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Graphical Abstract:

Highly sensitive N@ sensor was constructed using porou®imanofibers

functionalized with metal Zn nanoparticles.
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Highlights

* Metal Zn nanoparticles were decorated on the samd@d¢rOs nanofibers.

* Zn-InOs nanofibers showed an increased surfage Ipecies absorbing
capability.

* Ohmic contacts were formed between Zn nanopartaiesinOs

nanoparticles.



* Zn—-InOs composite nanofibers exhibited highly betteré@nsing
performances.
* The gas sensing enhancement mechanism of ZDs-btomposite nanofibers

was proposed.

Abstract

Different from the dominant method of surface mmdifion of metal oxide
sensing materials with noble metals, a simple amddost method is developed by
using Zn nanoparticles as a surface modifier is Work. The first step involves the
fabrication of porous W®©3 nanofibers by an electrospinning technique, aed #n
nanoparticles decoratech@®s nanofibers are constructed by a simple thermal
evaporation method. An increase in surface €pecies absorbing capability and a
decrease in sensor resistance are observed bgeuntadification of 1803 nanofibers
with Zn nanopatrticles. In comparison with puregOgnanofibers, this kind of
Zn—InO3 composite nanofibers display higher response attériselectivity to N@
The response of Zn—4@3 nanofibers is up to 130.00 to 5 ppm N& 50°C, which is
13.7 times higher than that of pure@s. From our perspective, the improved NO
sensing performances of Zn-@z composite nanofibers are mainly attributed to the

enhanced resistance modulation because of the fionmaf ohmic contacts between
3



Zn nanoparticles and 4®s nanoparticles.

Keyword: Zn; In,Os; Nanofibers; Surface functionalization; Gas sensor

1. Introduction

Along with the development of society, frequentimaaks of air pollution make
people pay more attention to environmental prav@ctNG, an important
atmospheric pollutant, is generally derived from ¢ombustion of fuel, the emission
of automobile exhaust, and the exhaust producedumstrial production. It is
particularly important to monitor NQusing a convenient and quick method.
Resistance-based metal oxide gas sensors havevisedy employed to monitor NO
due to their fast response speed, high sensitligty; weight, and low cost [1-3].
Among various sensing materials;@ has wide band gap, low resistivity, and high
chemical stability, showing promising sensing prtips [4,5]. As for sensing
application towards Ng) In.Os hanostructures with diverse morphologies have been
prepared, such as nanoflowers [6], nanobelts pfjpfibers [8], nanospheres [9],
nanosheets [10,11], and nanowires [12]. Althougdrsensors have been studied
intensely and some progress has been obtaineNQhsensing properties of pure

In203 nanostructures still require to be further impichve



Many approaches have been developed to improvenggmsrformances of
In203, such as the formation of heterojunctions [13-drfy surface modification with
noble metals [4,5,12,16-19]. Surface modificatiathwoble metals is considered to
be a universal and effective method to improvesgarsing performances of(@s.

For instances, Pd functionalization of@ nanowires was synthesized by a
sputtering method [18]. The sensor based on B@sImanowires exhibited an
enhanced response of 4.80-5 ppnpMO300 °C [18]. Pd-loadedJ@3; nanowire-like
networks fabricated by an electroless plating me:tieplayed an enhanced response
of 27.00-5 ppm N@at 110 °C [12]. Pt nanoparticle-decorategDginanorods were
prepared by a sol-gel method, showing a respon&#&.00—200 ppm Ngat 300 °C
[4]. Au particle-modified 1aOs films were prepared by a sputtering method,
exhibiting an enhanced response of 28.00-10 ppmat@00 °C [5]. Ag—IeOs
nanostructures fabricated by a hydrothermal mesihadved a response of 1.80-150
ppm NQ at 100 °C [19]. However, to the best of our knalge, surface
modifications of 103 nanostructures with other common metals have @en b
reported yet.

