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Spinels and spinel-like materials are subjects of continuing study in materials sciences 

because their physical and chemical properties have a wide range of applications. In 

particular, zinc chromite (ZnCr2O4) nanocrystals are commonly used in catalysis and 

humidity sensors, on top of their main usage as magnetic material for devices. Various 

methods have been applied for the synthesis of spinels ZnCr2O4 including the 

mechanical activation, chemical, microwave, sol-gel, ball milling, combustion methods, 

among others, but most of these methods are difficult to employ on a large scale 

production because of their complicated procedures, longer reaction times, high reaction 

temperatures, toxic reagents and by-products which are potentially harmful to the 

environment.  

 

In this study the spinel ZnCr2O4 nanocrystals were first time synthesized by means of 

thermal treatment method from an aqueous solution containing only zinc and chromic 

nitrates, poly(vinyl pyrrolidone), and deionized water. The solution was dried at 353 K 

for 24 h before grinding and calcination at temperatures ranging from 773 to 973 K to 

remove unwanted polymer and crystalize the material. The characterization studies of 

ZnCr2O4 nanocrystallines were carried out by X-ray Diffraction spectroscopy (XRD), 

Electron Dispersive X-ray spectroscopy (EDX), Transmission Electron Microscopy 

(TEM), Fourier Transform Infrared Spectroscopy (FT-IR), UV-Vis Spectrometer, and 

Electron Spin Resonance Spectroscopy (ESR). The corresponding peaks of Zn, Cr and O 

were observed in the EDX analysis of the sample which confirms the formation of 

ZnCr2O4. The XRD patterns confirmed the formation of the single faced 

nanocrystallines of spinel ZnCr2O4 with a face-centered cubic structure. The average 

particle size of the synthesized nanocrystals was also determined by XRD using the 

Scherer’s formula and was in good agreement with the TEM images which shows 

cubical zinc chromite (ZnCr2O4) nanoparticles with uniform morphology and particle 
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size distributions. The results of XRD and TEM showed that the particle size increased 

with the calcination temperature increases from 19 nm at 773 K to 24 nm at 973 K. The 

FT-IR spectra showed only two principle absorption bands of Cr-O and Zn-O located at 

490 and 615 cm
−1

 respectively, indicating the calcined samples are very pure. The band 

gap energy was determined from UV-vis reflectance spectra using the Kubelka-Munk 

function and the band gaps were found to decrease with increase in calcination 

temperature from 4.03 eV at 773 K to 3.89 eV at 973 K due to particle size increased. 

The magnetic properties measured by ESR confirmed the existence of unpaired electrons 

and the resonant magnetic field and the g-factor of the calcined samples were measured. 

The g-factor was found to increase from 1.9598 to 1.9616 and the resonant magnetic 

field (Hr) decreased from 3.3468 10
-7

 to 3.3437 10
-7

 A/m as the calcination 

temperature increases from 773 to 973 K respectively.  
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Spinel dan bahan seperti spinel adalah subjek kajian berterusan dalam bidang sains 

bahan kerana sifat fizik dan kimia mereka mempunyai pelbagai aplikasi. Khususnya, 

zink kromit (ZnCr2O4) nanokristal yang lazimnya digunakan dalam pemangkinan dan 

sensor kelembapan, selain daripada penggunaan utama mereka iaitu sebagai bahan 

magnet untuk peranti. Pelbagai kaedah telah digunakan untuk sintesis spinel ZnCr2O4 

termasuk kaedah-kaedah pengaktifan mekanikal, kimia, gelombang mikro, sol gel, 

pengkisar bebola, kaedah pembakaran, tetapi kebanyakan kaedah ini yang sukar untuk 

digunakan kepada pengeluaran besar-besaran kerana prosedur yang rumit, masa tindak 

balas yang lebih panjang, suhu reaksi yang tinggi, reagen toksik dan produk hiliran yang 

berbahaya kepada alam sekitar. 

