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ABSTRACT 


In  recent  years  considerable  advances  have  been  made  in  the  field  of  gas  sensor 
 developed by using various materials. Among a large variety of materials, metal oxides 
 have its unique place in the field of sensors because of its major properties such as mixed 
 cation vacancy and adjustable oxygen deficiency. Based on these two properties, most of 
 the sensors operate with modification of electrical properties of active sensing materials 
 (metal oxide) brought about by adsorption or desorption of an analyte on their surfaces. 


The most important type of sensor with respect to the practical applications is SnO2 based 
 sensors consisting of SnO2 nanostructures as sensing element and they are preferred over 
 thin and thick film based sensors due to their high sensitivity, low operating temperature 
 and high selectivity.  


The  tailoring  of  material  properties  (i.e.  structural,  optical  and  electrical 
 properties)  of  the  1D  SnO2  nanostructures  are  critically  related  to  the  specific  growth 
 technique  employed  and  growth  parameters  used  and  hence  the  selection  of  growth 
 technique  employed  for  the  1D  SnO2  nanostructures  should  be  appropriate.  Among 
 several growth techniques, such as laser ablation, RF sputtering, hydrothermal treatement 
 and electrodeposition, thermal evaporation is the most simple and cost effective method 
 for the growth of 1D SnO2 nanostructures hence this technique have been used in present 
 work.  


      The  central  objective  of  this  study  is  to  improve  the  gas  sensing  properties  of 
SnO2  nanostructures  based  sensors  by  tuning  their  structural,  optical  and  electrical 
properties. In continuation with the aim, the undoped and doped (Cu, W and Ce) SnO2
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nanostructures were grown by varying process parameters such as process temperature, 
 substrate  type  and  substrate  temperature.  The  grown  SnO2  nanostructures  were 
 characterized by scanning electron microscopy (SEM), transmission electron microscopy 
 (TEM), high resolution TEM (HRTEM), energy  dispersive X-ray spectroscopy (EDX), 
 X-ray  diffraction  (XRD),  ultraviolet  visible  (UV–Vis)  and  photoluminescence  (PL) 
 spectroscopy. The I–V characteristics were studied using probe station and the lab made 
 set  up  was  employed  to  study  the  gas  sensing  properties  of  as-grown  SnO2


nanostructures. 


      Microscopic  investigations of the grown nanostructures of undoped and doped 
 SnO2 revealed the  formation of 1D  nanostructure with wire-like, rod-like and  belt-like 
 morphology  depending  upon  the  type  of  substrate  as  well  as  substrate  and  precursor 
 temperature. The diameter of nanostructures varies upon incorporation of dopant in SnO2


lattice. The elemental analysis confirms the doping of Cu, W and Ce metal with dopant 
 concentration  of  1-4  at%,  3.2-12.2  at%  and  1.5-10  at%,  respectively.  The  XRD  study 
 confirms  the  tetragonal  rutile  structure  of  as-grown  undoped  and  doped  SnO2


nanostructures; however the existence of new phase occurs for nanostructures with higher 
 dopant  concentrations.  The  variations  in  lattice  parameter  and  peak  position  have  also 
 been  noticed  with  varying  dopant  concentration.  The  optical  bandgap  of  the  SnO2


nanostructures reduces from 4.01 eV to 3.69 eV and 3.62 eV after doping of Cu and Ce, 
 respectively and enhances from 4 eV to 4.29 eV due to doping of W.   


       PL studies shows the presence of more defect in doped SnO2 nanostructures as 
compared to undoped nanostructures and the most widely accepted origin of emissions 
from as-gown SnO2 nanostructures are oxygen vacancies. 
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The  single  nanowire  and  multiple  nanowires  based  sensor  device  have  been 
 fabricated by transferring as-grown SnO2 nanowires on a substrate having pre-fabricated 
 Au  electrodes. The  I–V  characteristics  of  sensor  devices  confirm  their  semiconducting 
 behavior as well as ohmic contact formation between nanowire and electrodes. 


      The sensor responses were recorded at various operating temperatures (25 °C to 
 400 °C) as well as for various reducing and oxidizing gas (50-500 ppm). From the gas 
 sensing  properties,  it  was  confirmed  that  the  doping  of  Cu,  W  and  Ce  in  SnO2


nanostructures  has  improved  the  sensitivity  and  selectivity  of  sensor  as  compared  to 
 undoped SnO2 nanostructures. Moreover the operating temperature has been reduced and 
 response  and  recovery  time  has  been  improved  in  case  of  doped  SnO2  nanostructures 
 based sensors.    


In addition, thesis also includes the study of ferromagnetic behaviour in Cu-doped 
SnO2  nanowires  by  ESR  and  SQUID  measurements  and  it  is  revealed  that  the 
enhancement  of  oxygen  vacancies  in  the  Cu-doped  SnO2  nanowires  increases 
corresponding magnetic moment as well as resonance signals.  
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