© 2018  Published  by  Elsevier  B.V.
. Introduction

During the past decades, gas sensors based on oxide semicon-
uctors have been extensively investigated due to their excellent
ensitivity, and have found use in monitoring and detecting pol-
utants, combustible and toxic gases [1–3]. Previous researches
ave showed that the gas sensing properties of oxide semiconduc-
ors were closely related with their composition, crystalline size,
nd surface morphology. Therefore, various kinds of metal oxide
emiconductors with different microstructures and morphologies
ave been prepared and applied in gas sensors, due to their unique
dvantages, including low cost, easy synthesis, and high response
4–18]. Although remarkable achievement has been made in fabri-
ating gas sensors, the development of new sensors strategies for
ver increasing sensitivity, selectivity, response and recovery rate
till remains one of the major scientific challenges.
Zinc stannate (Zn2SnO4) is an important n-type ternary semi-
onductor oxide with a wide band gap of 3.6 eV. Zn2SnO4 has cubic
nverse spinel structure with high electrical conductivity, high elec-

∗ Corresponding authors.
E-mail addresses: pengsun@jlu.edu.cn (P. Sun), lugy@jlu.edu.cn (G. Lu).

ttps://doi.org/10.1016/j.snb.2018.03.121
925-4005/© 2018 Published by Elsevier B.V.
tron mobility, low visible absorption, as well as high chemical
sensitivity. Because of its excellent properties Zn2SnO4 recently
attracted considerable research interests in many promising appli-
cations, such as photocatalyst [19–21], solar cells [22–24], anode
material for Li-ion batteries [25–27], and gas sensors [28–30].
Many studies have been conducted in order to improve the per-
formance of Zn2SnO4 gas sensors, however, these studies were
mainly focused on the constructing of novel structures [31–33].
Noble metal loading could improve the gas sensing performance of
semiconductor oxides, and related literatures have been reported.
Above all the reported literature about Zn2SnO4 materials on gas
sensors, there is no report of noble metal loading on Zn2SnO4
materials to improve the sensing performance. Therefore, it is nec-
essary to design and fabricate high performance gas sensor based
on Zn2SnO4 with PdO loading.

In this paper, pure and PdO-loaded Zn2SnO4 octahedrons deco-
rated with nanosheets were successfully synthesized via a facile
hydrothermal route combined with subsequent impregnation
treatment. A comparative investigation of sensing properties reveal
that the sensing performance of PdO-functionalized Zn SnO octa-
2 4
hedrons exhibited dramatic improvement in response toward
ethanol due to the unique architecture and catalytic effect of PdO.

https://doi.org/10.1016/j.snb.2018.03.121
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
http://crossmark.crossref.org/dialog/?doi=10.1016/j.snb.2018.03.121&domain=pdf
mailto:pengsun@jlu.edu.cn
mailto:lugy@jlu.edu.cn
https://doi.org/10.1016/j.snb.2018.03.121
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Fig 1. Schematic structure of the gas sensor.
X. Yang et al. / Sensors and 

ur work is an exploratory research that will provide reference for
uture research.

. Experimental section

.1. Synthesis process

.1.1. Synthesis of Zn2SnO4 octahedrons
All of the chemical reagents involved in the experiment were

f analytical grade and were used as received without further
urification. In a typical process, 1 mmol  of zinc sulfate heptahy-
rate (ZnSO4·7H2O) and 0.5 mmol  of tin chloride pentahydrate
SnCl4·5H2O) were dissolved in 40 mL  of deionized water, after

agnetic stirring for about 20 min. 0.08 g of CTAB and 6 mmol  of
aOH were added into the above mixed solution and continued

tirring for about 30 min. The homogeneous solution was trans-
erred into a 50 mL  of Teflon-lined stainless steel autoclave that was
hen sealed, maintained at 200 ◦C for 24 h. Subsequently the auto-
lave was allowed to cool down to room temperature naturally. The
esulting precipitates were collected by centrifugation and washed
everal times with deionized water and ethanol alternately, then
ried in air at 80 ◦C for 12 h. Finally, the nanosheets decorated octa-
edral Zn2SnO4 particles were obtained after annealing at 500 ◦C

or 2 h in air atmosphere with a heating rate of 2 ◦C/min.

