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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 
the requirement for the degree of Doctor of Philosophy 

ABSTRACT 

INFLUENCE OF CHELATING AGENTS ON STRUCTURAL, OPTICAL, AND 
ELECTROMGNETIC INTERFERENCE PROPERTIES OF COPPER 
SELENIDE NANOPARTICLES SYNTHESIZED VIA MICROWAVE-

ASSISTED METHOD 
 

By 
 

SHITU IBRAHIM GARBA  
 

December 2021 
 

Chairman : Josephine Liew Ying Chyi, PhD 
Faculty     : Science  
 

Recently, group II-VI binary semiconductor nanomaterials including copper selenide 
(CuSe), have garnered increased attention due to their remarkable properties that differ 
significantly from their bulk counterparts, as their functions are highly dependent on 
particle size, shape, and surface properties. To tune the overall properties of this 
nanoparticle, various surface modifications are required, such as capping the surface with 
organic, inorganic, and polymer-based chelating agents which can be used in various 
applications. In this work, CuSe nanoparticles were synthesized using a simple, low-cost, 
and environmentally friendly microwave method. Optimization of synthesis conditions 
such as microwave power, irradiation time, hydrazine hydrate concentration, and copper 
concentration was carried out to obtain a pure single-phase CuSe nanoparticle. Single-
phase CuSe nanoparticles were obtained at 380 W microwave power, 20 minutes of 
irradiation time, 3 ml of hydrazine hydride, and 0.9:1 copper to selenium molar ratio. 
The effect of chelating agent concentrations on the structural, morphological, and optical 
properties of CuSe nanoparticles was fully investigated. Six different chelating agents 
were used: tartaric acid (TA), ethylenediaminetetraacetic acid (EDTA), citric acid (CA), 
cetyl ammonium bromide (CTAB), polyvinylpyrrolidone (PVP), and polyethylene 
glycol (PEG).  
 

X-Ray Diffraction (XRD) analysis revealed that all samples formed a pure single-phase 
hexagonal (Klockmannite) crystal structure. The XRD analysis result is in agreement 
with the energy dispersive X-ray  (EDX)  and Raman analysis. At various concentrations 
of TA, EDTA, CA, CTAB, PVP, and PEG, the average crystallite size estimated using 
Scherer’s method decreased from 73.10 to 16.10 nm, 73.10 to 16.80 nm, 73.10 to 18.20 
nm, 73.10 to 43.60 nm, 73.10 to 14.00 nm, and 73.10 to 21.20 nm respectively. The 
Williamson-Hall method revealed an estimated crystallite size that is comparable to 
Scherer's method. The atomic force microscopy (AFM) and field emission scanning 
electron microscopy (FESEM) analysis agree with the obtained XRD results. At various 
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concentrations of TA, EDTA, CA, CTAB, PVP, and PEG, the optical band gap increased 
from 1.80 to 2.10 eV, 1.80 to 2.20 eV, 1.80 to 2.25 eV, 1.80 to 2.30 eV, and 1.80 to 2.24 
eV, respectively. This is attributed to the decrease in particle size of the final product. 
Besides, photoluminescence (PL) maximum emission for all the samples was centered 
at 610 nm. The PL intensity was found to increase with increasing chelating agent 
concentrations in all samples.  
 

Other than that, the effect of particle size of CuSe NPs as nanofiller loaded in the PVA 
polymer matrix on dielectric properties and electromagnetic interference shielding 
effectiveness (EMI SE) was investigated. The result showed that the dielectric constant, 
loss factor and loss tangent increases with the decrease in CuSe nanofiller size. This is 
because smaller particles fill the matrix evenly, forming a chain-like network in the PVA 
matrix. Moreover, the EMI SE measurement results showed that reflection loss (SER), 
absorption loss (SEA), and total interference shielding (SET) decreases with an increase 
in frequency, which is attributed to the impedance mismatch of the EM waves as the 
applied frequency is increased from 8 to 12 GHz. Additionally, the nanocomposites 
exhibited a high absorption potential for electromagnetic waves (SEA), but a significant 
portion of the EM wave was also reflected (SER). The contribution of SER and SEA to 
SET increased as the size of the CuSe nanofiller is decreased. The nanocomposites 
showed the SET is higher than the target value of 20 dB. Thus, the results show that 
incorporating CuSe NPs of various sizes into a PVA polymer matrix significantly 
improves the total shielding effectiveness of EM waves, implying that the prepared 
nanocomposites can be used as lightweight, flexible, and low-cost material for 
electromagnetic interference shielding applications. 
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ABSTRAK 

PENGARUH EJEN PENGIKAT PADA SIFAT STRUKTUR, OPTIK DAN 
GANGGUAN ELEKTROMAGNET UNTUK KUPRUM SELENIDE 

NANOZARAH YAND DISINTESIS MELALUI KAEDAH BANTUAN-
GELOMBANG MIKRO 

 

Oleh 
 

SHITU IBRAHIM GARBA  
 

Disember 2021 
 

Pengerusi : Josephine Liew Ying Chyi, PhD  
Fakulti     : Sains 
 

Baru-baru ini, bahan nano semikonduktor binari kumpulan II-VI termasuk selenida 
kuprum (CuSe), telah mendapat perhatian yang lebih tinggi kerana sifat luar biasa 
mereka yang berbeza dengan ketara daripada rakan pukal mereka, kerana fungsinya 
sangat bergantung pada saiz zarah, bentuk dan sifat permukaan. Untuk menyesuaikan 
sifat keseluruhan zarah nano ini, pelbagai pengubahsuaian permukaan diperlukan, seperti 
menutup permukaan dengan bahan pengikat berasaskan organik, bukan organik dan 
polimer yang dapat digunakan dalam pelbagai aplikasi. Pada kajian ini, nanozarah CuSe 
telah disintesis menggunakan kaedah gelombang mikro yang mudah, kos rendah dan 
mesra alam. Keadaan sintesis optimum seperti kuasa gelombang mikro, masa 
penyinaran, kepekatan hidrazin hidrat, dan kepekatan kuprum telah dijalankan untuk 
mendapatkan nanozarah CuSe fasa tunggal tulen. Nanozarah CuSe fasa tunggal 
diperolehi pada kuasa gelombang mikro 380 W, 20 minit masa penyinaran, 3 ml hidrazin 
hidrida, dan nisbah molar kuprum kepada selenium 0.9:1. Kesan kepekatan bahan 
pengikat pada sifat struktur, morfologi dan optik nanozarah CuSe telah disiasat 
sepenuhnya. Enam bahan pengikat yang berbeza digunakan: asid tartarik (TA), asid 
etilenadiaminatetraasetik (EDTA), asid sitrik (CA), cetyl ammonium bromide (CTAB), 
polivinilpyrrolidone (PVP), dan poliethilene glikol (PEG). 
 

Analisis XRD mendedahkan bahawa semua sampel membentuk struktur kristal 
heksagon (Klockmannite) fasa tunggal tulen. Keputusan analisis XRD adalah selaras 
dengan analisis EDX dan Raman. Pada pelbagai kepekatan TA, EDTA, CA, CTAB, 
PVP, dan PEG, saiz kristal purata yang dianggarkan menggunakan kaedah Scherer 
menurun daripada 73.10 hingga 16.10 nm, 73.10 hingga 16.80 nm, 73.10 hingga 18.20 
nm, 73.10 hingga 43.60 nm, 73.10 hingga 43.60 nm, dan 73.10 hingga 21.20 nm masing-
masing. Kaedah Williamson-Hall mendedahkan anggaran saiz kristal yang setanding 
dengan kaedah Scherer. Analisis AFM dan FESEM bersetuju dengan keputusan XRD 
yang diperoleh. Pada pelbagai kepekatan TA, EDTA, CA, CTAB, PVP dan PEG, jurang 
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jalur optik meningkat daripada 1.80 kepada 2.10 eV, 1.80 sehingga 2.20 eV, 1.80 
sehingga 2.25 eV, 1.80 sehingga 2.30 eV, dan 1.80 sehingga 2.24 eV masing-masing. 
Keputusan ini adalah disebabkan oleh pengurangan saiz zarah produk akhir. Selain itu, 
pelepasan maksimum PL untuk semua sampel berpusat pada 610 nm. Keamatan PL 
didapati meningkat dengan peningkatan kepekatan bahan pengikat dalam semua sampel. 
 

