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Introduction 

The transition from microparticles to nanoparticles can lead to number of changes 

in Physical properties. One of the major factor in this is an increase in the ratio of surface 

area to volume .The increase in the surface area to volume ratio, which is a gradual 

progression as the particle gets smaller, leads to an increase dominance of the behavior of 

atoms on the surface of particle over that of those in the interior of the particle. This 

affects both the properties of the particle in isolation and its interaction with other 

materials. High surface area is a critical factor in the performance of catalysis, Fuel cells, 

Batteries and Gas sensors. The large surface area of nanoparticles also results in a lot of 

interaction between the intermixed materials in nanocomposites leading to special 

properties such as increased strength, better sinterability [1].  

The preparation of nanoparticles dates back to the 19th century with Faraday 

reporting the preparation of colloids of relatively monodispersed gold nanoparticles [2]. 

Nanomaterials sometimes called nanopowders have grain size of the order of 1-100nm. 

Nanocrystalline materials have attracted extensive attention due to their unique properties 

and immense potential applications in nanodevice fabrications [3]. In almost all 

applications of nanomaterial devices, fabrication represents one of the most important 

challenges to their realization and commercialization. However, to afford the production, 

needs of cheap, clean, reliable and durable material with controlled properties for realistic 

and practical applications of nanotechnology, therefore production and characterization 

of nanoparticles is being hot field of research. 

Metal oxide nanoparticles 

     Metal oxide nanoparticles are attractive for very large variety of applications including 

catalysis, sensors, optoelectronic materials and environmental remediation. Controlled 

synthesis of metal oxide nanoparticles is essential for successful application [4]. 

Zinc Oxide (ZnO) 

Zinc oxide is an inorganic compound with the chemical formula ZnO. It is usually 

appears as a white powder, nearly insoluble in water. The powder is widely used as an 

additive into numerous materials and products including plastics, ceramics, glass, cement, 
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rubber (e.g. car tyres), lubricants, paints, ointments, adhesives, sealants, pigments, foods 

(source of Zn nutrient), batteries, fire retardants, etc. ZnO is present in the Earth crust as a 

mineral Zincite, however, most of the ZnO used commercially is produced synthetically. 

In the materials science, ZnO is often called as II-VI semiconductor because zinc 

and oxygen belong to the 2nd and 6th groups of the periodic table respectively. Zinc oxide 

crystallizes in three forms: hexagonal wurtzite, cubic zincblende and the rarely observed 

cubic rocksalt. The wurtzite structure is most stable and thus most common at ambient 

conditions [5], unlike other semiconductor compounds that contain cadmium, arsenic, or 

other environmental toxins, zinc and oxygen are “environment friendly “elements [6]. 

Zinc oxide (ZnO) is a unique material that exhibits semiconducting piezoelectric and 

pyroelectric multiple properties. Using a solid-vapor phase thermal sublimation 

technique, nanocombs, nanorings, nanohelixes/nanosprings, nanobows, nanobelts, 

nanowires, and nanocages of ZnO have been synthesized under specific growth 

conditions. These unique nanostructures unambiguously demonstrate that ZnO is 

probably the richest family of nanostructures among all materials both in structures and 

properties. The various ZnO nanostructures have novel applications in optoelectronics, 

sensors, transducers and biomedical science because of bio-safe [7]. 

Doped Zinc Oxide 

Doping of a semiconductor is defined as the addition of a small percentage of 

foreign atoms in its regular crystal lattice with the intent of producing dramatic changes 

in its properties [8]. 

       It is important to control the physical (e.g., the lattice parameters), electronic, (e.g., 

band gap, conductivity) and optical properties of the compound and this can be done by 

doping. Also, the incorporation of dopants can sometimes lead to the development of 

some unique properties which are useful for the fabrication of devices [8]. Zinc oxide 

which is nonmagnetic becomes ferromagnetic after doping with certain elements and also 

shows improved selectivity as chemical gas sensor and tunable electrical properties. 
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Literature Review 

Zinc oxide (ZnO) is no stranger to scientific study, in the past 100 years, it has 

subjected to thousands of research papers dating back as early as 1935 [5, 9]. Zinc oxide 

(ZnO) is a n-type metal oxide semiconductor with wide band gap (3.37eV) and a large 

exiton binding energy (60meV) having properties suitable for various applications such 

as ultraviolet optoelectronic devices, transparent high power and high frequency 

electronic devices, piezoelectronic transducers and chemical gas sensors [10-12].  