.1.2. Synthesis of PdO-loaded Zn2SnO4 octahedrons
PdO deposition was  accomplished by a wet  impregnation

ethod, PdCl2 as precursor. Simply, 50 mg  of as-prepared Zn2SnO4
owders were dissolved in 20 mL  of absolute ethanol solvent and
hen different weight percent of PdO (1 wt%, 2 wt%, and 4%) was
issolved in the above solution, respectively. The slurry was  dried
t 40 ◦C, and then calcined at 300 ◦C for 2 h to obtain the PdO-loaded
n2SnO4 materials.

.2. Characterization

The X-ray powder diffraction (XRD) pattern of the as prepared
amples were performed on a Rigaku D/Max–2550 V X-ray diffrac-
ometer using high-intensity Cu-K� radiation (� = 1.54178 Å), and
he data was collected in the range of 20–80◦ (2�)  to investigate
he crystal structure. The morphology of the as-prepared prod-
cts was observed by field emission scanning electron microscopy
FESEM) on a JSM-7500F (JEOL) microscope operating at an accel-
rating voltage of 15 kV. Transmission electron microscopy (TEM)
nd high-resolution transmission electron microscopy (HRTEM)
bservations were carried out on a JEM-2200FS apparatus (JEOL)
perating at 200 kV. The surface elemental composition was per-
ormed with X-ray photoelectron spectroscopy (XPS, Thermo
SCALAB 250XI). All of the binding energies in the XPS analysis
ere calibrated for specimen charging by reflecting to the signal of

arbon C 1s peak with a binding energy of 284.7 eV.

.3. Fabrication and measurement of gas sensor

The gas sensor was fabricated as follows: the as-prepared
n2SnO4 samples were mixed with deionized water in order to
orm a homogeneous paste. Subsequently the paste was coated
n an alumina tube with the help of a small brush. The alumina
ube was about 4 mm in length, 1.2 mm in external diameter, and
.8 mm in internal diameter. Besides, a pair of Au electrodes was

nstalled on the end of the tube, and each electrode was connected
ith a pair of Pt wires. After drying in air at room temperature, the

evice was calcined at 400 ◦C for 2 h, and then a Ni-Cr alloy coil was

nserted into the alumina tube as a heater, allowing us to control
he operating temperature of the sensor by adjusting the heating
urrent. The schematic structure of the gas sensor was  depicted in
Fig. 2. (a) XRD patterns of the as-prepared composites.

Fig. 1. The gas-sensing performance of the sensor was  evaluated
under laboratory conditions (40RH%, 23 ◦C). The measurement was
processed by a static process: a given amount of the tested gas was
injected into a closed glass chamber, and the sensor was put into
the chamber for the measurement of the sensitive performance. The
response of the sensor was defined as S = Ra/Rg for reducing gas or
Rg/Ra for oxidizing gas. The response time and recovery time were
defined as the time taken by the sensor to achieve 90% of the total
resistance change after the sensor was  exposed to the tested gas
and air, respectively.

3. Results and discussion

3.1. Structural and morphological characteristics

The composition and crystalline phase of the obtained products
were conducted by powder X-ray diffraction (XRD). Fig. 2 shows
the XRD patterns of the unloaded and PdO-loaded Zn2SnO4 sam-
ples. It is clear that all of the observed diffraction peaks of the
products were matched well with the pure cubic inverse spinel
Zn2SnO4, which was  in good agreement with the standard JCPDS
card of Zn2SnO4 (JCPDS 24-1470). However, as for the PdO-loaded
Zn2SnO4 products, with the variation of loaded PdO nanoparticles,
the diffraction peaks could still be indexed to the standard JCPDS
card of Zn2SnO4 (JCPDS 24-1470), which might be ascribed to the
low PdO content compared with Zn2SnO4 samples. Furthermore,
no other diffraction peaks derived from other phases or possible
impurities such as ZnO and SnO2 were found, indicating high purity
of the as-synthesized products.

