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ABSTRAK 

Nanotruktur telah menerima banyak perhatian pada masa kini kerana prestasinya 
berdasarkan keunikan cirinya yang dapat diaplikasi di dalam kebanyakan sektor dan 
industri. Prestasi nanopartikel bergantung pada sifat morfologi, fizikal dan optik. Tindak 
balas kimia, suhu dan kaedah yang digunakan dalam menghasilkan nanopartikel yang 
juga akan memberi kesan terhadap sifat-sifat nanopartikel. Objektif kajian ini adalah 
untuk memantau tindak balas di antara reaksi Asid Tanik (TA) melalui pH ZnO dan ZnO-
TA nanostruktur. Zink Oksida (ZnO) telah dipilih dalam tesis ini kerana sifatnya yang 
luar biasa sebagai agen antimikrobial dan penyerapan UV. Ketumpatan TA terhadap ZnO 
telah dikaji melalui perbezaan pH (pH3 hingga pH 7)  telah dikaji dalam tesis ini. TA 
telah diaplikasi ke atas ZnO untuk mengubah nilai pH. TA dipilih kerana sifatnya sebagai 
asid yang lemah dan tidak berbahaya atau mengubah struktur ZnO nanopartikel. 
Penyelidikan ini, melaporkan kaedah sintesis ringkas dari julat saiz kecil struktur nano 
ZnO (diameter min, dm < 30 nm) di hadapan Natrium Sitrat (TC) menggunakan serbuk 
pukal ZnO (dm > 5 µm) dari kaedah hidroterma, yang terkenal dengan prosedur kos 
rendah dan mesra alam. Keputusan yang diperoleh menunjukkan bahawa struktur nano 
ZnO-TA menunjukkan hasil struktur morfologi  agregat. Hubungan antara perubahan pH 
dan agregasi struktur nano ZnO dan dibandingkan dengan sampel ZnO tulen dalam 
larutan berair dibincangkan dalam ruang lingkup sifat fizikal, struktur kimia, sifat optik 
dan kecekapan antimikroba. Nostruktur ZnO-TA terbukti mempunyai dm sedikit lebih 
besar dan mempunyai panjang gelombang LSPR yang lebih pendek berbanding dengan 
struktur nano ZnO tulen 𝐸௚ yang dikira bagi kebanyakan struktur nano ZnO –TA adalah 
lebih luas (3.41 eV –3.81 eV) berbanding dengan struktur nano ZnO tulen (3.51 eV-3.69 
eV). Kecekapan antimikroba struktur nano ZnO-TA terbukti mempunyai prestasi yang 
baik dengan peratusan membunuh hingga 99.69%  “strain” S. aureus dalam masa 24 jam 
daripada struktur nano ZnO tulen (99.39%). Oleh itu, hasil keseluruhan menunjukkan 
bahawa TA memang mempengaruhi sifat struktur nano ZnO selain dari nisbah 
permukaan hingga isipadu struktur nano ZnO itu sendiri adalah parameter penting. 
Dapatan dari kajian ini boleh menjadi salah satu keputusan awal untuk membuat struktur 
nano ZnO dengan konsep tekstil pintar kita sendiri dengan kawalan antibakteria. 
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ABSTRACT 

To date, nanostructures had received an abundance of attention due to the outstanding 
intrinsic performances, which mainly depends upon their unique intrinsic properties that 
have been widely used in revolutionised sectors and industries. Their excellent properties 
(physical, chemical, optical and biological) are reported to be dependent upon the 
nanostructure morphology and topology. Hence, producing the nanosize metal oxide, in 
this case, the  ZnO nanostructures, mainly known for its antibacterial properties, is one 
of the relevant areas of their practical applications. Thus, the work reported the facile 
synthesis method of a small size range of ZnO nanostructures (mean diameter, dm < 30 
nm) in the presence of sodium citrate (SC) using bulk powder ZnO (dm > 5 µm) from 
hydrothermal method, known for the low cost and environmentally friendly procedure. 
In this reaction, only SC is used and acts as a surfactant to promote the nanosize ZnO 
formation. Modifying the surface of the synthesised ZnO nanostructures using the tannic 
acid (TA) is believed could alter the antibacterial performance of the nanostructures. The 
function of pH variation (7< pH >3) upon the introduction of TA to the surface of ZnO 
nanostructure showed the increased of particles aggregation as the pH is lowered due to 
the increased in the acidic medium. The relationship between the pH change and 
aggregation of ZnO nanostructures and compared with pure ZnO samples in aqueous 
solution is discussed in a scope of physical properties, chemical structure, optical 
property and antimicrobial efficiency. ZnO-TA nanostructures shown to have a slight 
larger 𝑑௠   (23nm) and possesses shorter LSPR wavelengths as compared to pure ZnO 
nanostructures. The calculated Eg of most of the prepared ZnO –TA nanostructures are 
wider (3.41 eV –3.8 eV) compared to the pure ZnO nanostructures (3.51 eV-3.69 eV). 
The antimicrobial efficiency of ZnO-TA nanostructures shown to have remarkable 
performance with the killing percentage of up to 99.69% of S. aureus strain within 
24 hours than that of pure ZnO nanostructures (99.39%). Thus, the overall results 
indicated that TA does influenced the properties of ZnO nanostructures apart from the 
surface to volume ratio of ZnO nanostructures itself is the important key parameters. The 
present work could be one of the baseline decision in order to make ZnO nanostructures 
to our own concept of smart textiles with antibacterial control.  
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CHAPTER 1 

 

 

INTRODUCTION 

 

1.1 Project Background  

Nanotechnology had shown tremendous achievements in almost all field of 

science and engineering especially the one related to the development of advanced 

materials at the nano-scale dimension which employed the used of high surface area to 

volume ratio technique that promised elevated outstanding improved specific properties 

as compared to the materials counterparts. Particularly, nanostructures is the driving force 

for nanotechnology achievement. Nanostructures have known for their impressive effects 

due to the contribution of intrinsic physical and chemical properties of small particle size 

ranging from 1 nm up to 100 nm  (Kondawar, Acharya, & Dhakate, 2011; Lah, 2016). As 

the size of the structure shifted to nanoscale regime, the remarkable properties which 

bring enumerate particular signals which totally differes from their bulk counterpart 

although there are from similar material. The ‘magic’ continues which also revolutionise 

towards tailoring and expanding possible range of uses including the nano-bioengineering 

materials such as zinc oxide (ZnO) that have been used for years in sunscreen to provide 

protection from the sun while appearing invisible on the skin.  (Rai, Yadav, & Gade, 

2009).  

Zinc is an essential trace element for human system which will not effecting and 

causing enzymes presence such as carbonic anhydrase, carboxypeptidase, and alcohol 

dehydrogenase become inactive (K. S. Siddiqi, A. Ur Rahman, Tajuddin, & A. Husen, 

2018). Pure Zinc is used as one of the important element in modulating many 

physiological functions inn biomedical field (Maremanda, Khan, & Jena, 2014; 

Wijesekara et al., 2010). In its oxide form, zinc oxide (ZnO), a group of II–VI 

semiconductor demonstrates distinctive intrinsic properties including as a wide-band gap 
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semiconductor (3.37 eV at room temperature) in the near UV spectrum and  a natural n-

type electrical conductivity depending on their dimension and morphologycal structures, 

(Surabhi Siva Kumar, 2013). The wide band gap of ZnO has significant effect on its 

properties, such as the optical absorption.    By controlling different reaction parameters 

of any particular chemical process such as solution concentration, pH, solvent, and 

temperature, an assortments ZnO nanostructures with different growth morphologyes 

such as nanoflakes, nanosphere, and nanotubes,  can be successfully synthesised. A 

combination with green chemical elements could enhanced the possibility of functional 

ZnO in controlling associated bacterial infections. ZnO is known as nearly insoluble in 

water, it agglomerates immediately with water during synthesis due to the high polarity 

of water leading to deposition. Issues of aggregation, re-precipitation, settling, or non-

dissolution impede the synthesis processes. In this regards, the addition of TA apart from 

PVA or polyvinylpyrrolidone  (PVP) as stabilizers enhanced ZnO morphology and size 

for the antibacterial activity as well as be able to promote the formation of smaller size of 

nanostructures. Additionally,TA could also enhance the bioactivity and improved the 

dispersion of the ZnO (Orlowski et al., 2018) 

Herein, the work focused on the synthesis and characterisation of both pure ZnO 

and ZnO-tannic acid (TA) nanostructures with different size distribution and 

morphologyes with the TA as a green stabiliser in water emulsion. This work is motivated 

to achieve small average size distribution of ZnO nanostructures in the presence of 

trisodium citrate (TC) through control synthesis parameters and monitoring the effect of 

TA as stabiliser on different sizes and morphologyes of ZnO-TA system. Accordingly, 

the pH is highly considered upon the exposure of TA in the system. .  

Both the pure ZnO and ZnO-TA nanostructures have specific physiochemical, 

structural and optical properties that permitting remarkable applications. The 

physiochemical properties highlighted in the present study is divided into morphologycal 

and biological properties. Each morphology accounts for a certain mechanism of action. 

The analysis was carried out using Transmission Electron Microscope (TEM) and Field 

Scanning Emission Electron Microscope (FESEM). Selective morphologycal 

nanostructured for both pure ZnO and ZnO-TA  for the antibacterial tests yielded 
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structures of hexagonal pyramid like structures, with some spherical and ellipsoid shapes 

with average diameter size < 20 nm displayed pronounced antibacterial effect. 

Controlling the size of pure ZnO and ZnO-TA nanostructures are crucial to achieve best 

bactericidal responds. The determination on the purity and the presence of TA element 

on ZnO nanostructures are   observed from EDX result. From here, the domination of 

element either the ZnO nanostructures or the capping agent TA. To observed the 

assessment and investigation of antibacterial activity in vitro, broth dilution method, 

followed by colony count, through plating serial culture broths dilutions which contained 

pure ZnO and ZnO-TA nanostructures with the targeted bacteria (that mainly presented 

in human sweat) in appropriate agar medium and incubated were carried out.  

To correlate the antibacterial response with ZnO properties, the domination of 

element ZnO and TA are discovered by monitoring the bonding properties and diffraction 

peak within the two element. Both element of ZnO nanostructure or TA having different 

structure of either crystalline or amorphous. By monitoring the peak diffraction of ZnO-

TA, the domination of capping agent TA can be investigated as the structure showing 

majorly in crystal form or amorphous form. Besides, XRD, FTIR are also another 

technique in determining the type of bonding relation within the two element of ZnO 

nanostructures and capping agent TA. From FTIR the domination of the capping agent 

TA could be monioted by referring to stretching of FTIR peak. Domination of capping 

agent TA would referring to aggregation that occur and the nano-size different between 

Pure ZnO nanostructure and ZnO-TA nanostructure  

 

As ZnO is well-known for the ability to absorb UV light, thus, a detailed reaction 

mechanism which explains this phenomenon via optical analysis is carried out. The focus 

is mainly on the UV-Visible (UV-Vis) and photoluminescence (PL) spectroscopies. The 

determination whether TA would improve the UV absorbance and PL emission of ZnO 

nanostructures were successfully analysed. Determine the band gap or energy gap of the 

ZnO nanoparticle.  Band gap change in the near-UV spectral region in both pure ZnO and 

ZnO-TA nanostructures are presented and discussed further.  
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The anti-micro bacterial properties of ZnO nanoparticles and its ability of the 

nanoparticles as a UV-blocking agent are realised and proved. In the subsequent studies, 

the different pH level of the nanoparticle are said to be affecting the ZnO nanostructure 

properties. In regards, the pH parameter is one of the primary consideration in this study. 

The relation of pH value with the morphologycal, physical and performance of ZnO 

nanoparticle were observed and investigated. As mention in some previous research, pH 

value of the green chemical would influence the peak absorbance of the nanomaterials 

(Iravani & Zolfaghari, 2013). Finding of previous reseach found out that low ZnO 

nanoparticle are believed to have better performance as the nucleation as it is synthesised 

in pH reaching neutral (Sangeetha Nagarajan and Kumaraguru Arumugam Kuppusamy, 

2013). From the finding of the research, a total reduction of captivation of UV occurred 

at pH 8 and no captivation of UV peak was observed at higher peak up from pH 9 as ZnO 

nanostructure are cape with alkali medium of agent. 

1.2 Problem Statement  

Zn and O are classified into groups two and six in the periodic table, respectively 

which hold ZnO as II-IV semiconductor. ZnO posseses a unique optical, chemical 

sensing, semiconducting, electric conductivity, and piezoelectric properties made them as 

the most explored semiconductor as an antibacterial agent in both microscale and 

nanoscale formulations. Subsequently, the ZnO nanostructures is propose to be infused 

into fabric material as it could contribute in controlling the lousy odour ignited by fungi 

and micro bacteria and able in protecting users from UV ray.     

The smaller size of nanostructure material are well known for its better 

performance of properties due to wide surface area of the material compared to bulk 

material. Unfortunately, only few finding in research able to synthesis ZnO nanoparticle 

small size of particle (< 30 nm). Thus, the major problem statement of this research is the 

size reduction on ZnO nanostructure synthesised. In previous research, as ZnO 

nanostructure are capped with other chemicals and plant extract in green synthesised 

method, the average size of the ZnO nanostructure synthesised  are large (>30nm) (He, 
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Liu, Mustapha, & Lin, 2011; Sangeetha Nagarajan and Kumaraguru Arumugam 

Kuppusamy, 2013; Ogunyemi et al., 2019; Prasanta Sutradgar, 2015).   

Besides, usually, chemicals such as methanol and sodium hydroxide are used in 

synthesising ZnO nanostructures. But those chemicals are hazardous and not human and 

environmental friendly. Thus, green synthesised method are presented by using green 

chemical or plant extract. As for this research, the capping agent are focus on TA. TA as 

the capping agent in synthesising ZnO nanostructurea re the main interest which also the 

novelty of this research. Therefor, the other problem statement of this research are the 

reliability of the capping agent TA as stabiliser and size reducing reagent as they are only 

few research literate on using TA as capping agent. Furthermore, ZnO nanostructure are 

tends to exposed to aggregation and agglomeration after synthesised process. Thus, the 

third problem statement are from this research, the attraction are towards monitoring on 

how far TA would affect the properties of ZnO nanostructure synthesised and how far it 

could cause aggregation of the nanostructure. Besides, by capping ZnO with TA, it would 

enhanced the antibacterial effect of the nanostructure which enhanced the physiochemical 

properties of the nanostruture.  

1.3 Objective  

The aim of the present work is to demonstrate the remarkable performance of the 

as-synthesised pure ZnO and ZnO-TA nanostructures in the in-vitro antibacterial activity. 

The objectives of the work are as follows: 

1. To tailor the size and morphology of both the pure ZnO and ZnO-TA  

nanostructures via hydrothermal synthesis below 30nm. 

2. To investigate the effect of TA addition as stabiliser on ZnO nanostructures 

via pH reading. 

3. To analyse the influenced of TA in the physical, chemical and optical 

properties of the ZnO nanostructure. 

4. To determine the antibacterial effect upon addition of TA in synthesising ZnO 

nanostructures. 
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1.4 Scope  

Synthesised ZnO nanostructure with narrow average size (< 30nm) by capping 

with TA. Besides, the scope of this research are by study the reliability of TA as capping 

agent,through the physiochemical and optical properties of ZnO and ZnO-TA 

nanostructure from results of TEM, FESEM, XRD, FTIR, UV-Vis, PL and Antibacterial 

growth test.   

1.5 Thesis Arrangement  

For the thesis arrangement, on Chapter 1 – Introduction, the  writing presents 

the background, thesis objective, problem statement that occurs in this research and 

scopes or limitation of the study. The chapter concludes with a summary of the thesis 

organization.  

Next, in Chapter 2 - Literature review, the chapter gives a comprehensive 

critical literature review summarizing the previously published work in the core area 

relevant to this thesis. The first part of this chapter includes theory, material and 

performance of ZnO and TA. Then, an overview results of the previous research in 

synthesising ZnO nanoparticle capping with other chemicals and extract are presented.  

Meanwhile for Chapter 3 – Methodology, the chapter presents the method and 

procedure in synthesising the sample materials. It is then followed with details and 

method procedure of characterisation chosen together with equation of calculation related 

with the characterisation.  

Furthermore on Chapter 4 – Results and Discussion, the chapter discusses the 

results of morphologycal by reviewing the image in TEM and FESEM. From TEM, graph 

of distribution are plotted to view the range of size for ZnO NPs while from FESEM, 

EDX graph are discussed on monitoring the element presented from the sample. Besides, 

the Optical characterisation are also monitor form the UV Vis and PL plot. Next, type of 

structure for sample of either crystalline or amorphous are discovered from results of 

XRD and FTIR. Lastly, the antimicrobial activities are discovered form antibacterial test 

of media culture.  
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Lastly, in Chapter 5 – Conclusion and Recommendation, the results of this 

thesis are summarised and concluded. Proposal for future research is also presented.
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

2.1 Introduction  

This chapter presents the review of previous research related to ZnO 

nanostructures synthesis capped with tannic acid (TA), experimental, and 

characterisation. The first review describes the theory, sources, and nanostructure of ZnO. 

Then, it is followed by the brief background of capping agent TA, method of synthesising, 

antimicrobial properties of ZnO and ZnO-TA nanostructures. Finally this chapter are 

concluded with summary table of previous research finding on synthesing of ZnO 

nanostructures.  

 

2.2 Nanostructure Synthesis  

As the nanotechnology increasingly gain attention, scientist focus are more 

diverted towards the discovery of these fascinating small size structures. As the structure 

size become smaller, the direct effect for example, the surface area are increase relative 

to its volume. The changed in the surface properties gives distinctive physiochemical 

properties from their bulk size including the increase in the reactivity process, surface 

features or topology and inter-particle connection (P. Wang, Lombi, Zhao, & Kopittke, 

2016). This raised a situation known as a quantum effect that dominantly occurred as the 

behaviour of the material changed due to the enhanced in the properties performance. The 

invention of nanostructure thus leased the benefits in terms of environment and end 

consumer as the nanostructures already proved to have huge potential in vast industries 

including pharmacological and biomedical industries specifically for their ability to be 
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loaded with bioactive substances for delivery in targeted sites of a living organism (Laura 

Soriano, Zougagh, Valcarcel, & Rios, 2018). 

In synthesising nanostructures, many approaches are available. The synthesis 

methods are known to be divided into few characteristics; that are, wet-chemical, sol-gel, 

hydrothermal and green synthesis techniques (Krol, Pomastowski, Rafinska, Railean-

Plugaru, & Buszewski, 2017; Selvarajan & Mohanasrinivasan, 2013). Wet chemical is 

one of the common synthesis method as this method provides better advantages mainly 

due to its environmental friendly element. Besides, biological method is also used by 

employing green chemicals or plant extract as the source of the reductant agent which 

results in a reaction that is purely eco-friendly and  the obtained nanostructure size is 

controllable. For example, as reported in previous literature, the flowered structure of 

ZnO nanoparticle was synthesied via low-temperature method in the acetate solution 

(Wahab et al., 2007). The key parameters that affects the synthesis product are includes 

the pH medium, concentration of reactants and type of solvent used that result in different 

morphologies of nanostructures (Sirelkhatim et al., 2015).   