A gas sensor is a device that is used to detect the presence or amount of a 

particular gas [13]. Gas detection is important for controlling industrial and vehicle 

emissions, industrial leakage, household security and environmental monitoring [14]. In 

1953 Bardeen et al [15] discovered that gas adsorption on the surface of semiconductor 

produces change in conductivity and from that time a great amount of research was 

carried out in order to realize the commercialization of the gas sensors. By the invention 

of nanotechnology a great amount of work is progressing in the field of gas sensors as 

nanomaterials have high surface area to volume ratio which favours the adsorption of 

more amount of gas on the sensor and can increase the sensitivity of the device because 

the interaction between the analytes and the sensing part is higher [14]. Nanostructured 

metal oxides are one of the main types of material used to fabricate gas sensors. The 

semiconducting nature of some of these compounds makes it possible for the electrical 

conductivity of the material to change when the composition of the surrounding 

atmosphere changes [14].  

The following metal oxides shows gas response: ZnO, SnO2, Cr2O3, Mn2O3, 

Co3O4, NiO, CuO, SrO, In2O3, WO3, TiO2, V2O3, Fe2O3, GeO2, Nb2O5, MoO3, Ta2O5, 

La2O3, CeO2, Nd2O3 [16].  

Historically, Zinc oxide (ZnO) is one of the first material studied as a gas sensor. 

This is primarily due to the high mobility of conduction electrons in the material, good 

chemical and thermal stability under operating conditions [17]. Although ZnO is one of 

the earliest material developed as a gas sensor, because of high operating temperature 

(around 4000C to 5000C) and poor selectivity, until recently it has been less popular 
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compared to SnO2. In the recent years, several studies are going on to increase the 

selectivity and to lower the operating temperature of ZnO sensors [17]. Most of the 

attempts are towards the use of ZnO nanoparticles to improve the sensitivity or with 

additives for selective sensing of gases [17]. We have chosen, ZnO because it offers the 

advantages of being abundant, nontoxic and easily prepared [18], hence ZnO study as a 

gas sensor is of great importance.  

ZnO offers sensitivity to gases like LPG, Hydrogen, Carbon monoxide, Carbon 

dioxide, Chlorine, Ammonia, Methane, Oxygen and also for some volatile organic 

compounds (Voc) [19 to 24].   

Detailed literature survey suggests that the gas sensitivity and selectivity improves 

with the addition of dopants to the ZnO nanomaterial. Zhu et al [23] studied the influence 

of Sb, In and Bi dopants on the response of ZnO thick films to VOC. They were found 

that sensitivity to VOC increases with Sb doping and Paraguay et al [24] reported the 

influence of Al, In, Cu, Fe and Sn dopants on the response of thin film ZnO gas sensor to 

ethanol vapors, they were observed that Sn and Al dopants gave highest sensitivity to 

ethanol vapors in the working temperature of 675K and many papers were published on 

the improvement of gas sensing properties of noble elements doped ZnO nanomaterial.   

Lokhande et al [20] reported that the addition of small amount of palladium to 

ZnO nanomaterial improves the gas sensing property of the ZnO nanomaterial to LPG 

and many papers were published on Hydrogen and Carbon monoxide gas sensing by 

palladium doped ZnO [13,25].  

    Navale et al investigated the gas sensing properties of Ruthenium doped ZnO for 

oxidizing (Nox and chlorine) and reducing gases ( H2, LPG, C2H5OH, CO, acetone) [26].   

They have found that 0.5% Ru doped ZnO shows highest sensitivity to ethanol vapors  

and sensitivity to LPG decrease with Ru doping.  

Most of the developed gas sensors are doped with noble metals such as Pt, Pd and 

Ru [20, 26]. Vidal et al studied the CO sensitivity of undoped-ZnO, Cr-ZnO and Cu-ZnO 

thin films obtained by spray pyrolysis [18]. They have observed that 2 at % Cr doped 
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ZnO shows higher sensitivity at low operating temperature (473K). Many papers were 

published on gas sensing properties of doped ZnO other than noble metals [23, 24, 18, 

27] but very few reports were published on gas sensing properties of doped ZnO other 

than noble metals for reducing gases like LPG, H2 etc and oxidizing gases like chlorine, 

Nox etc. As noble metals are expensive, one needs to think of other dopants to improve 

sensitivity and selectivity for the particular gas. In the present work, we will fabricate a 

ZnO nanoparticle gas sensor doped with other than the noble metals with improved 

sensitivity and selectivity.   

In recent years, a great interest in spintronic devices has stimulated extensive 

investigations on diluted magnetic semiconductors (DMS) which exploit the spin in 

magnetic materials along with the charge of electrons in semiconductors. The main 

challenge for practical applications of the DMS materials is the attainment of Curie 

temperatures (TC) around or preferably above room temperature [28]. Various oxide 

based semiconductors like SnO2, ZnO, In2O3, TiO2, Ga2O3 were extensively used as 

DMS material, among them ZnO is one of the promising candidate for spintronics 

applications [28, 29].  