 

Dalam kajian ini, spinel ZnCr2O4 nanokristal adalah kali pertama disintesis melalui 

kaedah rawatan haba daripada larutan akueus yang mengandungi hanya nitrat zink dan 

kromik, poli (vinil pyrrolidone), dan air nyah ion. Larutan telah dikeringkan pada 353 K 

selama 24 jam sebelum mencanai dan pengkalsinan pada suhu antara 773-973 K untuk 

mengeluarkan polimer yang tidak diingini dan menghablurkan bahan tersebut. Kajian 

pencirian nanokristal ZnCr2O4 telah dijalankan oleh  Spektroskopi Sinar X (XRD), 

Spektroskopi Sebaran Elektron (EDX), Mikrospektroskopi Penghantaran Elektron 

(TEM), Spektroskopi Infrared Transform Fourier (FT -IR ), Spektrometer UV-vis dan 

Spektroskopi Resonant Elektron Spin (ESR). Puncak sempadan dengan Zn, Cr dan O 

telah diperhatikan dalam analisis EDX yang mengesahkan pembentukan ZnCr2O4. 

Corak belauan XRD mengesahkan pembentukan nanokristal tunggal didapati daripada 

spinel ZnCr2O4 dengan struktur padu berpusat muka. Saiz zarah purata nanokristal yang 

disintesis juga ditentukan oleh puncak corak XRD dengan menggunakan formula 

Scherer dan setuju dengan imej TEM yang menunjukkan zink kromit (ZnCr2O4) 

nanopartikel adalah kubus dengan morfologi taburan saiz zarah seragam. Keputusan 
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XRD dan TEM menunjukkan bahawa saiz zarah meningkat dengan peningkatan suhu 

pengkalsinan daripada 19 nm pada 773 K kepada 24 nm pada 973 K. Spektrum FT-IR 

menunjukkan terdapat hanya dua puncak penyerapan utama Cr-O dan Zn-O terletak 

masing-masing pada 490 dan 615 cm
-1

 yang menunjukkan sampel adalah sangat tulen. 

Jurang jalur tenaga telah ditentukan dengan spektrum pantulan UV-vis dengan 

menggunakan fungsi Kubelka - Munk dan jurang tenaga didapati berkurangan dengan 

peningkatan suhu pengkalsinan dari 4.03 eV pada 773 K kepada 3.89 eV pada 973 K 

disebabkan saiz zarah meningkat. Sifat-sifat magnet diukur dengan ESR mengesahkan 

kewujudan elektron berpasangan dan medan magnet salunan dan faktor-g sampel telah 

diukur. Didapati masing-masing faktor-g telah meningkatkan dari 1,9598 kepada 1,9616 

dan medan magnet resonan ( Hr ) menurun dari 3,3468 × 10
-7

 kepada 3,3437 × 10
-7

 A/m 

apabila suhu pengkalsinan dinaikkan dari 773 kepada 973 K. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction of Nanoscience and nanotechnology 

 

An historic talk was given by Richard P. Feynman on December 1959 at the annual 

meeting held by the American Physical Society at the California Institute of Technology, 

which was titled “There is plenty of room at the bottom...". He introduced the idea of 

“NANO” for first time, when he stated that “I would like to describe a field, in which 

little has been done, but in which an enormous amount can be done in principle.” 

Professor Feynman in his speech also emphasize on the enormous number of technical 

applications of this new field. 

 

Professor Norio Taniguchi from Tokyo Science University firstly defined 

Nanotechnology in 1974 as "consists of the processing of, separation, consolidation, and 

deformation of materials by one atom or by one molecule." which leads to the surge in 

broad study on nanotechnology. Further active development in this field emerged from 

the first international conferences held in 1990s and as a result, the field has been 

explored so quickly that some concepts and definitions about nanotechnology have not 

yet been clarified or settled. Over the past decades, most scientists have agreed on the 

concept that nanotechnology involves a broad field of applied science and technologies 

for the fabrication, characterization, manipulation of nanoscaled materials (typically 1 to 

100 nm), and as well as the assembly of nonoscale devices. Generally, a nanostructured 

material can be referred to as materials that have at least one dimension that is less than 

100 nm, some examples being atomic clusters, layered films, filamentary structures, and 

bulk nanostructured materials. 

 

The studies of nanomaterials fall into two fundamental pedagogical themes. They are 

nanoscience and nanotechnology (Bandaru et al., 2005)  . Nanoscience is relevant to the 

definition of fundamental aspects of nanomaterials including the experimental and 

theoretical aspect, synthesis and properties of nanomaterials (Krusin-Elbaum et al., 

2004) .  While nanotechnology is the collective term used for the engineering aspect 

involved in the manipulation of matter which includes the development, applications and 

commercial implication materials in nanoscales. 