Selain daripada itu, kesan saiz zarah CuSe NPs sebagai pengisi nano yang dimuatkan 
dalam matriks polimer PVA ke atas sifat dielektrik dan keberkesanan perisai gangguan 
elektromagnet (EMI SE) telah dikaji. Keputusan menunjukkan bahawa pemalar 
dielektrik, faktor kehilangan dan tangen kehilangan meningkat dengan pengurangan saiz 
nanofiller CuSe. Ini kerana zarah yang lebih kecil mengisi matriks secara sama rata, 
membentuk rangkaian seperti rantai dalam matriks PVA. Selain itu, keputusan 
pengukuran EMI SE menunjukkan kehilangan pantulan (SER), kehilangan penyerapan 
(SEA), dan perisai gangguan keseluruhan (SET) berkurangan dengan peningkatan 
frekuensi, yang dikaitkan dengan ketidakpadanan impedans gelombang EM sebagai 
frekuensi yang digunakan, dinaikkan daripada 8 kepada 12 GHz. Selain itu, 
nanokomposit mempamerkan potensi penyerapan yang tinggi untuk gelombang 
elektromagnet (SEA), tetapi sebahagian besar gelombang EM juga dipantulkan (SER). 
Sumbangan SER dan SEA kepada SET meningkat apabila saiz pengisi nano CuSe 
dikurangkan. Nanokomposit menunjukkan SET lebih tinggi daripada nilai sasaran 20 
dB. Oleh itu, keputusan menunjukkan bahawa penggabungan nanozarah CuSe yang 
pelbagai saiz dalam matriks polimer PVA meningkatkan keberkesanan keseluruhan 
perisai gelombang EM dengan ketara, membayangkan bahawa nanokomposit yang 
disediakan boleh digunakan sebagai satu bahan yang ringan, fleksibel, dan kos rendah 
untuk aplikasi perisai gangguan elektromagnet. 
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CHAPTER 1 
 

 
1 INTRODUCTION 

 

1.1 Nanomaterials 
 

Nanotechnology and nanoscience have gained considerable interest in the field of 
research and technological advancement in the last two decades. The investigation of the 
properties of the material at a nanometre scale is referred to as nanoscience, whereas the 
design, fabrication, and application of the nanostructured material are referred to as 
nanotechnology. A nanoparticle is defined as a particle whose diameter is within the 
range of 1-100 nm.  As a result of their nanometer dimension, there is an improvement 
in their surface to volume ratio which contribute to the enhancement of their physical 
and optical properties (Lalitha et al., 2012). Reducing the nanoparticle's size has a 
marked effect on the distribution of the energy level as the particle becomes more 
confined similar to a particle in a box with diminishing size, which leads to an increase 
in the energy separation between neighbouring energy levels. This phenomenon is more 
pronounced where the bandgap energy increases with reduced size and the bandgap 
transition starts to move to higher frequencies (Kang et al.,  2000). The transformation 
between these states results in photon emission and absorption. Semiconductors have 
shown major changes in optical properties as a function of particle size (Rastei et al., 
2007). 
 

1.2 Semiconductor Nanomaterials 
 

A semiconductor is a material whose electrical conductivity value falls between a 
conductor and an insulator. The conventional semiconductors have a bandgap between 
1.00 and 1.50 eV, whereas wide bandgap semiconductors have a bandgap between 2.00 
and 4.00 eV. The value of the bandgap of a material is dependent on particle size as well 
as the phase of the material obtained.  Semiconducting nanofillers could be considered 
as a promising candidate for EMI shielding applications(Gosavi et al.,2008). The 
electromagnetic shielding effectiveness is primarily dependent on the conductivity as 
well as the dielectric and magnetic properties of a material. Semiconductors with 
electrical conductivity near 1 S/m are found to exhibit reasonable electromagnetic wave 
absorption behaviour (Sushmita et al.,  2020). There are many semiconductors (e.g.: 
ZnO, CuSe, TiO2, MoS2, CoO, BaTiO3, and SrTiO3) that are known to have good 
dielectric properties which play a critical role in electromagnetic wave losses. However, 
some semiconductors have adequate magnetic properties (e.g., Fe2O3, Fe3O4, etc.), that 
support the electromagnetic wave absorption behaviour. Therefore, it is the mechanism 
of shielding thorough various types of losses such as dipolar, interfacial, conduction, 
eddy current and magnetic that will decide whether a certain semiconductor material is 
good for electromagnetic shielding application (Bayat et al.,  2017; Cao & Hu, 2010; He 
et al., 2013). The shielding mechanism is dependent on the structure of each material in 
the polymer matrix as well as the size and morphological properties of the material 
(Pandey et al., 2018). 
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1.3 Microawave Assisted Synthesis Method 
 

Researchers in both industries and academia are continuously challenged to come up 
with an environmentally friendly and safer method for the synthesis and fabrication of 
the desired product. Therefore, there is a need for the development of greener and 
sustainable methodologies for the synthesis of high-quality nanostructured materials for 
future use. Microwave energy is more effective in selective heating in many processes, 
which is beneficial to the environment because it uses less energy than traditional heating 
methods (Zhu & Chen, 2014). The microwave-assisted synthesis is considered to be one 
of the environmentally friendly novels chemical methods that relatively simplifies 
reactions and could be considered as another avenue for green synthesis of 
nanomaterials. Numerous features of microwave heating contribute to its greener 
characteristics, including lower energy consumption, shorter reaction time, and higher 
product yield. The microwave-assisted technique can be combined with several other 
green chemistry strategies to make green synthesis more appealing. For instance, ionic 
liquids, solvent-free reactions, and nontoxic precursors can be used in conjunction with 
microwave heating. When the energy needed for the synthesis of nanomaterial is high, it 
contributes to the formation of greenhouse gases which in turn leads to air pollution, 
global warming, and climate change (Lu et al.,  2017).  
 

1.4 Electromagnetic Interference Shielding (EMI) 
 

On the other hand, the increasing demand for communication and electronic devices has 
led to the emergence of a new technological challenge called electromagnetic (EM) 
pollution in different sectors like military, industry, and commercial applications. To 
overcome this challenge, there is a need for the scientific and research community to 
fabricate new materials to attenuate the electromagnetic waves arising from electronics 
and telecommunication devices. EM wave is unwanted electromagnetic radiation that 
affects electrical and electronic devices. These EM radiations interfere with electronic 
and electrical devices and cause them to malfunction (Al-Saleh et al., 2013).  It also 
affects the health of humans. When electromagnetic radiation falls on the human body, 
it tends to penetrate inside the body partially, thereby causing a net drop across the body 
tissues and in effect causes some electrical stress across the tissue which results in some 
disorders in the body. Polymer nanocomposites based materials are proven to be better 
than conventional metal-based materials owing to their easy processability, low density, 
flexibility, and corrosion resistivity. The field of polymer nanocomposites encompasses 
a broad variety of materials ranging from conductors and semiconductors nanofillers to 
a few insulating nanofillers. The commonly used conducting fillers that are used for 
electromagnetic interference (EMI) shielding applications are metal nanoparticle, 
carbon-based fillers such as carbon nanotubes (CNTs), graphene, carbon fibers (CFs), 
etc. (Geetha et al., 2009). 
 