In this work, porous IfOs nanofibers were fabricated by an electrospinning
technique, and surface modification of these pbei¢ated 1rOz nanofibers with Zn
nanoparticles was further developed by a simpleriakevaporation method. Sensing
results demonstrated that Zn-M3 composite nanofibers displayed highly enhanced
NO: sensing response in comparison with pus®dmanofibers. The sensing

enhancement mechanism of@3 nanofibers by surface functionalization with Zn



nanoparticles was also proposed. ZaGycomposite nanofibers are selected as a
research object in this work because of their foilhg advantages: i) Nanofibers are a
promising nanostructure for sensing applicatiorabiee of their high
surface-to-volume ratio and porous structure. m)rdw material is more abundant
compared with noble metals. iii) Not only the irse of sensing response, but also
the decrease of sensor resistance g#)3is obtained by surface modification of Zn
nanoparticles. The reduced sensor resistancdasan of the simplification of the
corresponding measurement circuits, thereby beingfithe commercialization of

Zn—InO3 sensors.

2. Experimental
2.1 Materials

Polyvinylpyrrolidone (PVP, molecular weight of 18000 g mol!) was
purchased from Alfa Aesar. Indium nitrate [In(8)64.5H0], zinc powder (Zn),
N,N-Dimethylformamide (DMF) were purchased from &harm Chemical Reagent

Co, Ltd. All reagents were of analytical grade asdd without further purification.
2.2 Synthesis of pure2@s nanofibers

The InOs nanofibers were synthesized by an electrospini@algnique. Briefly,
0.8 g of In(NQ)3-4.5H0 was firstly dissolved in a mixed solution of 8 wiLDMF
and 2 mL of ethanol under magnetic stirring at raemperature. Then, 1 g of PVP
was added into the above precursor solution an@dtat 60 °C for 2 h. The obtained

solution was further stirred overnight at room temgbure and then was transferred
6



into a plastic syringe for electrospinning. In frecess of electrospinning, the flow
rate of the solution was 1.0 mL/h. A high voltadge® kV and a distance of 15 cm
between the needle tip and aluminum foil collegtere applied. Finally, the obtained

sample was placed in a muffle furnace and calcaté0 °C in air.
2.3 Synthesis of Zin,Os composite nanofibers

The Zn—-InO3 composite nanofibers were synthesized by a theenegdoration
method. High purity zinc powder (0.2 g) was spread corundum crucible in the
upstream region of a horizontal quartz tube furndbe pre-fabricated 03
nanofibers (0.2 g) were placed in another corundurible in the downstream
region of the tube furnace, where the distance &twZn powder and 103
nanofibers was 30 cm. Argon with a flow rate ofs8@m was introduced into the
guartz tube. The temperatures of the Zn powdedmu@k nanofibers were set to be
580 °C and 350 °C, respectively. During Zn evaponatthe total pressure in the tube
furnace was maintained at 23 Torr by a mechanuzalp After 60 minutes, the

system was cooled naturally to room temperature.
2.4 Characterizations

The crystal structures of samples were analyzed-tay diffraction (XRD: D8
Advance, Bruker, Germany) using ®u; radiation £ = 0.15406 nm). The scanning
electron microscopy (SEM, Nova Nano-SEM450) anldl fegnission transmission
electron microscopy (TEM, Tecnaf&20) were used to analyze the morphologies
and structures of samples. The nitrogen adsorpiahdesorption measurements were

carried out by a nitrogen adsorption analyzer (AZAR0, Micromeritics, USA) to
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characterize the specific surface areas and patowstures of samples. Elemental
compositions and chemical states were charactebigetiray photoelectron
spectroscopy (XPESCALAB MKII, VG Scientific, UK). The ultraviolet
photoelectron spectroscopy (UPS) was recordedroareochromatic He | light

source (21.2 eV) and a VG Scienta R4000 analyzer.
2.5 Fabrication and measurement of sensors

The detailed fabrication and measurement cd@ancan be referred to our
previous report [20,21]. In a typical process, dbé&ined sample was ground with
appropriate amount of ethanol to form a homogenpaste. The sensor was
fabricated by painting the homogeneous paste &pafRd electrode with an active
sensing area of 7 x 7 minThe sensing performances were measured by a GB8S-4
gas sensing analysis system (Elite Tech Co., L&djrig, China). The sensor was
mounted on a heating ceramic plate by two probessensing chamber (1L8 A
sourcemeter was connected to the sensor througivtherobes, which can be used
to measure the sensor resistance in the=girafd in the target gaR{). A
micro-syringe was used to inject the target gastiné sensing chamber. The sensing
response was estimated by the rati®otfo Rg. The response and recovery times were
determined as the time taken by the response texacB0% of the total response
change in target gas adsorption and desorptiopectisely. The relative humidity

(RH) for sensing tests is approximately 30% attémeperature of 25 °C.