To further investigate the surface chemical composition and the

valence state of the pure and 2 wt% PdO-loaded Zn2SnO4 samples,
X-Ray photoelectron spectroscopy (XPS) measurements were per-
formed. As shown in Fig. 3a, the full scale XPS spectra showed pure
and 2 wt% PdO-loaded Zn2SnO4 the samples were mainly com-
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ig. 3. (a) Wide XPS spectrum of pure and 2 wt%  PdO-loaded Zn2SnO4 products. (b
d.  (e–f) O 1 s spectrum of pure (e) and 2 wt% PdO-loaded Zn2SnO4 products (f).

osed of Zn, Sn, C, and O, and it is worth noting that the presence of
dO is revealed by the XPS spectrum in 2 wt% PdO-loaded Zn2SnO4.
ig. 3b–d exhibited the high resolution XPS spectra of Sn, Zn, and
d in 2 wt% PdO-loaded Zn2SnO4. Two strong peaks centered at
86.9 eV and 495.2 eV can be attributed to the bonding energies
f Sn3d5/2 and Sn3d3/2, respectively, which corresponding to the
inding energies of Sn4+ states (Fig. 3b). The peaks centered at
021.3 eV and 1044.6 eV showed in Fig. 1d are assigned to the Zn
p3/2 and Zn 2p1/2 of Zn2+ valence state (Fig. 3c). For the chemical
tate of Pd in the obtained product, the spectrum of Pd-3d had two
haracteristic peaks with binding energies of about 336.8 eV and
42.2 eV revealed the Pd2+ state, which confirms the existence of
dO in the 2 wt% PdO-loaded Zn2SnO4 products [34]. Fig. 3e and f
epicts the O–1 s spectra of pure and 2 wt% PdO-loaded Zn2SnO4,
espectively. It can be found that both of the test curves could be
ecomposed into three oxygen species: the lattice oxygen (OL),

xygen vacancy (Ov), and chemisorbed oxygen (Oc), respectively
35]. For pure Zn2SnO4 products, the relative percentage of Oc was
bout 27.4%, which was lower than the proportion in PdO-loaded
amples of 34.3%. The results indicate that the loading of PdO would
gh resolution XPS spectra of 2 wt%  PdO-loaded Zn2SnO4:(b) Sn 3d. (c) Zn 2p. (d) Pd

increase the chemisorbed oxygen molecules, and maybe contribute
to a good gas sensing performance as sensing material.

The morphology and microstructures of the obtained pure and
2 wt% PdO-loaded Zn2SnO4 products were observed by FESEM and
TEM. Fig. 4a–f depicts a typical morphology of the two  as-prepared
Zn2SnO4 octahedrons. As can be seen in Fig. 4a and b, the two
Zn2SnO4 octahedron products had a good dispersity and unifor-
mity. Fig. 4c and d shows a single octahedron of the pure and 2 wt%
PdO-loaded Zn2SnO4 products, respectively. It is found that the sur-
face of the octahedrons was  rough and decorated with nanosheets
and it worth noting that the PdO loading treatment has no influ-
ence on the surface morphology. Fig. 4e and f display the detailed
information on the surface of the two samples, which were marked
with red rectangular in Fig. 4c and d, respectively. It can be seen
from Fig. 4e that the nanosheets were uniformly grown on the sur-
face of Zn2SnO4 octahedron, and the thickness and length of the

nanosheets was uniform. Fig. 4f displays the same surface mor-
phology as Fig. 4e. From Fig. 4e and f, it can be observed that
the nanosheets were grown nearly perpendicular to the surface
of Zn2SnO4 octahedron. Also, as can be observed the thickness and
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Fig. 4. (a, c and e) FESEM images of pure Zn2SnO4

ength which was marked from Fig. 4e and f that the nanosheets
ave a thickness and length of 20–30 nm and 150–200 nm,  respec-
ively. However, it can be also found in Fig. 4f that there are some
anoparticles uniformly dispersed on the nanosheets and the diam-
ter of the nanoparticles was about 10 nm (as marked in Fig. 4f).
hese nanoparticles can be concluded to be PdO nanoparticles,
hich will be confirmed later.