In this work, CuSe nanoparticles were synthesized via microwave-assisted synthesis 
technique. The effect of chelating agents’ concentration on structural, morphological, 
and optical properties of CuSe nanoparticles is investigated. About six chelating agents 
were utilized which includes, tartaric acid (TA), ethylenediaminetetraacetic acid 
(EDTA), citric acid (CA), Cetyltrimethyl ammonium bromide (CTAB), 
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polyvinylpyrrolidone (PVP), and polyethylene glycol (PEG). Additionally, the effect of 
particle size on dielectric properties and electromagnetic interference shielding 
effectiveness (EMI SE) of CuSe nanoparticles embedded in PVA polymer matrix was 
also investigated.  
 

1.5 Significance of the Study 
 

Nanostructured materials have created a high interest in recent years by their quantized 
electronic structures that lead to their fascinating properties. There is a large number of 
new opportunities that could be realized by dawn sizing existing structures into the 
nanometer scale, or by making new types of nanostructures. By decreasing the particle 
size and increase in surface to volume ratio can introduce many size-dependent 
properties. Their unique surface structure, electronic state, and largely exposed surface 
area greatly increase their activities for absorbing sunlight and promoting chemical 
reactions. The finite size of the particle confines the spatial distribution of the electrons, 
leading to a quantized energy level due to the quantum size effect. Such materials are 
extremely useful in a wide range of applications, particularly those that are size-
dependent (Kolahalam et al., 2019).  
 

In addition, the microwave-assisted synthesis of nanomaterials is a very emerging field 
of research that has received tremendous attention. This synthesis method can produce 
fine particles in the nanometer range and is intensively pursued due to its unique 
advantages over the remaining synthesis methods. The microwave-assisted synthesis 
technique is a rapid and environmentally friendly method for the formation of 
nanoparticles due to the fast and homogeneous heating effects of microwave energy. 
Compared with other synthesis methods, it has the advantage of short reaction time, high 
energy efficiency, ability to induce the formation of particles with smaller sizes, narrow 
size distribution, and high purity (Crane et al.,  2013).  
 

On the other hand, the proliferation of smart electronic devices and wireless 
communication in the artificial intelligent age are the source of electromagnetic pollution 
(EMP) which is of serious concern nowadays. The EMP creates complexities in the 
environment and the unwanted radiation which not only disturbs the general function of 
surrounding electronic systems but also threatens the well-being of humans. As a result, 
electromagnetic interference shielding (EMI SE) has become an unavoidable option 
around the world for mitigating the negative effects of electromagnetic pollution 
(Raagulan et al., 2020). 
 

1.5 Problem Statement 
 

Copper chalcogenides have recently gained a lot of attention due to their intriguing 
physical, chemical, and semiconducting properties, which are influenced by their 
chemical composition and crystalline structure, which may be tailored using intelligent 
synthesis conditions. Copper selenide is an essential chalcogenide material with a wide 
range of thermoelectric and photovoltaic energy harvesting applications (Singh et al., 
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2018). Furthermore, copper selenide is an intrinsic p-type semiconductor with direct and 
indirect bandgap energy. Non-stoichiometry in copper selenide nanoparticles impacts 
their electrical characteristics as well as their crystalline structure and cation exchange 
capabilities. Not only composition, but the arrangement of atoms in a given structural 
phase is also a crucial parameter to control electronic, thermal, and chemical properties 
of copper selenide.  Because of these outstanding properties, compositional and 
structural control in copper selenide nanoparticles is highly desirable for their unique 
scientific and technological applications, posing a general challenge for researchers to 
develop new synthesis procedures (Mirzanezhad et al.,  2019). 
  

The preparation of nanomaterials with control over size requires a chelating agent, which 
primarily acts as a stabilizing agent and provides colloidal stability along with preventing 
agglomeration and stopping uncontrolled growth. The final morphology of a nanocrystal 
largely depends on the type of chelating agent that is used on the in the synthesis of 
nanomaterial. Thus, the use of chelating agents is key to obtaining the small-sized 
nanoparticles and they are frequently used in the colloidal synthesis of nanoparticles to 
avoid their overgrowth. Moreover, the aggregation and agglomeration of nanoparticles 
reduces the potential enhancement of mechanical properties in nanoparticles due to the 
restriction of interfacial area. Therefore, the main challenges in the production of 
nanoparticles include the achievement of small nanoparticles and the good dispersion of 
nanoparticles, which largely depends on the type of chelating agent used (Ashraf et al., 
2018). 
 

The conventional methods of manufacturing and processing of materials are becoming 
unneeded due to their higher energy consumption, long processing times, poor 
characteristics of processed materials, and increased costs. The limitations of traditional 
processing techniques for processing large quantities of advanced materials have 
compelled researchers to investigate alternative and novel manufacturing and material 
processing techniques that could overcome the limitations of traditional techniques. As 
a result, it is critical to develop a new methodology for the production of materials that 
can provide better properties, fewer defects, and of economic benefits in terms of energy 
and time savings. Microwave material processing has emerged as one of the innovative 
material processing methods that can meet current requirements and can deliver a better 
product at a lower cost and processing time. 
 

Moreover, metallic materials with high electrical conductivity, such as copper and nickel, 
have been widely used as fillers in polymer matrixes in recent decades. However, 
metallic materials have some disadvantages, including their high weight, poor 
mechanical properties, and susceptibility to oxidation; these characteristics significantly 
limit their use. Therefore, inorganic binary nanomaterials such as CuSe, CuS, ZnSe, 
CdSe, CdS and so on have been the focus of attention in recent years because of their 
high electrical conductivity. The combination of these inorganic materials with polymer 
matrices can yield functional materials with enhanced electrical and thermal properties 
(Naghdi et al.,  2018).   
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Conductive nanomaterials have long been the focus of research and may be employed as 
replacements to typical conductive and transparent metal oxides in the electrical and 
optoelectronic industries in the future. The use of conductive metallic nanoparticles as a 
thin film or coating rather than conventional conductive metal foils or metal coatings 
would have a significant impact on the cost, volume, weight, and mechanical properties 
of electronic, optoelectronic, and photovoltaic devices (Khan et al., 2019). 
 

1.6 Research Hypothesis 
 

1. The microwave-assisted synthesis technique is expected to help in the formation 
of pure single-phase CuSe nanoparticles. Microwave heating involves two main 
mechanisms, dipolar polarization, and ionic conduction. Microwaves generally 
heat any material that contains mobile electrical charges in a solvent or solid, 
such as polar molecules or ions. Polar molecules, such as water molecules, 
attempt to orient during microwave heating with the rapidly changing 
alternating electrical field; thus, heat is generated by molecular rotation, 
friction, and collision (dipolar polarization mechanism) (Arhancet et al., 2010). 
Therefore, it is believed that the microwave power, irradiation time, hydrazine 
hydride concentration, and copper precursor concentration will have a 
significant effect on the formation of single-phase copper selenide 
nanoparticles.  

2. The CuSe nanoparticles prepared via microwave-assisted synthesis by varying 
the concentration of chelating agent is expected to affect the microstructural 
morphology as well as the particle size of the final products. Chelating agents 
are important stabilizers, which inhibit nanoparticles growth and prevent 
colloidal coagulation/aggregation. The chelating agent stabilizes the interface 
between nanoparticles and their preparation medium (Javed et al., 2020). Thus, 
it is believed that employing chelating agents in nanoparticle synthesis will have 
an impact on the microstructural morphology as well as particle szie of the final 
product. 