 

Nanotechnology is inherently a multi-disciplinary field of study which surpasses the 

conventional boundaries between physics, chemistry, biology, mathematics and 

engineering (Salata, 2004) . Using these principles, the nanotechnologist deliberately 

engineer materials at nonoscale to invent products that make use of these remarkable 

properties. Starting from nanoscaled structures, scientists restructure them and then 

assemble functional systems that can be integrated in to the products with unique 

properties classified by the size of the materials being developed and used, not by the 

process being used or product being produced (Drexler, 1986) . 
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Ever since the concept of nanotechnology was introduced, the nanostructured material, 

or nanomaterial, has been an area of intense research. The influence of these research 

efforts to both science and industrial applications has been significant and is still 

growing. Nanotechnology in itself is a cutting-edge and highly interdisciplinary research 

field involving disciplines such as applied physics, chemistry, materials science, 

interface and colloid science, device physics, molecular biology, chemical engineering, 

mechanical engineering and electrical engineering, to name a few (Yang, 2009). 

Nanotechnology, therefore, can be regarded as an extension of the existing sciences into 

nonoscale, or as a recasting of existing sciences using a newer, more modern term. 

 

Synthesis and characterization of nanomaterial both play extremely important roles in 

nanomaterial development and research. In terms of producing nanomaterials, there are 

two major approaches for assembling nanomaterials, the top-down and the bottom-up. 

The top-down approach technique is where nanomaterials are constructed from large 

size objects without molecule level control (Yang, 2009). The bottom-up approach is the 

technique where materials and devices are built from a few molecule components by 

chemical self-assembling in solution into functional superstructures (Yang, 2009). The 

top-down approach is mostly used in industry because of its simplicity and short 

processing time, however, when it comes to less than 100 nm nanomaterials, production 

costs and time rise greatly. Other drawbacks include limited control of morphology and 

huge defects on the surfaces of nanomaterials. Consequently, the "bottom-up" approach 

has become the alternative approach being actively investigated. 

 

1.2 Size Effect in nanomaterials 

 

Nanomaterials have drawn a lot of attention from researchers around the world over the 

years, because of the "quantum size effect" phenomenon: When the size of the bulk 

material is reduced to nano-scale, the chemical, physical, optical, and electronic 

properties differ a lot from those in the bulk size. Conventionally, the chemical 

composition and crystal structure of a bulk size solid material determines most of the 

chemical and physical properties. As the surface atoms on the bulk-sized material 

account for only a fraction of total atoms, they play a negligible role in most bulk 

properties of the material. When the particle size decreases into nano-scale, the surface 

atoms account for a greater proportion of the total and are no longer negligible. It is 

important to note that the interactions between the external media and surface atoms, 

under certain situations, can dramatically affect reactions such as catalysis and crystal 

growth on either bulk or nonoscale materials. Figure 1 illustrates that surface atom 

proportion increases significantly when the particle size is less than 20 nm. 

 

The dramatic increase of surface atom percentage in total atoms leads to the appearance 

of new chemical and physical properties of nanoparticles such as the emergence of 

catalytic ability, featured optical spectra, and a change of magnetization. 
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Figure 1.1: The percentage of atoms in bulk and on surface as a function of particle 

size (Fuller, 2002). 

 

Greater surface area exposes more atoms to the external environment, which changes not 

only physical properties but also chemical properties of nanoparticles. Surface chemistry 

is of great importance in the areas of corrosion, catalysis, and absorption. Since most 

chemical reactions take place in the interface between two phases, larger area of 

interface raises more chances of contact between reactants, resulting in more active 

interactions. Thus many reactions, which cannot happen in bulk-sized materials, can 

now occur in nano-sized materials. 

 

In summary, the increase of surface area, or more surface atoms, makes NPs more 

reactive and sensitive to outer environment, leading to unique potential applications and 

market needs that can't be met from materials in bulk size. These promising applications 

can be in a wide range of areas including pharmaceutical research and disease detection, 

genetic study, magnetic storage, solar cells, lithium ion batteries, catalysts, and sensors. 

Moreover, in the past decade, different disciplines have begun to interact with each other 

to develop more advanced technologies and cutting edge instruments for advancing 

nanotechnology. The unusual physical and chemical properties and the huge potential 

applications are the main driving force behind the explosion in nanomaterials research 

interest. 

