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Abstract: Nanomaterials such as nanorod, nanowire, nanoflakes, nanoflowers and nanoparticle have dominated the research interest
in gas sensing application due to their large number of surface sites facilitating surface reactions. So, depending on the surface
reaction sensitivity of a gas sensor may vary. So the factors such as chemical components of the composites, microstructure, surface
modification, doping, temperature and humidity have great influence on the sensitivity. In this brief review, sensitivity is discussed and
formation of hexagonal nanorod is investigated.). Use this document as a template and as an instruction set.
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1. Introduction

One dimensional nanostructure of metal oxides has
attracted much attention as a general platform for gas
sensing. The detection is done on the basis of measuring
the change of conductance, capacitance, resistance and
optical characteristics. [1] Researchers have shown the
main characteristics of a resistive gas sensor depending on
the reaction between the gas and the surface of the sensing
layer.[2] This reaction can be influenced by important
factors such as properties of seed layer [2] surface area,[3]
uniform shape and size distribution,[4] doping,
temperature, position of the electrode and heater [5]. The
sensitivity of gas sensors relies on these factors. Sensitivity
is one of the important parameter which defines the
characteristics of the gas sensors in the air (R,) and the
resistance of the gas sensor when target gas is present (Rg).
Mathematically sensitivity is defined as,

S=R,/R, ; n-type with oxidizing analyte.

S=R,/Ry ; n-type with reducing analyte

Depending on the reaction taking place on the surface of
the sensing layer R, and Ry varies. In this work a brief
review of the factors influencing on the sensitivity are
studied.

2. Metal Oxide Gas Sensors

Due to the change in conductance and resistance of the
metal oxide (MO), CuO, NiO, TiO,, W03, CeO,, SrO can

show gas sensing response. [6] As the electronic structure
is the key concern to select metal oxide for sensor, the
variety of metal oxides are divided into following
categories. [1]
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Figure 1: Classification of metal oxides

Pre transition metal oxide semiconductors (MOS) are
having large bandgap. So it is not suitable to choose a pre
transition MOs because electrons-holes ca not be formed
easily. I t is difficult to measure the conductivity or charge
in resistance. Mainly due to structural instability transition
MOs are not useful for this application. But metal oxides
having d° and d'°electronic structure is potential enough in
the field of gas sensing application. Binary transition metal
oxides, TiO,, WO, are having d° and post transition ZnO,
Sn0O, are d*° configured.
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3. Gas Sensing Mechanism

It is necessary to discuss the principal of operation of a gas
sensor. In resistive sensor, electrode is required to
measurer the change in resistance on target gas. On
exposure to the gas, resistance of the oxide may increase
or decrease depending on the type of gas interacting and
the dominant charge carrier. Table 1 depicts the sensor
responses of n-type material to oxidation or reducing gas.
Depending on the MO, a microheater is also needed to
achieve the working temperature of sensing layer.
Resistance changes because of trapping of electrons at
adsorbed molecules and band bending induced by the
charged molecule. Upward bending occurs when the
negative charges are trapped in these O, species and thus a
reduced [7] conductivity compared to the flat band
situation. As shown in figure 2. [8] O, molecules are
adsorbed on the surface of the sensing layer; electrons are
extracted from the conduction band (E;) and trap the
electrons at the surface in the form of ions. It causes
electron — depleted region i.e. space charge layer and band
bending. Reverse band bending may occur when reaction
of these oxygen species with reducing gases decreases. It
results decreased resistance and increased conductivity. O
is assumed to be a dominant for a specific temperature [9].
Depending on the active metal oxide a specific working
temperature is needed to get activated. [10]
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Figure2: Schematic representation of band bending after
chemisorbed charged species.

4. Influencing Parameters on Sensing

Temperature is the key factor for adsorption and the
reaction of analyte gas. So the metal oxide based gas
sensors are also having a heater that permits to work at
specific temperature. For an n-type material with a
reducing analyte, the wvalue of the sensitivity

(S=R, / Rg) is more than 1. In case of n-type material

with oxidizing analyte, sensitivity ( S =R;/R,) also

becomes more than 1. It becomes reversed when p-type
materials are considered. From slope of sensor’s
calibration curve sensitivity is defined. It is basically the
degree of which response proportionately increases with
the increment of the concentration of analyte. The
response time (t.s) and the recovery time (t.;) of gas
sensors imply the time taken for resistance to achieve 90%
of its steady state value on exposure or removal of the gas
respectively. Sensitivity,

Table 1: Sensing response depending on n-type and p-type materials to reducing and oxidizing gases