Generally, the nanostructures synthesis method are divided into two approaches 

which are bottom up and top down approaches. For bottom up approach, the 

nanostructures are synthesised directly from small entities such as molecules and cluster. 

While, for top down approach, it starts from bulk which then narrowed down to the 

nanosize powder of nanostructures with the aid of several machines. Figure 2.1 indicated 

the different in the synthesis approaches of the nanostructures. 
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Figure 2. 1: Approach methods for nanostructure syntheses 

Source: Picraux (2018)  

The current research work proposed the green synthesis approach by hydrothermal 

method. Hydrothermal method is widely used in synthesising nanostructures as it is 

straight forward, consumed low energy and cost effective compared to other methods 

(Ahmad, 2014). The green synthesis method is referring to the ability to manipulates 

reagents from natural resources such as glucose, plant extract, biodegradable polymer and 

fruit acid as the capping agents in synthesising nanoparticle (Kharissova, Dias, Kharisov, 

Perez, & Perez, 2013). Few reported research using green synthesis approach have shown 

high potential properties of the as-synthesised nanostructures. For ZnO nanostructures 

that caped with natural glucose of stevia could be used as an antimicrobial agent 

(Khatami, Alijani, Heli, & Sharifi, 2018). These due to the different properties caused by 

a broad range of nanostructure size. For example, ZnO nanoparticle capped with seaweed 

produced nanostructures with the size range of 75 to 185 nm (Sangeetha Nagarajan and 

Kumaraguru Arumugam Kuppusamy, 2013). Different size range of nanostructure could 

be synthesised which yield different performance of properties. By defining the sizes and 

morphologies of nanostructures (nanorod, nanobelt, nanoparticle, nanoplate and etc) their 
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outstanding properties can be tailored (Sadeghi et al., 2012). (Khatami, Varma, et al., 

2018). 

 

2.3 ZnO Nanostructures  

Zinc Oxide (ZnO) nanostructures is an inorganic nanomaterial which is 

hydrophobic. Although ZnO nanostructures is insoluble in water, it is aso known as 

amphoteric oxide which able to react in both acid and base surroundings. ZnO 

nanostructures is allocated in semiconductor group that indicates few outstanding 

properties such as high electron mobility, wide band gap and good transparency. As in 

early history path of human life back in year 500 BC, bulk Zinc compound are widely 

applied in processed and unprocessed forms such as for paint and also in medical sector 

which can be found from medical text of Charaka and Greek Physician. Bulk ZnO 

compound is applied as ointment to treating ulceration and skin cancer (Baldwin et al., 

2001; Godfrey, Godfrey Nj Fau - Godfrey, Godfrey Jc Fau - Riley, & Riley, 2001 ; 

Schechter, Wilkinson, & Carpio, 1984; Welsh, 2008). As time passed by, bulk ZnO is no 

longer use in cancer treatment but implemented in baby powder and creams to prevent 

rashes. In the modern technologies, ZnO nanostructures is widely use in calamine lotion, 

and anti dandruff shampoo which mainly to treated skin and prevent rashes (Baldwin et 

al., 2001; Zamboni et al., 2003). 

As the technology growth, ZnO nanostructures gained a lot of attention for its 

ability in other enormous sectors. As the size of reduces to nano range (1 to 100nm), the 

properties of the ZnO nanostructures are enhanced. This are due to the increase in the 

surface area of the ZnO nanostructures as the size reduces to nano range. Thus, give effect 

to the whole properties (physical, chemical, electrical, optical and etc). The well-known 

optical properties of ZnO nanostructures raised its name as an efficient ultraviolet (UV) 

ray preventer which absorb the UV ray (Stassi et al., 2015; Tao et al., 2012). Thus, ZnO 

nanostructures exhibits reliable optical functional based materials for sunscreen 

ingredient (Nohynek & Dufour, 2012; Smijs & Pavel, 2011) . It is stated in previous 

research that ZnO nanostructures have huge potential as photo degradation resistance due 
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to its ability in minimise the UV intensity by retaining and absorbing the UV radiation 

(M. Li et al., 2015) which then advancing a considerable potential in photo-degradation 

resistance (M. Li et al., 2015).  

In addition, ZnO nanostructures possesses huge catalytic and photochemical 

reactions (Sirelkhatim et al., 2015). ZnO nanostructures seizes the high optical ability in 

absorbing UVA within the range of 315  to 400 nm and UVB in range of 280 to 315 nm 

which are valuable as UV protector material. ZnO nanostructures are predominantly 

reflect the light along the UV-A and visible ray where the wavelength are above the 

semiconductor band gap (Cole, Shyr, & Ou-Yang, 2016). They also have large exciton 

energy (60 meV) and wide direct band gap (3.37 eV) which  makes them able to be use 

in various technological applications especially as a photonic and electronic based-

material (Chey, 2015; Kondawar et al., 2011; C.-T. Lee, 2010). 

Hexagonal wurtrize and cubic zinc blend are the two main forms of ZnO 

nanostructures. This structures are commonly known as the most stable nanostructure. 

The hexagonal crystalline growth at three primary direction of  {1010}, {1120} and 

{0001} (Z. L. Wang, 2004) . Thus, ZnO nanoparticle can perform different morphology-

based application with the help of capping agent. The capping agent of plant extract used 

in synthesising ZnO nanostructures influence the intrinsic properties of the nanostructure. 

Numerous morphological types of ZnO nanostructures includes nanocomb, nanorod, 

nanohelix, nanowire and nanorings (Wilson, Tang, & Barnard, 2016; Yi, Wang, & Park, 

2005). Basically the morphologies of ZnO nanostructure are depend on the solvent and 

the types of plant extract capped at the outer layer surface  (J.-M. Li, Zeng, Huang, & Xu, 

2012; No, Lee, Kim, Cho, & Shin, 2013).  
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Figure 2. 2: Hexagonal Wurtize Structure of ZnO nanostructure 

Source : Absor (2016)  

On top of others, pH parameter is also one of the primary consideration which 

could also effect the output properties and morphology factor of the as-synthesised ZnO 

nanostructures. The relation of pH value with the morphology, sizes and other properties 

of ZnO nanostructures are deeply investigated by many researchers. The pH value of the 

green chemical would influence the UV absorbance ability of the nanostructures (Iravani 

& Zolfaghari, 2013). As indicated by Kuppusamy, the low pH value caused the increased 

in the overall performance properties of the ZnO nanostructures as the nucleation stage is 

vitalised (Sangeetha Nagarajan* and Kumaraguru Arumugam Kuppusamy, 2013). A total 

reduction of UV captivation occurred at pH 8 and no captivation of UV peak observed at 

higher peak up from pH 9. Hence, the pH parameter is vital and effects the performance 

and morphologycal structure of the ZnO nanostructures either will be crystalline or 

amorphous structures (Ashraf, Riaz, Hussain, & Naseem, 2015). The higher the pH value 

of ZnO nanostructures, the smaller the gap of the crystallite structure. Also, their UV-Vis 

shows higher performance, as more acidic or basic pH are implemented during the 

synthesis reaction. 

 Due to the unique semiconductor, optical, and piezoelectric properties, ZnO 

nanostructures is used as the nano-electronic and nano-optical devices, energy storage or 

nanosensors (Abdelmohsen, Rouby, Ismail, & Farghali, 2017; Gholizadeh, Reyhani, 

Parvin, Mortazavi, & Mehrabi, 2018; J. Huang, Yin, & Zheng, 2011). ZnO nanostructures 

is also widely applied in food packaging and medical health industries. ZnO 

nanostructures is usually doped with other element or capping material to increased the 
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performance with their unique combined properties which benefis a lot in many essential 

industries. The outstanding antimicrobial properties and anti-cancer properties makes 

ZnO nanostructures widely used in drug delivery application. Also, the used of ZnO 

nanoparticle inside the bandage cloth raised the antibacterial effect with the 

nanostructures produced from green synthesis method. The size range between 5nm to 

40nm of ZnO nanostrcutures yield better performance in anti-microbial bandages 

(Khatami, Varma, et al., 2018). Apart from this, several applications of ZnO 

nanostructures embedded in other fabric materials including cotton fabrics are also 

significant. For example, in  clothing and footwear that focused in the combined required 

purposes such as antimicrobial agent, self-cleaning ability and UV-blocker with 

additional mechanical frictional properties (P. Singh et al., 2011). ZnO nanostructures 

exhibits better durability of the impregnated fabric and textile due to its ability in 

possessing high surface energy (Espitia et al., 2012). 

2.4 Tannic Acid  

In recent years, the correlation of green chemistry with nanotechnology has 

afforded impressive revolution in synthetic chemical processes (Albrecht, Evans, & 

Raston, 2006; Murphy, 2018). Tannic acid (TA) is the capping agent that is the central 

focused of this research. TA is known as a mild acid polyphenol from specific form 

natural and organic chemicals which known as tannin that were mainly extracted from 

plants. TA (penta-m-digalloyl glucose) is the simplest structure that used principal 

hydrolysable tannin to exert anti-oxidative, anti-mutagenic and antimicrobial properties 

(Buzzini et al., 2008; Coppo & Marchese, 2014; L. C. S. Lopes et al., 2018). TA also well 

known as the best reducing and stabilising method as it able to help in synthesising 

nanoparticles with narrow size distribution (Orlowski et al., 2018). The various amount 

of hydroxyl and phenolic group present in the dendritic structure of the TA help to 

perform as a stabiliser and a reducing agent as well (Ahmad, 2014; Iravani & Zolfaghari, 

2013). These phenol and hydroxyl groups in charge in redox reaction where electron are 

donated and oxidised the ZnO in forming the metal nanoparticle (Ahmad, 2014). The 

summary of TA properties is indicated in Table 2.1. 
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Figure 2. 3: Redox reaction of metal with TA  

Source : Ahmad (2014)  

 

The antibacterial activity of TA has also been highlighted extensively till today 

(Akiyama, Fujii, Yamasaki, Oono, & Iwatsuki, 2001; Cipriano-Salazar et al., 2018; Dong 

et al., 2018) . Few type of hydrosable tannin in TA complexes have been shown to impede 

the growth of both methicillin-resistant (MRSA) and methicillin-sensitive (MSSA) 

strains of staphylococcus aureus bacteria which is the common type of bacteria that cause 

skin infection (Buzzini et al., 2008). Purified forms of these tannins help in minimising 

the inhibitory concentration (MIC) of 62.5 μg/mL(Machado et al., 2003) of the bacteria 

based on the screening surveys towards large sets of target bacterial species. TA inhibited 

the growth of bacillus anthracis, pseudomonas aeruginosa, salmonella spp., shigella 

dysenteriae, s. aureus, streptococcus pneumoniae and other salivary bacteria in a dose-

dependent manner (Asres, Mazumder A Fau - Bucar, & Bucar, 2006; Lim, Darah, & Jain, 

2006).  

TA also promoted the formation of smaller size of nanostructures. Tannic acid 's 

reducing properties owe its structure to the various phenolic groups. These phenols form 

quinones and donate electrons to engage in redox reactions (Ahmad, 2014). The donated 
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electrons in metal salts dissolve the oxidised metal ions to form corresponding metal 

nanoparticles. TA helps in reducing and stabilising Ag nanoparticles which enhanced it 

ability in wound healing and gives the antimicrobial effect (Orlowski et al., 2018). The 

size of the nanostructures is reduced as TA is used in the reaction of Ag nanoparticles 

with better performance in wound healing and anti-bacterial effect. Also, TA helps in 

stabilising and improved the dispersion of nanoparticles (L. C. S. Lopes et al., 2018). 

Table 2. 1: Properties of Tannic Acid (Books, 2017) 

Attributes  Results 

Appearance  Yellow to brown  

pH 3.5 

Molecular formula  C76H52O46 

Molecular Weight  1701.19 g/mol 

Density  2.12 g/cm3  

Crystallite  Amorphous  

Melting Point  200 °C 

Flash Point  390 °F 

 

2.5 Antimicrobial analysis of ZnO Nanostructures 

As noted beforehand, apart from UV blocking and semiconductor properties, ZnO 

nanostructures is also well-known for its antimicrobial properties that efficiently inhibit 

the growth of microorganism, pathogens and germs which causing fungal activity and 

diseases. Few studies claimed the effectivity of ZnO nanostructures as an inorganic anti-

microbial agent which are preferable for its stability and long-life time (Sawai, 2003). 

Similar to other semiconductors and metal nanostructures, the reduced size of ZnO 

nanostructures yields excellent performance of anti-microbial agent (Blum, Edwards, 

Prozialeck, Xiong, & Zelikoff, 2015; Shi et al., 2014). The unique morphologies of ZnO 

nanostructures contributed in inhibiting the growth of bacteria and microorganism (Jones, 

Ray, Ranjit, & Manna, 2008; Padmavathy & Vijayaraghavan, 2008).  
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The inhibition of microbes done by ZnO nanostructures have been reported in 

many literatures  (Baek & An, 2011; Banoee et al., 2010; Dutta, Sharma, Bhargava, 

Kumar, & Pandey, 2010; Siddiqi & Husen, 2017; Khwaja Salahuddin Siddiqi, Aziz Ur 

Rahman, Tajuddin, & Azamal Husen, 2018; Tuomela et al., 2013). Smaller size of ZnO 

nanostructures exhibits greater antibacterial activity than the microscale particles 

(Yamamoto, 2001). Although contradictory results have been reported, many reported 

works showed positive effect of ZnO nanostructures on bacterial cells. For example, ZnO 

nanostructures with the size range between 10 to 14 nm could internalised (when exposed 

to microbes) and damaged the bacterial cell membrane (Brayner et al., 2006; Khwaja 

Salahuddin Siddiqi et al., 2018). Additionally, as the size of ZnO nanostructures is smaller 

than 12 nm, it is proved to inhibits the growth of S. aureus, but when the size exceeds 

100 nm, the inhibitory effect is minimal (Yamamoto, 2001).  A research reported by 

Ragupathi also indicated that the viable cell determination during the exposure of 

bacterial cells to ZnO nanostructures decreased significantly in the number of cells 

recovered with decrease in size of ZnO nanostructures (Raghupathi, Koodali, & Manna, 

2011).  

The acidic pH of ZnO-TA are one of the constitutive properties that help to 

prevent the colonization and infection by S. aureus (Grice et al., 2009; Grice & Segre, 

2011; Ryu, Song, Seo, Cheong, & Park, 2014).  The bacteria protein are noticed to be 

effected at low pH due to mild acid stimulation. Many observation noticed the huge 

impact of mild acid towards microbes are decreased expression of some secreted protein 

in which result into down regulation of locus for S.aureus (Tintino et al., 2016; Weinrick 

et al., 2004). ZnO nanostructure remain intact at around neutral or biological pH but 

rapidly dissolve under acidic conditions (average of pH 5) in the lysosome of the microbes 

leading to their death.  ZnO dissolves in acidic condition produces Zn2+ ions, which bind 

to the biomolecules inside the bacterial cell inhibiting their growth. (Cho et al., 2011; 

Sharma, Anderson, & Dhawan, 2012; Tuomela et al., 2013) 
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Furthermore, TA are found to degrade the cell wall of bacteria S.aureus (Dong et 

al., 2018; Miajlovic, Fallon, Irvine, & Foster, 2010; Weinrick et al., 2004). TA may bind 

directly to the cell wall peptidoglycan of the microbes and interfere with their integrity. 

This are prove by a finding where TA enhance the effect of lyososome destroying bacteria 

by hydrolysing peptidoglycan in their cell wall (Reed et al., 2015). Additionally, it is also 

verified the bacterial mechanism of TA where TA inhibited beta-ketoacyl-ACP reductase 

(FabG), which is a key enzyme in bacterial fatty acid synthesis in which causing the 

bacteria to degrades. (Dong et al., 2018; J.-H. Lee et al., 2013). The polyphenolic 

compound of tannic acid also one of the factor in inhibiting S.aureus colonisation. The 

phenolic compound of TA interrupt the protein of microbes S.aureus in which inhibited 

the biofilm formation and reduce the colonization of the microbes (Payne et al., 2013).  

Phenolic agents also inhibit bacterial growth and protease activity by damaging its cell 

wall and cytoplasm (Andrade et al., 2006; Mentes Colak, Yapici, & Yapici, 2010). 

Besides the phenolic compound, as discussed before, caping TA with ZnO nanostructure 

also result into aggregation and this aggregation of nanoparticles influences cytotoxicity 

of macrophages. As the nanostructures aggregations, it was found to secrete more 

cytotoxin in which degrades the cytoplasm of microbe and inhibit their growth (Chiang 

et al., 2012; Khwaja Salahuddin Siddiqi et al., 2018).  

The present work agrees that textiles and polymer impregnated with ZnO 

nanostructures are having a significant anti-microbial ability which focuses on preventing 

Gram-negative bacteria (Fiedot-Tobola et al., 2018). Here, it can be founded that ZnO 

nanostructures are widely accepted into many applications due to its ability and 

performance properties.  ZnO nanostructures are used in medical industries for its general 

ability in anti-microbial properties. Besides, it is also impregnated into textiles, fabric, 

food packaging and polymers. 
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2.6 Summary  

This chapter has presented a comprehensive current critical literature review of 

ZnO nanostructures and TA ligand that benefist the modern technology and application. 

The number of studies has proved that few methods in the synthesis of ZnO 

nanostructures is possible through hydrothermal method which widely used in a straight 

forward, less energy consuming  and cost effective approach compared to other methods.  

The detail process of the synthesis procedure of pure ZnO and ZnO-TA nanostructures 

are explained in the next chapter. Number of reported research emphasised the benefits 

of ZnO nanostructures and TA ligand especially in the UV protection application and 

inhibiting the growth of bacteria.  The measured performance of the ZnO nanostructures 

are mainly depends upon the size and morphologies of the nanostructures.  Table 2.2 

sumarised the literature reviews obtained in this chapter and tabulated based on the 

synthesis method and properties of the ZnO nanostructures. 
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Table 2. 2: previous research related with synthesising and properties of ZnO 

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

Antibacterial 
ability 

Reference  

ZnO- A. 
Betulina 

dH2O 12- 26nm 19.4 nm - - - (Thema, Manikandan, 
Dhlamini, & Maaza, 

2015) 

ZnO- 
Moringa Oleifer

a 

dH2O 32-61nm - 350 -380 nm - - (Matinise, Fuku, 
Kaviyarasu, 

Mayedwa, & Maaza, 
2017) 

ZnO- Solanum 
nigrum 

dH2O 29.79 nm - - 402 - 483 
nm 

 S. paratyphi 
(17 mm) 

 S. aureus 
(18mm) 

 V. cholerae 
(11mm) 

 E. coli (7 mm) 

(Ramesh, 
Anbuvannan, & 

Viruthagiri, 2015) 

ZnO- CTAB NaOH - 3-50nm 315–340 nm -  B. subtilis 
(23 mm) 

 E.coli (17mm) 

 C. Albicans 
(20mm) 

(Khan et al., 2016) 
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Table 2.2 continued  

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

Antibacterial 
ability 

Reference  

ZnO- P. niruri dH2O 25- 30 nm - - 664 nm - 
 

(Anbuvannan, 
Ramesh, Viruthagiri, 

Shanmugam, & 
Kannadasan, 2015) 

ZnO-L.Nobilis NaOH 21-26nm - 350nm - - (Fakhari, Jamzad, & 
Kabiri Fard, 2019) 

 

ZnO –potato 
dictrose 

dH2O 70±15nm in 
length 

- - -  P.expansum. (He et al., 2011) 

ZnO- A. 
hydrophila 

dH2O - 42–64 nm peak focused 
at 374 nm 

-  Pseudomonas 
aeruginosa 
(22±1.8 mm) 

 Aspergillus 
flavus (19±1.0 
mm). 