3. Results and Discussion



Fig. 1 shows the structural features of pue®fand Zn—-1r0Os nanofibers
measured by XRDIl'he diffraction pattern for pure 483 nanofibers exhibits obvious
peaks at 21.5°, 30.5°, 35.5°, 50.1°, and 60.6%esponding to (211), (222), (400),
(440), and (622) planes of cubie@s (JCPDS card no. 65-3170), respectively. After
surface decoration of 43 nanofibers with Zn nanoparticles, the obtainedl#@s0s
composite nanofibers show a very similar XRD pattgith pure InOs nanofibers.

All diffraction peaks for Zn—IgO3 nanofibers can be well indexed to cubigQ#)

with no Zn diffraction peaks detected. The absericén diffraction peaks is probably
originated from the low content and homogeneousibigion of Zn in the composite
nanofibers.

The morphologies of the synthesizeddnnanofibers and Zn—4@3 composite
nanofibers were firstly observed by SEM. From Ri@), it is obvious that pureJ03
nanofibers are randomly distributed and their saresrelatively uniform. From the
higher magnification SEM image of Fig. 2(b), thefaoe of pure Is0Oz nanofibers is
relatively smooth, and the average diameter ishipus50 nm. Fig. 2(c) is the SEM
image of Zn—IpOz nanofibers, showing a similar morphology with plrgOs.
However, from the high-resolution SEM image of FA¢d), it can be seen that the
surface of Zn—IgOs nanofibers is relatively rough. Moreover, by comipgthe
morphologies of pure ¥z nanofibers and Zn—#®s nanofibers, it is found that the
surface of Zn—IsO3 nanofibers is loaded with some extra nanopartidlbs is
consistent with the expected experimental reshiétsZn nanoparticles will deposit on

the surface of fO3 nanofibers.



In order to examine the morphologies and detailegtiral information of
samples, TEM and high magnification TEM (HRTEM) rs@@ments were
performed on both pure 4@z nanofibers and Zn—4®3 composite nanofibers. The
results of Fig. 3(a) and (b) demonstrate that u®s nanofibers are made up of
many small nanograin§he interplanar distances of these small nanogeaims
measured to be approximately 0.29 nm and 0.17 rivichwmatch well with the (222)
and (440) crystal planes of cubic phasfhy respectively. The result of Fig. 3(c)
displays that some large particles with diametesevieral tens of nanometers are
decorated on the surface of nanofibers. The casreipg HRTEM image of a typical
large particle [marked by the red circle in Fige)Bfs exhibited in Fig. 3(d), where
the lattice fringes can be clearly observed overethtire particle. The measured
interplanar distance of the particle is about M1, corresponding to the (101)
crystal plane of hexagonal Zn (JCPDS card no. GBB3

XPS measurements were employed to analyze the elehoempositions and
valence states of Zn-4@s nanofibers. The result of Fig. 4(a) shows the gmes of In,
O, Zn and C in the Zn—#©3 nanofibers. The high resolution spectrum for Irc8ce
level peaks is exhibited in Fig. 4(b), in which tyweaks at 444.07 and 451.67 eV are
observed, corresponding to Insacnd In 3dy2, respectively. The O 1s spectra of the
pure InOs and Zn—-1a0s nanofibers are shown in Fig. 4(c) and (d), respelst The
O 1s spectra can be decomposed into two peakdjiaghwihe one at 529.4 eV is
associated with the lattice oxygen_j@nd another one at 531.2 eV is assigned to the
adsorbed oxygen @) [22,23]. The adsorbed oxygen ratio is furthecokdted to be

10



46.0% for Zn—1n03 nanofibers, which is higher than that for purgdginanofibers
(40.8%). This demonstrates that Zn decoration cliamce surface 4 absorbing
capability, which is in favor of the improvementsgnsing response. The Zn 2p
spectrum is displayed in Fig 4(e), where Zg,2md 2ppeaks are observed at
1021.93 and 1045.04 eV [24], respectively, indizgithe metallic state of Zn element
in the composite nanofibers. The relative atomitcentration of each element can be
estimated using the peak areas and relative ateeniitivity factors. The atomic
concentration ratio of Zn to In is calculated todb@6 using the Zn 2pand In 3d;2
signals.

