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Abstract  

Size and shape dependent properties of the materials provide a platform for utilizing 

them in various technological applications. Recently, MoS2, a two-dimensional 

transition metal dichalcogenide (2D TMD) has drawn the attention of a wide section 

of research community due to extreme flexibility, high mobility, nanoscale thickness 

and possibility of modulating its electronic structure by tuning number of layers. 

Interfaces of MoS2 with other nD (where n=0,1,2,3) materials need to be investigated 

as they offer interesting physics different from conventional 3-dimensional 

interfaces. In addition, such studies are crucial for practically employing 2D 

materials in device applications. Keeping this as the motivation, a major part of the 

present thesis is focussed on investigating optical, electronic and interfacial 

properties of 2D materials/thin films and nanoparticles/thin films material 

systems.  

The growth of MoS2 layers of desired dimensions at predefined locations is essential 

for fabricating opto-electronic devices based solely on MoS2 or on heterostructures 

based on MoS2. A new route for patterned growth of 2D MoS2 layers by combining 

radio frequency (RF) magnetron sputtering, stencil mask lithography and vapour 

phase sulfurization is presented. The given method does not involve use of chemical 

etchants and organic photoresist, hence provides a simplified process of achieving 

2D MoS2 arrays. The control over the number of layers (mono, few and bulk) of 

MoS2 is achieved by varying the thickness i.e. sputtering time of Mo films. The 

statistical variation in thickness i.e. number of MoS2 layers within the individual 

patterns is investigated from Raman mappings while Kelvin probe force microscopy 

(KPFM) is used to understand surface potential variation across an individual 

pattern. The present approach is further extended for achieving MoS2 (2D)/WS2 

heterojunctions arrays at pre-defined locations. Surface potential analysis using 

KPFM across individual MoS2 patterns indicates Fermi level at 4.6 eV with n-type 

nature, whereas similar analysis on uncovered WS2 portion reveals that Fermi level 

is located just below the middle of the band gap i. e. p type nature of WS2 layer. 

Based on these measurements, band alignments in the heterojunction are 

proposed. Conducting atomic force microscopy technique is employed to obtain 
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localised I-V curves at random locations in the patterned arrays of MoS2/WS2 

hetero-junctions. Rectifying I-V behaviour with a good point-to-point uniformity is 

observed.  

Next, interfaces between MoS2, a 2D layered material with ZnS, a three dimensional 

(3D) semiconductor are investigated by carrying out KPFM based surface potential 

measurements in surface and junction modes under white light exposure. The 

difference in the surface potential values in surface and junction modes has been 

assigned to the interface photovoltages at the heterojunction. Enhanced interface 

photovoltage is observed in junctions having mono and few layers MoS2 in 

comparison to bulk MoS2 layer. This suggests active participation of 2D MoS2 layer 

in photon absorption and charge separation processes taking place close to the 

junction. This study provides a new method for studying the interfaces of 2D 

materials based devices without surfaces and adsorbents effects. 

Multilayered WS2/MoS2 heterojunctions are achieved by sequential RF magnetron 

sputtering of W and Mo metal and vapor phase sulphurization. Structural, optical 

and electrical properties of van der Waals heterojunction are investigated using 

Raman, spectroscopic ellipsometry (SE) and KPFM, respectively. Charge generation 

and separation across WS2/MoS2 heterojunction is investigated by carrying out 

KPFM measurements under white light illumination. Macroscopic I-V 

characterizations under dark and light revealed rectifying behaviour under dark 

while efficient carrier generation and separation across interface under white light 

exposure. 

Heterojunctions of MoS2 layers with nanocrystalline ZnTe film (0D) with MoS2 

thicknesses varying from few to multilayers have been fabricated by RF magnetron 

sputtering of ZnTe nanocrystalline film on partially masked MoS2 films which are 

prepared prior to ZnTe deposition by vapor phase sulfurization of Mo films. 

