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ABSTRACT 

 

GREEN SYNTHESIS, CHARACTERIZATION OF  

ZINC OXIDE NANOPARTICLES AND THEIR  

PHOTOCATALYTIC ACTIVITY 

 

WONG HONG LIANG 

 

Zinc oxide (ZnO) is a well- known n-type semiconductor with a band gap of 3.37 

eV and excitation binding energy of 60 meV, hence consider as one of the best 

photocatalyst for degradation of pollutants in water. In order to enhance the 

photocatalytic activity of ZnO, nano-sized ZnO (ZnO NPs) have been synthesized 

to increase the surface area and enhance the photocatalytic activity.  However, the 

synthesis of zinc oxide nanoparticles by conventional chemical methods always 

involves utilization of toxic chemical and expensive instruments along with the 

tedious process control.  Therefore, it is a great demand for developing a simple, 

low cost and environmentally-friendly green method for synthesizing of ZnO NPs. 

In this study, synthesis of ZnO NPs using Cavendish banana peel extract (BP) as 

reducing agent and capping agent was reported. BP extract was prepared by 

boiling clean BP with deionized water for 10 minutes and filtered through filter 

paper twice. Then, BP extract was added dropwise into a pre-prepared zinc 
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acetate salt solution and stirred for 10 minutes on magnetic stirring hotplate. Zinc 

metal was precipitated out by adding in a base, 2M NaOH until the pH of the 

solution becomes pH 12 and finally, ZnO NPs was obtained through washing with 

water, filtration and dried in a 60
o
C oven. The synthesized ZnO NPs have been 

characterized using XRD, EDX, FTIR spectroscopy, UV-Vis spectroscopy, SEM 

and PSA. The photocatalytic activity of ZnO NPs has been investigated by 

degradation of Congo Red (CR) and Malachite Green (MG) dyes in aqueous 

solution with exposure to sunlight. The extent of dye degradation by ZnO NPs is 

monitored by using UV-Vis spectrophotometer. 
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ABSTRAK 

 

SINTESIS, PENCIRIAN  

DAN AKTIVITI FOTOKATALITIK  

ZINK OKSIDA NANOPARTIKEL  

 

WONG HONG LIANG 

 

Zink oksida (ZnO) merupakan n-jenis semikonduktor yang terkenal dengan 

jurang jalur 3.37 eV dan tenaga ikatan teruja 60 MeV, oleh itu zink oksida 

dianggap sebagai salah satu fotokatalis yang terbaik untuk degradasi bahan 

pencemaran dalam air buangan. Untuk meningkatkan aktiviti fotokatalitik ZnO, 

ZnO yang bersaiz nano (ZnO NPs) telah disintesis untuk meningkatkan kawasan 

permukaan dan aktiviti fotokatalitik. Walau bagaimanapun, sintesis nanopartikel 

zink oksida yang diperolehi dengan kaedah kimia konvensional melibatkan 

penggunaan bahan kimia yang bertoksik dan kos instrumen yang mahal tambahan 

lagi dengan kawalan proses yang rumit. Oleh itu, pada masa kini terdapat 

permintaan yang besar untuk mensintesi ZnO NPs dengan cara yang lebih mudah, 

melibatkan kos rendah dan mengguna kaedah hijau mesra alam. Dalam kajian ini, 

sintesis ZnO NPs menggunakan Cavendish ekstrak kulit pisang (BP) sebagai agen 

penurunan dan agen penstabil dilaporkan. Ekstrak BP telah disediakan dengan 
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mendidih BP yang bersih dalam air ternyahion selama 10 minit dan ditapis 

melalui kertas penapis dua kali. Kemudian, ekstrak BP telah ditambah setitik-

setitik ke dalam larutan zink asetat garam dengan proses pengacauan dijalankan 

selama 10 minit dengan magnet kacau plat panas. Logam zink dicetuskan dengan 

menambah dalam pangkalan, 2M NaOH sehingga pH penyelesaian menjadi pH 

12 dan akhirnya, ZnO NPs dicuci dengan menggunakan air ternyahion beberapa 

kali, penapisan dan dikeringkan dalam ketuhar 60
o
C. Pencirian ZnO NPs yang 

disintesis dikenalpastikan dengan mengguna XRD, EDX, FTIR spektroskopi, 

spektroskopi ultra lembayung-cahaya nampak, SEM dan PSA. Aktiviti 

fotokatalitik ZnO NPs telah dikaji melalui degradasi Congo Red (CR) dan 

Malachite Green (MG) pewarna dalam larutan akueus dengan penyinaran cahaya 

matahari. Tahap degradasi pewarna oleh ZnO NPs dipantau dengan menggunakan 

spektrofotometer ultra lembayung-cahaya nampak. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Background of Study 

 

Nanotechnology is being widely applied in the field of material science in the past 

decades. This concept was first attempted in an American physicist, Richard 

Feynman’s lecture in 1959 (Kavitha et al., 2013). Nanotechnology is dealing with 

the production of materials in a nanometer scale level, normally from 1 to 100 

nanometers (nm) such as carbon nanotube (Martel et al., 1998), metal nanowire 

(Penner et al., 2003) with unique electrical and mechanical properties and 

nanoparticles. Nanoparticles are of great interest due to their small size and large 

surface area to volume ratio (Poinern et al., 2015) that give rise to some of the 

superior properties than their bulk phase such as antimicrobial, catalytic, 

electronic, magnetic and optical properties (Shah et al., 2015)  
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1.2 Zinc Oxide Nanoparticles 

 

Metal and metal oxide nanoparticles such as titanium (IV) dioxide (TiO2) and zinc 

oxide (ZnO) have been extensively studied by many researchers due to their good 

stability toward harsh process conditions (Ramesh et al., 2014).  Zinc oxide 

nanoparticles (ZnO NPs) are one of the metal oxide nanoparticles which are non-

toxic, insoluble in water with density of 5.606 g cm
-1

 and appear as a white 

powder with refractive index of 2.0041. It also possesses a high boiling and 

melting points which are 2360
o
C and 1975

o
C respectively. The crystal structure of 

ZnO is in hexagonal-wurzite shown in Figure 1.1 where oxygen atoms (white 

spheres) are tetrahedral coordinated to Zn atom (black spheres). 

 

 

Figure 1.1: Hexagonal-Wurzite structure of ZnO (Sabir et al., 2014) 
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The most attractive factor in using ZnO NPs is that it has versatile application 

where some of them are shown in Figure 1.2. 

 

 

Figure 1.2: Application of ZnO NPs (Kolodziejczak-Radzimska et al., 2014; 

Oudhia et al., 2015 and Gnanasangeetha and Thambavani, 2014) 

 

ZnO NPs is a semiconductor with wide band gap energy of 3.37 eV and large 

excitation binding energy of 60 MeV. (Varghese and George, 2015). The 

similarity of semiconductor properties between ZnO NPs and the well-known 

photocatalyst system in the degradation of organic dyes, TiO2 NPs with 3.2 eV 

band gap energy (Giwa et al., 2012)  makes it another powerful photocatalyst 

possible in the degradation of dyes.  

Application of 
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Industries 
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applications 

Electronics and 
Electrotechnology 
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1.2.1 Synthesis of Zinc Oxide Nanoparticles 

 

There are various synthetic methods have been reported by researchers to 

synthesize nanoparticles mainly divided into three classes shown in Figure 1.3. 

 

 

Figure 1.3: Synthetic methods for nanoparticles (Kumar et al., 2015) 

 

Nanoparticles can be obtained via either top-down or bottom-up processes shown 

in Figure 1.4. Top-down process also called physical methods involved the 

breaking down of bulk into small using mechanical energy such as lithography 

whereas bottom-up process also called chemical methods involved the joining 

atom by atom forming nano-sized particles (Saravanan et al., 2008).  