N2 adsorption—desorption measurements were usedinoags the specific
surface areas and pore structures of our sampdeshdwn in Fig. 5(a), the
adsorption—desorption curves of both purgiand Zn—-1rOs composite nanofibers
exhibit type IV isotherms, suggesting the existesicabundant mesoporous
structures in these nanofibers. The specific sarfaea of Zn—I¥03 is determined to
be 33.8 Mg2, which is lower than that of pure.Ds (43.5 ntg™Y). The pore size
distribution curves of the two kinds of nanofibare displayed in Fig. 5(b). The main
pore size is centered at 3.2 nm for Zn@ncomposite nanofibers, which is almost
the same as that for pure@3 nanofibers.

Sensor resistanceRf based on pure s and Zn—-1r03 nanofibers were also
measured. Fig. 6(a) shows as a function of operating temperature in the easfg
30-110 °C. With the increase of temperature froniG@o 110 °C, the sensor
resistance of pure 4@z nanofibers decreases from 181Dt 670 K2, and that of

11



Zn—InO3 nanofibers decreases from 522 to 30 K. In comparison with pure @3
sensor, Zn—lg0s3 sensor show much lower resistances at all measemgokeratures.
The response—temperature curves of the two kindergors to 5 ppm NQ@re shown
in Fig. 6(b). Both sensors display an “increase-imaxn-decrease” sensing
characteristics. That is, the responses firstlygase with increasing operating
temperature, and then reach maximum values, aatlyfidecrease with the further
increase of temperature. The optimum temperatusedetermined to be 50 °C for
both pure 18Oz and Zn—1a0s nanofibers. Especially, at all measured tempegatur
ranging from 30 to 110 °C, the responses of ZsBdmanofibers are higher than
those of pure I#03 nanofibers. For an example, when the temperasus@iC, the
response of Zn—h®O3 nanofibers is as high as 130.00, which is about ifes
higher than that of pure 10s.

Fig. 7(a) and (b) show the dynamic response—regauawves of the two kinds of
sensors at N©concentration ranges of 2-10 ppm and 50-1000rpppectively.
Obviously, as the concentration of NiDicreases, the response increases for the two
kinds of sensors. When the concentrations of Bi@ 50 ppb, 100 ppb, 500 ppb, 800
ppb, 1000 ppb, 2 ppm, 5 ppm, and 10 ppm, the regsoof Zn—IpO3 sensor are 1.26,
1.51, 2.38, 4.18, 7.34, 21.00, 130.00, and 2482de those of pure kO3 sensor are
1.22,1.28, 1.33, 1.58, 2.71, 3.50, 9.50, and 19dspectively. The above results
indicate that the Zn—h®s and InO3 sensors can detect a low-concentratiory NO
50 ppb. The response—recovery curves to 5 ppmati®0 °C are used to determine
the response and recovery times of the two kindeo$ors, as shown in Fig. S1 in

12



the Supplementary Material. The response and regdwees of pure Is0O3 sensor
are 496 s and 3131 s, and those of ZrB4rsensor are 600 s and 2218 s, respectively.
The recovery times of the two sensors are relatilglg, which are consistent with
previously-reported values of metal oxide-based Béhsors [25,26]. The relatively
long recovery times of the two sensors are maitihbated to the slow desorption
rate of NQ molecules on the surfaces of@ and Zn—InOs nanofibers at low
operating temperatures.