3. Nanoparticles prepared via the microwave-assisted synthesis technique at 
different concentrations of chelating agents are expected to affect the optical 
properties of the final product. This is because the effect of reduced 
dimensionality in nanostructured systems on the electronic structure has a major 
impact on the energies of the highest occupied molecular orbit and the lowest 
unoccupied molecular orbital. The result of the transition between those states 
leads to an optical emission and absorption. Metals and semiconductors, in 
particular, exhibit great changes in optical properties as a function of particle 
size (Rastei et al., 2007). In semiconductor nanoparticles, the three-dimensional 
effect of quantum confinement may also be observed when the particle size 
approaches the exciton of the Bohr radius. This confinement leads to new 
optical characteristics. The optical properties like fluorescence emission also 
specifically depend on the size of the nanoparticles (Rastei et al., 2007). 
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4. It is believed that CuSe nanoparticles of different sizes embedded in PVA 
polymer matrix will affect the dielectric properties of CuSe/PVA 
nanocomposite. In general, composites reinforced with smaller particle size 
tend to possess a more significant interfacial area, leading to extra interfacial 
polarization, which increases the dielectric properties. Moreover, at the same 
filler content, the particulates in the smaller-sized filler are higher than that in 
the bigger sized filler. This occurrence leads to denser composites, which 
increases the permittivity of the overall composites (Alhaji et al.,2021). 

5. It is believed that the embedding of CuSe nanoparticles of different sizes as a 
nanofiller in the PVA matrix will have a significant effect on the 
electromagnetic interference shielding performance of the CuSe/PVA 
nanocomposites. The filler dimensions have a significant effect on the 
permittivity of the nanocomposite. Certain nanostructures with a high porosity 
and a large surface area introduce multiple interfaces, which cause the Maxwell-
Wagner effect. Additionally, several surfaces within complex geometries 
exhibit unsaturated bonds, which contribute to dipole polarization. Thus, 
multiple interfaces are advantageous for electromagnetic attenuation due to 
conductivity loss and polarization of the interfacial/dipole orientation. 

 

1.7 Research Questions 
 

Thus, this research will give answers to the following research questions based on the 
outlined hypothesis above. 
 

1. What are the best synthesis conditions for making single phase copper selenide 
nanoparticles using the microwave-assisted synthesis method? 

2. Would the addition of chelating agents at different concentrations affect the 
microstructural morphologies and optical properties of the as-synthesized final 
product? 

3. Would different particle size embedded in PVA polymer matrices affect the 
dielectric properties of the nanocomposite?  

4. Would embedding of CuSe nanoparticles of different sizes into the PVA matrix 
affect the electromagnetic interference shielding effectiveness of the 
nanocomposite? 

 

1.8 Research Objectives  
 

This work involves fundamental research on the effect of different chelating agents 
concentration on the structural and optical properties of CuSe nanoparticles synthesized 
via microwave-assisted technique. The final product is further used as a nanofiller in the 
polyvinyl alcohol (PVA) polymer matrix to investigate the effect of particle size on 
dielectric properties and electromagnetic interference shielding effectiveness (EMI SE) 
of the nanocomposite. 
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The primary objectives are as follows: 
 

1) To optimize synthesis condition to form pure single-phase CuSe nanoparticles 
via the microwave-assisted method.   

2) To investigate the effect of various chelating agents such as tartaric acid (TA), 
ethylenediaminetetraacetic acid (EDTA), citric acid (CA), cetyl ammonium 
bromide (CTAB), polyvinylpyrrolidone (PVP), and polyethylene glycol (PEG) 
on particle size of CuSe nanoparticles.  

3) To investigate the effect of chelating agent concentrations on structural, 
morphological and optical properties of CuSe nanoparticles synthesized via 
microwave-assisted synthesis method. 

4) To investigate the effect of particle size on dielectric properties and 
electromagnetic interference shielding effectiveness (EMI SE) of CuSe 
nanoparticles embedded in polyvinyl alcohol (PVA) polymer matrix. 

 

1.9 Scope of the Research 
 

This research will focus on gaining a better understanding of the effect of chelating agent 
concentration on copper selenide nanoparticles synthesized using the microwave-
assisted method. The chelating agent used in this project includes tartaric acid (TA), 
ethylenediaminetetraacetic acid (EDTA), citric acid (CA), polyvinylpyrrolidone (PVP), 
polyethylene glycol (PEG) and cetyltrimethylammonium bromide (CTAB). To produce 
CuSe nanoparticles using the aforementioned chelating agents, a straightforward 
microwave-assisted method was used throughout the synthesis process. Additionally, the 
effect of CuSe nanoparticle size on dielectric properties and electromagnetic interference 
shielding (EMI SE) embedded in PVA polymer matrix is also investigated.   
 

1.10 Thesis Outline 
 

There are six chapters in this thesis. Chapter one starts with an overview of the research 
background, the significance of the study, the description of problems, and the objectives 
of the study. Chapter two reports the literature review; the general introduction of 
semiconductor materials, CuSe nanoparticles, and underlying literature on the synthesis 
method of semiconductor nanoparticles and related literature on the use of chelating 
agents for the synthesis of semiconductor nanoparticles. Chapter three is focused on the 
optical and electronic structure of semiconductors, theories of the dimensional 
semiconductor structure, microwave irradiation, and electromagnetic interference 
shielding. Chapter four gives a brief description of the experimental methodology and 
techniques used to design, synthesize and characterize CuSe nanoparticles. The 
microwave-assisted synthesis method used to synthesize the nanoparticles and solution 
casting method for the fabrication of CuSe/PVA composite is discussed in detail. A 
summary of the various characterization techniques used is also highlighted. This 
includes a description of the operation of each technique including X-ray diffraction 
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(XRD), Fourier transform infrared spectroscopy (FTIR), Raman spectroscopy, energy-
dispersive X-ray spectroscopy (EDX), field emission scanning electron microscopy 
(FESEM), atomic force microscopy (AFM), UV-visible spectroscopy (UV-Vis),  
photoluminescence spectroscopy (PL), and rectangular wave guide for electromagnetic 
interference shielding application. Chapter five reports the major findings of the study, 
in which all the experimental results are presented, analyzed and discussed in detail. 
Finally, chapter six gives a summary of the results of the whole research work and 
suggestions for future work is also presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

159 

REFERENCES 
 

Abdalhadi, D. M., Abbas, Z., Ahmad, A. F., & Ibrahim, N. A. (2017). Determining the 
complex permittivity of oil palm empty fruit bunch fibre material by open-ended 
coaxial probe technique for microwave applications. Bio Resources, 12(2), 3976-
3991. 

Achimovicova, M., Balaz, M., Girman, V., Kurimsky, J., Briancin, J., Dutkova, E., & 
Gáborova, K. (2020). Comparative Study of Nanostructured CuSe Semiconductor 
Synthesized in a Planetary and Vibratory Mill. Nanomaterials, 10(10), 2038. 

Ahmad, A. F., Ab Aziz, S., Abbas, Z., Obaiys, S. J., Khamis, A. M., Hussain, I. R., & 
Zaid, M. H. M. (2018). Preparation of a chemically reduced graphene oxide 
reinforced epoxy resin polymer as a composite for electromagnetic interference 
shielding and microwave-absorbing applications. Polymers, 10(11), 1180. 

Al-Hada, N. M., Saion, E., Talib, Z. A., & Shaari, A. H. (2016). The impact of 
polyvinylpyrrolidone on properties of cadmium oxide semiconductor 
nanoparticles manufactured by heat treatment technique. Polymers, 8(4), 113. 

Alhaji, I. A., Abbas, Z., Mohd Zaid, M. H., & Khamis, A. M. (2021). Effects of Particle 
Size on the Dielectric, Mechanical, and Thermal Properties of Recycled 
Borosilicate Glass-Filled PTFE Microwave Substrates. Polymers, 13(15), 2449. 

Alibe, I. M., Matori, K. A., Sidek, H. A. A., Yaakob, Y., Rashid, U., Alibe, A. M., & 
Nasir, M. M. (2019). Effects of polyvinylpyrrolidone on structural and optical 
properties of willemite semiconductor nanoparticles by polymer thermal 
treatment method. Journal of Thermal Analysis and Calorimetry, 136(6), 2249-
2268. 

Al-Saleh, M. H., & Sundararaj, U. (2009). Electromagnetic interference shielding 
mechanisms of CNT/polymer composites. Carbon, 47(7), 1738-1746. 

