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Synthesis and Characterization of Zinc Oxide Nanorods 

Mukeshkumar AlL S.M Pandiyan 

Resource Chemistry Program 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 

ABSTRACT 

Zinc oxide nanorods were fabricated with Zinc Chloride, ZnCh as precursor with 
presence of Poly (vinylpyrrolidone), PVP as capping agents by a simple wet chemical synthesis 
method. The zinc oxide nanorods were being characterized by using Scanning Electron Microscope 
(SEM), Transmission Electron Microscope (TEM), UV-Vis absorption spectroscopy and Energy 
Dispersive X-ray spectroscopy (EDX). The influence of experimental conditions, reaction 
temperature, pH of medium and grow time on the morphology of zinc oxide nanorods were 
investigated. The SEM and TEM micrographs showed that both diameter and length of zinc oxide 
nanorods were decreased with elevated temperature. Well-defined individual zinc oxide nanorods 
with uniform diameter and length were formed at neutral pH (7 -8) solution. It was also found that 
the diameter of zinc oxide nanorods were increased with increasing growth time. In contrast, the 
length of zinc oxide nanorods were decreased when the increasing growth duration. 

Keywords: Zinc oxide, Nanorods, PVP, TEM, Chemical Synthesis 

ABSTRAK 

Nanorod zink oksida telah d({ab'1ftkan dengan zink klorida, ZnCh sebagai pelopor dengan 
kehadiran Poly(vinylnyrolodone), PVP digunakan sebagai ejen penutup dengan kaedah sintesis 
kimia basah yang mudah. Nanorods zink oksida dicirikan dengan menggunakan Mikroskop Imbasan 
Eleklron (SEM), Penghantaran Electron Microskop (TEM), UV- Vis spektroskopi penyerapan dan 
serakan lenaga X-ray spektroskopi (EDX}.Pengaruh daripada keadaan kajian, lindak balas suhu, 
pH medium dan perkembangan masa morfologi nanorod zink oksida lelah dikaji. Mikrograf 
daripada SEM dan TEM telah menunjukkan kedua-dua diameter dan panjang nanorod zink oksida 
menurun dengan peningkatan suhu. Individu zink oksida yang telah dikenalpasti dengan diameter 
dan panjang yang seragam telah membentuk di tahap pH (7-8) yang neutral dalam larutan air .. 
Peningkatan diameter nanorod zink oksida juga dijumpai meningkat sekali dengan peningkatan 
masa perkembangan. Rumusannya, panjang nanorod zink oks ida menurun apabi/a tempoh 
perkembangan meningkat. 

Kala /rune;; Zink oks ida, Nanorod, PVP, TEM, Sintesis Kimia 
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1.0 Introduction 

I, 

Nanotechnology is introducing to the manipulating and the designing of useful matters 

on an atomic, molecular and supennolecular scale. This technology involves constructing, 

changing, and fabricating of a very small materials in the order of nanometers (l0-9m). 

Furthennore, these nano-sized materials are in the size range of 1 to 100nm (Somaskandan 

et ai., 2005). Nanostructured materials are showing significant characteristics that bring this 

technology to develop into an important industry. Currently, nanotechnology has been 

implemented into medicine, electronic devices, biomaterials and consumer products (Buzea 

et aI. , 2007). Based on Nalwa's study (2000), there are many naturally occurring biological, 

organic and inorganic nano-sized materials that existed in nature since the starting of life in 

the earth. For examples, inorganic particles that being synthesized by microorganisms in soil 

or ultra-fined particles that found in smoke and rocks. 

The main objective of nanotechnology is to synthesis size dependent electronic, unique 

optical and magnetic properties. Recently, carbon nanotubes, organic compounds, 

semiconductors and metals have been studied as building blocks of electronic and photonic 

nanodevices (Feldheim & Foss, 2002). Nano-sized metal particles are being studied 

frequently because it is easy to be fabricated and chemical modified. In addition, the 

nanoparticles of metal have similar optical constant and electrical properties to their 

corresponding bulk metals (Feldheim & Foss, 2002). Other than that, one-dimensional (1 D) 

nanostructures have well dependence of electrical and mechanical properties on 

dimensionality and size reduction. Thus, 1 D materials play important roles in manufacturing 

electronic, optoelectronic, electrochemical and electromechanical devices in nano-scale. 