Method of 
Nanoparticles 

Synthesis 

Physical  Method 

Ultrasonication, 
Laser Ablation 
and Irradiation  

Chemical Method 

Microemulsion, 
Hydrothermal, 
Electrochemical 
and Sol Gels 
methods 

Biological Method 

Microorganisms 
and Plant Extract 
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Figure 1.4: Schematic diagram illustrated top-down and bottom-up synthesis 

 

In order to obtain a desired size, shape, stability and physiochemical properties of 

synthesized nanoparticles, the reaction conditions must be properly designed in 

some factors such as the temperature and pressure control, and the requirement of 

the reducing agent (reduction of metal ion) and stabilizing agent (restrict 

nanoparticles from agglomeration) towards the metal ion precursor 

(Shamsuzzaman et al., 2014). In the conventional synthetic method, both physical 

and chemical often required reducing agent and stabilizing agent that are non-

benign and highly toxic to the surrounding environment.  Besides, these methods 

are also costly, high energy consumption and the high possibility for the 

formation of toxic by-product (Senthilkumar and Sivakumar, 2014). A list of 

chemical synthesis method in details was shown in Table 1.1. 
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Table 1.1: Conventional chemical synthesis methods for ZnO NPs 

(Kolodziejczak-Radzimska et al., 2014) 

Chemical Methods Precursors Reaction Conditions 

Precipitation with 

surfactants 

Zinc nitrate, NaOH, SDS 

and triethanolamine 

Temperature:101
o
C 

Duration: 50-55 minutes 

Sol-Gel Method 

Zinc acetate, oxalic acid, 

ethanol and methanol 

Temperature: 60
o
C 

Drying: 80
o
C for 24 h 

Calcination: 500
o
C 

Hydrothermal 

Method 

Zinc chloride, NaOH 

Temperature: 100-220
o
C 

Duration: 5-10 h 

Equipment: Teflon-lined 

autoclave 

Microemulsion 

Zinc nitrate, NaOH, 

heptane, hexanol, Triton 

X-100, PEG-400 

Temperature: 140
o
C 

Duration: 15 h 

Drying: 60
o
C 

 

However, these problems can be effectively reduced through a greener approach 

in using the biological method production. This method employs the use of 

microorganisms such as bacteria and fungi or plant extract. Plant extract has been 

reported to be more advantageous over the microbes as it does not required high 

cost of isolation, cultivation and maintenance, high yield can be obtained in a 

short period of time for industrial scale consideration and etc. (Shamsuzzaman et 

al., 2014).  
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Plant extract is used as a potential substitute for the reducing agent and stabilizing 

agent due to the combination of its bio-components such as alkaloids, terpenoids, 

tannins, phenolics, amino acids, proteins, enzymes, polysaccharides, saponins, 

vitamins and etc. (Ahmed et al., 2016). Besides, various fruits peel extracts are of 

great interest because somehow they are having the similar properties to the plant 

extract as certain fruit peels are also rich in these bio-components and easily 

available. Meanwhile, it is a very good practice in the sense of fully utilizing the 

waste created and reduces their impacts to the environment that highly fulfilled 

the green chemistry aspect. On the basis of reported information, banana peel 

extract is one of the potential materials available for the synthesis of nanoparticles 

because it contained a huge amount of dopamine and L-DOPA as well as other 

bio-components that serve as the reducing agent and macromolecules such as 

lignins, pectins, and hemicellulose with stabilizing properties (Kokila et al., 2015). 

Dopamine and L-DOPA are catecholamine with high antioxidant activity due to 

the presence of catechol functional group (Gonzalez-Montelongo et al., 2010; 

Jodko-Piorecka et al., 2015). 
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Figure 1.5: Schematic diagram for the uses of plant extract in nanoparticles 

synthesis (Poinern et al., 2015) 

 

 

        Dopamine            L-DOPA 

Figure 1.6: Chemical structure of dopamine and L-DOPA  

(Jodko-Piorecka et al., 2015) 
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1.3 Mechanism of Photocatalysis In Degradation of Dye 

 

 

Figure 1.7: Schematic diagram of photocatalysis degradation mechanism  

(Giwa et al., 2012) 

 

Figure 1.7 shows the mechanism of photocatalysis where a series of reaction 

occurred on the surface of ZnO NPs. Photocatalysis is first initiated by placing 

ZnO NPs suspension under natural sunlight, an electron (e
-
) will be promoted 

from the valence band (VB) to the conduction band (CB) of semiconductor 

through absorbing energy from UV-light generates an excited electron and a hole 

shown in (1.1). 
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 n          n  (h
 
  e-)      (1.1) 

 

This pair of electron and hole can be either recombine with each other or initiates 

a series of photo-oxidation and photo-reduction reactions with oxygen on the 

surface of the ZnO NPs semiconductor shown in (1.2) to (1.9). 

 

 2  e
-   2

 -
       (1.2) 

 2
 -
  h

 
    2

 
     (1.3) 

  2
 
   2

 
   2 2   2     (1.4) 

 2
 -
   2

 
   2    2

-
      (1.5) 

  2
-
       2 2       (1.6) 

 2 2  hv   2  
 
      (1.7) 

 2 2   2
 -
    

 
    -   2     (1.8) 

 2 2  e
-    

 
    -     (1.9) 

(Curri et al., 2003; Giwa et al., 2012) 

 

In the solution, hole generated oxidizes the hydroxide ion (
-
OH) and water (H2O) 

forming hydroxyl radical shown in (1.10) to (1.11). These reactions resulted in the 

formation of a very powerful oxidizing agent, hydroxyl radical (  
 
) which is the 

species responsible to complete the mineralization of dye molecules (OM) into 

end product carbon dioxide (CO2) and water (H2O) if time permitted (1.12).   
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h
 
    

-
    

 
         (1.10) 

h
 
   2      

 
           (1.11)  

  
 
        Degradation  ntermediates   C 2    2    salt  (1.12) 

(Curri et al., 2003; Giwa et al., 2012) 

 

1.4 Objectives of Study 

 

1. To synthesize ZnO NPs through a green synthetic pathway using 

Cavendish banana peel extract.  

2. To characterize synthesized ZnO NPs using Fourier Transform Infrared 

(FTIR) Spectroscopy, Ultraviolet-Visible (UV-Vis) Spectroscopy, Energy 

Dispersive X-ray Spectroscopy (EDX), Scanning Electron Microscope 

(SEM), X-ray Diffraction (XRD) and Particle Size Analyzer (PSA).  

3. To evaluate the photocatalytic activity of the synthesized ZnO NPs by 

degradation of diazo dye, Congo Red (CR) and cationic dye, Malachite 

Green (MG) in aqueous solution with exposure to natural sunlight. The 

extent of dye degradation by ZnO NPs is monitored by using UV-Vis 

spectrophotometer. Preliminary screening of the intermediate products as 

well as the photocatalytic degradation pathway of MG are analyzed, 

identified and proposed using Liquid Chromatography-Mass Spectrometry 

(LC-MS).  
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Green Synthesis of ZnO NPs  

 

The usefulness of nanoparticles is so attractive that bulk synthesis often required. 