 

1.3 Magnetic metal nanoparticles 

 

Nanoparticles that can be manipulated using magnetic field are referred to as magnetic 

nanoparticles. The constituent elements of such types of nanoparticles usually consist of 

magnetic elements or chemical compounds of iron, nickel and cobalt. While 

nanoparticles are usually 5 – 100 nm (smaller than 1 mm in diameter), the 

larger microbeads are about 100 – 500 nm in diameter. The magnetic nanoparticles have 
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been the emphasis of much research recently because they retain attractive properties 

which has potential applications in catalysis including nanomaterial-based catalysts (Lu 

et al., 2004) ,
 
biomedicine (Gupta and Gupta, 2005) ,

 
magnetic resonance imaging 

(Mornet et al., 2006) , magnetic particle imaging (Gleich and Weizenecker, 2005) , data 

storage (Virden et al., 2007) ,
 
and environmental remediation (Elliott and Zhang, 2001) . 

 

The physical and chemical properties of magnetic nanoparticles largely depend on the 

synthesis method and chemical structure. At present there are three types of magnetic 

nanoparticles that are being produced and used; these magnetic nanoparticles are oxides, 

metallic and metallic with shell (Goodarz 2012). Magnetic nanoparticles are applicable 

in many branches of science. Some of the utmost applications of magnetic nanoparticles 

in different branches of science were discussed in this section of the chapter and there 

applications in physics will be further discussed in chapter two.  

 

Medical diagnostic and treatments: Based on the fact that magnetic nanoparticles are 

heated when subjected to another magnetic field, magnetic nanoparticles can be used in 

an experimental treatment of cancer known as the magnetic hyperthermia. Additional 

possible cancer treatment consists of attaching magnetic nanoparticle to free 

uncontrolled cancer cell, permitting the cancerous cells to be netted and removed out of 

the organ. This method of treating cancer has been experimented in the laboratory on 

mice and it is now been observed in survival studies (Scarberry et al., 2008) . 

 

Magnetic immunoassay (MIA): these is a new form of diagnosing immunoassay using 

magnetic nanoparticles as tags instead of the usual conventional, enzymes, radioisotopes 

or fluorescent moieties (Nikitin et al., 2007) . This experiment consists of the binding of 

precise antibody to its antigen, in which a magnetic tag is attached to one of the element 

pair. The presences of the magnetic nanoparticles are then identified by a magnetometer 

and then the magnetic field is measured by the change made in the magnetic field. Then 

the signal measured by the magnetometer is proportional to the analyzed quantity (for 

instance the quantity of toxin, virus, bacterial and cardiac markers) in the original 

sample. 

 

Treating contaminated water: magnetic nanoparticles have a worthy possibility for 

solving the issues of effective way of treating contaminated water due to the easy 

separation of magnetic impurities by simply using magnetic nanoparticles with a large 

surface to area volume ratio, (Koeher et al., 2009) . This technique involves attaching 

EDTA-like chelates to metal nano-magnets coated carbon which results in a magnetic 

reagent used for the quick removal of heavy metals in contaminated solutions or water 

by their magnitude of magnetism or concentration for as low as micrograms per liter. 

 

Chemistry: Magnetic nanoparticles have the potential application as a catalyst or catalyst 

supports (Schӓtz et al., 2010) . In chemistry, a catalyst supports are materials, generally 

solids having a high surface area, in which a catalyst can be attached to it. Reactivity of 

heterogeneous catalysts takes place at the surface of the atoms. Thus, for maximizing the 

surface area of a catalyst, great effort is made by dispensing it all over the support. The 

support itself might be inert or partakes in the catalyst reaction. Examples of supports 

include different types of silica, carbon and alumina.  
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Imaging for biomedical purpose: CoPt magnetic nanoparticles are used as MRI contrast 

agent in transplanting neural stem cells detection (Meng et al., 2011) . 

 

Genetic engineering: magnetic nanoparticles are used for various genetic engineering 

applications. One of the important uses is in the separation of mRNA. This can be 

achieved within a short period of time, normally within 15 minutes. Particularly in this 

application, the magnetic tag is tagged to a poly T tail. The poly A tail of the mRNA will 

attach to the tag’s poly T tail when combined with mRNA and the separation takes place 

simply by putting a magnet on the side of the tube and pouring out the liquid. This types 

of magnetic dynabeads are supplied by Invitrogen (Lu et al., 2004) . 