Sensor-response behaviour n-type MOS

p-type MOS Example of target analyte

Oxidizing gas Resistance increases

Resistance decreases

0,, O3, NOX, CO,, SO,

Reducing gas Resistance decreases

Resistance increases

H,, H,S, CO, NH,, Ethanol,
Acetone, CH,

Dominant-charge carrier Electrons (e)

Holes (h*)

Table 2: Structure architecture nomenclature

Notation Example Representation

Mixture of two constituents, randoml

Hyphen SN0, - Zn0 distributed ’
A base material with some oxides added

@ $n0, @ ZnO @ CuO over it in some way

Forward slash SN0,/ Zn0 W(_all defmec_;l partition between two metal
oxides forming by layer

responsivity, selectivity, response & recovery times, 5 Factors on Sensitivity

operating temperature are important parameters for a gas
sensor. [11] The factors effecting on sensitivity of a gas

sensors are analyzed in this paper.

5.1 Composite Materials
Incorporating two or

more metal oxide to form a

heterojunction interface can show a drastically change in
sensor performance. Table 2 represents three different
structure-architecture nomenclatures. [11]

The work on ZnO-CuO [12],SnO, — ZnO [13-14],Fe,05 —
ZnO [15] have been reported. Combination of MOS with
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graphene are investigated.[16]Sensing material incorporated
with another MOS is found to be more sensitive than
individual components. Synergistic effect in this regard is
important for future research. It is reported thatto
dehydrogenate butanol a combination os SnO, — ZnO, is
more effective than solely from SnO, or ZnO,. ZnSnO; @
SnOjnanoflakes have also been reported for enhanced
sensing application [17].

N-type gas sensors are mostly used due to several
considerations like responsivity, stability in low oxygen
environment [18]. These n-type MOSs are often combined in
different ways to obtain the effect of P-N junction on sensor
performance [19-22]. Fermi level (Ef) is different for
different material. After combination of materials electrons
start moving from high energy state to lower energy state to
achieve equal Eg. This phenomenon is called “Fermi level
mediated charge transfer”. This forms depletion layer. Band
bending is caused and it results a potential barrier at the
interface. Considerable change in sensitivity is reported when
ZnO nanowires are decorated with p-type C030,.[19] Sensor
response rapidly changes when Cr,0O;5 is applied on ZnO
nanowire [23].

Interface independent complimentary synergistic behavior is
an important mechanism for composite material. It happens
when two constituents in a composite are each in contact with
the analyte serving complementary purpose of each other. It
has been investigated as either complimentary decomposition
[24] or as spill=over-effect [25].

5.2 Microstructure

It is necessary to fabricate MOS having crystallographic
structure and optical morphology. Sensitivity is significantly
enhanced with reduced grain size. Geometric consideration
involves in sensitivity. Grain size reduction leads to the
enhancement of surface area. In smaller grain size particle,
nanoparticles are mostly within the depletion area which
increases the sensitivity. And active area of reaction becomes
more when the surface area is large. It is also significantly
enhances the sensor response. For an example SnO, based
gas sensor response drastically changes when the particle size
becomes smaller than 10 nm [26].

5.3 Control Synthesis of Nano or microsized Particle

The gas sensing properties rely not only on their composition
but also their structure, shape, size, distribution. Depending
on the metal oxide semiconductor specific crystallographic
orientation gives better result in sensitivity. In ZnO, (002)
crystallographic orientation shows better sensitivity [27].
Beside crystallographic orientation high surface to volume
ratio is also very important to achieve better sensitivity. High
surface to volume ratio is not only depending on the grain
size but also in highly ordered pore structure. ZnO is
synthesized and samples are characterized by scanning
electron microscope (SEM) which is shown in figure 3 and
figure 4. Modification of surface morphology is done by
chemical treatment and varying annealing temperature.
Figure 4 confirms the formation of hexagonal shape ZnO.

Hexagonal structure with high surface to volume ratio results
goodsensitivity.
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Figure 3: SEM image of ZnO before chemical treatment.

100 nm
| i Wh= 849 mm r..'=_:._| = 4554 K ¥
Figure 4: SEM image of Hexagonal ZnOnanoro

5.4 Doping by Nobel Material

Conductivity is measured by the efficiency of catalytic
reactions with the target gas on surface of the sensing
material. So, the catalytic activity is also a major issue to
increase the sensor performance. Most of the pure metal
oxides are comparatively least active than doped one [28].
Doping can be done by sol gel process or by thermal
evaporation or sputtering. Sometimes mixture of noble
materials and MOSs are required or only surface
modification. Second phase nanoparticle such as Pd, Ag, Au
and Pt are effectively used as a noble particle applied to host
metal oxide with enhanced sensitivity [29-34]. Nobel metal
nanoparticle behaves like a catalyst and reduces the
activation energy resulting the improved molecular
dissociation and reaction. [35] Pd-functionalized SnO, is
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reported to be enhanced performance [36]. PdO-decorated
ZnO nanostructure is investigated and better sensitivity is
also reported [37].