Researchers nowadays are more preferred to synthesize nanoparticles using plant, 

agricultural waste and fruit extract to minimize the uses of toxic chemicals and 

harsh reaction conditions that consequently contribute significant risk to the 

environment. In this literature review, ZnO NPs synthesized using green methods 

are listed into two categories which are plant extracts (Duranta erecta L., Ocium 

tenuiflorum, Camellia sinesis, Limonia acidissima L., and Trifolium pretense) and 

agricultural waste and fruit extracts (Rambutan peel, lemon juice, Artocarpus 

gomezianus, trifoliate orange and Rosa canina fruit) that has been studied by 

other researchers. 
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2.1.1 Synthesis Using Plant Extracts 

 

A member of Lamiacece family, Ocium tenuiflorum plant leaves extract of was 

used by Raut et al., (2013) to synthesize ZnO NPs. The authors reported that a 

mixture of Ocium tenuiflorum plant extract and zinc nitrate solution was stirred 

together forms a light yellow color ZnO NPs with an average crystalline size of 

13.86 nm and 11-25 nm hexagonal particle diameters from XRD analysis and 

SEM image shown in Figure 2.2. The presence of bio-components, mainly 

alkaloids, tannins, glycosides, ursolic acid flavonoids etc. (Joshi et al., 2010; 

Devendran et al., 2011; Aqil et al., 2006) on the surface of nanoparticles was 

observed through the FTIR analysis where hydroxyl, amine, alkyl halide and etc. 

bond vibrational bands were found in the spectrum. The formation of ZnO NPs 

was confirmed by observing the Zn-O bond vibration in fingerprint region of the 

spectrum. 

 

 

Figure 2.1: Ocium tenuiflorum plant (Raut et al., 2013) 
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Figure 2.2: Characterization of ZnO NPs produced using Ocium tenuiflorum plant 

extract- (A) XRD analysis and (B) SEM image (Raut et al., 2013) 

 

Shekhawat et al., (2016) reported the uses of fruits, leaves, flowers, stems and 

roots of a Verbenaceae family member often found in tropical and subtropical 

country around the world which normally used for decoration, Duranta erecta L. 

plant to synthesize ZnO NPs and characterized using UV-Vis spectroscopy. 

Previous study was done by other researchers verified that it contains some 

phytoconstituents in methanolic extract such as polyphenols (tannins and 

flavonoids), saponins, alkaloids and glycosides (Ahmed et al., 2009; Khanal et al., 

2014; Sharma et al., 2012). It possesses the antioxidant properties due to the 

presence of flavonoids, alkaloids, tannins and etc. By referring to the UV-Vis 

spectra obtained, each part of the plant extract given the different values of λmax 

under the Ultraviolet (UV) region which are 293 nm for roots, 299 nm for flowers 

and stems, 302 nm for leaves and 317 nm for fruits. These values of λmax in the 

range of 290 nm – 320 nm are the characteristic absorption peaks from ZnO NPs. 
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Figure 2.3: Overview of Duranta erecta L. plant (Shekhawat et al., 2016) 

 

Figure 2.4: Various parts of Duranta erecta L. plant (Shekhawat et al., 2016) 

 

Green synthesis of 60 to 70 nm crystalline size and 190 nm particle size ZnO NPs 

in high purity was found to be useful using red clover, Trifolium pratense flower 

extract, a member of Leguminosae family (Dobrucka et al., 2015). Synthesized 

ZnO NPs in this method was characterized by authors using SEM-EDX, XRD, 

FTIR, UV-Vis spectrophotometry and studied its antimicrobial ability towards 

five selected microorganisms. The reported bio-components in Trifolium pratense 

Flowers Leaves Fruits 

Roots Stems 
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were major in estrogenic isoflavones and flavonoids such as biochanin A-G-M, 

formononetin-G-M and quercetin-G-M (Klejdus et al., 2001; Saviranta et al., 

2010) that are responsible for reducing and stabilizing purpose. Characterization 

results were shown in Figure 2.5. FTIR analysis revealed some important 

vibrational bands such as hydroxyl group, C-O, Zn-O etc. that correspond to the 

ZnO NPs and also the bio-compounds that present on its surface. The λmax 

belongs to ZnO NPs in UV-Vis spectrum was measured at 283 nm using double 

distilled water as blank.  

 

 

 

Figure 2.5: Characterization of ZnO NPs produced using Trifolium pratense 

flower extract- (A) SEM image and EDX spectrum and (B) FTIR spectrum  

(Dobrucka et al., 2015) 
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A very common antioxidant, green tea, Camellia sinesis leaves extract was also 

used to synthesize ZnO NPs and studied its antimicrobial activity on certain 

selected microbes (Shah et al., 2015; Senthilkumar et al., 2014). Characterization 

results were shown in Figure 2.7. The reported average crystalline size and 

particle size of synthesized ZnO NPs were 16 nm and 853 nm respectively, signal 

generated from XRD analysis and PSA with a number of aggregates observed in 

SEM images. Besides, the presence of the λmax in spectrum of UV region at 325 

nm to 330 nm corresponds to the absorption from ZnO NPs. FTIR spectrum 

showed some significant bands such as hydroxyl group, amine, carbonyl, and 

aromatic stretching produced by the polyphenols, amino acids, proteins and other 

bio-components. According to the authors, these Camellia sinesis leaves extract 

induced synthesis of ZnO NPs possesses a very good antimicrobial activity 

towards the bacteria (Gram positive and Gram negative) and fungal strains as 

compared with a positive control. 

 

 

Figure 2.6: Green tea leaves (A) Before and (B) After drying  

(Senthilkumar et al., 2014) 
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Figure 2.7: Characterization of ZnO NPs produced using Camellia sinesis leaves 

extract- (A) Particle size analysis data, (B) SEM image and (C) UV-Vis spectrum 

(Shah et al., 2015) 

 

Spherical ZnO NPs in particle size range of 12-53 nm was produced using extract 

of a member from Rutaceae family mostly found in India, Limonia acidissima L. 

leaves with zinc nitrate solution precursor (Bheemanagouda et al., 2016). 

Phytochemical analysis of Limonia acidissima L. leaves extract shows high 

amount of flavonoids and tannins, compounds that give high antioxidant 

properties (Pandavadra et al., 2014).  According to the authors, the synthesized 

ZnO NPs was characterized using FTIR and UV-Vis spectrophotometry whereas 

size and morphology was analyzed using TEM, AFM and XRD. Characterization 

results were shown in Figure 2.9. Functional group vibrational bands shown in 

FTIR spectrum confirmed the presence of phenolic compounds and proteins 
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(macromolecules) that covered on the nanoparticles together with characteristic 

Zn-O band. The maximum absorption of the synthesized ZnO NPs was found at 

378 nm in UV region of spectrum.  

 

 

Figure 2.8: Limonia acidissima L. leaves (Pandavadra et al., 2014) 

 

Figure 2.9: Characterization of ZnO NPs produced using Limonia acidissima L. 

leaves extract- (A) UV-Vis spectrum, (B) TEM image, (C) 2-D AFM topography 

and (D) 3-D AFM topography (Bheemanagouda et al., 2016) 
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2.1.2 Synthesis Using Agricultural Waste or Fruit Extracts 

 

Synthesis of ZnO NPs using another member from Rutaceae family, Poncirus 

trifoliate fruits extract, trifoliate orange was done by Nagajyothi et al., (2013) and 

their catalytic activity in Claisen Schmidt condensation reaction between 

acetophenone and 3,4-dimethylbenzaldehyde was evaluated. According to Nogata 

et al., (2006), Poncirus trifoliate fruits extract was found to be contains large 

amount of flavonoids, including flavanone, flavone and polymethoxylated flavone 

that participating in the reduction of zinc ion during the synthesis of ZnO NPs due 

to their excellent antioxidant ability. Characterization results were shown in 

Figure 2.11. The spherical particle sizes obtained were 21.12 nm in average 

according to SEM and TEM images, UV-Vis spectrum, XRD and EDX analysis 

confirmed the identity of the synthesized ZnO NPs and also FTIR analysis 

verified the presence of bio-components coated on the surface of NPs by 

observing certain functional group vibrational modes in the spectrum such as 

alcohol, phenol, aromatic and 1
o
 amine.  
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Figure 2.10: Poncirus trifoliata or trifoliate orange (Hardy, 2004) 

 

Figure 2.11: Characterization of ZnO NPs produced using Poncirus trifoliata- (A) 

TEM image, (B) SEM image and (C) EDX spectrum (Nagajyothi et al., 2013) 

 

Artocarpus gomezianus extract assisted synthesis of ZnO NPs and their 

photocatalytic ability evaluation on Methylene Blue (MB) organic dye 

degradation was done by Suresh et al., (2015). Artocarpus gomezianus belongs to 

Artocarpus family that normally found in Central Western Ghats which are rich in 

flavonoids, stilbenoids, arylbenzofurons and Jacalin (Jagtap et al., 2010). 