Dietl et al made the theoretical prediction that Mn doped ZnO and GaN would be 

ferromagnetic at room temperature and would therefore be suitable for applications in 

spintronics [30]. Theoretical calculations of Sato and Katayama-Yoshida showed that 

ZnO doped with several 3d transition metal ions such as V, Cr, Fe, Co and Ni may 

exhibit ferromagnetic ordering [31].  

After the first study of Mn-doped ZnO, many studies on ZnO doped with various 

kinds of transition metals (TM) have been reported. However, the claims concerning the 

existence of ferromagnetism have diverged. Several studies claim the nonferromagnetic 

behavior of ZnO doped with TM, where as the other groups claim ferromagnetic behavior 

of the same compounds. The reported values of Tc varies from 30 to 550 K [32]. 

Therefore one can conclude that preparation method of TM doped ZnO has a strong 

influence on room temperature ferromagnetism (RTFM).  
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Many reports were published on 3d TM doped ZnO nanoparticles for RTFM [28, 

33-35]. Dinesha et al have observed the RTFM in Fe doped ZnO nanomaterial and Co 

and Fe co-doped ZnO nanomaterial prepared by solution combustion method [36, 37]. 

Ren et al first principle studies revealed the existence of ferromagnetism in Pd doped 

ZnO which is a 4d TM [38]. Recently few numbers of articles were published for RTFM 

in doped ZnO other than 3d TM as dopants [38-43].  

Recently, RTFM has been observed in carbon-doped ZnO, which indicates that 

RTFM also exists in non-TM doped ZnO [41-43]. Luo et al have reported RTFM in Si 

doped ZnO films [40], few reports were available on ferromagnetism in TM and P block 

element co-doped ZnO [44, 45].    

As experimental studies on TM-doped ZnO have produced inconsistent results 

and the mechanism of ferromagnetism in TM-doped ZnO remains unclear and it is 

speculated that TM dopants in ZnO form clusters or secondary phases, which are 

detrimental to the   applications of DMS. This promoted search for DMS based on 

alternative dopants [41]. Therefore, it is of great importance to study the magnetic 

properties of non-TM doped ZnO. In the present work, we will study the ferromagnetism 

in non-TM doped ZnO.  

Many reports were published on electrical properties of doped ZnO and it was 

found that material doping level have very strong effect on the structural, electrical and 

optical properties of sprayed ZnO films [46] and Gonzalez et al have shown that stability 

of ZnO thin film improves with Al doping [47].  

There are some reports on the effect of various transition metals on the 

conductivity of ZnO prepared by several methods [10, 37, 48] and also few reports were 

published on electrical properties of non transition metal doped ZnO [49-51]. Dinesha         

et al [10, 36, 37] have studied electrical and magnetic properties of Fe doped ZnO 

nanomaterial, Co and Fe co-doped ZnO nanomaterial prepared by simple, inexpensive 

solution combustion method. In the present work, we will study the electrical properties 

of non-TM doped ZnO nanomaterial. 
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Synthesis 

The synthesis of ZnO nanostructures has aroused intense recent interest. Given 

their large surface area to volume ratio and possible quantum confinement effects, ZnO 

nanostructures are predicted to have many excellent properties and to find application in 

the fabrication of novel nanodevices [52].  

A significant variety of innovative technologies and processes have been 

developed in the last years for the synthesis of zinc oxide nanopowders such as Sol gel 

[53-55], Spray pyrolysis [56], Hydrothermal and Solvothermal synthesis [57], Solvent 

evaporation method, Solid state reaction method, Vibrating milling process [58], Pulsed 

laser deposition [52], Vapor condensation, Induce heating vapor condensation method 

[59] and Solution combustion method [36, 37, 10, 60].              

Among them combustion method has been considered to be fast, simple and 

inexpensive method for the production of wide variety of tailored oxide nanoparticles 

[10, 60]. 

The main advantages of this method are [60], 

i. The mixture of reactants in the liquid state allows to obtain accurate compositions 

and constituent phases mixed at molecular level. 

ii. The high temperature of reaction assures high-purity and well-crystallized final 

powders.  

iii. The very short reaction time and the significant development of gases hinder the 

particle grain growth and favors the formation of nanoparticles with high specific 

surface area. 

