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CHAPTER ONE

SCIENTFIC REVIEW



Chapter one 

Introduction      

1.1 Background of ZnO  





Figure (1.1): ZnO (A) nanocombs, (B)nano flower,  (C)nano rod, (D)nanowires, 
(E)nano rings,  (F) nanospring, (G) nanobelts, (H)nanotube [16]. 



1.3 Nano science concepts 

1.4 Definition of nanoparticles 



1.5 Definition of particle size

1.6 Attribute of nanoparticles

1.6.1 Activation of particle surface 



  

                  

                        

                                Figure (1.2)      Activation of surface area [23] 



1.6.2 Increase of surface area 

1.7 Zinc oxide properties 



  

Figure (1.3):  The hexagonal structure of ZnO showing the arrangement of Zn+2

and O-2      atoms [30] 



Figure (1.4): The tetrahedral coordination of ZnO [31]. 





1.8 Estimation of nanoparticles size 

1.9 Advantages of Nanostructured Morphology 



1.10 Synthesis techniques 

1.10.1 Top-Down Synthesis 

          Figure (1.5): Schematic explains the formation of nanostructures via top-
down and bottom-up approaches [41]. 



1.10.2 Bottom-Up Synthesis 



1.11 Simple Evaporation Techniques 

Figure (1.6): Schematic of simple evaporation system [47]. 



1.12 Aqueous Chemical Growth 

1.13 Hydrothermal synthesis



                 Figure (1.7): The process of hydrothermal synthesis, reviling the 
importance of pressure and heat [53].



1.14Optical Absorption and Absorption Edge



1.15 Photoluminescence Spectroscopy



Figure (1.8): Photoluminescence phenomena [61]



Figure (1.9): PL for ZnO [62].



1.16 Dislocations Density  

                                
                     

                  Figure (1.10): dislocation motion [65].



1.17   Particle Nucleation and Growth Theory

1.17.1 Nucleation of Particles in a Liquid

sl

 V G

 r,

Gr= -  r3 Gv



Figure (1.11): The size dependent change in Gibbs free energy for nucleation as 

function of the radius of the formed of solid cluster

1.17.2 Growth of Particles in Solution



Figure (1.1 ): Particle growth by ostwald ripening

1.18 Literature Review

Yongnan and Young, (2004),

Yong, et al. (2005), 



,

Liu, et al. (2006),

Oleg, et al, (2008) 



Yousefi, et. al., (2009), 

Ahn,et. al. (2009),



Lv, et. al. (2010),

Kang, et. al.,(2011), 



Shao and Jeong, (2013),

Jian-Fu, et. al., (2014), 



Thamir (2014), 

 Huiquan et. al., (2015)  

1.19 Aims of the work 



CHAPTER TWO 

PREPARATION AND 

EXAMINATION 

SYSTEMS 



Chapter two 
2.1 Introduction 

  

2-2 Outline of the Experimental Project 

, 



Characteristics Studies with out the sample 10M of NaOH

SEM

PL 

AFM

Figure (2-1): A block diagram illustrating the experimental project outline.

1 g of ZnO 

Nano Powder(20 nm Tecnan 
Spain) 

20 ml of 3,6 and10M  

NaOH

Hydrothermal at 70 oC

or 90 oC for 24h,48h and 72 hour 

Washing by  

Deionized Water until ph=7 

Drying at 80 oC for 4 hour 

Chemical Materials 

XRD

Optimization sample  



Item Material Origin Specification

Table (2.1): Chemical Materials used in this work. 



SpecificationOriginFunctionDevice TypeItem

Perkin Elmer Spectrophotometer 

Luminescence LS 55 equipped 

with FL Win lab software

Table (2.2):  Function, origin and specification devices



2.3 Hydrothermal system  

.3.1  Controller System



2.3.2 Stainless Steel Cell



2.4 Hydrothermal Procedure for Synthesis of ZnO 
nanostructure :

Fig. 2.4 shows the stainless-steel cell a: side view b:inside view



.5 Structural and Morphological Measurements 

2.5.1 X-Ray Diffraction Investigations                                                           



Fig. 2.5 Analysis of XRD for purchased ZnO nanoparticles



Fig. 2.6 Shimadzu XRD 7000

2.5.2 Scanning Electron Microscope (SEM) 

x y 



Figure  (2.7):  A schematic  representation  of  how  an  SEM  works  showing  all 
 the   important components for sample characterization [86].  