However, according to the phytochemical studies done by Krishnamurthy et al., 

(2013), Artocarpus gomezianus fruit extract is richest in alkaloids and poor in 

steroids. Suresh et al., (2015) reported there is 17.16% polyphenol and 22% of 

flavonoids in Artocarpus gomezianus fruit extract. These secondary metabolites 
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were useful in the reduction of zinc ion that leads to the formation of ZnO NPs. 

The authors characterized the synthesized NPs using XRD and UV-Vis 

spectrophotometry and studied their surface morphology using SEM and TEM. 

Characterization results were shown in Figure 2.13. The crystalline size obtained 

from this methodology is 11.53 nm in spherical shape. MB was effectively 

removed by this synthesized ZnO NPs where > 90% MB can be degraded under 

the natural sunlight irradiation. 

 

 

Figure 2.12: Artocarpus gomezianus (Suresh et al., 2015) 

 

Figure 2.13: Characterization of ZnO NPs produced using Artocarpus 

gomezianus- (A) TEM image and (B) SEM image (Suresh et al., 2015) 
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Rambutan, Nephelium lappaceum L. peel was another choice of agricultural waste 

can be used to prepare extract as it contains powerful antioxidant (Thitilertdecha 

et al., 2008). Yuvakkumar et al., (2014) used the Nephelium lappaceum L. peel 

extract with zinc nitrate to synthesize ZnO NPs through the formation of Zinc 

ellagate complex intermediate with some polyphenols such as ellagic acid. It is 

capable to act as a ligand that binds to the zinc metal ion and decomposes to ZnO 

NPs after calcination. The proposed reaction mechanism of Nephelium lappaceum 

L. peel extract with zinc metal ion is shown in Figure 2.15. The crystalline and 

particles sizes were found to be 50.95 nm and 450 nm with agglomerates 

respectively. From the AFM topography, 3-D image clearly displayed a smooth 

and needle-like agglomerated ZnO NPs as shown in Figure 2.14. FTIR spectrum 

given the information of Zn-O stretching as well as O-H stretching arises from 

polyphenol compounds.  

 

 

Figure 2.14: 3-D AFM topography of ZnO NPs produced using Nephelium 

lappaceum L. peel extract (Yuvakkumar et al., 2014) 
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Figure 2.15: Proposed reaction mechanism for Nephelium lappaceum L. peel 

extract (Yuvakkumar et al., 2014) 
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Demir et al., 2014 reported that a member from Rosaceae family, Rosa canina 

fruit, rosehip extract possesses high antioxidant activity due to the presence of 

phenolic acids such as gallic acid, flavonoids such as catechin, proanthocyanidin 

such as  procyanidin B2,  sugars and organic acids such as ascorbic acid (AA or 

vitamin C). Based on these analysis data, Jafarirad et al., (2016) used the same 

concept as Thitilertdecha et al., (2008) produced ZnO NPs with the stabilizing 

activity from the chelation of AA to the zinc ion through its polar hydroxyl 

functional group. The reaction mechanism is shown in Figure 2.17 (C). Spherical 

ZnO NPs with crystalline and particle sizes synthesized from microwave 

irradiation were 11.3 nm and < 50 nm respectively. EDX data shown in Figure 

2.17 (B) confirmed the high purity of synthesized ZnO NPs where the weight 

percent of Zn gives 65.19% and oxygen gives 34.81%.  FTIR spectrum reveals 

the presence of AA on the surface of ZnO NPs from the detected bond vibrations 

such as C=O, C-O stretch of ester, C-H, O-H stretch as well as Zn-O stretches.  

 

 

Figure 2.16: (A) Plant of Rosa canina and (B) Riped Fruit of Rosa canina, 

Rosehip (Ahmad et al., 2016) 
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Figure 2.17: Characterization of ZnO NPs produced using Rosa canina fruit 

extract- (A) SEM image, (B) EDX spectrum and (C) Proposed reaction 

mechanism for Rosa canina fruit extract (Jafarirad et al., 2016) 

 

Lemon juice is rich in citric acid, which acts as a chelating agent in forming a 

stable complex with zinc ion precursor, with the aids of added sucrose in the 

synthesis of ZnO NPs in ethylene glycol solvent (Davar et al., 2015). Sucrose in 

lemon juice readily undergoes hydrolysis into glucose and fructose which in turns 

oxidized to carboxylic group containing compounds such as saccharic acid that 

chelate to zinc ion like citric acid. The purpose of using this method was to obtain 

a more uniform particle distribution ZnO NPs. This effort was confirmed by 

observing the SEM images shown in Figure 2.18 (B). EDX results in Figure 2.18 

(A) showing peaks for Calcium (Ca) and Magnesium (Mg) come from lemon 

juice (Lorente et al., 2014) and also the Zn and O from nanoparticles. Then, the 
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photocatalytic activity of synthesized ZnO NPs was evaluated on degradation of 

methyl orange (MO), methyl red (MR), MB organic and reactive blue 21 textile 

dyes. MO shows almost 100% degradation efficiency while MR and MB show 

only up to 60% after 35 minutes degradation. Reactive blue 21 shows more than 

75% degraded after 4 hours 30 minutes irradiation. 

 

 

Figure 2.18: Characterization of ZnO NPs produced using lemon juice- (A) EDX 

spectrum and (B) SEM image (Davar et al., 2015) 

 

Figure 2.19: Proposed reaction mechanism for lemon juice (Davar et al., 2015) 
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CHAPTER 3 

 

METHODOLOGY 

 

3.1 Chemicals 

 

Cavendish banana was purchased from Tesco Kampar, Perak, Malaysia.  Sodium 

hydroxide (NaOH) pellets was purchased from Sigma-Aldrich together with 

deionized water that used in the preparation of extract. Zinc acetate dihydrate salt 

precursor was purchased from MERCK. Congo Red and Malachite Green dyes 

were obtained from R&M Chemicals and QRec (Quality Reagent Chemical 

Product) respectively. All glasswares were properly cleaned with deionized water 

and dried in an oven before use.  

 

3.2 Preparation of Cavendish Banana Peel (BP) Extract 

 

Cavendish BP was washed repeatedly with deionized water to remove particulate 

matter and other impurities on it. Then, the peels were dried on paper toweling 

and cut into pieces. About 50 g of peels were weighed and added into 250 mL 

beaker containing 50 mL of deionized water and boiled in 80
o 

C for 10 minutes. 
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The weight of peels and volume of deionized water used can be varied as long as 

it remains in the ratio of 1:1. Finally, the peel extract was cooled down and 

filtered through Whatman No.1 filter paper twice on filter funnel. The resulting 

filtrate was directly used in the next step of the synthesis part.  