TEM and HRTEM were utilized to further demonstrate the struc-
ure of the 2 wt% PdO-loaded Zn2SnO4 sample. As shown in Fig. 5a
nd b it can be seen that the shape and morphology of the products
ere matched well with those of the FESEM observations. Fig. 5c
resents the magnified TEM image marked with red rectangle in
ig. 5b, it can be observed that there are some nanoparticles grown
n the nanosheets. The inset of Fig. 5c displays that the size of
he nanoparticles was about 10 nm,  which can be speculated as
dO nanoparticles. Fig. 5d and f depicts the HRTEM images of the
elected area marked with red rectangle in Fig. 5e. The clear fringe

pacing of 0.26 nm observed in Fig. 5d was corresponding to the
311) plane of Zn2SnO4 sample. The HRTEM image shows in Fig. 5f
eveal a clear lattice fringe with lattice spacing of 0.215 nm was in
ood agreement with the (110) plane of PdO. In order to further
, d and f) 2wt%-PdO-loaded Zn2SnO4 octahedrons.

demonstrate the existence PdO, SAED was measured as shown in
Fig. S1. TEM elemental mapping was  also conducted to study the
elemental distribution of the 2 wt%  PdO-loaded Zn2SnO4 sample.
The elemental mapping images corresponding to a single Zn2SnO4
octahedron (Fig. 5g) shown in Fig. 5h–k indicates the spatial distri-
butions of Zn, O, Sn and Pd. It was found that the Zn, O,  and Sn were
homogeneously dispersed, and the PdO nanoparticles were loaded
uniformly on the surface of the Zn2SnO4 octahedron.

3.2. Gas sensing characteristics

The gas sensing properties of the gas sensor based on unloaded
and PdO-loaded Zn2SnO4 samples were systematically investi-
gated. It is well known that the operating temperature plays an
important role in determining the gas sensing properties owing to
its impact on surface state of sensing material, as well as the interac-
tion between the absorbed oxygen and sensing materials. In order

to determine the optimum operating temperature, the response
of the sensors based on pure Zn2SnO4 and 1 wt%, 2 wt% and 4 wt%
PdO-laded Zn2SnO4 to 100 ppm ethanol was  tested as a function
of operating temperature. Fig. 6 displays the response of the four
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Fig. 5. (a–c) TEM images of 2wt%-PdO-loaded Zn2SnO4 octahedrons. (d–f) HRTEM images of as-prepared 2wt%-PdO-loaded Zn2SnO4 octahedrons. (g–k) TEM image of an
individual microsphere and the corresponding elemental mapping images.
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ig. 6. Response of pure Zn2SnO4 and 1 wt%, 2 wt% and 4 wt% PdO-loaded Zn2SnO4

o 100 ppm ethanol as a function of operating temperature.

ensors to 100 ppm ethanol at operating temperature from 180 to
30 ◦C. It is obvious that the response of the four sensors varied with
he operating temperature. The response increased with a raise
f operating temperature and reached the maximum value, and
hen decreased with further increasing temperature. Among them,
he sensor based on pure Zn2SnO4 samples reached the maximum
esponse value of 17.5 at 270 ◦C, while for the sensors based on
dO-loaded Zn2SnO4, the optimum operating temperature reached
t 250 ◦C with maximum response values of 46.9 (1 wt%  PdO), 82.3
2 wt% PdO) and 65.3 (4 wt% PdO), respectively. Obviously, the sen-

or based on 2 wt% PdO-loaded Zn2SnO4 products possesses the
ighest ethanol response, which is almost five times higher than
hat of the pure Zn2SnO4. Compared with pure Zn2SnO4, the sen-
ors based on PdO-loaded Zn2SnO4 showed an enhanced response
Fig. 7. Selectivity measurements of pure Zn2SnO4 and 1 wt%, 2 wt% and 4 wt% PdO-
loaded Zn2SnO4 to various test gas with concentrations of 100 ppm.

and a lower operating temperature toward ethanol. The possible
reason for the enhancement of the sensor is ascribed to the cat-
alytic effect of PdO, which efficiently activates the dissociation of
gas molecules at different temperature [36].

Since selectivity is a remarkable aspect of sensing properties,
the response of the above four sensors toward various kinds of test
gases with concentrations of 100 ppm were investigated at their
optimum temperature (270 ◦C for pure Zn2SnO4, 250 ◦C for 1–4 wt%
PdO-loaded Zn2SnO4), respectivety. Fig. 7 shows a bar graph of
the responses of the sensors to volatile gases of ethanol, acetone,
methanol, toluene, formaldehyde, and xylene. The results indicated
that all the sensors showed selectivity toward ethanol as opposed

to other test gases. In addition, it is worth noting that the sen-
sor based on 2 wt%  PdO-loaded Zn2SnO4 showed better sensing
response compared with other sensors and the highest response
to ethanol was  82.3. The results indicated that the introduction of
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Table  1
Comparison of different ethanol gas sensors based on Zn2SnO4.