2.5.3 Atomic Force Microscope (AFM)

Figure (2.8): Schematic of AFM techniques [89]



2.5.4 Photoluminescence measurements: 



CHAPTER THREE 

THE BEHAVIOR OF 
MANUFACTURING 

RESULTS 

  



3-1 Introduction 

3-2 Structural Characterization results:  

3-2-1XRD pattern Analyzing of ZnO nanostructures-prepared 
with (3M) NaOH at 70 oC 

oC



Fig 3.1 XRD pattern of ZnO nano structures: (a) arrays as-prepared for 24h   (b) 
as-prepared for 48 h and (c) as-prepared for 72 h at 70 oC 



Table 3.1 the estimated structural parameters (a = 3.228 A°, c = 5.272 A°) at 70 
oC 



3-2-2 XRD pattern Analyzing of ZnO nanostructures-prepared 
with (3M) NaOH at 90 oC

Fig. 3.2 XRD pattern of ZnO nano rods: (a) arrays as-prepared at 90 oC for 24h   
(b) as-prepared at 90 oC for 48 h; (c) as-prepared at 90 oC for 72 h 



Å Å. 

Table 3.2The estimated structural parameters (a = 3.228 Å, c = 5.272 Å) 3M 
(NaOH)at 90 oC. 



3-2-3 XRD pattern Analyzing of ZnO nanostructures-prepared 
with (6M) NaOH at 70 oC



Fig. 3.3 XRD pattern of ZnO nano structured prepared from 1g of ZnO with 6M
NaOH at 70 oC: (a) arrays as-prepared for 24h (b) as-prepared at for 48 h; (c)
as-prepared at for 72 h 

Table 3.3 the estimated structural parameters of major peaks (a = 3.228 Å , c = 
5.272 Å) 6M (NaOH)at 70 oC.

(100)
(002)
(101)

(100)
(002)



3-2-4 XRD pattern Analyzing of ZnO nanostructures-prepared 
with (6M) NaOH at 90 oC



Fig. 3.4 XRD pattern of ZnO nano structured prepared from 1g of ZnO with 6M 
NaOH at 90 oC: (a) arrays as-prepared   for 24h   (b) as-prepared at for 48 h; (c) 
as-prepared at for 72 h 

Table 3.4 the estimated structural parameters of major peaks (a = 3.228 Å, c = 
5.272 Å) 6M (NaOH) at 90 oC 



3-3 Surface Morphology 
3-3-1 Atomic Force Microscope (AFM) results
3-3-1-1 Atomic Force Microscope (AFM) for ZnO 

nanostructures-prepared with (3M) NaOH at 70 oC 

Fig 3.5: Shows the granularity cumulating distribution for nanostructure 
prepared for 24 h



 Fig 3.6 Shows the granularity cumulating distribution for nanostructure 
prepared for 48 h 

  Fig 3.7: Shows the granularity cumulating distribution for ZnO 
nanostructure prepared for 72 h 



Fig. 3.8 AFM images of the ZnO nanostructure  with NaOH(3M)  aqueous at 
70 oc  for (A) 24 h, (B)48 h  and  (C) 72 

  

Fig. 3.9: Shows the surface roughness of the ZnO nanostructured with 3M 
NaOH at 70 oC 



3-3-1-2 AFM for ZnO nanostructures-prepared with (3M) 

NaOH at 90 oC 

Fig 3.10 shows the granularity cumulating distribution for nanostructure 

prepared for 24 h 



Fig 3.11 :Shows the granularity cumulating distribution for nanostructure 

prepared for 48 h 

Fig 3.12 shows the granularity cumulating distribution for nanostructure 

prepared for 72 h  



Fig. 3.13 AFM images of the ZnO nano rods  hydrothermally  grown with (3M) 
NaOH aqueous at 90 oc  for (a) 24 h, (b)48 h  and    (c) 72 h

Fig. 3.14 shows the surface roughness of the ZnO nanostructured prepared of 

ZnO (1g) nanoparticles with NaOH (3M) at 90 oC 



3-3-1-3 Atomic Force Microscope (AFM) for ZnO 

nanostructures-prepared with NaOH (6M) at 70 oC

Fig 3.15 shows the granularity cumulating distribution for nanostructure 
prepared for 24 h 



Fig 3.16 shows the granularity cumulating distribution for nanostructure 
prepared for 48 h 

Fig 3.17 shows the granularity cumulating distribution for nanostructure 
prepared for 72 h 



Fig. 3.18 AFM images of the ZnO nanostructure  with NaOH(3M)  aqueous at 70 
oc  for (a) 24 h, (b)48 h  and  (c) 72 h 



Fig. 3.19 shows the surface roughness of the ZnO nanostructured prepared of 
ZnO (1g) nanoparticles with NaOH (6M) at 70 oC . 

3-3-1-4 Atomic Force Microscope (AFM) for ZnO 

nanostructures-prepared with NaOH (6M) at 90 oC 



Fig. 3.20 shows the granularity cumulating distribution for nanostructure 
prepared for 24 h 

Fig. 3.21shows the granularity cumulating distribution for nanostructure 
prepared for 48 h 



Fig.3.22 shows the granularity cumulating distribution for nanostructure 
prepared for 72 h. 