(Jayaseelan et al., 
2012) 

ZnO-Starch dH2O 30 to 50 nm. 21 ± 2, 
36 ± 2, and 
42 ± 2 nm, 

- - - (Khorsand Zak, Abd. 
Majid, Mahmoudian, 
Darroudi, & Yousefi, 

2013) 
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Table 2.2 continued 

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

 Antibacterial 
ability 

Reference  

ZnO- Prunus 
yedoensis 

Matsumura 

dH2O 26.12 nm, 
41.14 

- 378 nm -  B. linen a 
(14mm) 

 S. epidermidis 
(12mm) 

(Velmurugan et al., 
2016) 

ZnO-Cassia 
fistula 

dH2O - 5-15 nm 370nm -  

 Klebsiella 
Aerogenes 
(12.67±0.33) 

 Escherichia 
coli 
(14.67±0.33) 

 Staphyloccus 
aureus  
(10.07±0.33) 

 Pseudomonas 
desmolyticum 
(12.67±0.33) 
 

 
(Suresh et al., 2015) 
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Table 2.2 Continued  

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

 Antibacterial 
ability 

Reference  

ZnO-Seaweeds dH2O 90 -186 nm 36 nm 365-380nm  
- 

 S. mutans 

 M. luteus 

 V. cholera 

 
(Sangeetha Nagarajan 

and Kumaraguru 
Arumugam 

Kuppusamy, 2013) 
 

ZnO- olive 
leaves (Olea 
europaea) 

dH2O 41.0 ± 2.0 
nm, 

48.2 380 -  Xanthomonas 
oryzae pv. 
Oryzae 
(bacterial 
reduction of 
59.4%) 

(Ogunyemi et al., 
2019) 

ZnO- 
chamomile 

flower 
(Matricaria 

chamomilla L.) 

dH2O 51.2 ± 
3.2nm 

65.4 384 -  Xanthomonas 
oryzae pv. 
oryzae 
(bacterial 
reduction of 
50.2%) 

(Ogunyemi et al., 
2019) 
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Table 2.2 continued  

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

 Antibacterial 
ability 

Reference  

ZnO- red 
tomato fruit 

(Lycopersicon 
esculentum M.) 

dH2O 51.6 ± 
3.6nm 

61.6nm 386 -  Xanthomonas 
oryzae pv. 
Oryzae 
(bacterial 
reduction of 
46.3%) 

(Ogunyemi et al., 
2019) 

ZnO- 
Azadirachta 
indica (L.) 

dH2O - 18 nm. 370nm 430 - 408 
nm 

 S. aureus, (14.4 
± 0.76) 

 B. subtilis,( 
13.0 ± 0.50) 

 P. aeruginosa, 
(10.1 ± 0.28) 

 P. mirabilis 
(13.3 ± 0.56) 

 E. coli (12.6 ± 
0.76) 

(Elumalai & 
Velmurugan, 2015) 

ZnO- CH3OH 
(methanol) 

C2H5OH 
(ethanol) 

28 nm - - -  E. coli (Chakrabarti & 
Banerjee, 2014) 
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Table 2.2 continued 

Nano-material Solvent Range 
diameter 

Crystalline 
size range 

UV-Vis 
absorbance 
peak range 

PL peak 
range 

Antibacterial 
ability 

Reference  

ZnO- Tea leaf dH2O 50 nm - 368nm 438 nm - (Prasanta Sutradgar, 
2015) 

p-ZnONP dH2O - 25-35 nm 362nm -  Bacillus 
subtilis 
Staphylococcus 
aureus, 

(Arakha, Saleem, 
Mallick, & Jha, 2015) 

n-ZnONP dH2O - 35-45 nm 369nm -  S. flexneri (Arakha et al., 2015) 
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CHAPTER 3  

 

 

METHODOLOGY 

 

This chapter explains the details of synthesis, characterisation and preparation of 

analysis methods applied to the present work. All of the steps and process begin from the 

data collection to information process methods are gathered together for further analysis 

to proof the concept which will be presented in later chapter (Chapter 4).  

3.1 Background of Research Flow 

Chapter 3 demonstrated an overview of the process flow of the synthesised ZnO 

nanostructures starting with the introduction of the chosen chemical reactants, the 

selection of chemical reaction process which then further proceeds to the selection of 

characterisation techniques as well as the specific preparation of each chosen 

characterisation techniques All the preparation and synthesis procedures of ZnO 

nanostructures  were executed in Materials Laboratory, Faculty of Manufacturing and 

Mechatronics Engineering Technology, Universiti Malaysia Pahang (UMP), Pekan. 

Whilst, the characterisation methods have been divided into several parts, in which the 

PL, UV-Vis, XRD and FTIR were done at UMP, meanwhile, the SEM and TEM were 

carried out at University of Malaya (UM). The overall process of the present work is 

indicated in the flowchart in . 
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Present literature review for 
study research and analysis  

Synthesizing ZnO NPs in green 
chemical  

Are they 
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( pH ≤ 7) ?   

Characterisation Analysis 
Morphological - TEM, FESEM 
Physical-  XRD 
Chemical - FTIR, 
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Antibacterial - AATCC100) 

Thesis writing  

END 
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different high temperature 

through hydrothermal method   
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Scheme 3. 1: The overall flowchart of the present work. 
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impurities 
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3.2 Synthesis Of ZnO Nanostructures 

3.2.1 Chemicals and Materials 

In the present work, all chemicals used were of analytical grade (≥95% pure) and 

were used as received without any further purification. All the chemicals were purchased 

from Sigma Aldrich Company (Malaysia) and R&M Chemical (Evergreen Engineering 

& Resources, Malaysia). The bulk ZnO powder in uncoated and non-nano was used as a 

source of ZnO (Sigma Aldrich, ACS reagent, ≥ 99%). The trisodium citrate (TC)  

(Na3C6H5O7.2H2O, Sigma Aldrich) acts as the buffering or emulsifying agent while  

tannic acid (TA) (C76H52O46, R&M Chemical, ACS reagent) acts simultaneously as 

reducing agent and stabilizer All solutions were prepared with purified water available at 

Materials Laboratory, Faculty of Manufacturing and Mechatronics Engineering 

Technology, Universiti Malaysia Pahang (UMP), Pekan 

3.2.2 Synthesis of ZnO Nanostructures 

Preparation of ZnO Nanostructures 

The method opted for the synthesis of ZnO nanostructures is an hydrothermal 

method which involves the direct mixture of the respective chemical powders with certain 

solvent under heat, in this case, water is used as the solvent. Few samples were prepared 

based on the reactant parameters shown in Table 3.1. The preparation involves the use of 

0.4g of ZnO powder which was diluted in 100 ml of distilled water in the first step 

(Figure 3.1A) After the ZnO powder are completely dissolved, 0.2g of TC and TA were 

added and continuously stirred without any heat using magnetic stirrer (Figure 3.1B) . 

As the mixture completely dissolved, the mixture is then placed on a hot plate under 

continuous magnetic stirring at 50˚C for approximately 90 minutes. Similar process 

continued for other samples but at different reactant temperatures (60, 70, 80 and 90℃). 

The focus of hydrothermal method is to synthesis the nanostructure in high solvent 

temperature (Gan, Jayatissa, Yu, Chen, & Li, 2020). The chosen temperature are the 
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maximum five temperature with interval of 10 ℃ for nanostructure synthesising before 

the solvent reach it boiling point at 100℃ . 

 

 

Figure 3. 1: (a) ZnO powder diluted with distilled water and (b) mixture of diluted ZnO 

powder with TC and TA. 

 

Table 3. 1: The reactant paramaeters involves in the preparation of  ZnO nanostructures. 

Noted that the variation in temperature is the key for the formation of ZnO nanostructures 

at difeerent sizes. 

Sample TC (g) ZnO (g) Distilled 
Water 
(ml) 

Concentration 
of ZnO 

nanostructures 
(M) 

Temperature 
(˚C) 

Sample 1 0.2 0.4 100 0.05 50 

Sample 2 0.2 0.4 100 0.05 60 

Sample 3 0.2 0.4 100 0.05 70 

Sample 4 0.2 0.4 100 0.05 80 

Sample 5 0.2 0.4 100 0.05 90 

(a)  (b) 



 
 

 

 30 

 

Figure 3. 2: The as-synthesised  ZnO nanostructures prior to the centrifuge process.  

Noted that the sediment of the ZnO nanostructures can be found at the bottom of the 

bottle for each samples due to hydrophobic reaction of ZnO.   

Centrifugation of the ZnO Nanostructures  

The as-synthesised  ZnO nanostructures samples were s  then centrifuged (Figure 

3.3A) in order to purified the samples in which all the impurities were drained out from 

the samples (Figure 3.3B). Upon centrifugation, a clean sediment appeared with clear 

colour of water at the top part of the samples (Figure 3.3C).   

 

Figure 3. 3: (a) Centrifuging sample of ZnO nanoparticles. (b) sample of ZnO 

nanoparticles after centrifuged and (c) sample of ZnO nanoparticles after centrifuged and 

excess liquid are removed. 
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Figure 3.3 continued 

 

3.2.3 Preparation of ZnO Nanostructures with Tannic Acid (TA) 

  The formation of ZnO-TA is the crucial step in the present work. The use of TA 

is important in order to elucidate the role of TA in the size distribution which also effect 

the morphologycal structures of ZnO nanostructures. At this stage, the samples were 

divided into few subsample based on their pH values.  The subsample were prepared by 

direct mixing of TA through drop wise method for the aggregation procedure. Prior to 

this, each concentrated as-synthesised ZnO samples was diluted in 100 ml distilled water 

and further divided into five subsamples. Later, these five samples were then added with 

different volume of TA for the manipulation of pH value. For the first subsample for all 

as-synthesised ZnO nanostructure samples (denoted as 1A, 2A and 3A), no TA was added 

and acts as the control sample in order to monitor the change of the pH reading.. As for 

the second subsample (1B, 2B and 3B), approximately 10 µl of TA are dropped wisely 

and shaked well. The volume of TA were increased to 10 µl , 50 µl, 100 µl  and 200 µl  

for C, D and E, respectively,. The concentration of TA is calculated based on Equation 

3.1.  Table 3.2 summarised the reaction parameters involved in the preparation of ZnO-

TA nanostructures.  

 𝑐 =  
௠

௩
 𝑥 

ଵ

ெௐ
    3. 1 
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where c is referring the molar concentration (mol.L-1), m is referring to the solute mass 

(g), V is the solution volume (L) and MW is referring to the molecular weight based on 

periodic table (g.mol-1). 

Table 3. 2: Summary of the parameters used in the preparation of ZnO-TA. 

ZnO 
Sample 

Sample 
Volume 

(µl) 

Subsample TA (µl) Concentration 
of Tannic 
Acid  (M) 

pH Remarks 

Sample 
1 

300 1A 0 0 7 Sample is 
shake in 

room 
temperature 
until it fully 

dissolves 

1B 10 0.042 6 

1C 50 0.207 5 

1D 150 0.623 4 

1E 300 1.24 3 

Sample 
2 

300 2A 0 0 7 Sample is 
shake in 

room 
temperature 
until it fully 

dissolves 

2B 10 0.042 6 

2C 50 0.207 5 

2D 150 0.623 4 

2E 300 1.24 3 

Sample 
3 

300 3A 0 0 7 Sample is 
shake in 

room 
temperature 
until it fully 

dissolves 

3B 10 0.042 6 

3C 50 0.207 5 

3D 100 0.623 4 

3E 300 1.24 3 

Sample 
4 

300 4A 0 0 7 Sample is 
shake in 

room 
temperature 
until it fully 

dissolves 

4B 10 0.042 6 

4C 50 0.207 5 

4D 150 0.623 4 

4E 300 1.24 3 

Sample 
5 

300 5A 0 0 7 The sample 
is shaken in 

room 
temperature 
until it fully 

dissolves 

5B 10 0.042 6 

5C 50 0.207 5 

5D 100 0.623 4 

5E 300 1.24 3 
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Figure 3. 4: ZnO-TA nanostructures of (a) sample 1, (b) sample 2, (c) sample 3, (d) 

sample 4 and (e) sample 5.  

(a) 

(b) 

(c) 

(d) 

(e) 
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3.3 Characterisation Techniques   

3.3.1 Optical properties 

3.3.1.1  UV-Visible (UV-Vis) Spectrometer  

UV visible spectrometer is the measurement for reflection and absorption of light 

or photon in the function of frequency and wavelength of a sample. Generally, the 

spectrometer measures the relative light intensity in visible range by monitoring it along 

with the wavelength of the electromagnetic spectrum. During characterisation testing, as 

the light passes through the Nanostructuresample, part of the light would be absorbed, 

and some other portion would be reflected, transmitted or dispersed. The Ultraviolet or 

bright region is ranging from190nm to 400nm and visible region of 400nm to 800nm. 

The graph of absorbation ability versus wavelength (in nm unit) are plotted which 

referring to the absorption for nanoparticles based on the controlled variable (size and 

shape) properties. From the analysis, the absorbance wavelength and ability relation can 

be confirmed by referring to Beer’s Law as stated in Equation 3.2.   

A = a( ) * b * c     3.2 

where A is referring the measured absorbance (a.u), a( ) is referring Wavelength-

dependent absorptivity coefficient (M-1 .cm-1),  b is the Path length (m)  and c is 

referring to the Analyte concentration (Mol.L-1).  

Excitation of electrons during analysing lead to absorption of UV. When atoms 

or particle absorb energy, it will excite which allowed it to vibrate and rotates vigorously. 

Thus these movements excrete energy which considered it to have more electronic 

energy. Most organic material, the absorbance spectroscopy increase and peak the 

spectrum region of 200nm to 700nm due to the bond energy. As the particle is reduced 

into molar sizing, it can lead to shorter wavelength due to strong polarity attraction 

between molecule or particle.  

 During analysing as shown in figure 3.5, the light source of either UV or visible 

light transmit coloured light which is then diffracted by a prism which acts as the 

diffraction grating. The diffracted light is then filtered before reflected into two different 
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coloureds of light which is magenta and blue. Blue light will passes through the cuvette 

with a reference sample while a magenta beam of light will passes through a cuvette 

containing the liquid sample. The intensities of light absorb for both reference (I0) and 

sample (I) are detected by the electronic detector. The wavelengths are then generated by 

the spectrometers. Different value of absorbance will results in a different wavelength. 

While if there are the absence of absorbance, thus the intensity of sample beam I will be 

equal to intensity of reference I0 

 

 

Figure 3. 5: Mechanism or UV-Vis Spectroscopy  

Source : MSU (2017) 

 

3.3.1.1.1 Energy Band Gap  

From UV absorbance value, the band gap can be determined by Tauc Plot. As 

band gap are divided into direct and indirect band gap in which determine the 

composition of the materials. As for this research, the focus are on direct band gap as 

ZnO are semiconductor materials which exposed the properties of direct band gap The 

value for direct band gap of pure ZnO and ZnO-TA nanostructures is obtained from the 

plot of hv versus (αhν)2 using the value of absorption coefficient, α as  based on the 

Equation 3.3 
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(αhν)2 = (𝐴
ଵ

௅௢௚ ௘ (௅)
ℎ𝑣)ଶ      3.3  

where A is the absorbance value obtain from the absorbance plot of UV-Vis . L is the 

thickness of cuvette used (1mm). hν is the incident light energy and Log e is the constant 

value which result to 2.303. The extrapolation of the linear part of the graph with the x-

axis inflicts the value of the band gap (H. Zhang et al., 2011). Hence, the Eg is found to 

be dm dependent that cause the decreased in the Eg of the ZnO nanostructure with a 

decrease in dm (Debanath & Karmakar, 2013).  

Based on the band gap, energy level can be calculated based on the concept of 

HOMO LUMO energy level. The optical band gap, Eg of ZnO and ZnO-TA are 

calculated based on Equation 3.4  

 

Eg=ELUMO−EHOMO      3.4 

where ELUMO and EHOMO are the energies of the lowest unoccupied molecular orbital 

(LUMO) and that of the highest occupied molecular orbital (HOMO), respectively. From 

the calculated energy band gap, the valence band edge, Ev are calculated based on the 

Fermi level as stated in Equation 3.5 

 

Valence band edge ( EV) = EF –Eg     3.5  

where Eg of direct band gap, EF is the Fermi energy and, EV  is valence band edge. In 

addition, EV  is defined as the separation band between the Eg  and EF 

 

UV-Vis Sample preparation  

 Distilled water is filled into cuvette to perform as the reference sample. As for the 

testing sample, 2 ml ZnO Nanostructure sample are added to 5ml distilled water and 

mixed well. The solution is then poured into a rectangular cuvette and ready for testing. 

Sub-sample with different pH are prepared with the same steps.  
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Figure 3. 6: Shimadzu UV-Vis Spectrometer in Faculty of Manufacturing & Mechatronic 

Engineering Technology,  UMP Pekan.  

 

3.3.1.2 Photoluminescence ( PL) Spectrometer  

 Photoluminescence spectroscopy is a non-destructive method in examining the 

light emission after absorption of a photon. Photoexcitation happens to the particle of the 

sample as it absorbs energy when light is emitted onto the sample — the photoexcitation 

or also known as photoluminescence cause vigorous movement of the electron of the 

particle. As the electrons return to its equilibrium state, emission of light may cause the 

excess of energy. This emission is due to energy level different or electron movement 

during the transition of equilibrium and excitation state. The amount of light emitted is 

related to the radiative techniques. With this character, PL able to determine the tendency 

of sample segregation. Besides,  PL also able to determine the quality of the crystalline 

structure of a material. PL is also able in determining the presence of impurities and 

defects of a sample.  

The intensity of light emitted through radiation due to the excitation phase are 

measured during PL analysis. The excitation spectrum or also known as absorbance 

spectrum is collected by varying the excitation wavelength and compared with monitored 
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emission at a fixed wavelength. While in the emission spectrum, the intensity of the 

emitted radiation is monitored where fixed wavelength are used to excite the sample. 