Sensing material Morphology Tem. (◦C) Con. (ppm) Res. (Ra/Rg) Ref.

La2O3-Zn2SnO4 Hollow fibre 200 200 52 [37]
NiO-Zn2SnO4 Hollow cube 280 100 52.7 [38]
Zn2SnO4 Octahedral-like 300 500 10 [39]
Zn2SnO4 Flower-like 380 100 30.8 [40]
Zn2SnO4 Quasi-cubic 325 600 94.3 [41]
Zn2SnO4 Nanowire 500 100 60.8 [42]
PdO-Zn2SnO4 Octahedral 250 100 82.3 This work

F 2SnO4
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ig. 8. (a) Response of the sensor based on pure Zn2SnO4 and 2 wt%  PdO-loaded Zn
ure  Zn2SnO4 and 2 wt%  PdO-loaded Zn2SnO4 to different concentrations of ethano

dO could significantly enhance the sensing response to ethanol.
ased on the above experimental results the PdO-Zn2SnO4 compos-

te exhibit selectivity toward ethanol, according to the literature,
any factors can affect the gas sensing selectivity, such as the

UMO (lowest unoccupied molecule orbit) energy of gas molecule
nd the amount of gas adsorption on the sensing material at dif-
erent operating temperature. A lower LUMO energy will reduce
he energy needed for gas sensing reaction. Moreover, the electron
ffinity is affected by the orbital energy of the gas molecule, if the
alue of LUMO energy is lower, the gas molecule ability in capturing
lectrons will be stronger. Therefore, at the operating temperature
f 250 ◦C, due to the LUMO energy of ethanol is lower than other test
as, the ability of capturing electrons will be stronger than other
est gases, and therefore the sensor will exhibit higher response
o ethanol [37]. In order to demonstrate the excellent sensitivity of

 wt% PdO-Zn2SnO4, the sensing performance comparison between
ifferent sensors in reported literature and our present work was
ade. As illustrated in Table 1 [38–43], apparently, the PdO loaded

n2SnO4 octahedral material exhibited much higher response at a
elatively lower operating temperature than the others.

Fig. 8b and c exhibits the response behaviors of sensors based on
ure Zn2SnO4 and 2 wt%  PdO-loaded Zn2SnO4 to different concen-
rations of ethanol at optimum operating temperature of 270 ◦C
nd 250 ◦C, respectively. Obviously the gas response of the two
ensors both exhibits a stepwise increase with the increasing of
thanol concentration from 10 to 100 ppm. The gas sensor based on

 wt% PdO-loaded Zn2SnO4 composites displayed quite enhanced
esponse. Moreover, from Fig. 8a the corresponding gas response
alues of the sensor based on pure Zn2SnO4 were merely 7.0, 9.1,
2.6, 14.9, 16.4 and 17.5, while for the sensor based on 2 wt%
dO-loaded Zn2SnO4, the response values were 24.4, 35.3, 52.8,

8.5, 73.4 and 82.3. With the concentration of ethanol added up to
0 ppm, the response of sensor based on pure Zn2SnO4 nearly had
o prominent increase. However, the responses of sensor based
n 2 wt% PdO-loaded Zn2SnO4 depended near linearly on the gas
at different concentrations at 270 ◦C and 250 ◦C. (b–e) Dynamic response curves of
0 ◦C and 250 ◦C.

concentration. In addition, from Fig. 8d and e, it is evidently dis-
plays that the ethanol response of the two  sensors increased step
by step during the concentration from 1 to 5 ppm. The response of
the sensor based on PdO-loaded Zn2SnO4 displayed quite enhanced
gas sensing characteristics, and the detection limit can be as low as
500 ppb. It can be concluded that the PdO loading could significantly
decrease the detection limit.

Fig. 9a–d displays the responses of 2 wt%  PdO-loaded Zn2SnO4 to
100 ppm ethanol at 250 ◦C. It can be obviously observed from Fig. 9b
and c that the response time (�res) of the sensor toward ethanol
was as low as 1s, while the recovery time (�recov) toward ethanol
was 206 s. Clearly, the sensor showed a relatively rapid response
to ethanol, while the recovery time was a little bit long. Moreover,
the five reversible cycles of response and recovery curves of the
sensor to 100 ppm ethanol shown in Fig. 9d reveals that the sensor
possesses a stable and repeatable sensing property.