A rding to Otterstedt and Brandreth (1998), surface property is one ofthe important issues 

.' 
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for metal nanoparticles. Smaller size of particle has higher surface area to volume ratio. 

Therefore, these nanosized particles are more reactive than their bulk metals. 

One dimensional structure is the largest group, it consists of nanorods, nanoneedles, 

nanohelixes, nanospring, nanotubes, nanobelts, nanowires and nanocombs (Kong & Ding et 

at., 2004). Nanorod will be forecasted to be the highlight ofcoming decade of nanomaterials 

research (Appell, 2002). This special nanostructure appears as essential building blocks for 

future electronic device and medical application. Compared with others dimensional 

structures, nanorods gives an unconfined tunnelling direction for electron conduction 

(Shankar & Raychaudhuri, 2005). Furthennore, the limitation of nanorod's diameter 

provides a special density of electronic states. These unique properties of nanorods create a 

remarkable difference in electrical, optical and magnetical perfonnances that compared with 

the bulk structures. Other than that, the physical structures ofnanorod enhances the radiative 

recombination ofcharges, this property may contributes into making of nano-optoelectronic 

devices. Lately, some researchers are implementing nanorods in biomedical purpose such as 

disease detection, toxicity washing off and targeted drug delivery. 

Figure I: SEM micrographs of ZnO nanorods, Nanobelts and Nanowires 

Zinc oxides are versatile materials, which can be found naturally in zincite. This raw 

m terials consist little amount of manganese impurities (De Liedekerke, 2006). Zinc oxide 

is a wide band-gap (3.37eV) semiconductor materials with high exciton binding energy 
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(6OmeV), this resulted a potential for making optoelectronic devices. For example, few 

optoelectronic devices of zinc oxide overlap with that Gallium nitride, another wide band 

gap semiconductor (3.4eV) which is extensively used for production of blue-ultraviolet, 

green and white light emitting devices. This is because zinc oxide has a higher exciton 

binding energy (6OmeV) than gallium nitride. Although, zinc oxide is not a freshly 

discovered material. There has been many research on zinc oxide were studied for several 

decades with interest following unique characteristics. For example, optical properties, 

refractive index, lattice parameters and vibrational properties of zinc oxides were broadly 

studied few decades ago (Park et at., 1966). 

There are several synthesis methods such as hydrothermal method, vapour phase growth 

and chemical vapour transport that are not much significant different compare to last time. 

Bulk crystals of zinc oxides have been grown by a few methods, and available of large size 

zinc oxide substrates (Ohshima et at., 2004). Furthermore, low temperature condition at 

below 700°c is flavouring the growth of high quality zinc oxide films . Besides that, zinc 

oxide has a large exciton binding energy to pave a way for excessive near band edge 

excitonic emission at both room temperature and higher temperature, this is because zinc 

oxide has the value that 2.4 multiple times than the thermal energy of the room temperature 

at 25meV. Recently, zinc oxide has'rc>und others vital application, making of transparent 

thin-film transistor. The protective layer will eliminate the light exposure because zinc oxide 

based transistors are not susceptible to visible light. 

Therefore, zinc oxide 1 D nanostructures, especially for nanorod is the most interesting 

components for manufacturing nano-sized photonic, electronic devices and also medical 

pplications, because of its unique physical and chemical properties. The opportunity of 

fa eating high quality of zinc oxide nanomaterials and simpler growth mechanism of the 

nanostruetures also advance the research on zinc oxide. Recently, researchers have succeed 
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associated zinc oxide nanorods into variety of applications. For example, zmc oxide 

nanorods have been applied in the usage ofconverter, gas sensor, electrodes and catalyst due 

to its piezoelectric and pyroelectric properties. Other than that, this materials are also 

attracted interest for application in biomedicine, because it is environmental benign, low 

toxicity, easily to be degraded and biocompatibility (Ozgiir et aI., 2005). In addition, zinc 

oxide nanorods has been applied into textile materials because of its antibacterial and UV

blocking properties (Wang et aI., 2004). This materials are chemically stable and non-toxic 

under long term exposure to UV exposure and high temperature. This is because nanorods 

have larger surface area-to-volume ratio that makes a distinct increasing of the effectiveness 
II 

in blocking UV radiation when compare to its bulk materials (Yadav et ai., 2006). 