From a molecule of sample, we can get one excitation spectrum and two emission 

spectrum which are known as fluorescence and phosphorescence. The 

photoluminescence peak of the spectrum would determine the band gap energy of the 

nanoparticle. Photon equation of energy can be used in determining the band gap energy 

as in Equation 3.6.  

E = hc/        3. 6 

where E is referring the Photon Energy (eV),  h is referring to Plank constant to  (J.s),  
c is the speed of light (m.s-1)  and  is referring peak wavelength of PL spectroscopy 
(n.m) 

As in figure 3.7 the monochromator will select the excitation wavelength and the 

second monochromator will observe the luminescence. The incident light is placed at 90° 

from the second monochromator to reduce the scattered of incident light before reaching 

the detector. Emission spectrum is produced as the excitation wavelength are fixed, and 

emitted radiation is scanned.    

 

Figure 3. 7: Mechanism of Photoluminescence Spectroscopy 

Source : Arif (2017) 
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PL Sample Preparation   

Distilled water are filled into cuvette to perform as the reference sample. as only 

one cuvette are used during PL, therefore, after reference sample is tested, it is removed 

and replace with a testing sample where 2ml ZnO Nanostructure sample are added to 5ml 

distilled water and mixed well. The solution is then poured into a rectangular cuvette and 

ready for testing. Sub-sample with different pH are prepared with the same steps. As 

during the characterisation, filter lense are adjusted based on peak of UV absorption for 

each sample.  

 

Figure 3. 8: Photoluminescence Spectroscopy taken at Research Centre UMP Gambang, 

2019 

3.3.2 Morphological Properties  

3.3.2.1 Transmission Electron Microscopy (TEM) 

TEM is microscopic equipment that has high resolution due to the used of the 

electron as its light source. The wavelength is much smaller which cause it to generates 

more exceptional resolution and better magnitude optical structure of a sample. A very 
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high beam of electron is shot into a very thin sample which is then react and able to 

interpret very details the inert structure of a sample.   

The electron beam is shoot into the condenser layer which allows it to produce a 

thinner and coherent beam. The focused beam is then passes through the condenser 

aperture which results into a restricted beam without any high angle electron. The 

electron beam is then focused and strikes onto the sample. Some part of the beam will be 

transmitted depending on the thickness of the sample. The transmitted beam is focused 

by the objective lens. Objective aperture is then blocked electron diffraction which will 

enhance the contrast of the image. Finally, the image will be enlarged as the transmitted 

electron passes through the projector lens. Phosphor screen is used in displaying the 

image. As if less electron is transmitted through the sample, the darker image will be 

displayed, and lighter image is displayed when more electron is transmitted through the 

sample.  

 

Figure 3. 9: Schematic illustration of TEM mechanism 

Source: Mbule (2019)    
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3.3.2.1.1 TEM Sample preparation  

8 to 10 ml of concentrated ZnO Nanostructure are diluted with distilled water. 

The solution is vigorously shaken and poured into the sample vial. The sample vial is 

then undergo sonication in the sonicated bath. After about 20 minutes of sonication, the 

sample is ready for TEM analysis. A drop of sample is drop onto blank microscope slide. 

The sample are ready to be observe under TEM.  

 

 

Figure 3. 10: Transmission Electron Microscopy Machine in UM advance research centre  

 

3.3.2.2  Field Emission Scanning Electron Microscope (FESEM)  

A FESEM is used to visualize very small topographic details on the surface or 

entire or fractioned objects. Researchers in biology, chemistry and physics apply this 

technique to observe structures that may be as small as 1 nanometre. Electrons are 

liberated from a field emission source and accelerated in a high electrical field gradient. 

Within the high vacuum column these so-called primary electrons are focussed and 
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deflected by electronic lenses to produce a narrow scan beam that bombards the object. 

As a result secondary electrons are emitted from each spot on the object. The angle and 

velocity of these secondary electrons relates to the surface structure of the object. A 

detector catches the secondary electrons and produces an electronic signal. This signal is 

amplified and transformed to a video scan-image that can be seen on a monitor or to a 

digital image that can be saved and processed further. 

The generation of the X-rays in a SEM is a two-step process. In the first step, the 

electron beam hits the sample and transfers part of its energy to the atoms of the sample. 

This energy can be used by the electrons of the atoms to “jump” to an energy shell with 

higher energy or be knocked-off from the atom. If such a transition occurs, the electron 

leaves behind a hole. Holes have a positive charge and, in the second step of the process, 

attract the negatively-charged electrons from higher-energy shells. When an electron 

from such a higher-energy shell fills the hole of the lower-energy shell, the energy 

difference of this transition can be released in the form of an X-ray. 

To detect them, the latest systems use the so-called silicon-drift detectors (SDDs). 

These are superior to the conventional Si(Li) detectors due to higher count rates, better 

resolution, and faster analytical capabilities. These detectors are placed under an angle, 

very close to the sample, and have the ability to measure the energy of the incoming 

photons that belong to the X-rays. The higher the solid angle between the detector and 

the sample, the higher the X-rays’ detection probability, and therefore the likelihood of 

acquiring the best results. The data that is generated by EDX analysis consists 

of spectra with peaks corresponding to all the different elements that are present in the 

sample. 

FESEM Sample preparation  

2-3ml of ZnO Nanostructure sample are drop onto aluminium foil. The sample is 

then heated up on top of glass layer at the heating plate to avoid direct heating. The sample 
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are heated up until it is dry into powder. The process are repeated for all sample. The 

samples are then placed on to pin mount specimen and placed into the FESEM machine. 

3.3.3 Crystalline Structure Properties 

3.3.3.1 X-ray powder diffraction (XRD)  

X-Ray Diffraction, frequently abbreviated as XRD, is a non-destructive test 

method used to analyse the structure of crystalline materials. XRD analysis, by way of 

the study of the crystal structure, is used to identify the crystalline phases present in a 

material and thereby reveal chemical composition information.  

X-ray diffraction is based on constructive interference of monochromatic X-rays 

and a crystalline sample. These X-rays are generated by a cathode ray tube, filtered to 

produce monochromatic radiation, collimated to concentrate, and directed toward the 

sample. The interaction of the incident rays with the sample produces constructive 

interference (and a diffracted ray) when conditions satisfy Bragg's Law. This law relates 

the wavelength of electromagnetic radiation to the diffraction angle and the lattice 

spacing in a crystalline sample. These diffracted X-rays are then detected, processed and 

counted. By scanning the sample through a range of 2θangles, all possible diffraction 

directions of the lattice should be attained due to the random orientation of the powdered 

material. Conversion of the diffraction peaks to d-spacing allows identification of the 

mineral because each mineral has a set of unique d-spacing. Typically, this is achieved 

by comparison of d-spacing with standard reference patterns.  

To monitor on the crystalline size of particle, Scherer equation (Equation 3.7) 

are used to determine the crystalline structure based on the plot of diffraction and relation 

to Bragg’s Law. 

𝐷 =
௄ఒ

ఉ ஼௢௦ ఏ
      3.7 
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where D  reffering to mean size of the ordered (crystalline) domains (n.m), K is referring 

Dimensionless shape factor, with a value close to unity (0.9),  λ is the X-ray wavelength 

(n.m), while β is referring to The line broadening at half the maximum intensity -FWHM 

(n.m) and θ is referring to the Bragg angle (˚) 

From the crystalline size of XRD results, the parameters of lattice in 

nanostructures can be determined from Equation 3.8, 3.9, 3.10 and 3.11 in order to 

determine a,c value, volume .  

ଵ

ௗమ
=

ସ

ଷ

(௛మା௞మା௛௞)

௔మ
+

௟మ

௖మ
     3.8 

 

with d is referring to the spacing of inter-planar system where the h, k and l are known as 

the miller indices. Therefore, the volume,V of the unit cell of ZnO hexagonal wurtzite 

structure is calculated from Equation 3.10.  

𝑉 =
√ଷ

ଶ
𝑎ଶ𝑐      3.10 

 

Hence, U is t be determine where u referring to the position parameter which is a 

crucial variable for the calculation of ZnO bond length, L and is calculated based on 

Equation 3.11. 

𝑢 =
௔మ

ଷ௖మ
      3.11 

 

Lastly, the Length, L of the crystalline structure are to be determine from 

Equation 3.12.  

 

L=[
௔య

ଷ
+( 

ଵ

ଶ
− 𝑢)ଶ𝑐ଶ]

భ

మ    3.12 

 

XRD Sample preparation  
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The sample are heated on the heating plate to remains it powder form. Few tenths 

of a gram (or more) of the material, are place into a sample holder or onto the sample 

surface. Packing of fine powder into a sample holder. Smear uniformly onto a glass slide, 

assuring a flat upper surface pack into a sample container sprinkle on double sticky tape. 

Typically the substrate is amorphous to avoid interference. Care must be taken to create 

a flat upper surface and to achieve a random distribution of lattice orientations unless 

creating an oriented smear. 

3.3.3.2 Fourier-transform infrared spectroscopy (FTIR) 

A Fourier Transform InfraRed (FT-IR) Spectrometer is an instrument which 

acquires broadband Near InfraRed (NIR) to Far InfraRed (FIR) spectra. FTIR 

spectrometers collect all wavelengths simultaneously. This feature is called the Multiplex 

or Felgett Advantage. FT-IR is a method of obtaining infrared spectra by first collecting 

an interferogram of a sample signal using an interferometer, and then performing a 

Fourier Transform (FT) on the interferogram to obtain the spectrum. An FT-IR 

spectrometer collects and digitizes the interferogram, performs the FT function, and 

displays the spectrum.The basic components of a dispersive IR spectrometer include a 

radiation source, monochromator, and detector. The common IR radiation sources are 

inert solids that are heated electrically to promote thermal emission of radiation in the 

infrared region of the electromagnetic spectrum. The monochromator is a device used to 

disperse or separate a broad spectrum of IR radiation into individual narrow IR 

frequencies. 

FTIR dispersive spectrometers have a double-beam design with two equivalent 

beams from the same source passing through the sample and reference chambers as 

independent beams. These reference and sample beams are alternately focused on the 

detector by making use of an optical chopper, such as, a sector mirror. One beam will 

proceed, traveling through the sample, while the other beam will pass through a reference 

species for analytical comparison of transmitted photon wave front information. After the 

incident radiation travels through the sample species, the emitted wave front of radiation 

is dispersed by a monochromator (gratings and slits) into its component frequencies. A 
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combination of prisms or gratings with variable-slit mechanisms, mirrors, and filters 

comprise the dispersive system. Narrower slits gives better resolution by distinguishing 

more closely spaced frequencies of radiation and wider slits allow more light to reach the 

detector and provide better system sensitivity. The emitted wave front beam (analog 

spectral output) hits the detector and generates an electrical signal as a response. 

The absorption of IR radiation by the sample, producing a change of IR radiation 

intensity, which gets detected as an off-null signal. Each frequency that passes through 

the sample is measured individually by the detector which consequently slows the process 

of scanning the entire IR region.  

 

Figure 3. 11: FTIR schematic illustration  

Source : Nancy Birkner (2019)  

 

FTIR Sample preparation  

Obtain a few gram of the material, as pure as possible. Place into a sample holder 

or onto the sample surface. Packing of fine powder into a sample holder. Smear uniformly 
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onto a glass slide. The slides are then placed in to the FTIR spectroscopy and 

characterisation are begin.  

3.3.4 Biological Properties  

3.3.4.1 AATCC-100 

AATCC-100 is an assay in determining the minimum inhibitory concentration 

(MIC) which is the lowest concentration of an antimicrobial (like an antifungal, antibiotic 

or bacteriostatic) drug that will inhibit the visible growth of a microorganism after 

overnight incubation. MICs can be determined on plates of solid growth medium (called 

agar) or broth dilution methods (in liquid growth media) after a pure culture is isolated. 

For example, to identify the MIC via broth dilution, identical doses of bacteria are 

cultured in wells of liquid media containing progressively lower concentrations of the 

drug. The minimum inhibitory concentration of the antibiotic is between the 

concentrations of the last well in which no bacteria grew and the next lower dose, which 

allowed bacterial growth. The percent bacterial reduction are calculate based on the 

efficacy calculation as in Equation 3.13 : 

Bacterial reduction efficacy from challenge inoculums (%)= ( 
(஺ି஻)

஺
 ) x 100     3.13 

 

where, A is the number of bacteria recovered from the inoculated treated test specimen 

immediately after inoculation (CFU/sample) and B is the number of bacteria recovered 

from the inoculated treated test specimen over the contact period (CFU/sample)  

In this research, the bacterial focussed is on Staphylococcus aureus because the 

presence of bacterial in the agar are significant with the bacterial that presence in human 

sweat. Thus it will indicates the inhibition growth as ZnO-TA are tested onto it.  

AATCC 100 Sample preparation  
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Bacteria Staphylococcus aureus (ATCC 6538) had been cultured on suitable agar 

till it ripe and fruiting (18-24 hours) at 35.0 ⁰C. By scraping the fruity culture, the spore 

collected had been transferred to 9 mL sterilized nutrient broth in a test tube to obtain a 

microbial count of about 108 CFU/mL. Then, the inoculums stock was diluted to a 

microbial count of about 105 CFU/mL. The test tube then was vortexed to bring the 

spores into suspension. This suspension was used as the spiking inoculum for the test.  

Sample was immersed into 4.8 ± 0.1 cm dimension fabric and placed in a sterile container. 

1.0 ± 0.1mL of 105 CFU/mL spiking inoculum of the test organism was placed onto the 

top of sample in the container and allowed to wick through the sample. The inoculated 

sample was incubated for 24 hours at 35.0 ⁰C.  

3.4 Summary  

In order to recap, two syntheses methods are applied in the present work which 

are hydrothermal and green synthesised methods. The hydrothermal is employed for the 

ZnO nanostructures synthesis by using different reactant temperatures with similar 

concentration of sodium citrate (SC). Meanwhile, a green synthesis method is used for 

the formation of ZnO-TA nanostructures which yield different pH values upon the 

introduction of TA during the process. The as-prepared samples of pure ZnO and ZnO-

TA nanostructures undergo properties measurements to confirm the structure, size, 

morphology, optical and antimicrobial performances. Different test equipments are used 

to determine different properties of samples. As for optical properties, the samples used 

UV-Visible and Photoluminescence spectroscopies to determine the UV absorbance and 

emission abilities which related to their band energy. For morphological properties 

determination, the samples are run using TEM and FESEM for physical structure, shape 

and size of the nanostructure. FTIR test is used to determine the chemical bonding 

properties of the ZnO nanostructures where the elements of the nanostructure are probed. 

Lastly, the biological test using AATCC 100 method to determine the microbacterial 

inhibitory ability of the nanostructure is used.  The results of the experiment obtained are 

discussed in details in the next chapter.  
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CHAPTER 4  

 

 

RESULTS AND DISCUSSION 

 

4.1 Physical Properties 

4.1.1 Surface Morphology and Mean Sizes of Nanostructures 

The morphological structures for both ZnO and ZnO-TA nanostructures are 

examined using transmission electron microscope (TEM) and field-emission scanning 

electron microscopy (FESEM)-EDX with 125000X and 20000X magnification 

respectively. Ex-situ high magnification images of nanostructures are clearly seen from 

the TEM micrograph and shown in Figure 4.1. The interconnected aggregations of 

polyhedron ZnO nanostructures with smooth surface that extend along the [001] direction 

shown to have an average diameter, 𝑑௠ of 10 ± 5 nm with narrow size range which 

synthesised at highest reaction temperature, 90℃ as shown in Figure 4.1(a). As the 

temperature is decreases to 70 (Figure 4.1 (b)) and 50℃ (Figure 4.1 (c)), the particle 

size is reduced to similar 𝑑௠ at 8 ± 2 nm as well as the particle size distribution is 

confined in the range of  4 to 30 nm. The size distribution is described by a Gaussian 

function (noted as red line). These indicates that these three samples have only slight 

different dominated size range with virtually uniform and spherical in shape. It shall be 

noted that the structures studied in this thesis does highlighted the linear changes in the 

𝑑௠ with the changes in temperatures for the pure ZnO nanostructures. The images also 

show that the aggregations are crystalline which was further consolidated by the XRD 

data (Subsection 4.1.2).  As we can noticed the cumulative distribution of the pure ZnO 

nanostructure showing steeper gradient which indicate presence of narrower size 

distribution of nanostructure. Thus, we can observe, the range size for pure ZnO 

nanostructure are smaller compared to ZnO-TA nanostructure.   
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For ZnO-TA nanostructures, the TEM micrographs show the morphologies of the 

samples made using the previous pure ZnO nanostructures (pH 7) synthesised at 70℃ 

added with TA are shown in Figures 4.1 (d) and (e) with the measured pH of 5 and 3, 

respectively. The 70℃ is chosen as the representative sample to indicate the 

morphological and the pH changes as the ZnO is introduced to TA. It could be seen that 

the size distributions of the nanostructures are drastically changed in which the 

histograms show the 𝑑௠ of 18± 3 nm and 22± 4 nm, for pH 5 and 3, respectively, as 

compared to the pure one ( 8±2 nm) shown in Figure 4.1(b)). These conditions proved 

that the aggregation and agglomeration are occurred as the acidic environment is created 

by the TA. As the TA amount is increases (decreases the pH value), the aggregation is 

induced in which results from the coalescence of small particles from the attachment 

growth that depends fully on the volume of the projected particles of the samples (Ahmad, 

2014). The merging of the particles is helps by the minor fluctuations caused by the acidic 

surrounding which caused a jump to contact. This condition is also known as oriented 

attachment (OA) or oriented aggregations which is an important crystal growth 

mechanism.  

 This can be considered as a direct evidence of OA which reveals the basic changes 

on the structure, surface chemistry of the nanocrystals, the solvent between the crystal 

and the resulting particles responds to the surrounding. In acidic condition, the presence 

of proton attack at the surface of ZnO is high. Generally, at lower pH (<pH 6), the 

tendency to produce a soluble ion of Zn2+ and Zn(OH)+ are higher. Therefore, the 

aggregation occurred as the protonation of the phenolic group take place in which reduced 

the accessibility of the functional group to squeeze between the ZnO nanocrystals (jump 

contact) and created larger attached particle. Upon the contact, the connecting neck 

between the particles are vanished. Particularly, for  mild acidity of TA is considered 

between pH 7 and pH 3 (Bian, Mudunkotuwa, Rupasinghe, & Grassian, 2011). Apart 

from this, the drying process for TEM sample preparation, also promotes non-

homogeneous deposition, thus, the aggregation of ZnO nanostructures is inevitable as the 

solvent evaporates (Lourdes C. S. Lopes et al., 2018; Michen et al., 2015).  
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Figure 4. 1:  TEM micrographs with size distribution of pure ZnO nanostructure 

synthesised at (a) 90, (b) 70  and (c) 50˚C. The TEM micrographs of ZnO-TA 

nanostructure made from the pure ZnO synthesised at 70 ˚C are shown in (d) for pH5 and 

(e) for pH 3. Noted that the size distribution of the particles is calculated based on the 

Gaussian distribution (red line) 
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Figure 4.1 continued.  

