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For a low dimensional structure, the influence of the bound surfaces in the reduced dimensions is predominantly due to the reduced co-ordination. This influence may effect a few atomic layers in that direction, which in case of quantum dots, the complete structure is affected by the surface. Thus, along with quantum confinement properties, the effect of the surface reconstructions and surface defects play a dominant role in determining the structure and properties in the nanophase. This prompts the inevitable use of surface sensitive probes in understanding the nature of low dimensional systems.
In this talk, I shall dwell on our experience in the characterization of various Nanophase materials performed using the conventional X-ray Photoelectron Spectroscopy (XPS) along with several complementary techniques such as Auger Electron Spectroscopy, Low Energy Diffraction, Scanning Tunneling Microscopy, Photoelectron Diffraction, etc., that exploit the surface sensitivity of the Inelastic Mean Free Path of secondary electrons. The results on various low dimensional systems will show the versatility of XPS in not only identifying the elemental composition and chemical states, but also in elucidating structural and electronic properties of the nanophase. Angular effects, photoelectron diffractions, valance band features etc., in conjunction with the depth profiling by using energetic inert gas ions will be demonstrated for several metal-metal, metal-semiconductor and multilayered structures1. The strengths and limitations of the ion induced slicing of the nanoparticles will be discussed. The dependence of the core structure on the shell characteristics will be shown for copper oxide, cadmium telluride cadmium selenide and indium oxide nanoparticles2. The results show that normally unstable phases can be stabilized by appropriate shell structures. The use of XPS in determining the growth modes and monitoring band bending and surface phase transitions during the evolution of the metal-silicon interface will be presented for the Sb and Ga adsorbed on low and high index Si surfaces such as (111), (001) and (5 5 12). The metallicity of the Si(111) 7x7 surface is seen to hinder Schottky barrier formation upto a critical coverage of 1 ML Sb, after which a surface phase transition will change it to the semiconducting Si(111) 1x1 surface. The use of XPS in probing core-shell structure and bare and metal capped rare-earth nanoparticles in several systems will be highlighted3,4. Finally some recent in-situ experiments of the formation of lattice matched SiC and iso-structural GaN superstructures on Si(111) and GaAs(100) will be described in our attempt to form compatible substrate for GaN epitaxial growth with reduced defects. 
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