Xu et al [61] have invented a novel method to improve the gas sensitivity using 

ZnO porous nanosolid, as sample prepared by solution combustion method has less 

density and high porosity, one can expect enhancement in gas sensitivity, but no work has 

been reported on gas sensitivity of the doped ZnO nanomaterial prepared by solution 

combustion method (SCM) and few works has been reported on magnetic and electrical 

properties of doped ZnO nanomaterial prepared by SCM. In this way a detailed study on 
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doped ZnO nanomaterial prepared from SCM for Gas sensing, Magnetic and Electrical 

properties is of more important. 

Motivation for the Present Work 

• Fabrication of good sensor is being one of the hot fields of research and with 

introduction of nanoparticles one can except enhancement in sensitivity due to high 

surface to volume ratio. 

• In recent years, great interest in spintronic devices has stimulated extensive 

investigations on dilute magnetic semiconductors (DMS). 

• ZnO thin films are promising candidates for applications in short-wavelength light-

emitting devices, field emission devices, solar cells, electronic and optoelectronic 

devices. 

Objective of the Present Work 

The objective of the present work is to study the, “Influence of different dopants 

on Gas sensing, Magnetic and Electrical properties of ZnO nanomaterial.” 

Methodology                              

Preparation 

• Some of the doped ZnO nanomaterials will be prepared by simple solution 

combustion method. 

• Importance will be given to non transition elements as dopants to ZnO 

nanomaterial. 

• Thin films of the prepared samples will be grown on the substrate by spin coating 

technique. 

Structural Characterization 

• UV-Visible Spectrophotometer 

    Formation of the doped ZnO nanoparticles will be characterized from UV-Visible 

spectrophotometer by calculating the energy band gap of the prepared samples. 
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• Infrared (IR) Spectroscopy 

IR spectrum of the prepared samples will be recorded as it is an important and 

useful technique for determining functional groups, unknown materials, quality and the 

amount of components present in the prepared sample and it will also provide structural 

information of the samples. 

• X-Ray Diffraction 

The powder X-ray diffraction pattern will be recorded for the doped ZnO 

nanomaterial. Lattice constant, crystal structure and particle size for the prepared samples 

will be studied. 

• Scanning Electron Microscopy (SEM) 

Surface morphology of the prepared samples will be studied by SEM. 

• Energy Dispersive X-ray Analysis (EDAX) 

The compositional analysis of the prepared samples will be studied by EDAX. 

Gas Sensing Properties 

• Gas sensing chamber will be fabricated  

• Surface conductivity of the prepared thin films will be carried out by two probe 

method in the presence and absence of gas using Keithley electrometer and source 

meter. 

• Sensitivity and selectivity of the prepared thin films for different gases like LPG, 

CO2, NO2, H2, Voc, etc will be studied as a function of film thickness, dopants, 

temperature, amount of the particular gas and preparation method. 

• An effort towards comparison of gas sensitivity between the thin films prepared by 

traditional sol gel method and solution combustion method will be done. 

• Gas sensing properties of the prepared thin films will be carried out in our lab 

(Department of Physics, Kuvempu University). 
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Magnetic Properties 

• Magnetic properties of the prepared samples will be carried out at room temperature 

and also at low temperatures 

• By plotting hysteresis loops for the different composites, the saturation 

magnetization (Ms), Remnant magnetization (Mr), Coercivity (Hc) and Curie 

temperature will be calculated. 

• The magnetic measurements will be carried out at IISc, Bangalore/Shivaji 

University, Kolapur/UGC-DAE Indore. 

Electrical Properties 

• D.C. Electrical conductivity of the prepared samples will be carried out using 

Keithley source meter (Model 2400) in the temperature range 300K to 600K by two 

probe method. 

• The dielectric constant and dielectric loss of the prepared samples will be measured 

using LCR impedance analyzer (PSM model 1735) in the frequency range of 10Hz 

– 35MHz. 

• These facilities are available in our lab (Department of Physics, Kuvempu 

University). 

Year wise Plan of work and targets to be achieve  

 First year 

•      Course work 

• Literature review. 

• Preparation of doped ZnO nanoparticles from solution combustion method and thin 

films of the prepared samples will be grown on the substrate by spin coating 

technique. 

• Structural Characterization.  

• Fabrication of the gas sensing chamber. 
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Second year 

• Surface conductivity of the doped ZnO nanoparticle thin films will be studied in the 

presence and absence of test gas. 

• Sensitivity and Selectivity of the doped ZnO nanoparticle thin films will be studied 

by passing different test gases. 

• Magnetic properties of the prepared samples will be studied. 

Third year 

• Electrical properties of the prepared samples will be studied. 

• Data analysis and the results obtained will be communicated to the respective 

journals for publication. 

• Submission of the thesis for the Doctoral degree. 
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