However, those research on zinc oxide nanorod is still at the early stage, the performance 

of those nanodevices are not compatible to the existing ones. But it has been categorized as 

the most promising nanomaterials for next decade's application. Furthermore, there exist 

some challenges before implementing zinc oxide one dimensional nanostructures into 

electronic and optoelectronic applications. One of the challenge is to understand the 

1,1 fundamental properties of the nanostructures of zinc oxide, such as the origin of defect 

emission which is still controversial. For examples, LED devices due to difficulty in getting 

p-type zinc oxide. Besides that, elect?8tuminescence emission of zinc oxide is weak and the 

electron carrier recombination is hard to control which leads the failure of observing 

emission from zinc oxide. 

In this study, zinc oxide nanorods with controllable size will be synthesized with the 

presence of surfactants. Compared with conventional methods, this present methods is 

simple, low energy consumption and low cost. The several influence of reaction conditions 

on e morphology of zinc oxide nanorods will be discussed. 
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2.0 Objectives of Study 

Among the objectives of this study are: 

1. 	 To synthesize zinc oxide nanorods using chemical synthesis method with the 

presence ofPVP as surfactants. 

2. 	 To characterize the physical morphology, size distribution, and UV absorption 

properties of zinc oxide nanorods. 

3. 	 The influence of experimental conditions, such as reaction time, pH of solution and 

reaction temperature will be investigated. 
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3.0 Literature Reviews 

3.1 Fundamental of Zinc Oxide 

3.1.1 Crystal structures of Zinc Oxide 

Crystallize of Semiconductor from group II-VI usually in hexagonal wurtzite 

structure or cubic zinc-blende, these two structures consist of one anion that surrounded by 

four cations at the comer of a tetrahedron. Thus, Sp3 covalent bonding is present in this 

tetrahedral coordination, this materials are also have consequential ionic character. Zinc 

oxide is under the category of II-VI compound semiconductor where the ionicity of zinc 

oxide rely on the border edge between covalent and ionic semiconductor. Generally, there 

are three crystal structures of zinc oxide which are hexagonal wurtzite, rocksalt and zinc 

blende. At room temperature, wurzite structures is the most thermodynamically stable phase. 

For zinc blende structures, it only can be stabilized by growth on cubic substrates. 

Comparatively high pressure might yielded rocksalt structures (Qadri et at., 1999). 

Wurtzite structure consists of a hexagonal unit cell with two lattice parameters which 

known as a and c with the values O.3296nm and O.52065nm respectively. Zinc and oxygen 

atoms arrange in hexagonal-close-pack sub lattices and stacks alternatively along the c-axis. 

Each Zn2+ sublattice has four Zn2+ ions per unit cell and these Zn2+ ions are surrounded by 

four OZ- ions that coordinated at the edges of the tetrahedron (Gupta & Mansingh, 1996). 

The lack of central symmetric structure gives the piezoelectricity of zinc oxide, which is 

suitable for making electromechanical devices. Piezoelectricity is the reverse process which 

an elongation and contraction that created vibration into an electrical signals (Wang & Song, 

2(06). In actual zinc oxide crystal, the wurtzite structure is different from the ideal 

gement, by shifting the cia ratio or the u value (length of the parallel bond to c axis) . 