Al-Saleh, M. H., Saadeh, W. H., & Sundararaj, U. (2013). EMI shielding effectiveness 
of carbon based nanostructured polymeric materials: a comparative 
study. Carbon, 60, 146-156. 

Al‐Tabbakh, A. A., Karatepe, N., Al‐Zubaidi, A. B., Benchaabane, A., & Mahmood, N. 
B. (2019). Crystallite size and lattice strain of lithiated spinel material for 
rechargeable battery by X‐ray diffraction peak‐broadening analysis. International 
Journal of Energy Research, 43(5), 1903-1911. 

Altaf, S., Ajaz, H., Imran, M., Ul-Hamid, A., Naz, M., Aqeel, M., & Ikram, M. (2020). 
Synthesis and characterization of binary selenides of transition metals to 
investigate its photocatalytic, antimicrobial and anticancer efficacy. Applied 
Nanoscience, 1-15. 



© C
OPYRIG

HT U
PM

 

160 

Al-Thabaiti, S. A., Obaid, A. Y., Hussain, S., & Khan, Z. (2015). Shape-directing role 
of cetyltrimethylammonium bromide on the morphology of extracellular 
synthesis of silver nanoparticles. Arabian Journal of Chemistry, 8(4), 538-544. 

Arellano-Tanori, O., Acosta-Enríquez, M. C., Ochoa-Landin, R., Iniguez-Palomares, R., 
Mendivil-Reynoso, T., Flores-Acosta, M., & Castillo, S. J. (2014). Copper-
selenide and copper-telluride composites powders sintetized by ionic exchange. 
Chalcogenide Letters, 11, 13-19. 

Arhancet, G. B., Woodard, S. S., Dietz, J. D., Garland, D. J., Wagner, G. M., Iyanar, K., 
& Huang, H. C. (2010). Stereochemical requirements for the mineralocorticoid 
receptor antagonist activity of dihydropyridines. Journal of Medicinal Chemistry, 
53(10), 4300-4304. 

Ashraf, M. A., Peng, W., Zare, Y., & Rhee, K. Y. (2018). Effects of size and 
aggregation/agglomeration of nanoparticles on the interfacial/interphase properties and 
tensile strength of polymer nanocomposites. Nanoscale research letters, 13(1), 1-7. 
Ayele, D. W. (2016). A facile one-pot synthesis and characterization of Ag2Se 

nanoparticles at low temperature. Egyptian Journal of Basic and Applied 
Sciences, 3(2), 149-154. 

Babu, N. S., & Khadar, M. A. (2019). Deposition of nanocrystal thin films of Cu2Se and 
their optical and electrical characterization. Applied Surface Science, 474, 34-41. 

Baghbanzadeh, M., Carbone, L., Cozzoli, P. D., & Kappe, C. O. (2011). Microwave‐
assisted synthesis of colloidal inorganic nanocrystals. Angewandte Chemie 
International Edition, 50(48), 11312-11359. 

Baghbanzadeh, M., Carbone, L., Cozzoli, P. D., & Kappe, C. O. (2011). Microwave‐
assisted synthesis of colloidal inorganic nanocrystals. Angewandte Chemie 
International Edition, 50(48), 11312-11359. 

Baqer, A. A., Matori, K. A., Al-Hada, N. M., Kamari, H. M., Shaari, A. H., Saion, E., & 
Chyi, J. L. Y. (2018). Copper oxide nanoparticles synthesized by a heat treatment 
approach with structural, morphological and optical characteristics. Journal of 
Materials Science: Materials in Electronics, 29(2), 1025-1033. 

Bayat, M., Yang, H., & Ko, F. (2018). Effect of iron oxide nanoparticle size on 
electromagnetic properties of composite nanofibers. Journal of Composite 
Materials, 52(13), 1723-1736. 

Baymatov, P. J., Gulyamov, A. G., Davlatov, A. B., & Uzakov, B. B. (2016). Broadening 
Thermal Energy Levels and Density States Quasi One-Dimensional Electron Gas. 
Journal of Applied Mathematics and Physics, 4(4), 706-710. 

Bekasova, O. D., Revina, A. A., Rusanov, A. L., Kornienko, E. S., & Kurganov, B. I. 
(2013). Effect of gamma-ray irradiation on the size and properties of CdS 
quantum dots in reverse micelles. Radiation Physics and Chemistry, 92, 87-92. 



© C
OPYRIG

HT U
PM

 

161 

Bock, S., Kijatkin, C., Berben, D., & Imlau, M. (2019). Absorption and remission 
characterization of pure, dielectric (nano-) powders using diffuse reflectance 
spectroscopy: An end-to-end instruction. Applied Sciences, 9(22), 4933. 

Borio, V. G., Vinha, R., Nicolau, R. A., de Oliveira, H. P. M., de Lima, C. J., & Silveira, 
L. (2012). Quantitative evaluation of acetaminophen in oral solutions by 
dispersive Raman spectroscopy for quality control. Spectroscopy: An 
International Journal, 27(4), 215-228. 

Bu, S. Y., Li, L. W., Xie, P., Liu, H., & Xue, S. L. (2016). Synthesis and optical 
properties of ZnSe micro-grasses and microspheres grown on graphene oxide 
sheets by the hydrothermal method. Ceramics International, 42(4), 5075-5081. 

Bumbrah, G. S., & Sharma, R. M. (2016). Raman spectroscopy-Basic principle, 
instrumentation and selected applications for the characterization of drugs of 
abuse. Egyptian Journal of Forensic Sciences, 6(3), 209-215. 

Bunaciu, A. A. (2015). Udriştioiu, E. g.; Aboul-Enein, HY. Critical Reviews in 
Analytical Chemistry, 45, 289-299. 

Cao, M., Lian, H., & Hu, C. (2010). Ligand-assisted fabrication of hollow CdSe 
nanosphere via Ostwald ripening and their microwave absorption properties. 
Nanoscale, 2(12), 2619-2623. 

Chatterjee, A., Priyam, A., Das, S. K., & Saha, A. (2006). Size tunable synthesis of 
cysteine-capped CdS nanoparticles by γ-irradiation. Journal of Colloid and 
Interface Science, 294(2), 334-342. 

Chauhan, S. M., Chaki, S. H., Deshpande, M. P., Tailor, J. P., Khimani, A. J., & 
Mangrola, A. V. (2018). Synthesis, characterization and antimicrobial study of 
wet chemical synthesized CuInSe2 nanoparticles. Nano-Structures & Nano-
Objects, 16, 200-208. 

Che Hak, C. R. (2015). Field Emission Scanning Electron Microscope (FE-SEM) 
Facility in BTI. International Nuclear Information System, 47(45), 15-22. 

Chen, H., Yu, S. M., Shin, D. W., & Yoo, J. B. (2010). Solvothermal synthesis and 
characterization of chalcopyrite CuInSe2 nanoparticles. Nanoscale Research 
Letters, 5(1), 217-223. 

Chen, O., Chen, X., Yang, Y., Lynch, J., Wu, H., Zhuang, J., & Cao, Y. C. (2008). 
Synthesis of metal-selenide nanocrystals using selenium dioxide as the selenium 
precursor. Angewandte Chemie, 120(45), 8766-8769. 

Chen, X., Li, C., Gratzel, M., Kostecki, R., & Mao, S. S. (2012). Nanomaterials for 
renewable energy production and storage. Chemical Society Reviews, 41(23), 
7909-7937. 



© C
OPYRIG

HT U
PM

 

162 

Chen, X., Li, Z., Yang, J., Sun, Q., & Dou, S. (2015). Aqueous preparation of surfactant-
free copper selenide nanowires. Journal of Colloid and Interface Science, 442, 
140-146. 