Fig. 8 shows the selectivity measurement of thelZa®s sensor to N@against
variousinterfering gases at the temperature of 50 °C, e/tteg concentration of NO
is 5 ppm and the concentration of interfering gasd$0 ppm. It can be seen that the
responses of pured@s and Zn—InOs sensors are 9.50 and 130.00 to 5 ppm,NO
respectively, while the responses of the two sena@ less than 2.10 to 100 ppm
interfering gases, such as ethanol, toluene, aeetord acetic acid. Therefore, the two
kinds of sensors, especially the ZnGg sensor, exhibit good sensing selectivity to
NO:.. It should be pointed out that although ethasiain inflammable gas, a response
of 2.10 is still obtained for pure 403 sensor. Good ethanol sensing responses based
on metal oxide-based sensors at high temperate@30( °C) have been revealed in
some previous reports [27,28]. We think that nonflay of ethanol occurs in our case
since the ethanol concentration in the sensing bleais very low and the operating
temperature is much lower than the ignition poingtbanol.

The effect of RH on the response properties of p@; and Zn—1nO3 sensors
was also studied, as exhibited in Fig. 9. Both gendisplay a visible decrease in NO

13



response with the increase of RH from 30% to 75Pts phenomenon can be
ascribed to the following reasons. Firstly, undghtRH, more water molecules are
adsorbed on the surfaces of@3 and Zn—InaOz nanofibers, resulting in the decreased
adsorption of N@molecules. Secondly, the sensing reaction betW&enmolecules
and adsorbed oxygen species is also suppressée bgaction between adsorbed
water molecules and adsorbed oxygen species [29feitheless, the Zn—4@3 sensor
still displays a relativity high response of 31ei@n at a high RH of 75%.

A comparison of the N@sensing performances was also performed between
Zn—InO3 nanofibers and previously reported@s-based nanostructures, as shown in
Table 1 [4,5,12,15,18,19,30-34]. It is seen thatzh—InO3z nanofibers in this work
display relatively higher N&xresponse and lower operating temperature than sbme
the reported noble metals modified® and InOs-based heterojunction
nanostructures [4,5,12,15,18,19,34], although ¢spanse of our sensor is lower than
several reported ¥Ds-based sensors [30—33]. Additionally, the Zn@snsensor
exhibits good N@selectivity and relatively high response to N®der high RH.
Therefore, our sensor is still a promising candidat application in sensitive

detection of N@at low operating temperature.

4. Sensing mechanism

Generally, the sensing mechanism ofdnnanofibers is controlled by a
chemisorbed oxygen-related resistance modulatioteh{85-37]. When the b3
nanofiber-based sensor is placed in aig, r@olecules in air are adsorbed on the

14



surfaces of Is0s nanofibers, forming chemisorbed oxygen species {( occupying
the electrons in the conduction band ofds) as described by Egs. (1) and (2).

O2(gas)— Oo(ads) (1)

O2ads)™ € — Oxads) (2)

When NQ molecules are introduced, owing to their electiopproperty, the NQ@
molecules not only occupy the™ in the conduction band of 483 [Eq. (3)], but also
interact with the .45y species through Eq. (4) [38—41]. These two reastian
occur simultaneously. The above two processescatisume a large number ef
in the conduction band of 40s, leading to a high resistance state of the sausan
the introduction of N@

NQgas)t € — NOy(aqs) (3)

NOygas)t Ooads)t 26 — NOsags)t 20 (ags) (4)

The sensing results demonstrate the enhancedsdi3ing performances of
Zn—InO3 nanofibers. The BET results show that ZnGmnanofibers possess lower
surface area and similar pore structure in compangth pure 8Os nanofibers.
These indicate that the enhanced2dénsing performances of Zn-@x nanofibers
are not originated from their specific surface apd pore structure. From our
viewpoint, the enhanced resistance modulation Isscatithe formation of ohmic
contacts between Zn nanoparticles anDtmanoparticles contributes greatly to the
improved NQ sensing performances of Zn-@3 nanofibers. In order to determine
the electron transfer direction between Zn an@®imanoparticles, the work functions
for the pure 1803 and Zn—InO3 nanofibers were estimated by UPS spectra [42]. The