There is a strong correlation exists between cia ratio and the u value, when cia ratio decreases, 

7 



the u value is also decreases. Thus, four tetrahedral distances remain almost constant through 

a distortion ofa tetrahedral angles due to polar interactions. 

c 

a 

b 

Figure 2: Wurtzite Structure of ZnO 

The difference of electronegativity of two constituents are correspond with the cia 

ratio, compounds that have larger differences show the largest deviation from the ideal cia 

ratio. When wurtzite structure of zinc oxide under external pressure, it can be transformed 

into the rock salt structure. This is because the reduction of the lattice dimension causes the 

interionic coulomb interaction to favour the ionicity more over the covalent nature. The 

structure of rock salt is six-fold coor~ated. Bates et al. (2002) reported that transformation 

of wurtzite structure to rocksaIt happens at approximately amount of 10GPa pressure 

induced and 17% ofvolume decreases. High pressure of cubic phase is metastable for a long 

time at atmosphere pressure and temperature above 100°C. Recently, the hexagonal wurtzite 

structure of zinc oxide undergoes structural transformation with the pressure of 10GPa and 

completed fully at 15GPa (GelWard & Olsen, 1995). 

Jamieson (1970) reported that the transition is reversible at room temperature after 

analysed by using XRD and EDXD. Large number of EDXD spectra were taken at pressure 
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ranging from O.lMPa to 56 GPa at room temperature. At 9.1±0.2 GPa with increasing 

pressure, a clear wurtzite-rocksalt transition was observed. The structural transition was done 

at 9.6 GPa that resulted 16.7% changes in volume. The rocksalt structure can be revert to 

wurtzite structure under decompression at 1.9±0.2 GPa. The phase hysteresis is consequently 

substantial. 

Yeh et al. (1992) reported that the tetrahedral coordination of wurtzite and zinc 

blende structures, both structures have the same bond distance. The major difference 

between these two structures depend in the staking sequence of closed-packed diatomic 

planes. Wurtzite structure consists of alternation biatomic close-packed (000 I) planes. Zinc 

blende structure consists of triangularly arranged atoms in the closed-packed (111) planes. 

Mariano & Hanneman (1963) stated that these three structures show crystallographic 

polarity which determine the direction of the bonds. When the bonds along the axis c from 

Zn2+ to Q2-, the polarity is belong to Zn polarity. However, there are some argument stated 

that the bonds along the c axis are from 0 2- to Zn2+, the polarity is belong to 0 polarity. 

Theoretically, crystal has different kinetic parameters that can be promoted by different 

growth conditions. During crystal growth, crystallize generally develops within low index 

crystallographic planes (Huang et aI., 2001). Generally, there are three low index directions 

for zinc oxide to growth which are, (2110), (0110) and (0001). Among types of growth 

direction, (0001) direction is the most common, this is because zinc oxide crystalline 

structure tends to maximize the areas of(2110) and (0110) as both have lower kinetic energy 

than (OOOl).This promoted the growth of nanorods and nanowires. Therefore, zinc oxide 

nanorods or nanowires are the common structures formed for 1 D nanostructures . 
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3.1.2 Optical Properties 

The optical properties of semiconductor are related with both extrinsic and intrinsic 

effects. For intrinsic optical effect occurs within the electrons in the conduction band and 

electrons hole in the valence band, the flowing ofelectrons from valence band to conduction 

band is known as excitons (Rousset et al., 2009). Then, there are free excitons and bound 

excitons in the transition. For extrinsic optical effect are linked to defects or dopants. This 

will creates a tiny electronic states in the band gap and affects both optical absorption and 

emission processes. 

Furthermore, the materials of semiconductor are strongly determine the electronic 

states of bound excitons. Theoretically, excitons can be in neutral, positively charge or 

negatively charge. Thus, neutral donors and acceptors are the dominant coupling ofthe like 

particles in the bound excitons states. Some electrons are assumed to pair off into two 

electron states with zero spin are known as shallow neutral donor-bound excitons 

(Klingshim et al., 2010). The excess hole is then weakly bound in the net-hole attractive 

Coulomb potential that set up by this bound two electrons aggregate. 

In contrast, shallow neutral acceptor-bound excitons are assumed to have a two holes 
~ 

state that derived from the valence band and electrons interaction. These two types of bound 

excitons are very important for optical properties. Ant defect transitions will be observed in 

optical spectra. 
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3.1.3 Doping Zinc Oxide 

Generally Zinc oxide has high potential in making short wavelength optoelectronic 

devices. Thus, it is essential for getting both high quality n-type and p-type zinc oxide. For 

unipolar doping is easily doped to n-type or p-type but bipolar carrier doping is a main 

obstacles in many wide band gap semiconductors such as GaN, ZnS, ZnSe and ZnTe. 

