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Chapter 1 

Figure 1.1: The (a) rocksalt (cubic), (b) zinc blende (cubic) and (c) wurtzite (hexagonal) 

structures model of ZnO. 

Figure 1.2: Crystal structure models of (a) scheelite and (b) zircon-type BiVO4.  

Figure 1.3: (a) Crystal structure of monoclinic clinobisvanite BiVO4; (b) polyhedron structure 

representation; (c) top view and (d) side view.  

Figure 1.4: Total and local partial density of states of monoclinic clinobisvanite BiVO4. The 

DOS is decomposed into the main electron states of each component  

Figure 1.5: Photoelectrochemical based solar hydrogen production system 

Figure 1.6: Photoelectrochemical cell showing metal cathode and semiconducting photoanode & 

its energy diagram 

Figure 1.7: General mechanism of the photocatalysis 

Figure 1.8: Band gap and edge position of various compounds 

Figure 1.9: Intensity vs wavelength plot of solar spectrum under 1.5 AM condition 

Figure 1.10: Conditions for semiconductor stability in electrolyte (A) stable, (B) unstable, (C) 

stablity against cathodic decomposition, (D) stable against anodic decomposition; 
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where Ed is decomposition potential 

Figure 1.11: Photocatalytic process ZnO with anodic dopants decorated on surface. 

Figure 1.12: Various applications of hydrogen energy in diverse fields 

Chapter 2 

Figure 2.1: Schematic showing preparation of ZnO-BiVO4 nanocomposite 

Chapter 3 

Figure 3.1: TEM micrograph of (a) BiVO4 nanoparticles, (b) ZnO nanosheets (c) & (d) ZnO/ 

BiVO4 (1:1) nanocomposite (e) EDS for ZnO-BiVO4 (1:1) nanocomposite 

Figure 3.2: TEM images of composite samples revealing complete attachment of BiVO4 

nanoparticles to ZnO nanosheets at lower magnification scale 

Figure 3.3: XRD spectras of ZnO nanosheets (a), BiVO4 nanoparticles (b) and ZnO/BiVO4 

nanocomposite (c) 

Figure 3.4: Photoluminescence for ZnO nanosheets (a), BiVO4 nanoparticles (b), ZnO-BiVO4 

nanocomposite (c) and Luminescence decay study (d) Tauc's plot for ZnO 

nanosheets (a), BiVO4 nanoparticles (b) and ZnO-BiVO4 nanocomposite (c) 

Figure 3.5:  XPS spectra for: (a) Zn 2p peak of pure ZnO and ZnO-BiVO4 heterojunction; (b) 

O1s peak of pure ZnO and ZnO-BiVO4 heterojunction; (c) V 2p peak of pure BiVO4 

and ZnO-BiVO4 heterojunction (d) Bi 4fpeak of pure BiVO4 and ZnO-BiVO4 

heterojunction 

Figure 3.6: Tauc's plot for ZnO nanosheets (a), BiVO4 nanoparticles (b) and ZnO- BiVO4       

nanocomposite (c) 

Figure 3.7: ZnO(101)- BiVO4 hetrojunction optimized geometrical structure 
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Figure 3.8: Calculated band structures of (a) ZnO, (b) BiVO4, and (c) ZnO-BiVO4 

heterojunction

Figure 3.9: Calculated TDOS and PDOS of (a) ZnO-BiVO4 heterojunction (b) ZnO (c) BiVO4     

heterojunction. The vertical line is Fermi level.

Figure 3.10: SEM micrograph of photoanode samples (a) pure ZnO (hexagonal wurtzite 

structure) (b) B1; BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ ZnO and (d) B3; 

BiVO4 (0.1M)/ ZnO.

Figure 3.11: X-ray diffractogram of photoanode samples (a) pure ZnO (hexagonal wurtzite 

structure) (b) B1; BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ ZnO and (d) B3; 

BiVO4 (0.1M)/ ZnO. ZnO and BiVO4 peaks were differentiated using closed 

rhombus (  ) and open square (   ) symbols, respectively.

Figure 3.12: (A) Diffused reflectance spectra of photoanode samples (a) pure ZnO (b) B1; 

BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ ZnO and (d) B3; BiVO4 (0.1M)/ 

ZnO

Figure 3.13: K-M plots of photoanode samples (a) pure ZnO (b) B1; BiVO4 (0.035 M)/ZnO (c) 

B2; BiVO4 (0.05 M)/ ZnO and (d) B3; BiVO4 (0.1M)/ ZnO.

 

Chapter 4 

Figure 4.1:  C/Co curves for ZnO, BiVO4, ZnO-BiVO4 (1:1), ZnO-BiVO4 (1:2) and ZnO-BiVO4 

(2:1) samples for MB dye solution (a) and first order rate kinetics of MB dye 

degradation for various samples (b) 

Figure 4.2:  C/Co curve (a) and First order rate kinetics (b) of ZnO- BiVO4 (1:1) sample for RhB 

dye degradation 

Figure 4.3: UV-Vis spectra for (a) RhB and (b) MB dye

Figure 4.4:  Repeatability test for ZnO- BiVO4 (1:1) nanocomposite using MB dye 
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Figure 4.5: PL spectra for pure ZnO (a) without milling and (b) with milling process

Figure 4.6:  Mechanism of action of nanocomposite photocatalyst 

 

 

Chapter 5 

Figure 5.1:  Photocurrent-time characteristics (J vs t) of photoanode samples (a) pure ZnO (b) 

B1; BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ ZnO and (d) B3; BiVO4 

(0.1M)/ ZnO at  applied potential 0 V  in 1 M NaOH light source having 300-500 

nm wavelength at 1 sun intensity. 

Figure 5.2:  Photoelectrochemical properties (J vs V curve) of photoanode samples (a) pure ZnO 

(b) B1; BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ZnO and (d) B3; BiVO4 

(0.1M)/ZnO in 1 M NaOH light source having 300-500 nm wavelength at 1 sun 

intensity (scan rate, 50 mV/s) Light currents and dark currents are shown with 

respective solid and dashed color lines. 

Figure 5.3 : Electrochemical impedance Plots of photoanode samples (a) pure ZnO (b) B1; 

BiVO4 (0.035 M)/ZnO (c) B2; BiVO4 (0.05 M)/ZnO and (d) B3; BiVO4 (0.1M)/ZnO 

 Figure 5.4:  Mott-Schottky plots of photoanode samples (a) pure ZnO (b) B1; BiVO4 (0.035  

M)/ZnO (c) B2; BiVO4 (0.05 M)/ZnO and (d) B3; BiVO4 (0.1M)/ZnO (e) pure 

BiVO4 

Figure 5.5:  The schematic diagram to illustrate complete band diagram and PEC mechanism 

showing electron transfer from BiVO4 (low CB edge material) to ZnO (high CB 

edge material) by almost matching flat band potential phenomenon. 

 

 

 