3.3. Gas sensing machenism

For the sensing mechanism of semiconductor oxides, the widely
accepted theory is based on the space charge model, which is based
on the change in resistance of the sensor upon exposed to differ-
ent gas atmospheres [44–46]. The gas sensing mechanism can be
considered as the following, as illustrated in Fig. 10a: when the
sensor is exposed to ambient air, oxygen molecules (O2) absorb on
the surface of the sensing material, and form surface-absorbed oxy-
gen species (O2

−
(ads), O−

(ads), O2−
(ads)) by capturing free electrons

from the conduction band of the sensing material, and formed a
depletion layer at the surface of Zn2SnO4 octahedrons. In this pro-
cess, oxygen molecules act as electron acceptors, which result in
the decrease of electrons concentration and increase the resistance

of the sensor. When the sensor is exposed to reducing gases, for
instance, ethanol and acetone at a moderate temperature, these
gas molecules will react with the absorbed oxygen species (Eqs.
(1)–(3)). This process release the trapped electrons back into the
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Fig. 9. (a) Response transients of 2 wt% PdO-loaded Zn2SnO4 to ethanol and acetone with concentration of 100 ppm at 250 ◦C. (b and c)The dynamic response and recovery
curve of the sensor based on 2 wt% PdO-loaded Zn2SnO4 to 100 ppm ethanol at 250 ◦C. (d and e) Five periods of response and recovery curve to 100 ppm acetone and ethanol
respectively.
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Fig. 10. Schematic diagram of the gas sensing

onduction band, and lead to the increase of the conductivity,
hereby lowering the measured resistance of sensor and decreasing
he width of the surface depletion layer.

2H5OH + 6O−
(ads) 2CO2+3H2O + 6e− (1)

3H6O + 8O−
(ads) 3CO2 + 3H2O + 8e− (2)

H3OH + 3O−
(ads) CO2+2H2O + 3e− (3)

It has been clearly revealed that the introduction of PdO could
ignificantly enhanced the gas sensing performance, indicating

hat the decorating of PdO nanoparticles contributed greatly to
he improvement of sensing properties. The high response of PdO
oaded Zn2SnO4 is possibly related to electronic as well as chemical
ensitization of PdO nanoparticles. As illustrated in Fig. 10a and b,
anism (a) Zn2SnO4 (b) PdO-loaded Zn2SnO4.

in electronic sensitization, electrons will transfer from n-type semi-
conductor oxides to PdO nanoparticles as the work function of PdO
(∼7.9 eV) [47] is higher than Zn2SnO4 (4.81 eV) [48], this will result
in extending of electron depletion layer and increasing of resistance
of PdO-Zn2SnO4 in air. In chemical sensitization, PdO nanoparticles
would catalytically activate the dissociation of oxygen molecules
and promote the gas sensing reactions through enhancement of
the adsorption and dissociation of analyte gases [49,50]. Under
the catalytic effect of PdO, the molecule-ion conversion rate and
the quantity of adsorbed oxygen ions can be greatly increased,

resulting in the greater and faster degree of electron depletion of
Pd-loaded Zn2SnO4 octahedrons, as illustrated in Fig. 10b. There-
fore, the sensing performance of PdO-loaded Zn2SnO4 is obviously
higher than that of pristine Zn2SnO4. Moreover, PdO-loading as an
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fficient method for improving gas sensing properties have been
emonstrated [51–53].

. Conclusions

In summary, we developed a facile method for the prepara-
ion of PdO functionalized Zn2SnO4 octahedron composites. The
urface of Zn2SnO4 octahedrons are decorated with nanosheets.

 comparative gas sensing investigation between pure Zn2SnO4
nd PdO-loaded Zn2SnO4 was carried out, and the results demon-
trated that of all the tested sensors, the 2 wt% PdO-loaded Zn2SnO4
xhibited the highest sensitivity. The response to ethanol was
2.5, which was about five times higher than pristine Zn2SnO4.
he enhancement of the sensing properties was  attributed to the
nique architecture of the Zn2SnO4 octahedral products as well as
he catalytic effect of PdO.
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