 

 

Figure 3.1 Process flowcharts for the preparation of Cavendish BP extract 
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3.3 Green Synthesis of Zinc Oxide Nanoparticles 

 

About 0.25 g of zinc acetate dihydrate was stirred to dissolve in a 250 mL beaker 

containing 50 mL of deionized water. Then, 4 mL of BP extract prepared in 

Section 3.2 was added dropwise and stirred on a magnetic stirring hotplate with 

magnetic stirrer for 10 minutes. After 10 minutes, 2M NaOH (8.0 g NaOH pellets 

dissolved in 100 mL deionized water) was added dropwise until pH 12 and 

continue stirring for 2 hours. The pH of solution was tested using universal pH 

paper. The precipitate obtained was filtered using suction filtration, washed 

repeatedly with deionized water and absolute ethanol and finally dried in an oven 

overnight at 60
o
 C.  
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Figure 3.2: Process flowcharts for the preparation of ZnO NPs using BP extract 
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3.4 Characterization of Synthesized Zinc Oxide Nanoparticles 

 

The synthesized ZnO NPs was characterized using Fourier Transform Infrared 

Spectroscopy (FTIR), Ultraviolet-Visible (UV-Vis) Spectroscopy, X-ray 

Diffraction (XRD), Scanning Electron Microscope (SEM), Energy Dispersive X-

Ray Spectroscopy (EDX) and Particle Size Analyzer (PSA).  

 

The identification of ZnO NPs crystalline characteristics and its crystalline size 

were characterized by XRD using Shimadzu XRD 6000 Diffractometer with Cu 

Kα radiation (Voltage = 40 kV, Current = 30 mA, λ = 1.5406 , scan rate of 2.0 

o
min

-1
 and scan range of 2θ from 10 – 80

o
). From the XRD data obtained, the 

crystalline size of synthesized ZnO NPs was obtained from the Debye-Scherrer’s 

Equation as shown below:- 

D = 
kλ

  cosθ
   (3.1) 

where, 

k = Sherrer constant (usually 0.9) 

λ = Wavelength of X-Ray source, Cu Kα radiation (1.5406 ) 

  = Full width at half-maximum (FWHM) of the diffraction peak in radian 

θ = Bragg’s diffraction angle  
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  obtained from the XRD data was converted to radian unit using the equation 

shown below:- 

  = 
FW   in 2θ x  

180o
   (3.2) 

 

 

Figure 3.3: Shimadzu XRD 6000 

 

FTIR spectra of Cavendish BP and the synthesized ZnO NPs were recorded and 

compared using Perkin Elmer Spectrum RX1 FTIR Spectrometer using KBr pellet 

method scanning from 4000 cm
-1

 to 400 cm
-1

. BP was dried in the oven at 60
o 

C, 

grinded and sieved through a 125 μm pore size siever before subjected to FT R 

analysis. 
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Figure 3.4: Perkin Elmer RX 1 FTIR Spectrometer 

 

Optical properties of ZnO NPs were evaluated in the UV-Vis spectrum using 

Perkin Elmer Lambda 35 UV-Visible Spectrophotometer scanning from 800 nm 

to 200 nm using deionized water as blank. Sample solution was prepared by 

dispersing 1 mg of synthesized ZnO NPs in 10 mL of deionized water on a 

magnetic stirring hotplate with magnetic stirrer. 

 

 

Figure 3.5: Perkin Elmer Lambda 35 UV-Visible Spectrophotometer 
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The surface morphology, particle size and elemental analysis of synthesized ZnO 

NPs were studied using Scanning Electron Microscope (JEOL JSM-6701F) with 

Oxford Instruments X-Max Energy Dispersive X-ray Diffractometer. 

 

 

Figure 3.6: JEOL JSM-6701F SEM-EDX 

 

The average particles size of the synthesized ZnO NPs was also determined using 

Malvern Particle Size Mastersizer 2000. 

 

 

Figure 3.7: Malvern Particle Size Mastersizer 2000 
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3.5 Photocatalytic Activity of Synthesized Zinc Oxide Nanoparticles 

 

3.5.1 Preparation of Dye Aqueous Solutions 

 

10 ppm of CR and MG dye aqueous solutions were prepared by dissolving 5 mg 

of CR and MG powder in a 500 mL volumetric flask containing deionized water. 

The resulting mixture was magnetically stirred on a magnetic stirring hotplate for 

20 minutes to ensure homogeneous dye solutions. 

 

3.5.2 Photocatalytic Dye Degradation 

 

50 mg of photocatalyst, synthesized ZnO NPs was added into a 100 mL beaker 

containing 50 mL pre-prepared 10 ppm dye aqueous solutions. A total of eight 

beakers were prepared with the same weight of photocatalyst and volume of dye 

aqueous solutions. Prior to natural sunlight irradiation, each beaker was 

magnetically stirred for 30 minutes in dark on magnetic stirring hotplate to 

achieve the adsorption and desorption equilibrium between photocatalyst with dye 

molecules. A control was also prepared without the addition of photocatalyst. 

Then, these beakers were subjected to UV irradiation under natural sunlight 

within time with strongest light intensity at 12 pm to 3 pm. The light intensity was 

maintained in the range of 10-12 mW/cm
2
 through measurement using UVA/B 
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Light Meter 850009. At certain time interval, dye solution with photocatalyst in 

the beaker was centrifuged using Centrifuge 5430 at 7830 rpm for 5 minutes. The 

supernatant layers were carefully taken and used to evaluate the photocatalytic 

activity of ZnO NPs by measuring the absorbance in different wavelength 

(spectrum) of the supernatant layers collected in different time using Thermo 

Fischer Scientific Genesys 10S series UV-Visible Spectrophotometer. The 

number of beakers together with their times to be collected for CR and MG dye 

solutions were shown in the table below:- 

 

Table 3.1: Time intervals for beakers to be collected during degradation process 

No. of Beakers 

Time (minutes) 

CR Dye Aqueous Solution MG Dye Aqueous Solution 

1 Control Control 

2 5 10 

3 10 20 

4 20 30 

5 30 60 

6 40 90 

7 50 150 

8 60 210 
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Figure 3.8: Process flowchart of photocatalytic dye degradation under solar 

irradiation 
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3.5.3 Determination of Percentage of Degradation 

 

By using the absorbance obtained from the λmax in visible region of the dye 

solutions, CR and MG dye solutions are 498 nm and 615 nm respectively, the 

percentage of dye degradation was estimated using the formula below:- 

Percentage of Dye Degradation = 
Ao- Ai

Ao
 x 100%  (3.3) 

where, 

Ao= Initial absorbance of dye solutions 

Ai = Absorbance of dye solutions at a given contact time 

 

3.5.4 Identification of Degradation Products 

 

The intermediate degradation products formed in the photodegradation process of 

MG dye aqueous solutions were evaluated using Agilent 6520 Accurate-Mass 

Hybrid Quadrupole TOF (Q-TOF) Liquid Chromatography-Mass Spectrometry 

(LC-MS). From the evaluated intermediate products, a tentative degradation 

pathway of MG was proposed. 
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CHAPTER 4 

 

RESULTS AND DISCUSSION 

 

4.1 Green Synthesis of Zinc Oxide Nanoparticles 

 

Greyish-white ZnO NPs shown in Figure 4.1 was synthesized using co-

precipitation method with the aid of Cavendish BP extract. This approach was 

considered green as it involved the uses of agricultural waste to replace toxic 

chemical such as surfactants or polymers (to control the growth of particles), 

universal green solvent, water (H2O) instead of volatile organic solvent (VOC) 

and low energy consumption (reaction proceeded in room temperature) that 

fulfilled the principles of green chemistry.  