 

1.4 Problem statement 

 

The spinels are class of minerals with general formulation A
2+

B2
3+

O4
2-

 that crystallizes 

in the cubic (isometric) crystal system, with the oxide anions arranged in a cubic close-

packed lattice. The cations A and B occupy some or all of the tetrahedral and octahedral 

sites in the lattice. A and B can be divalent, trivalent, or quadrivalent cations, which 

includes magnesium, zinc, iron, manganese, aluminium, chromium, titanium, and 

silicon. Although the anion is normally oxygen, the analogous thiospinel structure 

includes the rest of the chalcogenides.  

 

Various methods has been previously applied for the synthesis of spinels ZnCr2O4, 

which includes mechanical activation, chemical method, microwave method, sol-gel 

method, ball milling method, combustion method, among others. But most of these 

synthesis methods are difficult to apply on a larger scale of production due to their 

complicated procedures, longer reaction times, high reaction temperatures, toxic 

reagents and by-products which are potentially harmful to the environment.  

 

In order to overcome the drawbacks of the previous method of synthesis, we have 

introduced the thermal treatment method for synthesizing spinel zinc chromite. In this 

study, we investigated the influence of calcination temperature on the formation of 

spinel ZnCr2O4 by thermal treatment method followed by characterization of the 

physical properties.  

 

1.5 Significance of the study 

 

Spinels and spinel-like materials are attractive subjects of continuous scientific interest 

and have been deeply investigated in materials sciences, because of their physical-

chemical properties and their wide range of applications as a humidity sensor, 

semiconductors, magnetic materials, catalysts, super hard materials, high temperature 

ceramics, among others. In particular, zinc chromite (ZnCr2O4) ceramic spinels are 

commonly used as catalytic materials, humidity sensors and as magnetic material. 

 

In our opinion, it is time for a broad search for the preparation techniques of spinel 

nanoparticles. In this study, the synthesis of spinel ZnCr2O4 nanocrystals by means of 

thermal treatment method from an aqueous solution containing metal nitrates, poly(vinyl 

pyrrolidone), and deionized water was described. The solution was dried at 80 
o
C for 24 
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h before grinding and calcination at temperatures ranging from 773 to 973 K.  This 

method has the advantages of simplicity, less expensive, no unwanted by-products, and 

it is environmentally friendly. Possibly this method is employable on a large scale 

production. 

 

1.6 Objectives of the study 

 

This research work is aimed at synthesizing spinel zinc chromite nanocrystals using the 

thermal treatment method followed by the characterization of the physical properties of 

the synthesized nanocrystals. The objectives of this study are listed below: 

 

i. To synthesize spinel zinc chromite nanocrystals using the thermal treatment 

method. 

 

ii. To investigate the influence of calcination temperature on the physical 

properties (structural, optical and magnetic properties) of spinel zinc 

chromite nanocrystals synthesized by the thermal treatment method. 

 

iii. To study the influence of calcination temperature on the formation of spinel 

zinc chromite nanocrystals synthesized by the thermal treatment method. 

 

 

1.7 Thesis outline 

 

Synthesis and characterization of zinc chromite nanocrystals by thermal treatment 

method is the main feature of evaluation in this thesis. Summary of nanoscience and 

nanotechnology in addition to the statement of problem, significance of the study and 

study objectives were stated in Chapter one. A brief discussion on the general back 

ground of spinel nanoparticles and common preparation and synthesizing methods 

presented in Chapter 2.  While in Chapter 3, the optical properties of materials and the 

theoretical back ground of magnetic materials such as the magnetic field, magnetic 

momentum and magnetic behavior were discussed. The detailed clarification of the 

procedures involved in the synthesis of spinel zinc chromite nanocrystals by the thermal 

treatment method are explained in Chapter 4. The results and discussion for every 

characterization measurement including the thermogravimetry analysis (TGA), X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), transmission 

electron microscopy (TEM), ultra violet visible spectroscopy (UV-vis.) and electron 

spine resonance (ESR) techniques were explained in Chapter 5. The summary and 

conclusions of the research work with suggestions for future work are given in Chapter 

6. In the last section of the thesis, list of references, list of publications and conferences 

by the author were presented.  
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