 

Table 4.1: Summary of the 𝒅𝒎 for both ZnO and ZnO-TA nanostructures. 

Nanostructure pH Temperature (℃) 𝑑௠ (nm) 

ZnO 

7 

90 13 

70 8 

50 8 

ZnO-TA 5 70 18 

3 70 23 
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For FESEM, the micrographs reveal the morphologies of ZnO and ZnO-TA 

nanostructures at magnifications ranging from 1000X to 20000X. It is observed that the 

morphological characteristics of pure ZnO nanostructures shown to have nanoplate-like 

structures which associated with different angle of orientation and sizes as indicated in 

Figure 4.2(a) to 4.2(c) that synthesised at temperatures of 90, 70 and 50˚C, respectively. 

The measured smooth surface nanoplate-like structures show to have the 𝑑௠ of 70 ± 20 

, 65 ± 15  and  80 ± 20  nm for 90, 70 and 50˚C, respectively. Clearly, the different 

measured 𝑑௠  using TEM and FESEM is due to the different optimal spatial resolution 

whereas FESEM resolution is limited to ~0.5 nm, while TEMs, images with spatial 

resolution of even less than 50 pm.  It is noted that the aggregation of nanostructures is 

clearly visible for all samples and mainly formed during the drying process of the FESEM 

samples. Similar morphology and aggregationd condition was observed from few 

reported works on ZnO nanostructures (Abdelmohsen et al., 2017). The associated energy 

dispersive x-ray (EDX) of FESEM for those three samples show the presence of Zn and 

O as the major elements with the mass percent of 79.94% and 17.85%, respectively. 

Hence, the results proved that the synthesised pure ZnO nanostructures are of high purity, 

which represents high Zn and O element compositions. Noted that the presence of small 

mass percent of Al element (2.21%) is due to the aluminium foil that used as a substrate 

for FESEM viewing. Interestingly, there are no trace of Na3C6H5O7 from the mass percent 

which proved that the emulsifying agent is fully removed during centrifugation process.  

The attained morphologies and size variations of ZnO-TA nanostructures are 

shown in Figures 4.2 (d) to (g). The measured pH 5 of samples upon the addition of TA 

are noted for Figures 4.2 (d) to (f) using the synthesised pure ZnO nanostructures at 90, 

70 and 50˚C, respectively, whilst for Figure 4.2 (g) shows the measured pH 3 sample 

prepared using pure ZnO nanostructure sample synthesised at 90˚C. It is shows that the 

aggregation of nanoplate structures is significant which influenced by the pH due to the 

addition of TA. The structures are visibly connected to each other and believed is due to 

the TA present at the surface (Scheme 4.1) and have been discussed under the TEM 

section. The formation of interlink between the nanostructures without any space in 

between the particles are observed in which shows that the pure ZnO nanoplates are 



 
 

 

 54 

changed into the continuous connected coated ZnO nanoplate during ZnO-TA formation, 

which believed is due to the introduction of TA. The structures appeared to be bound 

together into continuous aggregation of various sizes with decrease in pH attributed to 

the increase of ionisation of TA. At low pH conditions, ionisation of TA is weak as 

described follows: 

 

𝐶76𝐻52𝑂46 = 𝐶76𝐻51𝑂46
−

  +   𝐻
+

 ↔          pH < 6    4.1  

 

The surface dissolution of smooth polygonal nanoplate network at low pH 

conditions results in the formation of connected ZnO nanostructures (Abdelmohsen et al., 

2017) revealed that the addition of TA controls the pH based on the breakable level of 

carbon and oxygen molecules bonding which proved by the increased in mass percent of 

carbon of 34.96, 42.76, 39.89 and 33.67% for pH 5(90℃), pH 5(70℃),  pH 5(50℃) and 

pH 3(90℃), respectively from the EDX.    Noted that TA compound (C76H52O46) consists 

of long chain of carbon and oxygen atoms. The small percentage of composition of Al 

and Mg are due to usage of aluminium foil as a substrate during viewing.  
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Figure 4. 2: FESEM images of the prepared pure ZnO nanostructures synthesised at (a) 

90 ˚C, (b) 70 ˚C, (c) 50 ˚C and ZnO-TA nanostructure prepared using (d) 90 ˚C, (e) 70 

˚C, (f) 50 ˚C pure ZnO nanostructures for pH 5 and (g) 90 ˚C pure ZnO nanostructures 

for pH 3. The corresponding EDX graphs are also included for each samples. 
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Figure 4.2 continued 
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Figure 4.2 continued. 

 

 

Scheme 4.1: Illustration on the TA binding on the surface of ZnO nanostructure. 
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Also, the conditions of ZnO-TA nanostructures can be explain based on the  

Brønsted-Lowry acid/base theory (Wiśniewska, Chibowski, & Urban, 2017). The Lewis 

hard and soft acids based on Brønsted-Lowry acid/base theory is broadly employed in 

metal/ligand inorganic chemistry for describing the stability of nanostructures and their 

compounds as well as any related reaction mechanisms which aid in explaining the 

morphological transition phenomenon (Šutka, Järvekülg, & Gross, 2019; Yuan et al., 

2018). As the TA is introduced (for instance, with the amount of TA created the sample 

to be in ~ pH 3) to the ZnO nanostructure sample, the hydroxyl groups of TA adsorbed 

on the surface of ZnO surface which yield a Brønsted bases surrounding in the highly 

acidic medium that further accept the protons created from the reaction. Further details 

on acid/base theory and the relation with the energy level in terms of chemical bonding 

of ZnO and ZnO-TA nanostructures are explained in Subchapter 4.2.1.  

Further on this, it is also noted that the reason for the increased in 𝑑௠ as the 

morphological structure changed upon the introduction of TA to the ZnO nanostructure 

sample is due to the changes of the pH medium (from neutral to acidic medium). 

An acidic solution has a high concentration of hydrogen ions and this proved the decrease 

of OH- ion density in the sample (Shin et al., 2010) which also effect the morphological 

changes due to the dynamic growth explained by the Ostwald ripening (OR) phenomenon 

(Munjal, Kumar, Kumar, & Banati, 2019). In this case, the classical crystal model of OR 

take place when larger ZnO nanostructure reacted with acidic solution which induced the 

aggregation small crystalline nuclei. The OR process is the fundamental theory for OA 

as mentioned previously. OA is a process that took OR as part of the reaction in which 

the dissolution, precipitation, and ripening during the particle motion, collision, and 

aggregation processes formed those unique crystallographic orientations. Hence, the 

different is that the formation of complex nanostructure crystals with wide varieties 

morphologies including rods, chains, platelet, multipods and branched nanowires are 

mainly explained by OA which cannot be justified by classical OR (Cao, Gong, Shu, Zhu, 

& Liang, 2019; Greer, 2013). The mechanism for an oriented attachment (OA) during 

formation of suspension of ZnO nanostructures can be described as shown in Scheme 

4.2.  
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Scheme 4. 2: Illustration on the mechanism of OA adopted from (Cao et al., 2019) 

4.1.2 Crystalline Structure Determination 

The structural nature of the synthesised ZnO and ZnO-TA nanostructures are 

confirmed using XRD diffractogram as shown in Figure 4.3.  It is revealed that the 

polycrystalline wurtzite structure of ZnO with the observed peak positions in agreement 

with reported data in Joint Committee on Powder Diffraction Standards (JCPDS, card no: 

043-0002 obtained from library) are indexed for hexagonal ZnO as indicated in Figure 

4.3 (a). Noted that, for diffractogram test, the amount of sample is expanded for pure 

ZnO nanostructures with the total of five pure samples synthesised at temperatures of 90, 

80, 70, 60 and 50 ℃.  Three prominent peaks corresponding to reflections from [100], 

[002] and [101] atomic planes of ZnO phase. It shows the stability, probable directions 

for grain growth and are appointed as minimum energy growth phases of ZnO 

crystal. The presence of other low intensity reflections corresponding to [102], [110], 

[103], [200], [112] and [201] atomic planes of hexagonal ZnO lattice. In all the test 

samples for pure ZnO nanostructures, no peak corresponding to other phases or element 

emerged in the XRD analysis. 

 Surprisingly, further added TA concentration in as-synthesised ZnO-TA 

nanostructures samples inhibits the dominancy of crystalline phase by vanishing the peak 

intensities. It is observed that the addition of TA does dispel the diffraction peaks 

positions of the ZnO nanostructures as demonstrated in Figures 4.3(b) and (c) for 

samples made at pH 5 and pH 3, respectively, implied the absence of any significant 

lattice on the ZnO wurtzite structure. Only one sample from pH 5 shows the presence of 

complete ZnO atomic planes. It is believed that during the deposition of the samples on 

the glass substrate, the amount of ZnO dropped is higher than the TA molecule. Thus, 
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only TA molecules with amorphous spectrum structure in nature are exhibited as they 

imprinted over ZnO nanostructures in accordance with FESEM analysis.  

 

 

 

Figure 4. 3: XRD diffractograms for (a) pure ZnO nanostructures synthesised at 50, 60, 

70, 80 and 90 °C with (b) the XRD peaks of ZnO-TA prepared at pH 5 and (c) pH 3 using 

pure ZnO nanostructures synthesised at 50, 60, 70, 80 and 90 °C. No responses relating 

to Zn or ZnO have been observed in some of the samples prepared at pH 5 and pH 3, 

suggesting the domination of TA in all samples. 
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Figure 4.3 continued  

 

The structural informations on the crystallite size (D), lattice parameters (a, c and 

V) with position parameter (u) and ZnO bond length (L) for both pure ZnO and ZnO-TA 

nanostructures data obtained from the XRD results are tabulated in Table 4.2. The D is 

obtained based on the calculation of known Debye-Scherrer’s equation (Equation 3.7).  

The calculated D is 8.52, 8.03, 5.79, 7.91 and 9.93 nm corresponding to pure ZnO 

nanostructures synthesised at 50, 60, 70, 80 and 90 °C, respectively. The crystalline size 

(D) of the pristine pure ZnO nanostructures is parallel to the particle size obtained from 

TEM which shows a significant decreased from 8.52 nm to 8.07 nm and 5.7909 nm as 

the pure ZnO are synthesised in temperature increase from 50, 60 and 70 ˚C. The mean 

D of the pristine are later increased to 7.91 nm and 9.9313 nm after increased in reaction 

temperature of 80 and 90˚C respectively. While as ZnO are capped with TA, dominancy 

of TA is obvious as the XRD graph showing amorphous structure with only one sample 

have crystalline peak with crystalline size of 14.99 nm. The obtained crystalline size show 

a minor variation with the synthetic conditions. The biggest deviation in crystalline size 

is observed for the ZnO synthesized with addition of TA (pH 5).  It shall be noted that, 

the percentage of Zn2+ released from the ZnO-TA nanostructures was contribution from 

the increase of TA concentration (decrease in pH). These results indicated that the TA 

caused the dissolution of ZnO nanostructures due to the modification effects of combined 

pH solution and complexation reaction. 
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Table 4.2: The lattice parameters and the density of each pristine ZnO, and ZnO-TA 

evaluated from the XRD patterns. D are the crystalline diameter while as monitored, the 

lattice parameter include the lattice constant α and c represent basal and height parameter 

respectively, length L, volume V, and u representing internal atomic position.  

Pristine 

Nanostructure  

pH  Temperatu

re (℃)  

D 

(nm)  

Lattice Parameters 

α(Å) c(Å) V(Å3)  u L(Å) 

ZnO 7 90 9.93 3.39 5.39 56.08 0.13 2.81 

80 7.91 3.80 5.36 55.84 0.16 2.68 

70 5.79 4.45 5.36 55.85 0.22 2.47 

60 8.03 3.59 5.48 57.01 0.14 2.79 

50 8.52 3.48 5.51 57.33 0.13 2.84 

ZnO-TA 5 60 14.99 2.63 5.49 57.12 0.07 3.06 

 

The parameters of lattice in ZnO-TA nanostructures given by a and c are 

calculated. Lattice parameters a and c represent the edge length of the basal plane 

hexagon and the axial height of the unit cell perpendicular to the basal plane respectively. 

The base lattice constant (α) Pure ZnO nanostructure increasing from ~ 3.48 to ~4.45 as 

the synthesised temperature are increase from 50 to 70 ˚C. The base lattice constant are 

then decrease to ~3.39 Å as the synthesised temperature increase to 90 ˚C. While the 

height of lattice constant (c) for pure ZnO nanostructure increasing from ~3.36 to 3.48 Å 

as the synthesised temperature increase from 50 to 90 ˚C. Besides base and height of 

lattice constant, the length (L) of are also calculated. The length of the crystalline structure 

of pure ZnO nanostructure decreasing from 2.84 to 2.47 Å upon the rising of reaction 

temperature form 50 to 70 ˚C. the length of crystalline structure later increase to 2.81 Å 

as the synthesised temperature reach 90 ˚C. While as for ZnO-TA of pH5, the base and 

height lattice constant decrease to 2.63 and 5.49 Å respectively while the length of the 

lattice increase to 3.06 Å. 

The wurtzite structure of ZnO is composed of two inter-penetrating 8 hexagonal 

close packed (hcp) sub-lattices containing four atoms per unit cell of one type. Every 

atom of one kind is surrounded by four atoms of the other kind placed at the corner of a 
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tetrahedron or vice versa. These sub-lattices are displaced with respect to each other along 

the c-axis by the amount u, known as internal parameter. The fractional atomic 

coordinates of oxygen is expressed in terms of u which is also linked with anion-cation 

bond length parallel to the c-axis. The pure ZnO nanostructure results into increase of 

internal parameter (u) from 0.13~ to 0.22 correspond with the increase of synthesised 

temperature from 50 to 70˚C. The internal parameter are then decrease back to ~ 0.13 as 

the synthesised temperature continue increase to 90˚C.  From the lattice constant, it 

results into the volume of the crystalline structure (V). The V shows a decreased from 

57.3364 to 55.8547 Å3 as the synthesised temperature increase from 50 to 70 ˚C, the V 

are later increase to 56.08 Å3 upon the increased in reaction temperatures to 90 ˚C. Thus, 

the increase in volume shows a lattice contraction that yield the increased in grain size 

formation (Wei et al., 2007). While ZnO-TA nanostructure showing the smallest internal 

lattice parameter, u of ~0.07.  From the lattice constant calculated, the ZnO-TA 

crystalline structure showing volume of 57.12 Å3.   

Zn2+ known for its 0.06 nm ionic radii and thus, the decrease in particle size results  

in increase the value of lattice constant. Thus, to be compared with the results obtain, it 

shows that ZnO-TA nanostructure have larger value of lattice constant that may be occur 

due to surface dissolve of ZnO by TA. From the results, pure ZnO nanostructure showing 

smaller crystalline diameter compared to ZnO-TA nanostructure. The increase of 

crystalline nanostructure of ZnO-TA nanostructure are due to aggregation that occurred 

as discuss in subchapter 4.1.1.  The XRD data of ZnO-TA with addition of further TA 

indicate there is only one sample with peaks corresponding to ZnO was found, which 

disclose the dominancy of TA that affect their wurtzite structure at low pH level and high 

concentration. Increase in TA concentration beyond 2% caused the distortion of as 

synthesised ZnO-TA lattice and at some points in which the reflections of ZnO 

disappeared and TA single amorphous peak dominated. It needs to be noted that the 

decrease of the particle size is accompanied with a significant increase in the yield. It 

may be, therefore, assumed that the increase of the yield is caused by an increased 

supersaturation which primarily affects nucleation of smaller crystallites and the growth 

of which is hindered.  By capping ZnO with TA, cause to crystals to growth with higher 
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aspect ratio of 3:1. Letting the pH to reach acidity medium also leads to a truncation of 

the capping pyramids clearly exposing well developed faces. With respect to the wurtzite 

structure of the prepared ZnO one can assume there are three preferential growth 

directions: along the z-axis. 

4.2 Chemical Structure  

4.2.1 Chemical Bonding 

FTIR is one of the confirmatory technique for nanostructures formation and 

highlights the behaviour such as the vibrational and rotational modes of the existing 

molecules. The technique helps to identify the functional and possible phytochemical 

molecules involved in the stabilisation of pure ZnO and ZnO-TA nanostructures as shown 

in Figure 4.4. For pure ZnO nanostructures shown in Figure 4.4 (a) synthesised at 50, 

70 and 90℃ which are measured to have pH 7, shows the available broad peak at region 

around 3400 cm−1 indicated the presence of O-H stretching and deformation in the 

external band of pure ZnO nanostructures due to water adsorption on surface of ZnO. 

This is confirmed by other literatures that suggested that at average of 3400 cm-1 is due 

to the O-H stretching caused by the loss of water molecule (B. Kumar, Smita, Cumbal, 

& Debut, 2014; Markova-Deneva, 2010; Shahwan et al., 2011; V. Parthasarathi, 2011; 

Vaezi & Sadrnezhaad, 2007; Xiong, Pal, Serrano, Ucer, & Williams, 2006; Zak, 

Abrishami, Majid, Yousefi, & Hosseini, 2011). A small hump at 2047, 2064 and 2079 

cm-1 for synthesised samples at 50, 70 and 90 ˚C, respectively, indicated the presence O-

C-O band (Husain, Rahman, Ali, & Alvi, 2013). While the other small peak in between 

region 1300 to 1600 cm-1 indicated the C=O stretching. Both type of stretching of O-C-

O and C=O are due to the atmospheric absorption at the preparation time of sample in 

non-vacuum system (Husain et al., 2013; P. R. Kumar et al., 2014; Zak et al., 2011) with 

less significant in sample at 90℃ which might be due to the high- temperature exposure 

which eliminate the trace of atmospheric absorption. Moreover, several small humps have 

been formed in the area around 700 to 1100 cm−1, which proved the presence of C-H and 

=C-H functional groups. The very small amount of carbon-hydrogen functional group is 

because of the effect of trisodium citrate. The presence of the peaks in the area of 500 to 

540 cm−1 are due to the stretching mode of ZnO (Hedayati, 2015; Kumar, Jung, Bharathi, 
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Lim, & Kim, 2014; Vaezi & Sadrnezhaad, 2007; Xiong, Pal, Serrano, Ucer, & Williams, 

2006). 

Meanwhile, the presence of adsorbed TA molecules as functional groups on the 

surface of ZnO nanostructures are indicated in Figures 4.4 (b) and (c). TA has yield some 

chemical alterations on the surface of pure ZnO nanostructures during the formation 

process. A broad band of pure TA at 3400 cm‒1 which is also almost similar to the strong 

peak exhibits by pure ZnO nanostructures may have originated from the polyphenols that 

are present in the system. This band  is assigned to the hydroxyl groups (O-H) H-bonded 

broad and strong and C-H (aromatic medium) (Wahyono, Astuti, Wiryawan, Sugoro, & 

Jayanegara, 2019). TA also showing small hump at peak of 2043 cm-1 in which are due 

to C-H stretching vibration of alkane groups. Besides, Tannic acid contains some 

aromatic esters due to the signal characteristics of carbonyl groups C=O stretching (1501 

cm-1) and C-O (1384 cm-1). Stated that C=O stretching and C-O vibration observed near 

1500-1600 cm-1 and 1300-1100 cm-1 range respectively (Husain, Rahman, Ali, & Alvi, 

2013; Wahyono et al., 2019). 

