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Abstract: V,Osthin films have been widely considered as good ickatels for their use as environmental gas
sensors for detecting pollutant gases like carba@maxide, carbon dioxide, hydrocarbons, ammonia and
nitrogen oxides. YOsthin films were prepared by vacuum evaporationieqre and the gas sensing properties
of V,Os thin films were studied. When the reducing gasxposed to the sensing element, it reduces the
resistance of the material, which confirms thedgpcharacteristic of a n-type material.
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| ntroduction:

The interest for high-performance thermoelectri¢amals has increased in the last decades duesto th
development of new deposition methods with whick oan tailor the properties by structural engimepst
atomic level [1]. Vanadium pentoxide {85) thin films are of considerable scientific andheological interest.
V.05 crystallizes in an orthorhombic, weakly bondedelayg structure, with vanadium surrounded by six
oxygen atoms forming a strongly distorted octahedroit. It is the most stable compound in the VyStem,
exhibiting highly anisotropic electrical and optipaoperties due to its orthorhombic structure Bdsides, it is
the most important metal used in metal oxide caigJydue to the oxidation states of the vanadiuomat
varying from two to five, and easy conversion betwexides of different stoichiometry [3]. Nitrogemide
NO, (NO or NQ) is mainly released from combustion facilities amatomobiles. There have been lots of
efforts on developing a variety of N@as sensors such as electrochemical sensors, 8A¥drs and polymer
sensors [4]. Recently, metal oxide semiconductor & sensors have been studied extensively bechuse
their simple fabrication processes and low cogpeEmlly, \,Os is one of good materials for N®ensing due
to its high sensitivity and good selectivity to laencentration N@gas. The focus of sensor development
concerns the modification of surface structure aftanials that provide increased sensitivity, sefggtand
stability.

Experimental:

V,0s thin films were prepared on to Corning 7059 glasbstrates by vacuum evaporation of pug®sV
Powder (purity 99.99% obtained from MERCK) fromelactrical heated molybdenum boat kept at ~ 1823 K
in a vacuum better than 8 x 4@orr. A Hind High Vacuum 12A4 Coating unit was dder the deposition of
the experimental films. A diffusion pump backed dyotary pump was employed to produce the ultimate
pressure of 3 x I0Torr. Well cleaned Corning 7059 glass substraiagivith suitable masks were mounted
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on a copper holder which was fixed on a tripodhia beljar. The system was allowed to reach thenatt
vacuum. When the power was fed to the boat, thenahin the boat evaporated and the vapors reauitd
the oxygen gas leading to film deposition on thiessate [5]. The deposition rate observed by atguaystal
thickness monitor was 10°&ec. The thickness of the films investigated wasua4000 A.

Results and Discussion:

The as deposited, Ds films have uniform yellow colour similar to thosespared by other techniques.
Such yellow color could indicate that vanadium warporated as V7 in V,0Os lattice, because, it is known
that V" presents a brown or black color. However, it waews that, films prepared by thermal evaporation
had light green tint that turned yellow upon animggpin O, atmosphere. The conductance of the sensor in dry
air was measured by means of conventional cirgultgrapplying constant voltage and measuring threeat
by picoammeter. The conductance was measured tiie ipresence and absence of test gas. The gasnses
(s) is defined as the ratio of change in condu&angas to air to the original conductance in air

S=(G-G)/Gy-rmmmmmmemmees @)

V,0s conductometric sensors were mounted on an eldutidter. Gas response measurements of the

devices were performed in a stainless steel tesnbbr made from Teflon, which was sealed in a guaft

The heater was controlled by a regulated DC poweply providing different operating temperatureseTotal

flow rate was kept constant at 50 sccm and dryhefitt air was used as the reference gas. Subségubst
device was exposed to sequences of different ctratiems of NQ for several hours. In the X5 sensor,
change in the oxygen balance of the oxide layedslda a variation in its conductance. In the calsaro
oxidizing gas (N@), reactions directly take place on the oxide swgfaDuring the interaction process,
molecules consume conduction electrons and substyjircrease the depletion region at the surfawkthe
resistivity of the sensor increases as presentieavbe

V,0s films were exposed to different concentrationdN@, gas at various temperatures. The desired
gas concentration is obtained by mixing the appat@iflows of gases by means of mass flow contmll€he
films are generally heat treated before exposudifterent gasses because it produces contactebatgrains,
many of which are between grains having differegstal structures. When both the films are expdsedO,
gas, the dc electrical resistance of the film drizcally increased. Since D5 is an n type semiconductor, its
electrical behavior upon exposure of N@xidizing gas can be explained by a decrease mdiwdion carrier
density. The amount of oxygen ions available on\Mb®s surface increases at the operating temperatuee. Th
adsorbing N@ molecules interact directly with the adsorptiomesiat the oxide surface. Therefore the
interaction between the film and N@ as follows;

NO,+ € - NO*(ad)

Sensitivity (%)

NO, concentration (ppm)

Fig. 1 NO, concentration as a function of sensitivity

The sensitivity of the prepared,®s thin films for various gas concentrations can bkwated from
the equation defined as follows:

S = I%/Rg ------------- (2)



M.C. Rao et a//Int.]. ChemTech Res.2014,6(3),pp 1904-1906. 1906

where S is the sensitivity,,i&S the resistance of a sensor in air medium anid Bhe resistance of a sensor in a
test gas medium. The calculations were made bydatkie resistance values at the time after whiehetlvas
no significant decrease in the resistance.The tsesfiithe sensing experiments were graphically sl in
Fig.1. When the reducing gas is exposed to thergpetement, it reduces the resistance of the madterhich
confirms the typical characteristic of a n-type en&t. It is clearly observed that, as the test gasentration
was increased the resistance decreased drastically.

Conclusions;

V.05 thin films were exposed to different concentrasioof NG, gas at various temperatures and the
sensitivities of the films were recorded at varideimperaturedf a sensor exhibits a specialized response to
one gas only, then it can be used to detect thatsgace there will be no interference by other ga3ée
ultimate goal is to create a useful chemical gas@ethat can be used to determine the concentratione gas

in air at the lowest concentration possible befobecomes dangerous to human health.
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