The wurtzite structure makes zinc oxide as n-types semiconductor naturally, because 

due to presence of intrinsic defects such as 0 2- vacancies and Zn2+ interstitials. Intrinsic n

type conductivity has very high electron density that shown in undoped zinc oxide (Minami 

et al., 1985). Through experiment shows that doped zinc oxide is n-type, but there is still 

controversial whether the donors are Zn or O. Based on first principle stated that none ofthe 

native defects will show high concentration shallow donor characteristics. Furthermore, 

Albrecht et al. (1986) stated that Zn rather than 0 is the dominant native shallow donor in 

zinc oxide with an ionization energy about 30-50meY. Besides that, some also suggested 

that n-type conductivity ofdoped Zinc oxide films is due to hydrogen acts as a shallow donor 

with ionization energy about 30meV. This assumption is valid since hydrogen is always 

present in all growth methods and can be easily diffuse into zinc oxide in large amounts due 

to high mobility. Hydrogen acts as a source of conductivity and behaves as a shallow donor 

in zinc oxide can be shown in first principles calculations (Ko et at., 2000). 

N-type doping of zinc oxide can be very simple compared to p-type doping. For AI, 

Ga and In as substitution elements for Zn and CI and I as substitution elements for 0 can be 

used as n-types dopants. High quality and conductive n-type zinc oxide films can be 

attempted by doping with AI, Ga and In. Thus, development of n-type doping of zinc oxide 

ery well. Those successful film have been used in variety of applications as n-type layers 

in LED. 

11 
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3.2 Zinc Oxide Nanostructures 

Nanomaterials of Zinc oxide have gained huge attention due to their physical 

properties uprising from quantum confinement such as electronic quantum transport and 

enhanced radiative recombination of carrier. Fabricating of zinc oxide thin films are highly 

demanded, because this materials have promising potentials in extensive application and 

fundamental building blocks for making ultrasensitive nano-sized gas sensors, short 

wavelength nanolasers, nanoresonators and field emitters (Wang, 2004). 

Last decades, United States America took the lead to initiate nanotechnology. These 

nanomaterials are the ideal system for studying transport mechanisms in 10 systems, which 

are good not only for understanding the fundamental in low dimensional systems but also 

for developing a new generation nanodevices with outstanding performance. There are many 

potential materials such as Si, C, CdS, Sn02, GaN and ZnO. Synthesis nanorods for different 

application using mostly catalyst-assisted vapour-liquid-solid growth method (Duan et al., 

2001). Compared with these materials, Zinc oxide is considered to be the most prospective 

one due to its large exciton binding energy (60meV)., high electromechanical coupling 

constant and high resistant to external environment. 

Thus, 1 D zinc oxide nanostructures have gained so much attention and many 

publication have been appeared lately reporting nanostructures that grown in various 

methods. The growth of patterned and aligned one dimensional nanostructures are important 

for application (Wang Kong & Zuo, 2003). 
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3.3 Fabrication Methods of Zinc Oxide Nanorods 

3.3.1 Physical Based Synthesis Method Approaches 

The chemical and physical properties ofnano-sized materials have different function 

according to their size, shape and surface chemistry. Therefore, modification of synthesis 

techniques are important for the development of nanomaterials. The fabrication techniques 

for zinc oxide nanorods can be classified into wet-chemical based and physical based 

methods (Yang et at., 2010). Vapour-liquid-solid is one of the famous methods of physical 

based technique. However, this method requires high temperature and pressure exert on the 

substrates and gives low product yield. This method produced high quality of zinc oxide but 

energy consumption is high and costly. 