 

Figure 4.4: Chemical bonding studied by using FTIR which recorded for (a) selected pure 

ZnO nanostructures synthesised at 50, 70 and 90℃ as well as for the prepared ZnO-TA 

nanostructure samples of (b) pH5 and (c) pH3. 
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Figure 4.4 contnued  
 

 As for ZnO-TA nanostructure, the sample showing combine region peaks as pure 

ZnO nanostructure and TA. As shown in Figure 4.4 (b and c), it can be clearly seen that 

the number of peak are increasing compared to pure ZnO nanostructure. For pH5 
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samples, the strong peaks at 2446 and 3459 cm-1 are dominantly influence by O-H 

stretching for synthesised samples of 90 and 70˚C, respectively. Also, at pH3, strong and 

wide peaks are shown at 3446 and 3447 cm-1 for 90 and 70˚C samples, respectively. 

Besides, the peak at region of at 580 and 577 cm-1 shows the bonding of Zn-O, for both 

90 and 70˚C, respectively. While, the ZnO-TA nanostructure at pH3 shows the peaks at 

588 and 593 cm-1. The peak are slightly shifted compared to pure ZnO nanostructure 

samples as discussed beforehand (Figure 4.4 (a)).The shifted may be associated with 

oxygen deficiency and/or oxygen vacancy defect complex in ZnO nanostructure. The 

intensity of the oxygen-deficiency related defect-complex band does not appear to change 

much on  the particle size but it were indicating the probability of  bulk defects (Xiong et 

al., 2006). Meanwhile, the O-H stretching are dominant in both TA and ZnO-TA 

nanostructure samples. This is due to loss of water molecule as it is dried into powder. 

Besides, the significant different between pure and TA capped ZnO nanostructures is the 

increasing number of peak presence in region between 700 to 1500 cm-1. This region 

indicates the stretching of C=O and C-O bond. The peak around this region are not really 

significant as the carbon element are only presence CO2 due to non-vacuum condition 

during synthesising process. While for ZnO-TA, the stretching are dominant due to 

presence of element C=O in TA. As we know, TA molecular are C76H53O46, thus the 

increase of carboxylate element dominate in the sample (Estrada-Urbina, Cruz-Alonso, 

Santander-González, Méndez-Albores, & Vázquez-Durán, 2018; Zak, Abrishami, Majid, 

Yousefi, & Hosseini, 2011). The spectral signatures of carboxylate impurities essentially 

increasing, indicating the possible association of phenolic group form TA with zinc 

carboxylate and conversion to ZnO during synthesising. The intensity of the hydroxyl 

peak follows an increasing trend as compared with the synthesised pure ZnO 

nanostructure.  

The structural analysis from FTIR also determined by surface chemistry of solids 

related to the acid/base theories, determination on surface acidity or basicity theories is 

difficult to tackle. The main focus here is on the concept of Lewis hard and soft acid 

bases, which is commonly used in metal / ligand inorganic chemistry to define the 

stability of nanostructures and their compounds as well as any associated reaction 
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mechanisms, help in the morphological transition phenomenon based on the theory of 

Brønsted-Lowry acid / base and also the prediction of reactivity of frontier molecular 

orbital (FMO) theory (Laminack, Baker, & Gole, 2015; Šutka et al., 2019; Yuan et al., 

2018). Basically, most of metal oxide surfaces including ZnO nanostructures are 

hydroxylated to certain level when aqueous (water) vapour is exist under normal 

condition. In this case, these hydroxyl surfaces are considered to act as Brønsted acid or 

base spots as the system provide ability to donate or accept a proton (Zn2+ ions), 

respectively. The consideration on cationic Zn centres (Zn2+) according to hard/soft 

acid/base theory which acts as Lewis acid sites is also known for its LUMO (Lowest 

Unoccupied Molecular Orbital) energy with the anionic lattice oxygen (O2−) centres 

serve as Lewis bases and known for its HOMO (Highest Occupied Molecular Orbital) 

energy as illustrate in scheme 1(B). The combined activity involves the interaction 

between Zn cations (LUMO) with the ligand (significant filled-empty interaction) 

(HUMO) which induce a bonding atomic orbital that aaccounts for the produced 

properties as illustrated in Scheme 4.3.  

Theoretically, the intimate orbital interactions produced energy that is greater than 

the stabilising energy which helps in occupying the Lewis pair of electron to the newly 

formed atomic orbitals. The orbital frontier interaction (HOMOLUMO interaction) 

resulted in the development of molecular orbit requiring high stability, in which resulting 

in an immediate decrease in energy. It is therefore presumed that the related acid species 

energy difference (LUMO) with base species (HOMO) accounted for the ZnO propensity 

to have a morphological change as the system contracts with TAs under specific 

conditions. The catalytic activity efficiency of ZnO nanostructures or other metal oxides 

does depend on the ability of acid/base sites. Here, as the Zn nanostructures are mixed to 

TA solution (mild acidic 3>pH<7), The phenolic hydroxyl bonds adhered to the surface 

of the ZnO nanostructure formed as Brønsted bases in a mild acid solution and were 

capable of receiving ionic protons as shown in the molecular orbital diagram (Scheme 

4.3).  Exciton dissociation typically stimulated by charge transfer occurs from the 

reaction between acceptor and donor particles. The exciton dissociation is constructive at 
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the interface area (LUMO) between the material particles with different electron affinity 

(EA) and ionisation potential (IP) as in HOMO (Breazu et al., 2018).  

 
Scheme 4. 3: Schematic illustration on HOMO-LUMO interaction in FMO  perspective 

adopted from (Che Lah & Kamaruzaman, 2019). 

 

4.3 Optical Properties  

4.3.1 Absorbance Characteristic 

The optical characteristic for both ZnO and ZnO-TA nanostructures  were carried 

out using UV-Vis spectrophotometer with the  focused on the surface plasmon resonance 

(SPR) characteristic absorbance behaviour based on the several samples prepared. To 

analyse the characteristics of UV light for both  ZnO and ZnO-TA nanostructures, water, 

which acts as the solvent is used as a baseline in monitoring the absorbance of the 

prepared samples. The absorbance wavelength range is fixed between 200 to 800 nm. 

The pure ZnO samples synthesised at different reaction temperatures (50, 60, 70, 80 and 

90℃) with five samples treated with different pH based on different added TA 

concentration were critically observed (as discussed in subsection 3.2.3 from Chapter 

3). The effect of added solution of TA on pure ZnO nanostructure samples is monitored 

based on the range of peak absorbance obtained for each group of measured pH. Based 

on the test, the results of the absorbance peak obtained are summarised in Table 4.3. The 

pure ZnO nanostructure samples indicated the absorbance peaks at shorter wavelength as 

compared to ZnO-TA nanostructures. Hence, the initial significant effect can be deduced 

from the location of the wavelength number between pure ZnO and the treated ZnO 
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samples with TA in which proved that the presence of TA control the larger formation 

(due to the aggregation process) of ZnO nanostructures.    

Table 4.3 : Summary on the absorbance peak for the as-synthesised ZnO nanostructures 

at different reaction temperatures and ZnO-TA nanostructures obtained from different 

pH values upon the addition of the TA solution. Noted that the samples with mild acidic 

pH (pH 6 to pH 3) showed blue-shift peak absorbance characteristic due to influence of 

acidic nature of TA. 

Nanostructure pH 
Temperature 

(℃) 
𝒅𝒎 

(nm) 
Absorbance Peak  

(~ nm) 

ZnO 
7 

(neutral) 

90  13 381 

80 - 379.5 

70 8 380 
60 - 382 
50 8 379 

ZnO-TA 

6 

90  

- 

300 
80 317.5 
70 320.5 
60 320.5 
50 300.5 

5 

90  - 
 

300 
80 308 
70  310.5 
60 - 

 
312 

50 300 

4 

90  

- 

308 
80 312 
70 321.5 
60 303 
50 309 

3 

90  
- 

317 
80 318 
70 23 317.5 
60 

- 
318 

50 313 
TA 3 - - 310 
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The observation on blue-shifting pattern of the wavelength number of TA treated 

ZnO nanostructures is based on the pure ZnO nanostructure absorbance peaks shown in 

Figure 4.5. For pure ZnO nanostructure (pH7) the absorbance peaks were shown at the 

range of 380 till 386 nm and proved to be in accordance with the existing literatures 

reported on the ZnO nanostructures (Jayaseelan et al., 2012; Matinise et al., 2017; 

Ogunyemi et al., 2019; Suresh et al., 2015; Velmurugan et al., 2016) . Also, some of the 

works showed that the SPR characteristic of ZnO nanostructures can be found  at the 

wavelength in between 350 to 400 nm in which the peak position for similar size 

distribution range (as discussed in Section 4.1)  is mainly influenced by the interparticle 

distance and also the types of encompassing media. Thus, the SPR absorbance is very 

delicate and super sensitive to the presence of surrounding nature, size and morphology 

of the nanostructure (Agrawal et al., 2018; Gupta & Kant, 2018; Jung, Yeo, Kim, Ki, & 

Gu, 2018; Velmurugan et al., 2016). For pure ZnO nanostructures without any influence 

of other molecules, electrons are able to move freely as the conduction and valence band 

located near to each other (narrow bandgap). Theoretically, the free electrons would 

enhanced the increase of the SPR absorption band intensity which directly indicates the 

collective oscillation resonance of ZnO nanostructure based on the excitation of surface 

electromagnetic waves at the air-ZnO interface due to the variation of chemical oxidation 

and photochemical control (Agrawal et al., 2018; Noginov et al., 2006).  
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Figure 4. 5: The UV-Vis absorbance spectra for ZnO nanostructures synthesised at 50, 

60, 70, 80 and 90℃. Noted that all samples showed narrow range of absorbance peak 

with varying of intensity that indicate the varying size distribution of nanostructures.   

 

It is observed that for pure ZnO nanostructures synthesised at different reaction 

temperatures demonstrated different varying intensities and bandwidth range resulting 

from the variation of dm size and size distribution of the nanostructures but with narrow 

range frequency resonance absorption at specified ZnO range. These are due to the 

polarisation of electrons contributed by a stronger ionic core which is the result from the 

enhanced electric field wave (Hitanshu Kumar, 2014). Thus, the polarisation force is re-

establish in creating dipolar wavering among the presence electrons. Meanwhile, the SPR 

absorption band expanded as the smaller nanostructure size presence which proved the 

emergence of quantum size phenomenon. Moreover, the increasing integrated peak area 

of the band indicates the decrease in the inter-particle gap, which is evidence of larger 

nanostructures with the probabilities of aggregation (Addison & Brolo, 2006; Dmitruk, 

Alexeenko, Kotko, Vedral, & Pinchuk, 2012; Mayer et al., 2019; Noginov et al., 2006; 

Scholl, Koh, & Dionne, 2012; Zhang et al., 2019) .  
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In the present study, the ZnO nanostructures are originally stable due to the 

presence of negative surface charges which prevent two particles from aggregating in the 

presence of strong columbic repulsion (energy). However, as the van der walls forces 

become dominant, the nanostructures are triggered to aggregations and forming large 

cluster of structure. The nature of the prepared ZnO nanostructures seems to quickly 

sediment at the bottom of the glass vial, this is due to the water solvent which shows the 

highly hydrophobic behaviour which may be changed to hydrophilic via irradiation with 

a light of energy more than the ZnO band gap (with a wavelength less then 375 nm) 

without any influence of other molecules in surrounding medium (Das, Choi, Kar, & 

Myoung, 2009; Feng et al., 2004; Kar, Das, Choi, Lee, & Myoung, 2010; Kekkonen et 

al., 2010; Lü et al., 2010; Papadopoulou et al., 2009; Tarwal & Patil, 2010).  

The characteristics of having shorter wavelength spectra in the range of ~ 379 to 

~382  nm for all peak absorbance of ZnO nanostructures indicated that that the as-

synthesised ZnO nanostructures shown an excellent characteristics of  UV absorbent  

particles for UVA wavelength ( at the range of 320 to 400 nm) with UVB wavelengths 

contributed particularly from ZnO-TA nanostructures (280 to 320 nm) and were 

consistent with the other reported studies on ZnO nanostructures (Es'haghi, 2018) which 

have summarised in Table 4.3. From the peak wavelength number, the as-synthesised 

ZnO nanostructures proved to be able to absorbed UV-A which majorly known to cause 

a skin damage to human being if they continuously directly exposed (Craig, Earnshaw, 

& Virós, 2018; D'Orazio, Jarrett, Amaro-Ortiz, & Scott, 2013; Dale Wilson, Moon, & 

Armstrong, 2012).   

Figure 4.6 (a) shows the absorbance spectrum of pure TA. The TA absorbance 

of UV showed peak at wavelength of ~ 310 nm at concentration of 1M. The TA shows 

the absorbance characteristic at shorter wavelength compared to pure ZnO nanostructure 

discussed beforehand. Whilst, Figure 4.6 (b to e) represented the UV-Vis absorbance 

spectra for ZnO-TA nanostructures prepared at different added TA drop wise solution 

which yield different pH values. Noted that the ZnO-TA nanostructures exhibited SPR 

peak in the range of ~ 300 to ~321.5 nm which is shorter than the one exhibited by pure 
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ZnO nanostructures. The ZnO-TA nanostructures showed the average peak absorbance 

position at ~ 316.7 , ~ 310.7 , ~ 306.1 and ~ 311.8 nm for pH 3 (Figure 4.6(b)), pH 4 

(Figure 4.6(c)), pH 5 (Figure 4.6(d)) and pH 6 (Figure 4.6(e)), respectively. Particularly, 

for ZnO-TA nanostructures in the presence of TA, two absorption bands are clearly 

noticed. This proposes that two major phases coincide in the ZnO-TA nanostructures. 

One is assuredly the oxygen-rich ZnO phase whose absorption band is in the vicinity of 

that of the original pure ZnO phase. The second factor is the chemical inhomogeneity due 

to the presence of a higher amount of oxygen with the existing of phenolic group of TA. 

The peak absorbance showed a significant blue-shifted behaviour which tend to 

accommodates at shorter wavelength as compared to the pure ZnO nanostructures 

samples. The blue-shift occurred due to the decrease in size of the nanostructures and was 

believed is due to the increased in the concentration of TA (decreases the pH value). 

Theoretically, the TA tends to  slowly dominates the ZnO nanostructure and caused the 

increased in the number of free electrons (Desai, Mankad, Gupta, & Jha, 2012). This 

caused the increased in the acidity of the ZnO samples which then effected the structure 

(tend to disaggregation the structures) and increased the reactivity of the nanoparticle 

(Buazar et al., 2015; Mohammadi & Ghasemi, 2018). The reactivity of phenolic hydroxyl 

groups contributed from the TA structure increased the amount of oxygen anions which 

then imparted in the reaction with ZnO ions to established a stable five-numbered ring 

complex. The condition encouraged the relocation of the lone pairs associated with the 

other two hydroxyl groups and stabilise the complex (Fu & Chen, 2019).  

In addition to the band shift, the absorption band becomes distinctly broader with 

increasing oxygen element. The broad band in ZnO-TA is assigned to the overlap of 

multiple spectral phases with distinctive chemical bonding states and stoichiometry 

system (inhomogeneous broadening) as verified by the FTIR results (Section 4.1.3). The 

inhomogeneity appears naturally from the dissimilarity in the number of valence 

electrons between oxygen and extension of H-bonding atoms. That is to say that, while 

pure ZnO and ZnO-TA are promoted by their own microscopic crystal structures, with 

the absence of crystal structure for ZnO-TA, thereby yielding ZnO-TA complexes. 
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Figure 4. 6: UV-Vis absorbance spectra for (a) pure TA and ZnO-TA nanostructures 

prepared at (b) pH 6, (c) pH 5, (d) pH 4 and (e) pH3 based upon the addition of TA 

solution. As ZnO are capped with TA, the absorbance peak encountered blue-shifting due 

to the domination of TA and the higher releasement of more free electrons. 

 



 
 

 

 76 

Energy Band Gap, Eg 

The changes in the bandgap structure with dm  variation of the ZnO nanostructure 

was studied using conventional optical absorption technique. Principally, the 

conventional technique, which involves measuring optical absorption coefficient with the 

Tauc method, has been employed for examining a variety of semiconducting materials. 

Hence, this typical method does conclusively distinguish between the different bandgaps 

whose results can be seen in Figures 4.7 and 4.8 for both pure and TA capped ZnO 

nanostructures, respectively. The details of the experiment are presented in Section 3.3.1 

(Chapter 3).  

In physics, the band gap, Eg of a semiconductor can be of two basic types, a direct 

band gap or an indirect band gap between conduction band and valance band. The direct 

band gap is due to the crystal momentum of the electrons and holes are in both the 

conduction band and the valence band is the same in which an electron will directly emit 

a photon. While, the indirect band are due to photon unable to be release in directly, 

because the electron has to pass through an intermediate state and transfer momentum to 

the crystal lattice (Abdi et al., 2012).  

Figure 4.7 shows the Tauc plot of direct band gap of pure ZnO nanostructure 

samples synthesised at 50, 60, 70, 80 and 90℃ with the obtained Eg values of 3.30, 3.53, 

3.45, 3.55 and 3.48 eV, respectively. This indicated that the synthesised ZnO has bandgap 

energy that are relevant to the values range reported by other reported works on pristine 

ZnO nanostructures (Bhuyan, Mishra, Khanuja, Prasad, & Varma, 2015). In fact, pure 

ZnO nanostructures are known for having direct Eg and classify as semiconductors 

(Suvith, Devu, & Philip, 2019). The conventional semiconductors have a bandgap in 

between 1 to 1.5 eV, whereas, wide-bandgap materials such as ZnO nanostructures have 

bandgaps in between 2 to 4 eV (Yoshikawa, Matsunami, & Nanishi, 2007). As the 𝑑௠ 

size of ZnO nanostructures is reduced, more donor atom of Zn available which provides 

additional carriers that yields the shifting of Fermi level towards the conduction band 

which caused the widening of Eg. Hence, a narrow band gap produced by the 
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synthesised ZnO nanostructures should have a high photo-catalytic activity for any 

target reactions.  

 

 

Figure 4. 7: The Tauc plot of direct Eg on pure ZnO nanostructures synthesised at 

temperatures of (a) 50˚C, (b) 60˚C ,(c) 70˚C ,(d) 80˚C and (e) 90˚C. The absorption peaks 

possess longer wavelengths with increasing the 𝑑௠  indicating that the band gap becomes 

smaller at larger 𝑑௠particle size. 