Chiang, M. H., Fu, Y. S., Shih, C. H., Kuo, C. C., Guo, T. F., & Lin, W. T. (2013). 
Effects of hydrazine on the solvothermal synthesis of Cu2ZnSnSe4 and 
Cu2CdSnSe4 nanocrystals for particle-based deposition of films. Thin Solid 
Films, 544, 291-295. 

Chieng, B. W., Azowa, I. N., Yunus, W., Wan, M. Z., & Hussein, M. Z. (2014). Effects 
of graphene nanopletelets on poly (lactic acid)/poly (ethylene glycol) polymer 
nanocomposites. In Advanced Materials Research (Vol. 1024, pp. 136-139). 
Trans Tech Publications Ltd. 

Choi, Y. J., Hwang, I. S., Park, J. G., Choi, K. J., Park, J. H., & Lee, J. H. (2008). Novel 
fabrication of SnO2 nanowire gas sensor with high 
sensitivity. Nanotechnology, 19(9), 095508. 

Crane, C. A., Pantoya, M. L., & Weeks, B. L. (2013). Spatial observation and 
quantification of microwave heating in materials. Review of Scientific 
Instruments, 84(8), 084705. 

Dai, X., Zhou, Y., Li, J., Zhang, L., Zhao, Z., & Li, H. (2017). Electronic transport 
properties of single-wall boron nanotubes. Chinese Physics B, 26(8), 087310. 

Daneu, N., Achimovicova, M., Zorkovska, A., & Fabian, M. (2013). The use of de-
aggregating agents in ZnSe mechanochemical synthesis. Journal of Materials 
Science: Materials in Electronics, 24(10), 3686-3693. 

Daneu, N., Rojas-Chavez, H., Gonzalez-Dominguez, J. L., Roman-Doval, R., Juarez-
Garcia, J. M., & Farias, R. (2018). ZnTe semiconductor nanoparticles: a chemical 
approach of the mechanochemical synthesis. Materials Science in Semiconductor 
Processing, 86, 128-138. 

Dang, T. M. D., Le, T. T. T., Fribourg-Blanc, E., & Dang, M. C. (2011). Synthesis and 
optical properties of copper nanoparticles prepared by a chemical reduction 
method. Advances in Natural Sciences: Nanoscience and Nanotechnology, 2(1), 
015009. 

Darouie, M., Afshar, S., Zare, K., & Monajjemi, M. (2013). Investigation of different 
factors towards synthesis of CuS spherical nanoparticles. Journal of Experimental 
Nanoscience, 8(4), 451-461. 

Darwish, M., Mohammadi, A., & Assi, N. (2016). Microwave-assisted polyol synthesis 
and characterization of PVP-capped CdS nanoparticles for the photocatalytic 
degradation of tartrazine. Materials Research Bulletin, 74, 387-396. 

Das, S., Mukhopadhyay, A. K., Datta, S., & Basu, D. (2009). Prospects of microwave 
processing: An overview. Bulletin of Materials Science, 32(1), 1-13. 



© C
OPYRIG

HT U
PM

 

163 

De Caro, C., & Haller, C. (2015). UV/VIS spectrophotometry-fundamentals and 
applications. Mettler-Toledo International, 4-14. 

Dick, R. (2010). Dimensional effects on densities of states and interactions in 
nanostructures. Nanoscale Research Letters, 5(10), 1546-1554. 

Dufrene, Y. F. (2003). Recent progress in the application of atomic force microscopy 
imaging and force spectroscopy to microbiology. Current Opinion in 
Microbiology, 6(3), 317-323. 

Dutkova, E., Skorvanek, I., Sayagues, M. J., Zorkovská, A., Kovac, J., & Balaz, P. 
(2017). Mechanochemically synthesized CuFeSe2 nanoparticles and their 
properties. Acta Physica Polonica A, (131), 1156-1158. 

Dzhagan, V. M., Valakh, M. Y., Raevskaya, A. E., Stroyuk, A. L., Kuchmiy, S. Y., & 
Zahn, D. R. T. (2007). Resonant Raman scattering study of CdSe nanocrystals 
passivated with CdS and ZnS. Nanotechnology, 18(28), 285701. 

Dzhardimalieva, G. I., & Uflyand, I. E. (2017). Recent advances in the chemistry of 
metal chelate monomers. Journal of Coordination Chemistry, 70(9), 1468-1527. 

El Badawy, A. M., Scheckel, K. G., Suidan, M., & Tolaymat, T. (2012). The impact of 
stabilization mechanism on the aggregation kinetics of silver nanoparticles. 
Science of the Total Environment, 429, 325-331. 

Elliott, A. B., Horvath, R., & Gordon, K. C. (2012). Vibrational spectroscopy as a probe 
of molecule-based devices. Chemical Society Reviews, 41(5), 1929-1946. 

El-Sadek, A., Wasly, H. S., & Batoo, K. M. (2019). X-ray peak profile analysis and 
optical properties of CdS nanoparticles synthesized via the hydrothermal method. 
Applied Physics A: Materials Science & Processing, 125(4). 

Faisal, M., & Khasim, S. (2013). Polyaniline–antimony oxide composites for effective 
broadband EMI shielding. Iranian Polymer Journal, 22(7), 473-480. 

Feng, B., Cao, J., Yang, J., Yang, S., & Han, D. (2014). Characterization and 
photocatalytic activity of ZnSe nanoparticles synthesized by a facile solvothermal 
method, and the effects of different solvents on these properties. Materials 
Research Bulletin, 60, 794-801. 

Firat, Y. E., & Peksoz, A. H. M. E. T. (2017). Efficiently two-stage synthesis and 
characterization of CuSe/Polypyrrole composite thin films. Journal of Alloys and 
Compounds, 727, 177-184. 

Flores-Rojas, G. G., Lopez-Saucedo, F., & Bucio, E. (2020). Gamma-irradiation applied 
in the synthesis of metallic and organic nanoparticles: A short review. Radiation 
Physics and Chemistry, 169, 107962. 

Fu, H., & Zhao, Y. (2018). Efficiency droop in GaInN/GaN LEDs. In Nitride 
Semiconductor Light-Emitting Diodes (LEDs) (pp. 299-325). Woodhead 
Publishing. 



© C
OPYRIG

HT U
PM

 

164 

Gaeeni, M. R., Tohidian, M., & Majles-Ara, M. (2014). Green synthesis of CdSe 
colloidal nanocrystals with strong green emission by the sol–gel method. 
Industrial & Engineering Chemistry Research, 53(18), 7598-7603. 

Galstyan, V., Bhandari, M. P., Sberveglieri, V., Sberveglieri, G., & Comini, E. (2018). 
Metal oxide nanostructures in food applications: Quality control and packaging. 
Chemosensors, 6(2), 16. 

Gamit, D. N., & Chudasama, M. K. (2020). Size-effect in microwave processing of 
engineering materials-A review. Journal of Mechanical Engineering and 
Sciences, 14(2), 6770-6788. 

Garcıa, R., & Perez, R. (2002). Dynamic atomic force microscopy methods. Surface 
Science Reports, 47(6-8), 197-301. 

Gawande, M. B., Goswami, A., Felpin, F. X., Asefa, T., Huang, X., Silva, R., & Varma, 
R. S. (2016). Cu and Cu-based nanoparticles: synthesis and applications in 
catalysis. Chemical reviews, 116(6), 3722-3811. 

Gfroerer, T. H. (2000). Photoluminescence in analysis of surfaces and interfaces. 
Encyclopedia of Analytical Chemistry, 67, 3810. 

Gharibshahi, L., Saion, E., Gharibshahi, E., Shaari, A. H., & Matori, K. A. (2017). 
Influence of Poly (vinylpyrrolidone) concentration on properties of silver 
nanoparticles manufactured by modified thermal treatment method. PLoS One, 
12(10), e0186094. 

Ghosh, P. K. (2015). Effect of particle size on dielectric properties of CdS nano-particles. 
International Journal of Hybrid Information Technology, 8(4), 49-54. 