5.5 Temperature and Humidity

Temperature is also a major factor for the metal oxide gas
sensors. The gas sensor responses increase and reach their
maximums at a certain temperature, and then decreased
rapidly with increasing the temperature. This is a common
tendency seen in many reports [38-41]. In ZnO based sensor
the maximum response is found at 200-300°C.[41-42].
Sensitivity decreases below or above the specific
temperature.

Humidity is an important issue in gas sensor performance.
Humidity sometimes lowers the sensitivity. Baseline
resistance of the gas sensor decreases when the reaction
between the surface oxygen and the water molecules occurs,
[42]. So, the sensitivity is decreased. Adsorption of water
molecules causes less chemisorption of oxygen species on the
Zn0 surface as surface area gets decreased. And it effects on
sensitivity. Water molecules are basically the barriers against
target gas adsorption. So response recovery times increases
and sensitivity decreases.

6. Conclusion

In brief, sensing properties mainly rely on the surface
reaction. Some specific metal oxide and their composite
materials show better sensing response. Structure of the
nanoparticles is also a great concern. High surface area is
important to get highly — dispersed catalyst particles. High
surface to volume ratio can accommodate large and target
analytes. It is investigated that hexagonal structural
morphology can be obtained by doing chemical treatment
and varying annealing temperature. Doping of nobel metal
additives with high catalytic activity may enhance the
sensitivity because of “spillover effect”. Crystal growth at
specific orientation has major effect on sensitivity. On other
hand temperature and humidity are also playing an important
role in sensitivity. Humidity drastically lowers the sensitivity.
But this problem can be ignored by incorporating
temperature from microheater.

References

[1] Korotcenkov, G. Metal Oxides for Solid-State Gas
Sensors: What Determines Our Choice? Mater. Sci. Eng.
B, 139, pp. 1-23,2007 .

[2] M. Tiemann, Porous metal oxides as gas sensors,
Chemistry—A European Journal, 13 pp. 8376-8388,
2007.

[3] E. Comini, G. Faglia, G. Sberveglieri, Electrical-based
gas sensing, Solid State Gas Sensing. Springer US,pp. 1-
61,20009.

[4] A. K. Zak, W.H. Abd. Majid, M. Darroudi, R. Yousefi,
Synthesis and characterization of ZnO nanoparticles
prepared in gelatin media, Materials Letters, 65, pp. 70-
73,2011

[5] Kanazawa, E.; Sakai, G.; Shimanoe, K.; Kanmura, Y.;
Teraoka, Y.; Miura, N.; Yamazoe, N. Metal Oxide
Semiconductor N20O Sensor for Medical Use. Sens.
Actuators B, 77, pp. 72-77, 2001.

[6] A. M. Azad, S. A. Akbar, S. G. Mhaisalkar, L. D.
Birkefeld and K. S. Goto, Solid-state gas sensors: A
review, Journal of the Electrochemical Society, 139, pp.
3690-3704, 1992.

[7] Franke, M.E.; Koplin, T.J.; Simon, U. Metal and Metal
Oxide Nanoparticles in Chemiresistors: Does the
Nanoscale Matter? Small, 2, pp. 36-50, 2006.

[8] Barsan, N.; Schweizer-Berberich, M.; Gopel, W.
Fundamental and Practical Aspects in the Design of
Nanoscaled SnO2 Gas Sensors: a Status Report.
Fresenius J. Anal. Chem., 365,pp. 287-304, 1999.

[9] Sarkar, Argha, et al. "Responsivity optimization of
methane gas sensor through the modification of
hexagonal nanorod and reduction of defect states."
Superlattices and Microstructures, 2017.

[10] Derek R. Miller, Sheikh A. Akbarx, Patricia A. Morris,
Nanoscale metal oxide-based heterojunctions for gas
sensing:A review, Sensors and Actuators B 204, pp.
250-272, 2014.

[11]Yoon, D.H.; Yu, J.H.; Choi, G.M. CO Gas Sensing
Properties of ZnO-CuO Composite. Sens. Actuat. B, 46,
pp. 15-23, 1998.