Energy (eV) 
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Figure 4.8 shows the Tauc plot of direct Eg for ZnO-TA nanostructures prepared 

at different pH 6 (Figure 4.8(a)), pH 5 (Figure 4.8(b)), pH 4 (Figure 4.8(c)) and pH 3 

(Figure 4.8(d)). As TA content is increased within ZnO nanostructure system (decrease 

in pH), the shifting position of the UV absorption band to a shorter wavelength infers 

increasing Eg values. The summary of the recorded Eg for both ZnO and ZnO-TA 

nanostructures is tabulated in Table 4.4. There is no significant trend on the values of 

obtained Eg when compared between the pH value between the prepared ZnO-TA 

nanostructures. However, when compared to the pure ZnO nanostructure Eg, most of the 

prepared ZnO –TA nanostructures possess wider Eg. Table 4.4 compares the (αhv)2 and 

(αhν) 1/2 Eg of pure and TA added ZnO nanostructures. As can be seen, the band gap of 

ZnO-TA shows slightly higher Eg compared to pure ZnO nanostructure which indicated 

that the TA could extend the spectral band and prove to possess influence on the optical 

absorbance of the other semiconductor and in this case, the ZnO nanostructures. The 

sensitivity is due to the  increase in the repulsion of free electron in TA structure (Jordan 

Hanania, 2015). Noted that there is absence of linear changes pattern that could be desire 

in the current work. The addition of TA shows a point where the aggregationd structures 

of ZnO could be reduced in 𝑑௠ and later at some point the dm is increased due to the 

changes in pH value. In this case, pH 5 is consider as the point of transition from smaller 

𝑑௠ to larger dm structure formation upon decreasing the pH. The condition is related to 

the releasement of free electron in form of oxygen ring which react with the phenolic 

groups of TA (Zhao, Gnanaseelan, Jehnichen, Simon, & Pionteck, 2019) and as more 

phenols are introduced at some point, the lesser the Eg is created  which yields more 

aggregationd nanostructure of the system. 
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Figure 4. 8:  Tauc plot on direct Eg, (αhv)2 for ZnO-TA nanostructures prepared at (a) 

pH 3, (b) pH 4, (c) pH 5 and (d) pH6 based upon the addition of TA solution. As ZnO 

are capped with TA, the band gap is widen due to the domination of TA in which more 

free electron are release that preventing aggregation to occurred. 

 

Table 4. 4: The summary on  (αhv)2 Eg for pure and TA added ZnO nanostructures at  

different reaction temperatures. Noted that only TA is calculated for the (αhν) 1/2. The 

absorbtion value (α) used are (2.303 x A) which A are obtain from the absorbance plot.   

Nanostructure pH Temperature (℃) 
𝒅𝒎 from 

TEM(nm) 

Eg  

((αhν) 2, eV) 

Eg  

((αhν) 1/2, eV) 

ZnO 7 

90  13 3.51 

- 80 - 3.55 

70 8 3.69 
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Table 4.4 continued 

Nanostructure pH 
Temperature 

(℃) 

𝒅𝒎 from 

TEM(nm) 

Eg  

((αhν) 2, eV) 

Eg  

((αhν) 1/2, eV) 

  
60˚C - 3.55 

- 

50˚C 8 3.59 

ZnO-TA 

6 

90 ˚C 

- 

3.81 

80˚C 3.35 

70˚C 2.91 

60˚C 3.20 

50˚C 3.85 

5 

90 ˚C - 

 

3.78 

80˚C 3.77 

70˚C 18 3.56 

60˚C - 

 

3.31 

50˚C 3.79 

4 

90 ˚C 

- 

3.64 

80˚C 3.51 

70˚C 3.21 

60˚C 3.72 

50˚C 3.52 

3 

90 ˚C 
- 

3.52 

80˚C 3.41 

70˚C 23 3.59 

60˚C 
- 

3.45 

50˚C 3.61 

TA 3  - 3.5 3.501 

Theoretically, the Eg widening is explained by the interaction of the unshared 

electrons of oxygen in isolated phenyl group of TA with the 𝜋 −electron sextet of the 

aromatic ring. The p band of phenols located entirely overlapping with the oxygen 2p 

band becomes non-occupied and therefore masked by much more absorbing conjugated 
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system and accordingly give rise to an overlapping complex band system which cause 

the valence band maximum to increase (Görög, 2018). Besides, the Zn 4 s conduction 

band which determine the minimum is not affected by the addition of phenolic of TA 

(Gowrishankar, Balakrishnan, & Gopalakrishnan, 2014; Hu & Zhao, 2018; Kumagai, 

Harada, Akamatsu, Matsuzaki, & Oba, 2017; T. Wang, Ni, & Janotti, 2017) . 

Nonetheless, due to the fusion effect of valence band maximum shifting and the minimum 

conduction band, the Eg becomes wider as compared to pure ZnO nanostructure samples.  

In fact, it is known that by  integrating a wide-bandgap semiconductor 

nanostructure on application (i.e., photodetector), the UV range can be broadened. 

Basically, wider bandgap offers better merit for high-performance UV photodetector. 

This is also one of the core for the TA implication on ZnO nanostructures in terms of UV 

protection agent (Liao, Koide, & Alvarez, 2007; Liao, Wang, Teraji, Koizumi, & Koide, 

2010). It is noted that the calculated for both direct (αhv)2 and indirect (αhν) 1/2  Eg of TA 

are comparable and shown in Figure 4.9. TA is an amorphous semiconductor as the 

values (3.50 eV for (αhv)2 and 3. 48 for (αhν)1/2 are similar to those of each semiconductor 

alone. Specifically, the typical amorphous semiconductor behaviour would able to 

dominate the optical transition to a first approximation which cause a significant charge 

localisation that leads to a significant difference between the size of Eg (Sánchez-

Vergara, Alonso-Huitron, Rodriguez-Gómez, & Reider-Burstin, 2012). 

Figure 4. 9:  The Tauc plot of (a) (αhv)2  and (b) (αhν) 1/2   Eg of TA. Noticed that both 

showing slightly similar value of Eg which indicate TA as an amorphous semiconductor 

material. 
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4.3.2 Emission Characteristic 

The emission spectrum of PL was carried out at room temperature under a 900 

nm excitation wavelength of Xe lamp to further investigate the condition systems of pure 

ZnO nanostructures and the interact condition between TA and ZnO nanostructures, and 

the results are shown in Figure 4.10. The emitted emission intensity obtained at ~ 388 nm 

as shown in Figure 4.10(a) indicates the near band-edge emission (NBE) characteristic 

for pure ZnO nanostructures (M. H. Huang et al., 2001) . Whilst, the prominent, broad 

emission peak at ~ 580 nm arises from the recombination effect of photo-excited holes 

with singly-ionized (Zn+O) oxygen vacancies which cause deep-level (DL) trap emission 

(Lin, Fu, & Jia, 2001; Q.-l. Ma et al., 2019). It shall be noted that the emission intensity 

in the visible spectrum region (phosphorescence band range) for pure ZnO nanostructures 

is relatively discernible because of the significant structural defects.  

Figure 4.10 (b and c) displays the emission spectrum of the Zn-TA nanostructures 

with the pH of 3 and 5, respectively, which retained a high-intensity emission band 

centred at around ~580 to ~590 nm (DL emission) which also shifted down to around ~ 

472 to ~ 427 nm with the presence of a low-intensity broad emission band from ~ 315 to 

~380 nm (corresponds to the NBE). At this stage, the influence of TA polymer on the 

surface of pure ZnO nanostructures can be deduced based on the emission of the pure TA 

as indicated in Figure 4.10 (d) which shows a strong band at ~ 577 nm with a low 

intensity band at ~ 335 nm. It is assumed that the NBE intensity of the core ZnO 

nanostructures displays substantial dependence on the TA molecule layer thickness. The 

NBE (zoom image) to DL emission that shows the highest intensity is from the pure ZnO 

nanostructures prepared at pH7 (Figure 4.10 (a)). The NBE emission intensity for all 

samples prepared at pH3 exhibit similar width of hump with  intensity is ∼3.2  times 

lower than that of the pure ZnO nanostructures (Figure 4.10 (a)). Additionally, the 

emission of DL range was significantly suppressed. A high ratio of the NBE to DL 

emission is crucial for perceiving outstanding quality of UV-based optoelectronic devices 

such as solar cells and LEDs. 
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Figure 4. 10: Normalised room temperature PL emission spectra of (a) pure and (b to c) 

TA coated ZnO nanostructure. The pure TA emission spectrum is also noted in (d).  
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The emission spectra for both pure ZnO and ZnO-TA nanostructures at 

synthesised temperature of 60˚C are normalised to confirm that the intensity of the NBE 

emission (zoom image) for the pure ZnO nanostructure sample is similar to that for the 

ZnO-TA nanostructures, as shown in Figure 4.11. The relative ratio intensity of the NBE 

and DL emission for both pure ZnO and ZnO-TA nanostructures is calculated. It is noted 

that the DL intensity ratio for the pure ZnO and ZnO-TA of pH5 and pH3 sample is 

11:5:1, and that for the NBE intensity ratio is 4:3:2, demonstrating a decrease in the DL 

and NBE emission intensity as concentration of TA are increasing. Besides, the intensity 

ration of DL to NBE of each sample are calculated where pure ZnO nanostructure show  

ratio of  52:1 which higher compared to the ratio of ZnO-TA nanostructure with 29:1 and 

10:1 for sample of pH5 and pH3. The DL intensity for the ZnO-TA nanostructures was 

suppressed due to the increase in the excited electrons transferred from the ZnO to the 

TA, which reacts as an electron acceptor (na, Sun, Jiang, Feng, & Li, 2009; Vietmeyer, 

Seger, & Kamat, 2007). Noted that the overall changes pattern of the emission peak 

position of all samples are summarised in Table 4.5.   

 

Figure 4. 11: Normalised room temperature PL emission spectra of  pure and TA coated 

ZnO nanostructure synthesised in temperature 60˚C 
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Theoretically, the NBE emission from pure ZnO nanostructures is correlated with 

the excitons bound (as noted in Figure 4.10) to shallow donors, whilst, the DL emission 

is caused by the oxygen vacancy-related defects in ZnO nanostructures, for instance, the 

singly-ionised (Zn + O) oxygen vacancies, which creates the recombination centres (Ahn, 

Kim, Kim, Mohanta, & Cho, 2009; Tam et al., 2006). The significant enhancement of the 

NBE emission from the ZnO-TA nanostructures formed due to the ZnO sheathing 

vindicated from the combined of the three identified effects which discussed further 

below. 

First, the emission of PL is augmented by the overlapping NBE emissions created 

by the ZnO core and TA layer as the emission wavelength range from ZnO overlaps that 

from TA. Based on the several reported published studies, the NBE emission peak of 

ZnO and TA exist at a wavelength range of 361 to 393 nm and 310 to 400 nm, 

respectively, based upon the changes of the morphology, synthesis procedure, and 

reaction temperature of the complex nanostructures (Haj-Hmeidi, Röder, Cammi, & 

Ronning, 2019; Joseph & Anappara, 2016; C.-H. Li & Zuo, 2019; J. H. Lim et al., 2006; 

López-Vidrier et al., 2017; Lou, Bezusov, Li, & Dubova, 2019; Mo et al., 2019; Wu et 

al., 2019; Zou, Wang, & Li, 2019). On that account, it is not straightforward to de-

convolute both the emission (i.e., the PL emission caused by ZnO and TA) as they overlap 

with each other except if the NBE of TA occurrence takes place below 361 nm. 

Second, the emission created by the TA outer layer is augmented by the carrier 

transfer from the ZnO core to the TA outer layer. Theoretically, as the ZnO core 

nanostructures are excited due to the electron-hole pairs interaction, the photoelectrons 

and photoholes through the interface between ZnO core and TA outer layer are generated. 

Consequently, the carrier density in the TA outer layer is significantly increase as 

compared to the ones in the ZnO nanocore structures. Upon the electron-hole 

recombination occurrence in both the ZnO core nanostructure and the TA outer layer, the 

photons are generated. The total amount of recombination probability is remarkably 

higher and thus, the production of more photons are expected in the TA outer layer than 
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in the ZnO core nanostructure. Hence, the emission from the ZnO core nanostructure is 

not intense as compared to that the TA layer. 

Third, the visible emission and non-radiative recombination (the cause in 

lowering the light generation efficiency and increasing heat losses) is squash down which 

cause a formation of depletion region at the outer surface of the ZnO core nanostructure.  

This condition yield a condition where the 𝐸ி level (as discussed in Section 4.2.1.1) is 

reduced than the 𝐸௚ levels at the defects related visible emission (Zn interstitials and their 

complexes with O vacancies) as well as the non-radiative transition-related defects (Kabir 

et al., 2019; Y. Ma et al., 2019; Tu et al., 2019).  

Table 4. 5: The summary on the emission peak position of the as-synthesised pure ZnO 

and ZnO-TA nanostructures. Noted that the samples with acidic pH (pH 5 and pH 3) 

showed blue-shift peak emission characteristic due to influence of TA as a capping agent. 

Nanostructure pH Temperature 𝒅𝒎(nm) PL Emission Peak (nm) 

ZnO 

7 

90 ˚C 13 663 

80˚C - 581 

70˚C 8 588 

60˚C - 579 

50˚C 8 584 

5 

90 ˚C - 472 

80˚C - 585 

70˚C 18 427 

60˚C - 576 

50˚C - 591 

3 

80˚C - 586 

60˚C - 581 

50˚C - 583 

TA 3 - - 577 
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4.4 Antibacterial Efficiency 

4.4.1 Inhibitory of S. aureus Microbe 

Apart from physical and optical analyses, the present work also observed the 

behaviour of antimicrobial property of pure ZnO and ZnO-TA nanostructures. The 

observation is mainly focused on the influenced of the nanostructures towards the 

inhibitory effect on bacteria which always found in sweat. The bacterial inhibition test 

for both pure ZnO and ZnO-TA nanostructure suspensions were tested against an 

organism known as staphylococcus aureus (S. aureus). The main reason for choosing S. 

aureus as the colonising bacteria in the test is because it is the most abundant skin 

colonising-bacteria and the most important cause for any skin infection on human being 

(Kluytmans & Wertheim, 2005; Otto, 2010; Wertheim, Melles, et al., 2005; Wertheim, 

Verveer, et al., 2005).  S. Aureus colonise approximately 30% of healthy individuals 

through a mechanism that illustrates competition between colonization-resistant host 

factors and S. aureus virulence factors promoting colonisation and further subsequent 

infection (Alonzo & Torres, 2013; Gorwitz et al., 2008; Miller & Diep, 2008).  

The pure ZnO and ZnO-TA nanostructure samples are tested on S. Aureus 

organism at ambient temperature (35˚C). The antibacterial activities of pure ZnO and 

ZnO-TA nanostructures are assayed based on the concentration of the bacteria recovered 

from the inoculated treated test. The results demonstrated that the suspended bacteria 

remained mostly viable over 5 minutes, whereas the survival rates of S. aureus exposed 

to pure ZnO and ZnO-TA nanostructures declined to 99.39% and 99.69% within 24 

hours. The observation is mainly attempted to quantify according to the bacterial survival 

rate, which is based on the loss in microbial viability with time. The details on the test 

carried out for both samples are summarised in Table 4.6.  Both samples showed positive 

performance in inhibiting the growth of S.aureus bacteria.  

Table 4.6: AATCC 100 assessment result of microbes inhibitory between ZnO and ZnO-

TA nanostructure against S. aureus species. Notice that the performance of ZnO-TA 

nanostructure agaisn microbes S. auerues are slightly better compared too pure ZnO 
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nanostructure due to presence of phenolic compound and acidic condition. Bacterial 

concentration are count by bacterial colony counter machine.  

Sample Bacteria type Bacteria 
concentration 5 
minutes after 
inoculation 

(CPU/sample) 

Bacteria 
concentration 
24 hour after 
inoculation 

(CPU/sample) 

Percent of 
bacterial 
reduction 
after 24 

hour (%) 

ZnO 
Nanostructure 

Stapylococcus 
aureus 

1.02 × 105 6.22 × 102 99.39 

ZnO-TA 
Nanostructure 

1.02 × 105 3.08 × 102 99.69 

Controlled 
sample  

1.02 × 105 >1.02 × 105 Null 

 

Figure 4.12 shows the pictures of S. aureus exposed to pure ZnO and ZnO-TA 

nanostructures for 24 hours in Figure 4.12(a) and 4.12 (b), respectively. The muddy 

colour shows the spot of S. aureus growth. These results indicated that the antibacterial 

efficacy of ZnO-TA nanostructures was remarkably higher than that of pure ZnO 

nanostructures. This can be ascribed to the benefits of TA capped ligand and the slight 

limitation of ZnO nanostructures. ZnO-TA nanostructure sample had a 𝑑௠ of 18 ± 2 nm 

that ease the attachment to the surface of the organism and the positive surface charge on 

ZnO-TA nanostructures enables a straight forward inter-particle interaction and the 

negativelycharged organism membranes (Wingett, Louka, Anders, Zhang, & Punnoose, 

2016). Additionally, S. aureus, which is a type of strain organism representing Gram-

positive bacteria, displayed a delicate survival rate in comparison to the other famous 

organism strain such as E. coli (found in the lower intestine of warm-blooded organisms) 

(Saadatian-Elahi, Teyssou, & Vanhems, 2008).  Hence, reduce the resistant efficiency 

towards the antibacterial effect of the ZnO-TA nanostructures. These results support the 

previous assumption that  S. aureus could not tolerate ZnO-TA nanostructure medium. 
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Figure 4. 12: Total viable microbes count for (a) pure ZnO nanostructure and (b) ZnO-

TA nanostructure 24 hours after inoculation. Z and T represent the control 

(Staphylococcus aureus without treatment).  
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It is also found that the pH of the nanostructure medium influence the amount of 

survival bacteria strain. It is shown that by lowering the pH value enabled quick and 

effective killing of up to 99.69% of S. aureus strain within 24 hours. The explainations 

are based on these three reasons. First, the non-existence of the outer membrane layer and 

the existence of teichoic acid molecules of negatively charge bacteria within a thick 

peptidoglycan cell wall (20 to 80 nm)  on the surface of S. aureus induced higher 

attraction towards the positively charged and yield more specific site to be disrupted by 

positively charged molecules (Malanovic & Lohner, 2016; Silhavy, Kahne, & Walker, 

2010). Second, the S. aureus owns a very small number of tiny channels of porins within 

the outer membrane that used to assist in blocking the access of the particles into the 

strain cell, making them defenceless (Garni, Thamboo, Schoenenberger, & Palivan, 2017; 

L. Wang, Hu, & Shao, 2017). Last one, S. aureus has a small dimension  (sphere, internal 

diameter, ∼0.5 to 1 μm) that may accounted for more detail interaction with the ZnO-TA 

nanoparticles, resulting in better antibacterial activity compared to the larger size bacteria 

strain (Monteiro et al., 2015; Schwibbert, Menzel, Epperlein, Bonse, & Krüger, 2019).  