In contrast, wet-chemical based methods such as controlled precipitation, 

hydrothermal process and surfactant-assisted synthesis. The Zn2+ ions are readily become 

hydroxyl and ammonia complexes and the methods are based on hydrolysis at room 

temperature. In addition, the growth direction of zinc oxide can be monitored with different 

parameters in these techniques (Willander et at., 2008). For examples, amine compounds 

promote growth in c-directions, citra es compound inhibits growth in c-directions and direct 

grows in rod or plates shapes. Sum its all, wet-chemical based methods give convenient, 

capability in manipulation, lower reaction temperature and low operating cost for 

synthesizing zinc oxide nanostructures (Liu et aI., 2007). Based on recent research, 

electrochemical technique has been announced as a new fabricating method for zinc oxide 

nanostructures. 
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3.3.2 Wet - Chemical Based Synthesis Method Approaches 

Most ofthe researchers involve in this technique for zinc oxide nanomaterials. In this 

approach, monitoring the growth process parameters are able to control the growth 

morphological and structural characteristics of zinc oxide nanostructures. The examples of 

parameters such as: pH, reaction temperature, stoichiometry, reagent of interest and aging 

time (Zhang et al., 2005). Furthermore, absolute ethanol plays an important role in 

contributing unoccupied oxygen for Zn2+ ions to form ZnO and also wash off the salt 

compounds in the solution. 

Using different surfactants or amine precursors to produce variety of zinc oxide 

architectures such as flower-like structures that assembled by rod and wires. Other than that, 

different surfactant sources will yield different morphologies of zinc oxide, different ions 

releasing and adsorption rates are important in manipulating the assembly of zinc oxide 

architectures (Du et aI., 2012). There are many experiments conducted with different 

parameters such as molar concentration, reaction time, temperature and pH that plays a vital 

role in dictating the nanostructures. Moreover, nanoflower, nanotetrapod and urchin-like 

zinc oxide nanostructures can be produced at alkaline condition (pH~8), nanorod like 

structures can be obtained at acidic or neutral conditions. Besides that, molar concentration 

of reagents used and zinc oxide cause changes in shape and sized of nanostructures. The 

reaction temperature will also changes the length and diameter of the nanostructures. 

Common precursors that have been used for zinc oxide nanostructures which are 

Zinc Nitrate (Zn(N03)z), Zinc Chloride (ZnClz), Zinc Acetate (Zn(CH3COO)2) and Zinc 

phate (ZnS04) with presence ofgrowth orienting reagents such as Ammonia (NH3), Citric 

Acid, Sodium Hydroxide (NaOH), PVP and CTAB (Amin et aI., 2011). Last few years, 

many studies have been conducted for wet chemical based methods. 

14 




3.3.3 Vapour-Liquid-Solid Method 

In general, this thennal evaporation method is a simple work that powder materials 

are vaporized at increasing temperature and the resultant is then condensed and form vapour 

under specific temperature, atmospheric pressure and substrate conditions to form the 

desired products. These processes have to be carry out in a horizontal tube furnace. An 

alumina tube, gas supply, control system and rotary pump system can be found in the tube 

furnace. There is a spectator window at the side of the alumina tube which is used to view 

the growth process. The right side of the alumina tube is connected to the rotary pump. 

Rubber rings are used to seal up both ends. The carrying gas are coming from the left end of 

the tube and pumped out at the right end. The source is loaded on an alumina stage and 

placed at the centre ofthe alumina tube, where temperature is the highest. After that, alumina 

acts as the substrate that placed downstream for collecting growth products. Highly 

controllable ofproducts can be achieved by this simple set up experiment (Wang, 2004). 

In addition, there are several experimental parameters such as reaction temperature, 

carrier gas, pressure, substrates and evaporation duration which can be monitored and need 

to be choose properly before and during the thermal vaporization (Dai, Pan & Wang, 2003). 

Usually, the reaction temperature rely on the volatility of the source material. It might be 

I Wei" than the melting point of the materials. The local temperature determines the types of 

product that will be obtained. The concentration of oxygen in the system is very sensitive 

r the thermal evaporation process. This is because oxygen affects the volatility of the 

materials and the stoichiometry of the vapour phase. In recent study, thermal vaporization 

conducted at a designed heating rate and at a pressure of 200-600 Torr and Argon, Ar 

be used as the carrier gas. The on-off times for the carrier gas will highly affect the 

JI'Owth kinetics. 
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