Gopal Ram, S. D., Ravi, G., & Kulandainathan, M. A. (2010, October). Microwave 
Treated Rapid Hydrothermal Synthesis of ZnO Nano‐Flakes Array: The Effect of 
Citric Acid as Capping Agent. In AIP Conference Proceedings (Vol. 1276, No. 1, 
pp. 119-123). American Institute of Physics. 

Gosavi, S. R., Deshpande, N. G., Gudage, Y. G., & Sharma, R. (2008). Physical, optical 
and electrical properties of copper selenide (CuSe) thin films deposited by 
solution growth technique at room temperature. Journal of Alloys and 
Compounds, 448(1-2), 344-348. 

Goudon, T., Miljanović, V., & Schmeiser, C. (2007). On the Shockley–Read–Hall 
model: generation-recombination in semiconductors. SIAM Journal on Applied 
Mathematics, 67(4), 1183-1201. 

Granata, G., Yamaoka, T., Pagnanelli, F., & Fuwa, A. (2016). Study of the synthesis of 
copper nanoparticles: the role of capping and kinetic towards control of particle 
size and stability. Journal of Nanoparticle Research, 18(5), 133. 



© C
OPYRIG

HT U
PM

 

165 

Gu, Y., Su, Y., Chen, D., Geng, H., Li, Z., Zhang, L., & Zhang, Y. (2014). Hydrothermal 
synthesis of hexagonal CuSe nanoflakes with excellent sunlight-driven 
photocatalytic activity. CrystEngComm, 16(39), 9185-9190. 

Guma, T. N., Madakson, P. B., Yawas, D. S., & Aku, S. Y. (2012). X-ray diffraction 
analysis of the microscopies of some corrosion-protective bitumen coatings. 
International Journal of Modern Engineering Research, 2, 4387-4395. 

Ham, H., Park, N. H., Kim, S. S., & Kim, H. W. (2014). Evidence of Ostwald ripening 
during evolution of micro-scale solid carbon spheres. Scientific Reports, 4(1), 1-
4. 

Han, X., Liao, F., Zhang, Y., Yuan, Z., Chen, H., & Xu, C. (2018). CTAB-assisted 
hydrothermal synthesis of Cu2Se films composed of nanowire networks. 
Materials Letters, 210, 62-65. 

Han, Y., Li, S., Wang, X., & Chen, X. (2004). Synthesis and sintering of nanocrystalline 
hydroxyapatite powders by citric acid sol–gel combustion method. Materials 
Research Bulletin, 39(1), 25-32. 

Han, Z. H., Li, Y. P., Zhao, H. Q., Yu, S. H., Yin, X. L., & Qian, Y. T. (2000). A simple 
solvothermal route to copper chalcogenides. Materials Letters, 44(6), 366-369. 

Hawrylak, P., Narvaez, G. A., Bayer, M., & Forchel, A. (2000). Excitonic absorption in 
a quantum dot. Physical Review Letters, 85(2), 389. 

He, S., Wang, G. S., Lu, C., Luo, X., Wen, B., Guo, L., & Cao, M. S. (2013). Controllable 
fabrication of CuS hierarchical nanostructures and their optical, photocatalytic, 
and wave absorption properties. ChemPlusChem, 78(3), 250. 

Hernández, A., Maya, L., Sánchez-Mora, E., & Sánchez, E. M. (2007). Sol-gel synthesis, 
characterization and photocatalytic activity of mixed oxide ZnO-Fe2O3. Journal 
of Sol-Gel Science and Technology, 42(1), 71-78. 

Hidzi, A. H., Supee, A., Haladin, N. B., Yusop, M. Z. M., & Shamsuri, W. N. W. (2019). 
Role of tartaric acid on structural, morphological and optical properties of FexOy 
films formed by chemical bath deposition. Malaysian Journal of Chemistry, 
21(3), 110–116. 

Hong, K. H., Oh, K. W., & Kang, T. J. (2005). Preparation of conducting nylon‐6 
electrospun fiber webs by the in situ polymerization of polyaniline. Journal of 
Applied Polymer Science, 96(4), 983-991. 

Hosseinpour-Mashkani, S. M., Ramezani, M., & Vatanparast, M. (2014). Synthesis and 
characterization of lead selenide nanostructure through simple sonochemical 
method in the presence of novel precursor. Materials Science in Semiconductor 
Processing, 26, 112-118. 

 



© C
OPYRIG

HT U
PM

 

166 

Hou, X., Xie, P., Xue, S., Feng, H., Li, L., Liu, Z., & Zou, R. (2018). The study of 
morphology-controlled synthesis and the optical properties of CuSe nanoplates 
based on the hydrothermal method. Materials Science in Semiconductor 
Processing, 79, 92-98. 

Hu, H., Zheng, Q., Deng, C., Sun, M., Zhang, K., & Tang, L. (2015). Phase-and 
morphology-controlled synthesis of CdSe microstructures through an effective 
mixed-solvothermal route. Materials Chemistry and Physics, 154, 10-15. 

Hu, X. S., & Shen, Y. (2017). Fabrication of novel polyaniline/flowerlike copper 
monosulfide composites with enhanced electromagnetic interference shielding 
effectiveness. Journal of Applied Polymer Science, 134(34), 45232. 

Huang, W. C., Wei, S. Y., Cai, C. H., Ho, W. H., & Lai, C. H. (2018). The role of Ag in 
aqueous solution processed (Ag, Cu) 2 ZnSn (S, Se)4 kesterite solar cells: antisites 
defect elimination and importance of Na passivation. Journal of Materials 
Chemistry A, 6(31), 15170-15181. 

Jafari, M., Sobhani, A., & Salavati-Niasari, M., (2014). Effect of preparation conditions 
on synthesis of Ag2Se nanoparticles by simple sonochemical method assisted by 
thiourea. Journal of Industrial and Engineering Chemistry, 20(5), 3775-3779. 

Jain, V. K., & Verma, A. (Eds.). (2013). Physics of semiconductor devices: 17th 
international workshop on the physics of semiconductor devices 2013. Springer 
Science & Business Media. 

Javed, R., Zia, M., Naz, S., Aisida, S. O., ul Ain, N., & Ao, Q. (2020). Role of capping 
agents in the application of nanoparticles in biomedicine and environmental 
remediation: recent trends and future prospects. Journal of Nano-biotechnology, 
18(1), 1-15. 

Jhung, S. H., Jin, T., Hwang, Y. K., & Chang, J. S. (2007). Microwave effect in the fast 
synthesis of microporous materials: which stage between nucleation and crystal 
growth is accelerated by microwave irradiation? Chemistry-A European Journal, 
13(16), 4410-4417. 

Jiang, D., Murugadoss, V., Wang, Y., Lin, J., Ding, T., Wang, Z., & Guo, Z. (2019). 
Electromagnetic interference shielding polymers and nanocomposites-a review. 
Polymer Reviews, 59(2), 280-337. 

Jusman, Y., Ng, S. C., & Abu Osman, N. A. (2014). Investigation of CPD and HMDS 
sample preparation techniques for cervical cells in developing computer-aided 
screening system based on FESEM/EDX. The Scientific World Journal, 2014. 

Kalenga, M. P., Govindraju, S., Airo, M., Moloto, M. J., Sikhwivhilu, L. M., & Moloto, 
N. (2015). Fabrication of a Schottky Device Using CuSe Nanoparticles: Colloidal 
versus Microwave Digestive Synthesis. Journal of Nanoscience and 
Nanotechnology, 15(6), 4480-4486. 



© C
OPYRIG

HT U
PM

 

167 

Kang, H., Jun, Y. W., Park, J. I., Lee, K. B., & Cheon, J. (2000). Synthesis of porous 
palladium superlattice nanoballs and nanowires. Chemistry of Materials, 12(12), 
3530-3532. 

Kappe, C. O. (2004). Controlled microwave heating in modern organic synthesis. 
Angewandte Chemie International Edition, 43(46), 6250-6284. 