Fig. 3.23 AFM images of the ZnO nanostructure  with NaOH(3M)  aqueous at 90 
oc  for (A) 24 h, (B)48 h  and  (C) 72 h 



Fig. 3.24 shows the surface roughness of the ZnO nanostructured prepared of 
ZnO (1g) nanoparticles with NaOH (6M) at 90 oC. 

 3-3-2 Scan Electron Microscopic and Field Emission Scan 

Electron Microscopic (FE-SEM) results



3-3-2-1 Scan Electron Microscopic (SEM) and Field                   
Emission     Scan   Electron Microscopic (FE-SEM)

for ZnO nanostructures-prepared with (3M) NaOH at 70 oC 



Fig 3.25: a ,b shows growth of the ZnO structured preparation from 1g ZnO 
nanoparticles with 3M NaOH at 70 0C for 24h appeared heterogeneous 

structured (multilayer nano plates with nanoparticles)  

b 

a 



 Fig 3.26:a,b Shows growth of the ZnO structured preparation 1g ZnO 
nanoparticles with 3M NaOH at 70 oC for 48h appeared initially nanotubes 

growth

b 

a 



Fig 3.27:a,b show Nanotubes structured of ZnO growth are prepared 
from 1g ZnO nanoparticles with 3M NaOH at 70 oC for reaction time 72h 

a 

b 



3-3-2-2Scan Electron Microscopic and Field Emission Scan 

Electron Microscopic (FE-SEM) for ZnO nanostructures-

prepared with (3M) NaOH at 90 oC

. 

Fig 3.28:a,b and c shows growth of the  ZnO growth are prepared from 1g ZnO 
nanoparticles with 3M NaOH at 90 oC  for 24h appeared the Nanobelts 

structures   

a 

c 

b 



Fig 3.29:a,b and c shows growth of the ZnO  are prepared from 1g ZnO 
nanoparticles with  3M NaOH at 90 oC for48 h appeared the nano rods 
structures 

c 

b 

a 



Fig 3.30:a,b shows growth images of the ZnO are prepared from 1g ZnO 
nanoparticles with 3M NaOH at 90 oC for 72 h appeared nano flowerlike 
structures  

3-3-2-3Scan Electron Microscopic (SEM) and Field 

Emission Scan Electron Microscopic (FE-SEM)) for ZnO 

nanostructures-prepared with (6M) NaOH at 70 oC 

b 

a 



Fig 3.31 shows growth of the ZnO are prepared from 1g ZnO nanoparticles with 
6M NaOH at 70 oC for 24 h appeared the lettuce leaf structure 

 oC 



Fig 3.32: a and b shows growth of the ZnO  are prepared from 1g ZnO 
nanoparticles with  6M NaOH at 70 oC appeared the nanotubes structure 48 h 

70 oC 

b 



Fig 3.33:a and b shows growth of the ZnO  are prepared from 1g ZnO 
nanoparticles with   6M NaOH at 70 oC for 72h appeared the nano sticks 

structures  

3-3-2-4 Scan Electron Microscopic (SEM) and Field 
Emission Scan Electron Microscopic (FE-SEM)) for ZnO 
nanostructures-prepared with (6M) NaOH at 90  

b 

a 



  

Fig 3.34 :a and b Shows growth of the ZnO are prepared from 1g ZnO 
nanoparticles with 6M NaOH at 90 oC for 24h appered hetrogeneous stracture 
(nanosheets and nanoparticles) 

a b 



Fig 3.35 :a ,b and c shows growth (nanorods) of the ZnO are prepared from 1g 
ZnO nanoparticles with 6M NaOH at 90 oC for 48h  

c 

b 

a b 



Fig 3.36:a and b shows non structures with 6M NaOH at 90 oC for 72h    

a 

b 



Table 3.5 The nano structures were obtained with all prepared conditions  

3.4 PL properties for ZnO prepared using different method: 





igure 3.37: PL for ZnO nanotubes and nanorods prepared by hydrothermal 

method with different conditions  



Table 3.6: Values of energies estimated from PL at different wavelengths

Preparation 
Condition 

E1 (eV) E2 (eV) E3 (eV) 

3M(NaOH),70 
oC,72h 

3.44 at 360nm  3.17-390nm  -  

3M(NaOH),90 
oC h 

3.43 at 361nm  3.21 at 388nm  2.56 at 485nm  

6M(NaOH),70 
oC,48h 

3.43 at 362nm 3.16 at 392nm  2.54 at 488nm  

6M(NaOH),90 
oC,48h 

3.48 at 356 
nm 

3.19 at 389nm  2.61 at 476nm  



CHAPTER FOUR 

CONCLUSIONS AND 
FUTURISTIC IDEAS 



4.1 Conclusions

4.2 Futuristic Ideas  
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