15



UPS spectra indicate that the high binding eneuggftvalues for pure ¥z
nanofibers [Fig. 10(a)] and Zn-l@s nanofibers [Fig. 10(b)] are 17.01 eV and 17.13
eV, respectively. The work functions of pure@3 nanofibers and Zn—Q@s

nanofibers are thus determined to be 4.19 eV ahd eV, respectively. The above
results also indicate that the work function ofr@mopatrticles is smaller than that of
pure InOs nanofibers. In other words, the Fermi level ofiZhigher than that of
In20s, as illustrated by the schematic energy band dragn Fig. 11(a). When Zn
nanoparticles contact withJ0s nanoparticles, ohmic contacts are generated at the
interfaces between Zn nanoparticles an®tmanoparticles. The electrenansfer
from Zn to InOs nanoparticles occurs, and finally an equilibriubiermi levels
between Zn and Oz is reached, as displayed by the schematic enengy Biagram
in Fig. 11(b). The above process leads to the letectron depletion layer of2Dz
nanofibers. As shown in Fig. 6(&, values are 1260QCkand 379 K based on pure
In203 nanofibers and Zn—4@3 nanofibers, respectively. This decrease in sensor
resistance of Zn—p®3z nanofibers confirms the electrolansfer direction from Zn to
In203 nanoparticles and the formation of ohmic conta8iisce the transferred
electrons in the conduction band oiM3 are active, more chemisorbed, Gons are
produced through Eq. (2) [13,43]. XPS results i Bic) also demonstrate this
increase in chemisorbed,Ccapability of Zn—1a0s nanofibers. To clarify the
influence of Qgsabsorbing capability on the sensing response o$@wusorsR. and
response—recovery curves of the ZnGnsensor at 50 °C under various O
concentrations were measured. The background gasesgarious Q concentrations

16



were acquired by mixing £and Ar with required proportions. The result ig.Fi2(a)
shows thaRa increases with the increase of €@ncentrations in the tested range
(0%—-29.0%). This result is reasonable since merm@lecules are absorbed on the
surfaces of Zn—kD3 nanofibers and more electrons in the conductiom lmd O3

are occupied through Eq. (2) under highercnecentration. The result in Fig. 12(b)
shows that the N&response increases with the increasexaddcentration. The
above results indicate that highd&absorbing capability can undoubtedly enhance the
NO2 response of Zn—p0s sensor. As described by Egs. (3) and (4), a MOlecule
can exhaust one electron through the reaction ofEgwhile a NQ molecule can
exhaust two electrons through the reaction of Ey.Therefore, higher £

absorbing capability can lead to a larger changesitance by exhausting more
electrons through the reaction betweem:M@lecules and £,45) As a result, the
Zn—InOs nanofibers with higher %45 capability have higher Nsensing response

compared with pure B3 nanofibers.

5. Conclusions

In summary, porous s nanofibers are fabricated by an electrospinning
technique, and surface modification of these pbei¢ated 1rOz nanofibers with Zn
nanoparticles is further developed by a simplentfaevaporation method. By Zn
nanoparticle surface modification, the surface €pecies absorbing capability of
In203 nanofibers is increased and@3 sensor resistance is decreased. Sensing results
demonstrate that Zn-4@3; composite nanofibers exhibit highly enhanced:NO

17



sensing response in comparison with pug®imanofibers. The response of
Zn—In,O3 nanofibers is up to 130.00 to 5 ppm N& 50°C, which is 13.7 times as
high as that of pure #@s. Additionally, the Zn—IpOz nanofibers also display
excellent selectivity and low detection limit towlarNQ. By surface modification of
In203 nanofibers with Zn nanoparticles, ohmic contaetsvieen Zn nanoparticles and
In2O3 nanoparticles are generated, contributing gréattiie enhanced resistance
modulationcapability and enhanced N®ensing responses of Zn-M nanofibers.
Our results suggest that this kind of Zn@gnanofibers is a promising candidate for
sensitive and selective N@etection. The simple and low-lost method devedape
this work can be easily extended to construct metabparticles modified metal

oxide nanostructures with high sensing performances
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1. Fig. 1. XRD patterns of pure #s and Zn-1aO3 composite nanofibers.
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Fig. 2
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2. Fig. 2. SEM images of (a) pureJ@s: nanofibers and (c) Zn—4@®3; composite
nanofibers; (b) and (d) are the corresponding mglgnification SEM images of

pure InOs nanofibers and Zn—@s composite nanofibers, respectively.
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d=0.21 nm\
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3. Fig. 3. TEM images of (a) pure 4@z and (c) Zn—1pO3 composite nanofibers; (b)
and (d) are the corresponding HRTEM patterns oé Oz and Zn—1n0O3
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composite nanofibers, respectively.