 

 

Figure 4.1: Photograph of ZnO NPs synthesized using Cavendish BP extract 
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The synthesis of ZnO NPs involved a redox process. BP extract was first added 

into salt of zinc acetate dihydrate aqueous solution that reduced Zn(II) to Zn(0) 

and maintains the size of particles formed in nano scale by capping them from 

come into contact with each other. A cloudy solution was formed indicates the 

occurrence of reduction reaction. Sodium hydroxide (NaOH) was added as an 

accelerant to enhance the rate of reduction and nucleation process by direct 

precipitation of Zn
2+

 to Zn(OH)2 in alkaline condition, pH 12 followed by loss of 

water to form ZnO NPs (Balavandy et al., 2015; Nishimura et al., 2011). The 

related chemical reactions are shown in the equation below:- 

 

 n(  CC 3)2    n2   2C 3C  
-
    (4.1) 

 n2   2  -    n(  )
2
      (4.2) 

 n(  )
2
 

 
→   n     2       (4.3) 

 

Synthesized ZnO NPs using Cavendish BP extract contains impurities on the 

particle surface. Higher purity was obtained through washing with water followed 

by ethanol several times during vacuum suction filtration to remove the water 

soluble and also water insoluble impurities present on the surface of synthesized 

nanoparticles.  
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4.2 Characterization of Synthesized Zinc Oxide Nanoparticles 

 

The synthesized greyish-white ZnO NPs was characterized accordingly using 

total of six techniques which are XRD, EDX, FTIR, UV-Vis Spectroscopy, SEM 

and PSA.  

 

4.2.1 X-ray Diffraction (XRD) 

 

 

Figure 4.2: XRD Diffractogram of Synthesized ZnO NPs 
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The observed diffraction peaks in the XRD diffractogram shown in Figure 4.2 at 

31.78
o
 (100), 34.43

o
 (002), 36.28

o 
(101), 47.57

o
 (102), 56.62

o
 (110), 62.86

o
 (103), 

67.97
o
 (112) and 69.12

o
 (201) which are greatly showed the hexagonal wurtzite 

structure of ZnO NPs phase by comparing and matched with the standard card of 

JCPDS Card No. 36-1451 (Zincite) shown in Appendix C. Similar results were 

also reported by Talam et al., (2012), where the diffraction peaks were located at 

31.84
o
, 34.52

o
, 36.33

o
, 47.63

o
, 56.71

o
, 62.96

o
, 68.13

o
 and 69.18

o
. These diffraction 

peaks were also observed to be broadening due to the small sizes of particles in 

nano-scale with moderate crystallinity of 36.58%. Besides, some minor peaks 

present other than the main peaks between 60
o
 to 80

o
 in the XRD diffractogram 

reflect to the impurities present on synthesized ZnO NPs. The average crystalline 

size was also calculated using Debye-Scherrer equation and the calculations were 

shown in Appendix A. The average crystalline size obtained for the synthesized 

ZnO NPs is found to be 19.22 nm based on the FWHM of most intense diffraction 

peak at 36.28
o
.  
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4.2.2 Energy Dispersive X-ray Spectroscopy (EDX) 

 

 

Figure 4.3: EDX spectrum of synthesized ZnO NPs 

Table 4.1: EDX analysis processing data 

Elements Weight % Atomic % 

C 17.07 36.13 

O 26.19 41.61 

Al 0.37 0.35 

Zn 56.37 21.92 

Total 100.00 100.00 
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Elemental analysis was done by using EDX spectroscopy and the results are 

summarized in Figure 4.6 and Table 4.1. There are total of four elements present 

in the synthesized ZnO NPs which are carbon, oxygen, aluminum and zinc. 

Carbon occupied unusually high weight %, 17.07 in the ZnO NPs. These carbons 

are suspected to be come from those organic substituents in the BP extract that 

served as capping agent remain on the nanoparticles during synthesis. Trace 

amount of aluminum is also found in the ZnO NPs with weight % of 0.37 which 

might be contributed by the trace aluminum impurity contained chemicals used 

during synthesis.  
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C-H and  

-CH2- stretch 

4.2.3 Fourier Transform Infrared Spectroscopy (FTIR) 

 

 

Figure 4.4: FTIR spectra of synthesized ZnO NPs with BP extract 

 

FTIR spectra comparison between synthesized ZnO NPs using BP extract and the 

BP extract alone is shown in Figure 4.4. Bands shown in between 3500 cm
-1

 to 

3200 cm
1
 belongs to O-H stretches from alcohol, phenol or maybe some water 

residues remain on the nanoparticles, 2990 cm
-1

 to 2850 cm
-1

 correspond to the 

symmetric and asymmetric stretching vibrations of C-H in –CH3 and –CH2- of 

aliphatic chain, 2750 cm
-1 

to 2350 cm
-1

 belongs to the N-H stretching vibrational 

mode in –NH3
+
 amine, 1580 cm

-1
 to 1640 cm

-1
 are NH3

+
 deformation of NH3

+
 in 

amino acids or carboxylic acid salt (COO
-
) anti-symmetric stretches and 1065 cm

-

1
 to 1015 cm

-1
 is the C-O vibrational stretching from an alcohol (C-OH). These 
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vibrational bands are mostly found in the structures of dopamine and L-DOPA, 

abundant catecholamine in BP extract as well as others compounds such as 

cellulose, pectin and hemicellulose. According to Kokila et al., (2015), the shift of 

bands to lower frequency indicates the participation of these compounds in the 

synthesis of ZnO NPs. For example, 3437 cm
-1

 shifted to 3436 cm
-1

, 2364 cm
-1

 to 

2360 cm
-1

, 1638 cm
-1

 to 1630 cm
-1 

and 1048 cm
-1

 to 1032 cm
-1

. Besides, there is a 

significant band appeared at 511 cm
-1

 which is owned by Zn-O vibrational 

stretching that further confirmed the formation of ZnO NPs.   
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4.2.4 Ultraviolet-Visible Spectroscopy (UV-Vis Spectroscopy) 

 

 

Figure 4.5: UV-Visible spectrum of synthesized ZnO NPs 

 

An intense absorption peak observed in UV-Vis spectrum shown in Figure 4.4 

under Ultraviolet (UV) region (200 nm to 400 nm) at 360 nm corresponds to the 

optical absorption of the synthesized ZnO NPs. The absorption at this wavelength 

can be related to the band gap energy (Ebg) between valence band (VB) and 

conduction band (CB) of the synthesized semiconductor, ZnO NPs using equation 

4.4 where bound electron from VB of semiconductor tends to be excited to CB by 

absorbing energy from the UV light.  
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E g= 
hc

λ
   (4.4) 

where, 

h = Planck’s constant (6.63 x 10
-34

 m
2
 kg s

-1
) 

c = Speed of light (3.00 x 10
8
 ms

-1
) 

λ = Absorption wavelength in UV region (360 nm)  

 

The Ebg value calculated from the equation above shown in Appendix G is 3.45 in 

the unit of eV which is almost the same but slightly higher than theoretical band 

gap energy value for un-doped ZnO NPs reported by Shamsuzzaman et al., (2014), 

3.31 eV, Khan et al., (2013), 3.28 eV as well as the theoretical value, 3.37 eV . 