[12]De Lacy Costello, B.P.J.; Ewen, R.J.; Jones, P.R.H,;
Ratcliffe, N.M.; Wat, R.K.M. A Study of the Catalytic
and Vapour-Sensing Properties of Zinc Oxide and Tin
Dioxide in Relation to 1-Butanol and
Dimethyldisulphide. Sens. Actuat. B, 61, pp. 199-
207,1999.

[13]Yu, J.H.; Choi, G.M. Electrical and CO Gas Sensing
Properties of ZnO-SnO2 Composites. Sens. Actuat. B
1998, 52, 251-256.

[14]Zhu, C.L.; Chen, Y.J.; Wang, R.X.; Wang, L.J.; Cao,
M.S.; Shi, X.L. Synthesis and Enhanced Ethanol Sensing
Properties of a-Fe203/ZnOHeteronanostructures. Sens.
Actuat. B 2009, 140, pp. 185-189,20009.

[15]J. D. ] Choi, G. M. Choi, Electrical and CO gas sensing
properties of layered ZnO—CuO sensor, Sensors and
Actuators B: Chemical, 69(2000)120-126.

[16]Y. Zeng, Y. Bing, C. Liu, W. Zheng, G. Zou, Self-
assembly of hierarchicalZnSnO3-SnO2nanoflakes and
their gas sensing properties, Trans. NonferrousMet. Soc.
China 22 pp. 2451-2458,2012.

[17]G. Korotcenkov, Metal oxides for solid-state gas
sensors: What determinesour choice? Mater. Sci. Eng. B
139 (2007) 1-23

[18]C.W. Na, H.-S. Woo, I.-D. Kim, J.-H. Lee, Selective
detection of NO2and C2H50Husing a Co304-decorated
ZnO nanowire network sensor, Chem. Commun. 47 pp.
5148-5150, 2011.

[19]Y. Liu, G. Zhu, J. Chen, H. Xu, X. Shen, A. Yuan,
Co0304/z2n0 nanocomposites forgas-sensing
applications, Appl. Surf. Sci. 265, pp. 379-384, 2013.

[20] Q.-H. Xu, D.-M. Xu, M.-Y. Guan, Y. Guo, Q. Qi, G.-D.
Li, ZnO/AI203/CeO2com-posite with enhanced gas
sensing performance, Sens. Actuators B: Chem. 177,pp.
1134-1141, 2013.

International Conference on Sustainable and Renewable Energy Development and Design (SREDD2017)
3 -5 April 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 1071702

10


file:///D:\IJSR%20Website\www.ijsr.net
http://creativecommons.org/licenses/by/4.0/

International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391

[21]H.-J. Kim, J.-H. Lee, Highly sensitive and selective gas
sensors using p-type oxide semiconductors: overview,
Sens. Actuators B: Chem. 192, pp. 607-627,2014.

[22]H.-S. Woo, C.W. Na, I.-D. Kim, J.-H. Lee, Highly
sensitive and selec-tive trimethylamine sensor using one-
dimensional ZnO-Cr203hetero-nanostructures,
Nanotechnology 23,pp. 245501,2014.

[23]J.-H. Lee, Gas sensors using hierarchical and hollow
oxide nanostructures:overview, Sens. Actuators B:
Chem. 140, pp. 319-336, 2009.

[24]1E. Comini, Metal oxide nano-crystals for gas sensing,
Anal. Chim. Acta 568, pp.28-40, 2006.

[25]Lu, F.; Liu, Y.; Dong, M.; Wang, X.P. Nanosized Tin
Oxide as the Novel Material with Simultaneous
Detection towards CO, H2 and CH4. Sens. Actuat. B,
66, pp. 225-227, 2000.

[26]H. Morkog and U. Ozgur, Zinc Oxide: Fundamentals,
Materials and Device Technology. Wiley, 2009Haridas,
D.; Gupta, V.; Sreenivas, K. Enhanced Catalytic Activity
of Nanoscale Platinum Islands Loaded onto SnO2 Thin
Film for Sensitive LPG Gas Sensors. Bull. Mater. Sci.,
31, pp. 397-400, 2008.

[27] Hasan, Md Nazibul, et al. "Simulation and Fabrication of
SAW-Based Gas Sensor with Modified Surface State of
Active Layer and Electrode Orientation for Enhanced
H2 Gas Sensing." Journal of Electronic Materials 46.2,
pp. 679-686, 2017.

[28] C.M. Chang, M.H. Hon, I.C. Leu, Influence of size and
density of Au nanopar-ticles on ZnOnanorod arrays for
sensing reducing gases, J. Electrochem. Soc.160, B, pp.
170-B176, 2013.