Fig. 4

(a) - (b) In3d,,
2|2
i
[y N S = —~ In 3d
s S a s = n
% o e =en - .
g |&s &2 2 g
= 5 - o
£ |INN = z
= =
g g
o o
= & =
Q
1000 800 600 400 200 0 455 450 445 440
Binding Energy (eV) Binding Energy (eV)
529.4
- ~ 529.4
8 =
g S
Z =
= =
= g
3 531.2 2 531.2+—
] =
Ll —
1 1 L 1 [ e——"T I I T
536 534 532 530 528 526 536 534 532 530 528 526
Binding Energy (eV) Binding Energy (eV)
(e) Zl'l 2p3/2
)
=
< Z
. n 2p1/2
-
‘7
=
i
=
=
1050 1045 1040 1035 1030 1025 1020

Binding Energy (eV)

34




4. Fig. 4. (a) Surveypectrum and (b) high resolution spectrum for lro8d
Zn—InO3 composite nanofibers; high resolution spectraddr s of (c) pure O3
and (d) Zn—-IaOs composite nanofibers; (e) high resolution spectfonzn 2p of

Zn—-In,O3 composite nanofibers.
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Fig. 5
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5. Fig. 5. (a) Nitrogen adsorption—desorption isotherms (@)dhe corresponding
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pore-size distribution curves of pure@ and Zn-InOs composite nanofibers.

Fig. 6
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6. Fig. 6. (a) Resistances in air of the two kinds of semsbwvarious temperatures;

(b) responses of the two kinds of sensors to 5 N@nat various temperatures.
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Fig. 7
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7. Fig. 7. Response—-time curves of the sensors based onmpOgand Zn—1n0s
nanofibers to various N{oncentrations at 50 °C: (a) 2—-10 ppm and (b) 8081
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8. Fig. 8. Sensing responses of the sensors based on pOeeaimd Zn—1n03
nanofibers toward N&(5 ppm) against other interfering gases (100 pgim)

50 °C.
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Fig. 9
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9. Fig. 9. Response-recovery curves to 5 ppmethe two sensors at 50 °C under
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various RH.
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10. Fig. 10. High-binding-energy regions of UPS spectra ofp{@ke 1nO3 nanofibers

and (b) Zn—-1pOs composite nanofibers.
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Fig. 11
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11. Fig. 11. (a) Schematic energy band diagram eOand Zn; (b) schematic
energy band diagram and illustration of sensinghaeism for Zn—IpOs
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heterojunction.
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12. Fig. 12. (a) Resistances of the Zn-@x sensor at 50 °C under various O
concentrations; (b) response—recovery curves aZtkérnpOs sensor to 1 ppm

NO- at 50 °C under various @oncentrations.
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Tables

1. Table 1. A comparison of N@sensing performances between ZaGgnanofibers

and previously reported 1@s-based nanostructures.

Tablel
Sensing materials Erg)Z(p Temp. Res. Method Ref.
In20O3 nanobricks 0.5 50 °C 402.0 Precipitation [30]
Pt-decorated b0z 55 g359ec 120  Sol-gel method [4]
nanorods
Pt—InOs nanofibers 1 25°C 23.9 Electrospinning [31]
Au-modified InOs 1y 4550c 280 Sputtering [5]

films

Au—porous 1803 0.95 30 °C ~10000 UItrasomc spray (32]
powders pyrolysis
Pd—loaded 1503

nanowire network 110°C 27.0 Electroless plating [12]

Pd-InOs 5 300°C 4.8 Sputtering [18]
nanowires

Pd loaded 05  25°c ggp Reduction [33]
macroporous KOs precipitation

Ag—In;0O3 150 100°C 1.8 Hydrothermal [19]
nanostructures

C304/In203 10 150 °C  27.9 Hydrothermal [15]

heterojunctions
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rGO-InOs

nanofibers 5 50°C 42.0 Electrospinning [34]

Zn—In?Oe> composite 5 50 °C 130.0 Electrospinning gnd This
nanofibers thermal evaporation study
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