 

According to Varughese et al., (2015) reported the optical absorption of bulk ZnO 

occurred near 375 nm and a blue shift (6 nm) could be observed for smaller size 

ZnO NPs around 369 nm. The absorption wavelength observed in spectrum in this 

study shown in Figure 4.4, 360 nm is consistent with Varughese et al., (2015) 

reported data in such a way that ZnO NPs has a blue shifted (15 nm) absorption 

wavelength than the bulk phase. Therefore, UV-Visible spectroscopy 

characterization further confirmed the formation of nano-sized ZnO with optical 

absorption ability. 
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4.2.5 Scanning Electron Microscope (SEM) 

 

    

 

Figure 4.6: SEM images of synthesized ZnO NPs at different magnifications 

 

Surface morphology of synthesized ZnO NPs was studied by observing the 

images captured under SEM using different magnification shown in Figure 4.5. A 

huge number of ZnO NPs were aggregated forming a nano-flower like 

morphology with various irregular shapes of agglomerated particles. A rough idea 

on the average particle size was also obtained from the given SEM images with a 

diameter of 96.2 nm.  
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4.2.6 Particle Size Analyzer (PSA) 

 

 

 

Figure 4.7: Particle size analysis spectrum with processing data 
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A more specific type of particle size analysis on the synthesized ZnO NPs was 

done by using PSA. The particle sizes of agglomerated synthesized ZnO NPs 

were found to be in the range of 138 nm to 158 nm. This range of particle sizes 

can be considered as consistent with the particle size hypothesized from the SEM 

Images (96.2 nm) stated in Section 4.2.4. There is also another peak observed in 

the particle size distribution curve beside the dominant peak (138 nm to 158 nm) 

within the range of 550 nm to 631 nm that might belongs to the agglomerated 

ZnO NPs. 

 

4.3 Evaluation of Photocatalytic Activity of Synthesized Zinc Oxide    

                   Nanoparticles 

 

Under this section, the photocatalytic activity of the green synthesized ZnO NPs 

was evaluated through the degradation of a diazo anionic dye (Congo Red) and a 

cationic dye (Malachite Green) aqueous solution under natural sunlight. 

Preliminary screening for the occurrence of degradation was done by observing 

the color fading of dyes aqueous solutions before subjected to optical absorption 

measurement using UV-Vis spectroscopic analysis. Then, the percentage of 

degradation was calculated based on the absorbance values obtained to determine 

the photocatalytic efficiency of the synthesized ZnO NPs. 
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4.3.1 Degradation of Congo Red Dye In Aqueous Solution Using ZnO NPs 

under Solar Irradiation 

 

 

Figure 4.8: UV-Vis spectrum of CR dye degradation as a function of contact time 

(minutes) 

 

 

Figure 4.9: Photograph of degraded CR dye aqueous solution in different time 

interval 

0 5 10 20 30 40 50 60 mins 
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Figure 4.10: Chemical structure of CR dye 

 

Figure 4.11: Degradation percentage of CR as a function of time 
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CR is an anionic dye with highly conjugated system between azo bridge, 

naphthalene and benzene structure shown in Figure 4.10. It appeared to be 

reddish-orange in color by absorbing energy from the wavelength of blue-green 

region of visible spectrum. A 10 ppm CR dye aqueous solution was used as a 

control (0 minutes) for photodegradation with an absorbance value of 0.4063 at 

λmax = 498 nm. Besides, two minor absorption peaks occurred in the UV region at 

232 nm and 345 nm belong to the benzene and naphthalene rings chromophores 

present in the CR molecular structure. 

The UV-Vis spectrum shown in Figure 4.8 above reflected the photodegradation 

of a 10 ppm CR dye aqueous solution using synthesized ZnO NPs in 60 minutes 

contact time. According to the photograph shown in Figure 4.9, the color of the 

CR dye aqueous solutions were faded from reddish-orange to orange and turns 

into pale orange.  It is also clearly stated that the absorption peaks at 498 nm were 

gradually decreasing from the absorbance of 0.4063 at 0 minute to 0.0680 at 60 

minutes. The λmax at 498 nm was disappeared starting from 50 minutes onwards 

due to the destruction of chromophoric azo (-N=N-) groups from CR molecules 

accompanied by the decreases in absorbance for 232 nm and 345 nm absorption 

peaks. There is no new absorption peak was formed in either one region during 

the degradation process. The percentage degradation of CR dye aqueous solution 

in 60 minutes contact time was shown in the Figure 4.11 (bar graph) above where 

the overall percentage of degradation was found to be 83.26%. 

 



56 
 

4.3.2 Degradation of Malachite Green Dye In Aqueous Solution Using ZnO 

NPs under Solar Irradiation 

 

 

Figure 4.12: UV-Vis spectrum of MG dye degradation as a function of contact 

time (minutes) 

 

 

Figure 4.13: Photograph of degraded MG dye aqueous solution in different time 

intervals 
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Figure 4.14: Chemical structure of MG dye 

 

Figure 4.15: Degradation percentage of MG as a function of time 
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MG is a cationic dye with highly conjugated system in the structure of MG shown 

in Figure 4.12 that gives rise to its physical appearance of blue-green color in 

nature by absorbing energy from the wavelength of red region of visible spectrum. 

A 10 ppm concentration of MG dye aqueous solution was used as the control (0 

minute) for the photodegradation with an absorbance value of 1.569 at λmax = 615 

nm. Besides, two minor absorption peaks appeared at 315 nm and 425 nm 

respectively correspond to the chromophoric absorption.  

 

According to the photograph in Figure 4.13, the MG dye aqueous solution was 

first appeared to be blue in color and slowly faded to light blue, sky blue and 

lastly almost colorless after a 210 minutes contact time. These observations were 

consistent with the gradually decreasing trends of the major and minor absorption 

peaks at 315 nm, 425 nm and 615 nm due to the destruction of chromophore 

groups in the MG structure. However, two new absorption peaks were identified 

at 250 nm and 360 nm where their absorbance was increasingly formed from 30 

minutes contact time until the end of photodegradation process. Both of the peaks 

could be due to the formation of some intermediate photodegradation products 

that contain new chromophore groups which is not found in the original MG 

structure. The percentage degradation of MG dye aqueous solution in 210 minutes 

contact time was shown in the bar graph below where the overall percentage of 

degradation was found to be 98.02%. 
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4.3.3 Adsorption-Desorption and Photodegradation of Dye Aqueous Solution 

 

Photocatalytic degradation involved two processes which are adsorption-

desorption and photodegradation. In the first 30 minutes, the percentage 

degradation of CR and MG dye aqueous solutions were increased drastically to 

73.47% and 85.02% respectively and gradually increased after 30 minutes. This is 

mainly due to the adsorption process of the dye molecules onto the surface of 

ZnO NPs. Similar phenomenon was reported by Ljubas et al., (2015) that the CR 

dye solution gives 60% reduction of absorbance for the first 5 minutes under 

ultrasonication stirring due to the adsorption of CR dye molecules onto the 

surface of TiO2 nanoparticles.  

 

There are two types of adsorption which are physisorption and chemisorption. 

Physisorption involved the formation of weak Vander Waals Forces between the 

photocatalyst and dye molecules whereas chemisorption can be occur through 

hydrogen bonding or electrostatic attraction. According to Elaziouti et al., (2011), 

the isoelectric point of ZnO NPs is pHzpc = 9.0 and the surface charge of ZnO NPs 

is strongly depends on the pH of the solution according to the equations shown 

below:- 
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pH < 9.0,  n-          n  2
     (4.5) 

pH > 9.0,  n-       
-
   n 

-
   2   (4.6) 

 

In this study, neutral (p  ≈ 7) pH dye aqueous solutions were used in order to 

compromise the concentration of OH
-
 and dye molecules on the surface of ZnO 

NPs. The surface charge of ZnO NPs tends to be positively charge (pH 7 < pHzpc) 

that can be interact with anionic dye molecules as well as OH
-
 via electrostatic 

attraction that favor the photodegradation process. Besides, anionic and cationic 

dye molecules can also bind to the surface of ZnO NPs via hydrogen bonding 

through the sulphonate or amine groups for CR dye molecules and amine groups 

for MG dye molecules (Bagheri et al., 2014).  

 

As the contact time goes on, adsorption sites on the surface of ZnO NPs were 

increasingly loaded. Adsorption rate will be much slower as it has reached the 

saturation point where most of the adsorption sites have been filled up. Once the 

dye molecule reached the surface of photocatalyst, degradation was initiated by 

the powerful oxidant (  
 
) produced on the surface of ZnO NPs and leaves the 

degradation end-product, CO2 followed by adsorption of another dye molecule. 