Spectroscopy ellipsometry technique has been employed to investigate optical 

constants of heterostructures while KPFM measurements under illumination are 

used to explore generation and separation of carriers by junction field. Findings of 

SE and KPFM measurements are used to propose possible band alignments, band 

bending and built in field at the interface.  
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Charge transfer taking place at interface between nanoparticles and 3D 

semiconductor is also investigated in the present thesis. For this, CdSe NPs/ZnS 

thin film heterojunctions with varying diameters of CdSe NPs have been prepared 

using sequential RF magnetron sputtering technique. CdSe NPs/ZnS thin-films 

show an absorption edge at about 3.5 eV corresponding to ZnS and contribution 

due to size dependent absorption edge in the energy range 1.74-2.16 eV 

corresponding to CdSe NPs. Kelvin probe force microscopy studies show that 

surface potential values of CdSe NPs/ZnS thin-films lie in between that of ZnS (209 

meV) and CdSe/ZnS (-4 meV) thin-films which confirms charge transfer between 

CdSe NPs and ZnS thin-films. The evolution of CdSe NPs/ZnS nanoscale 

heterojunction has been observed with shift in the surface potential values by 

varying size and coverage of CdSe NPs.  

A part of this thesis is devoted to the investigation of oxygen induced modifications 

in structural, optical and electronic behaviour of ZnTe thin films. On incorporating 

oxygen, nanocrystalline character of ZnTe is increased with change in optical 

properties due to absorption through sub band states and increase in fundamental 

absorption edge. From density functional theory analysis, origin of these sub band 

gap states is attributed to oxygen incorporation induced electronic states and Te 

vacancies. In addition, photoelectrochemical performances of ZnTe with and 

without oxygen have been investigated where a change over from photocathodic 

response for ZnTe to enhanced photoanodic response for ZnTe:O thin films along 

with increased response for low energy photons is observed. These findings are 

explained in terms of oxygen induced modification in visible light absorption, 

enhanced surface area due to increased nanocrystalline character and modified 

electronic properties of ZnTe:O thin films. Modifications in optical properties and 

enhancement in PEC performance by oxygen incorporation shown in the present 

study may be useful for developing ZnTe based photovoltaic devices.   
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               औ                                                                        

                           , MoS2,    दो-                                 (2D TMD) ने अपने 

      लचीलेपन,            ,              औ                        का                
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                                   कर                 ,                               
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आगे, MoS2,      -            औ  ZnS,                                                

KPFM तकनीक को सफेद रोशनी में     औ           में अपयोग         की गयी है      औ  

                                                                  औ      MoS2             
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                       उतू्रपे्रररत             ZnTe                    ,       औ  

                                                        ZnTe                      ढ़     

औ                                                -                    औ           

                                                       ,      -                     

           उतू्रपे्रररत                 औ  Te                       , ZnTe    

                                     उतू्रपे्रररत        औ            ,      ZnTe    

                       ZnTe:O             ढ़                         ,                    

                                                      उतू्रपे्रररत                      

         ,                                           , औ  ZnTe:O                    
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2
,



ZnV
s

O  Interstitial sulphur and complexes of native defects 



s
V

 

Sulphur vacancy 

 

Abbreviations 
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3D Three dimensional 
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CB Conduction band 

VB Valence band 



 

xxxiii 
 

BZ Brillouin Zone 

CVD Chemical vapour deposition 

RF Radio frequency  

ALD Atomic layer deposition 

PLD Pulsed layer deposition 

CBM Conduction band minima 

VBM Valence band minima 
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AFM Atomic force microscopy 
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QDs Quantum dots 

IBs Intermediate band  

HMAs Highly mismatched alloys 

BAC Band anticrossing 

PLM Pulsed laser melting 

VRHE Standard hydrogen electrode potential 

VASE Variable angle spectroscopic ellipsometry 

XRD X-ray diffraction  

TMP Turbo molecular pump 

EBL Electron beam lithography  

SEM Scanning electron microscopy  

TEM Transmission electron microscopy 

 SAED Selected area electron diffraction  

  DP Diffraction pattern 

CCD Charged couple detector 

2LA(M) Second order longitudinal acoustical 

RRS Resonance Raman scattering 

STM Scanning tunnelling microscopy 

VCPD Contact potential difference  

VDC DC voltage 

PMMA Polymethylmethacrylate  

VAC AC voltage 

1L Monolayer 

I-V Current voltage  

LO Longitudinal optical mode 
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SO Surface optical mode  

SPs Surface potentials 

TO Transverse optical mode 

MBE Molecular beam epitaxy  

HRXRD High resolution X-ray diffraction 

DFT Density functional theory 

EIS Electrochemical impedance spectroscopy 

MS Mott-Schottky 

CPs Critical points  

HOVB Highest occupied valence band 

LUCB Lowest unoccupied conduction band 

LCA Local density approximation 

GGA Generalized gradient approximation 

RT Room temperature  

J-V Current density-voltage 

J-V Electrochemical impedance spectroscopy 

MS Mott-Schottky 
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