[29] X. Liu, J. Zhang, X. Guo, S. Wang, S. Wu, Core-shell -
Fe203@Sn02/Au hybridstructures and their enhanced
gas sensing properties, RSC Adv. 2, pp.1650, 2012.

[30] T.-J. Hsueh, S.-J. Chang, C.-L. Hsu, Y.-R. Lin, I.-C.
Chen, Highly sensitive ZnOnanowire ethanol sensor with
Pd adsorption, Appl. Phys. Lett. 91,053111, 2007.

[31]S. Basu, P.K. Basu, Nanocrystalline metal oxides for
methane sensors: role ofnoble metals, J. Sens. 2009,pp.
1-20, 2009.

[32] X. Liu, J. Zhang, X. Guo, S. Wang, S. Wu, Core-shell -
Fe203@Sn02/Au hybridstructures and their enhanced
gas sensing properties, RSC Adv. 2, 1650,2012.

[33]M.M. Arafat, B. Dinan, S.A. Akbar, A.S.M.A. Haseeb,
Gas sensors based onone dimensional nanostructured
metal-oxides: a review, Sensors 12,pp. 7207-7258,2012.

[34]Boudart, M. On the Nature of Spilt-over hydrogen. J.
Mol. Catal. A: Chem., 138, pp. 319-321, 1999.

[35]H.-R. Kim, A. Haensch, I.-D. Kim, N. Barsan, U.
Weimar, J.-H. Lee, The role of NiOdoping in reducing
the impact of humidity on the performance of SnO2-
basedgas  sensors:  synthesis  strategies, and
phenomenological and spectroscopicstudies, Adv. Funct.
Mater. 21, pp. 4456-4463, 2011.

[36] Kolmakov, A.; Klenov, D.O.; Lilach, Y.; Stemmer, S.;
Moskovits, M. Enhanced Gas Sensing by Individual
SnO2 Nanowires and Nanobelts Functionalized with Pd
Catalyst Particles. Nano Lett., 5, pp. 667-673,2005.

[37]Jing, Z.; Zhan, J. Fabrication and Gas-Sensing Properties
of Porous ZnONanoplates. Adv. Mater., 20, 4547-4551,
2008.

[38]Duy, N.V.; Hieu, N.V.; Huy, P.H.; Chien, N.D;
Thamilselvan, M.; Yi, J. Mixed SnO2/TiO2 Included
with Carbon Nanotubes for Gas-Sensing Application.
Physica E, 41, pp. 258-263, 2008.

[39] Malyshev, V.V.; Pislyakov, A.V. Investigation of Gas-
Sensitivity of Sensor Structures to Hydrogen in a Wide
Range of Temperature, Concentration and Humidity of
Gas Medium. Sens. Actuat. B, 134, pp. 913-921, 2008.

[40] A.Gotz, | Gracia,C.Cane, E.Lora-Tamayo, M.C.Horrilo,
J.Getino, C.Gracia and J.Gutierrez, A micromachined
solid state integrated gas sensor for the detection of
aromatic hydrocarbons, Sensors and Actuators B 44, pp.
483-487, 1997.

[41]P. Nunes, E. Fortunato, A. Lopes, R. Martins, “Influence
of the deposition conditions on the gas sensitivity of
zinc oxide thin films deposited by spray pyrolysis”,
Inter. J. Inorg. Mater. 3, pp. 1129-1131, 2001.

[42]P. Bhattacharyya, P. K. Basu, H. Saha and S. Basu,
“Fast Response Methane Sensor using Nanocrystalline
Zinc Oxide Thin Films Derived by Sol-Gel method”,
Sensors and Actuators B 124,pp.62-67, 2007.

Author Profile

Argha Sarkar received his B.Tech degree in
Electronics and Communication Engineering
from JIS College of Engineering & Technology,
West Bengal University of Technology, Kalyani,
in 2013 and M.Tech degree in Mobile
communication & Computing from National Institute of
Technology (NIT) Arunachal Pradesh, in 2015. He is
pursuing his doctorate from National Institute of Technology
Arunacal Pradesh under Visvesvaraya PhD scheme, Meity,
govt. of India. He has published quite a few papers in SCI-
journals and conferences. His main research interests are
MEMS/Semiconductor devices.

International Conference on Sustainable and Renewable Energy Development and Design (SREDD2017)
3 -5 April 2017

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: 1071702

11


file:///D:\IJSR%20Website\www.ijsr.net
http://creativecommons.org/licenses/by/4.0/