These adsorption and degradation processes are time consuming and therefore, 

the absorbance at 498 nm and 615 nm declined in a slower rate (% degradation 

from 73.47% to 83.26% for CR and 85.02% to 98.02% for MG dye aqueous 

solutions) after 30 minutes contact time. 
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4.3.4 Identification of Degradation Products for MG Dye Aqueous Solution 

by Liquid Chromatography-Mass Spectrometry (LC-MS) 

 

Photocatalytic degradation of MG dye aqueous solution using ZnO NPs involved 

the oxidation of dye molecules by a very powerful oxidizing agent, hydroxyl 

radicals (  
 
) via free radical mechanism. Therefore, a series of intermediate 

degradation products were formed and analyzed using LC/MS. There are total of 

7 compounds have been identified as intermediate products as well as the original 

MG molecules according to their mass-to-charge (m/z) ratio in the MS spectrum 

shown in Figure 4.16 below. 
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Figure 4.16: Mass spectra of (A) 4-hydroxybenzoic acid, (B) 4-(dimethylamino)-

benzophenone, (C) didesmethyl MG, (D) desmethyl MG, (E) MG, (F) Leuco MG 

and (G) MG leucocarbinol  
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There are still quite a number of unknown intermediate products are yet to 

identify during the photodegradation process but in this study, only these products 

were identifiable. Based on the intermediate products identified, a tentative 

degradation pathway of MG dye aqueous solution was proposed according to the 

study reported by Diao et al., 2013 and Chen et al., 2007 shown in Figure 4.17 

below. 

 

 

Figure 4.17: Tentative degradation pathway of MG dye in aqueous solution using 

ZnO NPs 
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Degradation was initiated by ionization of MG forming a positively charged on 

the nitrogen atom. Two possible degradation pathways occurred on MG dye 

molecules either through N-demethylation forming desmethyl MG (m/z = 315) or 

undergoing hydroxylation that attack by hydroxyl radical forming MG 

leucocarbinol (m/z = 347). 

- N-demethylation pathway: desmethyl MG tends to undergo N-

demethylation once again forming didesmethyl MG (m/z = 301) followed 

by a series of degradation processes end up with the mineralized products, 

CO2 and H2O. 

- Hydroxylation pathway: MG leucocarbinol formed was oxidized by   
 
 

forming 4-(dimethylamino)-benzophenone (m/z = 226) followed by a 

series of oxidation, demethylation and deamination produced 4-

hydroxybenzoic acid (m/z = 138) then mineralized to CO2 and H2O. 
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CHAPTER 5 

 

CONCLUSION 

 

In this study, ZnO NPs has been successfully synthesized through a green 

synthetic pathway with the aid of Cavendish BP extract as reducing agent as well 

as stabilizing agent. The synthesized ZnO NPs was characterized using XRD, 

EDX, FTIR, UV-Vis spectroscopy, SEM and PSA. The particle size of 

synthesized ZnO NPs in the range between 138 nm to 158 nm observed from the 

particle size distribution curve and crystalline size 19.22 nm calculated from 

Debye-Scherrer’s Equation according to the highest diffraction peaks in the XRD 

diffractogram. SEM images revealed the morphology of synthesized ZnO NPs as 

nano-flowers with various irregular shapes of agglomerated particles.  

 

According to the analysis on photodegradation of CR anionic and MG cationic 

dye aqueous solutions, the synthesized ZnO NPs shows an excellent 

photocatalytic activity towards CR and MG dyes as dye solutions have been 

successfully degraded up to 83.26% in 60 minutes contact time and 98.02% in 

210 minutes contact time respectively. Several intermediates degradation products 

for MG dye have been identified through the LC-MS analysis and based on these 

identified intermediates, a tentative degradation pathway has been proposed. 
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However, there are still quite a number of intermediates are un-identifiable. In 

order to view on the overall degradation pathway of MG dye molecules, further 

work is required. Couple the data from LC-MS as well as GC-MS could be one of 

the possible ways to further identify and confirm the presence of some 

intermediates formed in the photodegradation process. Furthermore, the 

determination of intermediate degradation products is not done on the 

photodegradation of CR dye in this study due to time constraint, therefore LC-MS 

and GC-MS can also be applied to identify, analyze and proposed a possible 

degradation pathway for CR dye aqueous solution.  
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APPENDICES 

 

Appendix A 

 

Crystalline size of synthesized ZnO NPs 

Calculation for   

  = 
FW   in 2θ x  

180o
   

   = 
0.51420 x  

180o
 

= 8.97 x 10
-3

 

Calculation for crystalline size by Debye-Scherrer Equation 

D = 
kλ

  cosθ
  

= 
(0.9) x                  

 (8.97 x 1     cos (36.2847)
  

= 19.22 nm 

where, 

k = Sherrer' constant (usually 0.9) 

λ = Wavelength of X-Ray source, Cu Kα radiation (1.5406 ) 

  = Full width at half-maximum (FWHM) of the diffraction peak in radian 

θ = Bragg’s diffraction angle  



78 
 

Appendix B 

 

 

JCPDS Card No. 36-1451 (Diffraction peaks: 31.78
o
, 34.43

o
, 36.28

o
, 47.57

o
, 

56.62
o
, 62.86

o
, 67.97

o
 and 69.12

o 
) 

Figure: Comparison spectrum between synthesized ZnO NPs with standard card 

 

 

 

 

 

 



79 
 

Appendix C 

 

 

Figure: Crystallinity of synthesized ZnO NPs 
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Appendix D 

 

 

Figure: Information for XRD analysis (I) 
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Appendix E 

 

 

Figure: Information for XRD analysis (II) 
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Appendix F 

 

 

Figure: Information for XRD analysis (III) 
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Appendix G 

 

Calculation for band gap energy, E g  

E g= 
hc

λ
  

      = 
(6.63 x 1             x (3.0 x 1       

(360   )
 

       = 5.525 x 10
-19

 x 6.242 x 10
18

 eV 

       = 3.45 eV 

where, 

h = Planck’s constant (6.63 x 10
-34

 m
2
 kg s

-1
) 

c = Speed of light (3.00 x 10
8
 ms

-1
) 

λ = Absorption wavelength in UV region (360 nm)  
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Appendix H 

 

% Dye Degradation = 
Ao- Ai

Ao
 x 100%  

where, 

Ao= Initial absorbance of dye solutions 

Ai = Absorbance of dye solutions after photocatalytic degradation 

 

Photodegradation CR Dye  

 

Table: Degradation Percentage of CR dye as a function of contact time 

Contact Time 

(mins) 

Initial 

Absorbance 

Final 

Absorbance 

Degradation 

Percentage (%) 

0 0.4063 0.4063 0 

5 0.4063 0.2920 28.13 

10 0.4063 0.1773 56.36 

20 0.4063 0.1150 71.70 

30 0.4063 0.1078 73.47 

40 0.4063 0.0825 79.69 

50 0.4063 0.0735 81.91 

60 0.4063 0.0680 83.26 
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Appendix I 

 

Photodegradation of MG Dye  

 

Table: Degradation Percentage of MG dye as a function of contact time 

Contact Time 

(mins) 

Initial 

Absorbance 

Final 

Absorbance 

Degradation 

Percentage (%) 

0 1.5690 1.5690 0 

10 1.5690 0.4980 68.26 

20 1.5690 0.4220 73.10 

30 1.5690 0.2350 85.02 

60 1.5690 0.1760 88.78 

90 1.5690 0.1430 90.89 

150 1.5690 0.0730 95.35 

210 1.5690 0.0310 98.02 

 

 

 

 