4.5 Summary  

The experimental result are presented and discussed in this chapter. The 

morphological structure of the pure ZnO and ZnO-TA nanostructures are first to be 

discussed based on the obtained 𝑑௠. ZnO-TA nanostructures exhibited slight larger 𝑑௠ 

as compared to pure ZnO nanostructures. Besides, the surface morphology showed that 

the morphology of the pure ZnO nanostructures possess nanoplate-kind of structure while 

for ZnO-TA nanostructures have significant interlink in between the nanostructures 

caused by the connected ZnO nanoplates in the presence of TA. TA controls the breakable 

level off carbon and oxygen molecule which increase the mass percent of carbon in EDX 

results. Apart from these, ZnO nanostructures also showed clear crystallite structure 

based on the Joint Committee on Powder Diffraction standards with three prominent 

peaks correspond to reflections at [100], [002] and [101] atomic planes of ZnO phases. 

While for ZnO-TA nanostructures, TA vanishes the peak intensities belongs to ZnO 

which implies the absence of significance lattice on the ZnO wurtzite structures. Only 
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one sample showed crystalline peaks of ZnO which is believed caused by the  deposition 

process of the samples on the glass substrate, the concentration amount of ZnO 

nanostructures dropped is higher than the TA ligand. 

FTIR test that revealed the chemical structure showed that the pure ZnO 

nanostructures have stretching bond not only at ZnO element but also the O-H stretching 

that usually occurred due to the loss of H2O molecule. Additionally, the stretchings on 

C=O and O-C-O are observed due to the atmospheric absorption in non-vacuum system. 

As for ZnO-TA nanostructures, the FTIR results showed similar peak strecthcing as pure 

ZnO nanostructures with additional stretching at hydroxyl group (O-H) H-bonded broad 

and string and C-H (aromatic medium) as TA are known to have aromatic esters. Shifiting 

in ZnO strectching which is associated to the oxygen vacancy defect complex is observed. 

The FTIR results also determined the surface chemistry of solids which relates to the acid 

base theories.  

The localised surface plasmon resonance (LSPR) characteristic indicated the 

absorbance behaviour for both pure ZnO and ZnO-TA nanostructures. For pure ZnO 

nanostructures (pH7) the absorbance peaks were shown at the range of ~380 till ~386 nm 

and proved to be in accordance with the existing literatures reported on the ZnO 

nanostructures. The pure TA sample showed ab absorbance of LSPR peak at the 

wavelength of ~ 310 nm. The ZnO-TA nanostructures at pH 3, 4, 5 and 6 showed the 

average peak absorbance position at ~ 316.7, ~ 310.7 , ~ 306.1 and ~ 311.8 nm 

respectively.  Particularly, for ZnO-TA nanostructures, two LSPR bands are clearly 

noticed. This proposes that two major phases coincide in the ZnO-TA nanostructures. 

One is assuredly the oxygen-rich ZnO phase whose absorption band is in the vicinity of 

that of the original pure ZnO phase. The second phase is the chemical inhomogeneity due 

to the presence of a higher amount of oxygen with the existing of phenolic group of TA. 

From the LSPR peak, the Tauc plots are constructed which demonstrated the 𝐸௚ 

of the sample. The direct Eg of pure ZnO nanostructures synthesised at 50, 60, 70, 80 and 

90℃ are 3.30, 3.53, 3.45, 3.55 and 3.48 Ev, respectively. Meanwhile, as TA is introduced 
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and the concentration amount is gradually increased (decrease in pH), the shifting to a 

shorter wavelength of the LSPR infers by the increasing of Eg for ZnO-TA 

nanostructures. Noted that, there is no significant trend on the values of obtained for Eg 

when compared between the pH value between the prepared ZnO-TA nanostructures. 

However, when compared to the Eg for pure ZnO nanostructure, most of the prepared 

ZnO –TA nanostructures possess wider Eg which indicated that the TA could extend the 

spectral band and prove to possess influence on the optical absorbance of the other 

semiconductor and in this case, the ZnO nanostructures.  

The emission characteristic is one of the optical properties of the nanostructures. 

The emitted emission intensity obtained for pure ZnO sample are at ~ 388 nm.  Whilst, 

the prominent, broad emission peak arises from the recombination effect of photo-excited 

holes with singly-ionized (Zn+O) oxygen vacancies which cause deep-level (DL) trap 

emission. At this stage, the influence of TA polymer on the surface of pure ZnO 

nanostructures can be deduced based on the emission of the pure TA which shows a 

strong band at ~ 577 nm with a low intensity band at ~ 335 nm. It is assumed that the 

NBE intensity of the core ZnO nanostructures displays substantial dependence on the TA 

molecule layer thickness. The DL intensity for the ZnO-TA nanostructures was 

suppressed due to the increase in the excited electrons transferred from the ZnO to the 

TA, which reacts as an electron acceptor.  

The properties of antimicrobial is determined from the AATCC 100 method with 

pure ZnO and ZnO-TA nanostructures are surpressed for the inhibitory of S. aureus 

bacteria. The ZnO-TA nanostructures showed to have better performance with efficiency 

of 99.67% compared to 99.38% efficiency of pure ZnO nanostructures. The pH medium 

influenced the amount of survival bacteria strain. It is shown that by lowering the pH 

value enabled quick and effective killing of up to 99.69% of S. aureus strain within 

24 hours. Finally, a summary of findings where the objectives and conclusions are 

included is presented in the next chapter. Some recommendations for further studies were 

also suggested. 
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CHAPTER 5 

 

 

CONCLUSION 

 

5.1 Introduction  

The as-synthesised pure ZnO and ZnO-TA nanostructures and their respective 

properties have successfully carried out. The results of the nanostructures performance 

were studied both the analytically and experimentally. The output performance of 

different measured properties for both pure ZnO and ZnO-TA nanostructures were 

determined based on the four main properties ,that are, physical properties, chemical 

structure, optical property and antimicrobial efficiency. The surface morphological 

analysis are determined from TEM and FESEM characterisation while for crystalline 

structure properties are determine from XRD analysis, the chemical bonding properties 

are discovered from FTIR analysis and optical properties of the nanostructure are 

determined from UV-Vis and photoluminescence testing in shich determining the band 

gap energy. Meanwhile, for antibacterial property, the efficiency is determined from the 

AATCC100 experiment.  Some of the  results of the experiment were validated with 

analytical results such as the energy band gap. Overall, the results showed that the ZnO-

TA nanostructures have slightly larger size with better performances in absorbing the 

UV, outstanding band gap and maximum productivity of antibacterial efficiency. Also, 

few recommendations for future studies were discussed in the last section of this chapter.  

 

5.2 Summary of the Findings  

The main purpose of the current study is to monitor the properties effects of TA 

in the as-synthesised ZnO nanostructures which falls under the second objective. To 

achieve the second objective, it is a must to fulfil the first objective of the proposed work. 
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Hence, it is proved that the proposed work has successfully synthesised the pure ZnO 

nanostructures via a low cost and environmentally friendly hydrothermal method at 70˚C. 

Later, the work proposed the drop-wise method to produced the ZnO-TA nanostructures 

by introduced the amount of TA solution based upon their final pH for each samples. The 

final pHs obtained are pH3 until pH6. Later, to confirm the achievement of the successful 

synthesis and preparation methods for pure ZnO and ZnO-TA nanostructures,properties 

characterisations were done. The  𝑑௠ of pure ZnO synthesised at 90℃   is 10 ± 5 nm . 

As the temperature is decreases to 70 and 50℃ the particle size is reduced to similar 𝑑௠ 

at 8 ± 2 nm as well as the particle size distribution is confined in the range of  4 to 30 

nm. As the ZnO is introduced to TA. The size distributions of the nanostructures are 

drastically changed in which the histograms show the 𝑑௠ of 18± 3 nm and 22± 4 nm, 

for pH 5 and 3. The chacracterisation analysis were divided into four main categories that 

are, physical property, chemical structure, optical property and antimicrobial efficiency. 

Based on the overall results and discussion that have been made, it is true that ZnO-TA 

nanostructures possesses better overall properties performance compared to pure ZnO 

nanostructures.   

The first key parameter properties is the observation on the aggregation of the 

nanostructures. As discussed in Section 4.1.1 under the surface morphology (physical 

property), TA is found to caused the aggregation between individual ZnO nanostructures. 

The results showed that the ZnO-TA nanostructures have a slight larger 𝑑௠ ompared to 

pure ZnO nanostructures. The caused is due to the increased in the TA concentration 

(decreases the pH value) that yield an increased in the aggregation ability which observed 

from the coalescence of small nanostructures based on the attachment growth process 

that depends fully on the amount of the projected available nanostructures (Ahmad, 2014). 

The attachment of the nanostructures is caused by the acidic surrounding which led to a 

jump to contact. In acidic condition, the presence of proton which attack the surface of 

ZnO is high. At lower pH (<pH 6), the tendency to produce a soluble ion of Zn2+ and 

Zn(OH)+ are higher. Therefore, the aggregation occurred as the protonation of the 

phenolic group take place in which reduced the accessibility of the functional group to 

squeeze between the ZnO nanocrystals (jump contact) and created larger attached particle 

as determined from the mean diameter of nanostructure as discussed.  
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The second key parameter is the chemical structure from FTIR results. The FTIR 

test that revealed the chemical structure showed that the pure ZnO nanostructures have 

stretching bond not only at ZnO element but also the O-H stretching that usually occurred 

due to the loss of H2O molecule. Additionally, the stretchings on C=O and O-C-O are 

observed due to the atmospheric absorption in non-vacuum system. As for ZnO-TA 

nanostructures, the FTIR results showed similar peak strecthcing as pure ZnO 

nanostructures with additional stretching at hydroxyl group (O-H) H-bonded broad and 

string and C-H (aromatic medium) as TA are known to have aromatic esters. Shifiting in 

ZnO strectching which is associated to the oxygen vacancy defect complex is observed. 

The FTIR results also determined the surface chemistry of solids which relates to the acid 

base theories.  

The third key parameter properties is the influenced of TA in the optical 

characteristic.  ZnO-TA nanostructures possesses shorter LSPR wavelengths as 

compared to the pure ZnO nanostructures. The blue-shifted behaviours which 

accommodated at shorter wavelength proved the small 𝑑௠ of the system and caused by 

the increased in the concentration of TA (decreases the pH values). TA tends to  slowly 

dominated the ZnO nanostructures by the increased in the number of free electrons 

released when in contact with ZnO structures (Desai et al., 2012). Thus, increased the 

acidity of the ZnO nanostructures surrounding medium which then increased the 

reactivity of the nanostructures and affected the surface structures (tend to 

disaggregationd the structures).  

Based on the output obtained from  LSPR absorbance results, Eg is calculated for 

both pure ZnO and ZnO-TA nanostructures. Results showed that the Eg of most of the 

prepared ZnO –TA nanostructures are wider (3.41 –3.81) compared to the pure ZnO 

nanostructures (3.55-3.64). As discussed in Section 4.3.1.1, the Eg of ZnO-TA 

nanostructures showed slight higher values as compared to pure ZnO nanostructures 

which caused the extension of the spectral bandwidth. The caused is due to the  increase 

in the repulsion of free electron in TA structure (Jordan Hanania, 2015).  The condition 

is related to the releasement of free electron in form of oxygen ring which react with the 
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phenolic groups of TA (Zhao et al., 2019) and as more phenols are introduced at some 

point, the lesser the energy gap  is created  which yields more aggregationd nanostructure 

of the system.  

The fourth which is the last key parameter studied by the current work is related 

to the antimicrobial efficiency. The antimicrobial efficiency of ZnO-TA nanostructures 

shown to have remarkable performance with the killing percentage of up to 99.69% of S. 

aureus strain within 24 hours than that of pure ZnO nanostructures (99.39%). This can 

be ascribed to the increased benefits of ZnO nanostrcutures due to the presence of TA 

ligand. S. aureus, which is a type of strain organism representing Gram-positive bacteria, 

displayed a delicate survival rate.  Thus, these underpinned the assumption that the ZnO-

TA nanostructure medium could not be tolerated by S. aureus.  

 

5.3 Contribution to the knowledge 

The aims of the project are to determined the influenced of TA in ZnO 

nanostructures system and the effect on the properties of the structures.  The overall 

results indicated that TA does influenced the properties of ZnO nanostruture. TA caused 

the aggregation of the ZnO nanostructures which yields better LSPR and results in wider 

Eg compared to pure ZnO nanostructure. For antibacterial efficiency, TA improved the 

antibacterial efficiency of the ZnO nanostructures. Thus, the rsilts could apply as a based 

of argument in applying ZnO-TA nanostructure into fabrics especially for sports attire as 

it improved the ability for UV absorber and inhibitor for the growth of S.aureus bacteria 

which presence at human skin due to sweat.  

 

5.4 Future Works 

There are several matters that should be taken into consideration for further 

research. It includes the constraint that occurs during experiments. Further works might 

need to explore different methods of synthesis to produce purest sample without the 
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possibilities of the presence of impurities in the sample which could affect the overall 

propertiesof ZnO nanostructures. Methods such as sol gel and wet chemical are some of 

the recommended method.  

 On another notes, further works could also used other tyoes of characterisation 

equipments in order to have precise properties determination. XPS testing should also be 

done as it can lead to the plotting of Fermi Level which can help researcher to have better 

understanding on the energy level diagram of the nanostructure. Besides, as for 

antimicrobial test, detail test should be done by undergo the bacterial colony under TEM 

to determine the details on inhibitory of the bacteria count. A number of possible future 

studies using the same experimental set up are apparent and it would be of interest to 

assess the effects of experiment validation. 
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Abstract  
Herein, a facile eco-friendly green hydrothermal approach was developed in the preparation of 
pristine, stable and safer aqueous zinc oxide (ZnO) nanostructures at high yield in the presence of 
tannic acid (TA) conducted both at low and high reaction temperatures (50, 70 and 90 °C). The 
TA acted as a reducing agent and also a stabiliser which later capped around the ZnO 
nanostructures. The absorption spectrum confirmed the formation of ZnO nanostructures with the 
intense peak range at ∼365 to 405 nm. The acid-driven solvent based on the Brønsted-Lowry 
acid/base theory described the acid solvent interaction in pristine ZnO-TA samples which caused 
the proton mechanism transfer between the Zn and oxygen components. Based on TEM and SEM 
analyses, pristine ZnO-TA nanostructures are well distributed and formed nanoplatelet hexagonal 
aggregate morphology upon the addition of TA with the smallest mean diameter size of 7 ± 1.2 
nm. A surprising role of TA was also found out where the presence of TA could influence the 
formation of smaller ZnO-TA nanostructures upon the addition of TA (increased the H+ 
concentration) at lower pH value (pH = 5) in pristine ZnO-TA samples which further influence 
the morphological formation of smaller nanostructures according to the pH of the aqueous 
solution. The complexation of reaction + + 

+ 
 
aggregates of ZnO-TA nanostructures. These results indicated that the TA caused the dissolution of  
ZnO nanostructures due to the effects of combined pH solution modification and alteration of  
complexation reaction.  
 
 
1. Introduction 
 
For the past few decades, Zinc Oxide (ZnO) nanostructures have received an abundance of immense attention 
particularly in commercial biomedical- and nanobiotechnology-enabled consumer products [1–4]. The dominant 
features exhibit by these nanoparticles includes the efficacy as excellent anti-fungal, anti-microbial, ultra-violet-
filtering capability agents and the credits of their nature that are majorly non-toxic and ecofriendly [5–7]. They 
possess very strong non-neurotoxicological effects even at a very high concentration of gram-positive and gram-
negatice bacteria which also proved as one of the current important element apart from silver nanostructures 
used in cosmetics, medical devices, sunscreen and bio-sensors applications [8–12]. In our case, the expectation to 
produce a good performance of ZnO nanostructures due to the contribution of safe capping ligand that able to 
improve the catalytic activity of the semiconductor system. Thus, the capping agents or ligands are needed in 
stabilising the encapsulated ZnO nanostructures [13–16].
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Abstract 

 
Zinc Oxide nanoparticles (ZnO NPs) have received abundance attention due to their ability to provide as a 

good semiconductor and UV absorbance materials. In this research, ZnO NPs are synthesised by 

hydrothermal method which employed a green synthesis method of which fully assisted by the Tannic Acid 

(TA). The controllable morphologies and mean sizes of ZnO NPs are observed to increased due to 

aggregation that occurred due to the influence of acidic medium (TA molecule). The morphological 

properties are discussed based on the TEM and FESEM images which indicated the average size of 14nm 

and 32.7nm for ZnO NPs and ZnO-TA NPs obtained, respectively. Meanwhile, the optical properties are 

discussed based on the UV-Vis absorbance spectroscopy results. The UV absorbance performance showed 

the behavior of absorbance peak at shorter wavelength as the ZnO NPs are capped with TA. The absorbance 

peak is shifted from UV-A region to UV-C region which indicated the transition from ZnO NPs to ZnO-

TA respectively. 
 

Keywords: Zinc Oxide Nanoparticles; Tannic acid; green synthesis; hydrothermal method; TEM; FESEM; 
UV-Visible  

 
 

1. Introduction 
 

Zinc Oxide nanoparticle had gained huge attention of interest in contemporary research due to its unique 

structure and properties. Particularly, the superior performance of ZnO NPs in detecting Ultraviolet (UV) 

ray had gained a huge potential in development of semiconductor-and LEDs- based materials [1, 2]. The 

ability of ZnO NPs in photonic and electronic material (semiconductor) is due to its large excitonic energy 

(~60 meV) and wide direct band gap (3.37 eV) which makes it able to be involved in various applications 

in optoelectronic research and technologies [3-6]. The wide bandgap of ZnO NPs raised up by tiny size 

group of ZnO NPs (average diameter 100 nm) is important to be considered as functional material for 

effective UV absorber which exhibits optical transparency in the range of 400 to 700 nm wavelengths. 
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Besides, few previously reported research erect the biocompatible ability of ZnO NPs which can be applied 

without coating together to inhibit microbial growth and is indexed as a generally recognized as safe 

(GRAS) material by the U.S. Food and Drug Administration [6-10]. 

 
The most common method in synthesizing nanoparticles are wet chemical, hydrothermal, sol-gel and 

green synthesis method [11, 12]. Herein, for the synthesis of ZnO NPs, the hydrothermal method in the 

presence of stabilizing agent of Sodium Tri-citrate which resembles a green synthesis method with the 

usage of green reductant chemical, Tannic Acid (TA) were employed. The combination of both 

hydrothermal and green synthesis method is well accepted through many research due to its beneficial as 

cost-effective and ecologically method in synthesizing ZnO NPs [12-15]. Basically, the green synthesis 

method approach is by manipulating reagents from natural resources such as glucose, plant extracts and 

biodegradable polymers as capping agents [16] and in the present work, TA is used as both the capping 

agent and second size influencer. TA has been proved to influence the synthesis of metal size [13, 17]. The 

previous study has been shown to produce ZnO NPs excellent properties with sizes in the range of 23 to 

48nm [18-21]. 
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