Khan, I., Saeed, K., & Khan, I. (2019). Nanoparticles: Properties, applications and 
toxicities. Arabian journal of chemistry, 12(7), 908-931. 

Kimura, W. D. (2017). Electromagnetic Waves and Lasers. Morgan & Claypool 
Publishers. 

Koch, S. W., Kira, M., Khitrova, G., & Gibbs, H. M. (2006). Semiconductor excitons in 
new light. Nature Materials, 5(7), 523-531. 

Koczkur, K. M., Mourdikoudis, S., Polavarapu, L., & Skrabalak, S. E. (2015). 
Polyvinylpyrrolidone (PVP) in nanoparticle synthesis. Dalton Transactions, 
44(41), 17883-17905. 

Kolahalam, L. A., Viswanath, I. K., Diwakar, B. S., Govindh, B., Reddy, V., & Murthy, 
Y. L. N. (2019). Review on nanomaterials: Synthesis and applications. Materials 
Today: Proceedings, 18, 2182-2190. 

Kristl, M., Ban, I., & Gyergyek, S. (2013). Preparation of nanosized copper and cadmium 
chalcogenides by mechanochemical synthesis. Materials and Manufacturing 
Processes, 28(9), 1009-1013. 

Kruzelak, J., Kvasnicakova, A., Hlozekova, K., & Hudec, I. (2021). Progress in polymers 
and polymer composites used as efficient materials for EMI shielding. Nanoscale 
Advances, 3(1), 123-172. 

Kumar, R., Sahu, G., Saxena, S. K., Rai, H. M., & Sagdeo, P. R. (2014). Qualitative 
evolution of asymmetric Raman line-shape for nanostructures. Silicon, 6(2), 
117-121. 

Kumar, S., Gradzielski, M., & Mehta, S. K. (2013). The critical role of surfactants 
towards CdS nanoparticles: synthesis, stability, optical and PL emission 
properties. RSC Advances, 3(8), 2662-2676. 

Kumari, M., Rana, P., & Chauhan, R. P. (2014). Modifications in structural and electrical 
properties of gamma irradiated CdSe nanowires. Nuclear Instruments and 
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors 
and Associated Equipment, 753, 116-120. 

Lew, A., Krutzik, P. O., Hart, M. E., & Chamberlin, A. R. (2002). Increasing rates of 
reaction: microwave-assisted organic synthesis for combinatorial chemistry. 
Journal of Combinatorial Chemistry, 4(2), 95-105. 



© C
OPYRIG

HT U
PM

 

168 

Li, J., Fa, W., Li, Y., Zhao, H., Gao, Y., & Zheng, Z. (2013). Simultaneous phase and 
morphology controllable synthesis of copper selenide films by microwave-
assisted nonaqueous approach. Solid State Sciences, 16, 125-129. 

Li, J., Inukai, K., Takahashi, Y., Tsuruta, A., & Shin, W. (2017). Effect of PVP on the 
synthesis of high-dispersion core–shell barium-titanate–polyvinylpyrrolidone 
nanoparticles. Journal of Asian Ceramic Societies, 5(2), 216-225. 

Li, L., Gong, J., Liu, C., Tian, Y., Han, M., Wang, Q., & Bao, J. (2017). Vertically 
oriented and interpenetrating CuSe nanosheets films with open channels for 
flexible all-solid-state super capacitors. ACS Omega, 2(3), 1089-1096. 

Liew, J. Y. C., Talib, Z. A., Zainal, Z., Kamarudin, M. A., Osman, N. H., & Lee, H. K. 
(2019). Structural and transport mechanism studies of copper selenide 
nanoparticles. Semiconductor Science and Technology, 34(12), 125017. 

Lin, B., & Zhou, S. (2017). Poly (ethylene glycol)-grafted silica nanoparticles for highly 
hydrophilic acrylic-based polyurethane coatings. Progress in Organic Coatings, 
106, 145-154. 

Liu, J., Zhao, H., Liu, J., Marechal, A., & Wang, W. (2016). Semiconductors: Materials, 
Physics, and Devices. 

Liu, K., Liu, H., Wang, J., & Shi, L. (2009). Synthesis and characterization of Cu2Se 
prepared by hydrothermal co-reduction. Journal of Alloys and Compounds, 
484(1-2), 674-676. 

Liu, L. H., Lyu, J., Li, T. H., & Zhao, T. K. (2015). Facile and Green Synthesis of Stable 
Aqueous Dispersions of Narrowly Distributed Copper Nanoparticles. 
Digest Journal of Nanomaterials and Biostructures, 10, 1303-1310. 

Liu, X., Duan, X., Peng, P., & Zheng, W. (2011). Hydrothermal synthesis of copper 
selenides with controllable phases and morphologies from an ionic liquid 
precursor. Nanoscale, 3(12), 5090-5095. 

Liu, Y. Q., Wang, F. X., Xiao, Y., Peng, H. D., Zhong, H. J., Liu, Z. H., & Pan, G. B. 
(2014). Facile microwave-assisted synthesis of Klockmannite CuSe nanosheets 
and their exceptional electrical properties. Scientific Reports, 4(1), 1-8. 

Liu, Z. L., Chen, F. S., & Lu, C. H. (2013). Synthesis and characterization of copper 
gallium diselenide powders prepared from the sol-gel derived precursors. 
Ceramics International, 39(8), 8641-8647. 

Loudon, R. (1964). The Raman effect in crystals. Advances in Physics, 13(52), 423-482. 

Lu, M., Wang, X., Cao, W., Yuan, J., & Cao, M. (2015). Carbon nanotube-CdS core–
shell nanowires with tunable and high-efficiency microwave absorption at 
elevated temperature. Nanotechnology, 27(6), 065702. 



© C
OPYRIG

HT U
PM

 

169 

Lu, T., Dong, S., Zhang, C., Zhang, L., & Cui, G. (2017). Fabrication of transition metal 
selenides and their applications in energy storage. Coordination Chemistry 
Reviews, 332, 75-99. 

Luo, J., Xu, Y., Yao, W., Jiang, C., & Xu, J. (2015). Synthesis and microwave absorption 
properties of reduced graphene oxide-magnetic porous nanosphere-polyaniline 
composites. Composites Science and Technology, 117, 315-321. 

Malik, M. A., Wani, M. Y., & Hashim, M. A. (2012). Micro emulsion method: A novel 
route to synthesize organic and inorganic nanomaterials: 1st Nano Update. 
Arabian Journal of Chemistry, 5(4), 397-417. 

Mao, Y., Zou, H., Wang, Q., & Huang, C. (2016). Large-scale preparation of fernwort-
like single-crystalline superstructures of CuSe as Fenton-like catalysts for dye 
decolourization. Science China Chemistry, 59(7), 903-909. 

Markvart, T., & Castaner, L. (2003). Semiconductor materials and modelling. In 
Practical Handbook of Photovoltaics (pp. 95-121). Elsevier Science. 

Mensah, E. E., Abbas, Z., Azis, R. A. S., & Khamis, A. M. (2019). Enhancement of 
complex permittivity and attenuation properties of recycled hematite (α-Fe2O3) 
using nanoparticles prepared via ball milling technique. Materials, 12(10), 1696. 

Mi, L., Sun, H., Ding, Q., Chen, W., Liu, C., Hou, H., & Shen, C. (2012). 3D 
hierarchically patterned tubular NiSe with nano-/microstructures for Li ion 
battery design. Dalton Transactions, 41(40), 12595-12600. 

Milman, V. (2002). Klockmannite, CuSe: structure, properties and phase stability from 
ab initio modeling. Acta Crystallographica Section B: Structural Science, 58(3), 
437-447. 

Mirzanezhad-Asl, R., Phirouznia, A., Altındal, Ş., Badali, Y., & Azizian-Kalandaragh, 
Y. A. S. H. A. R. (2019). Fabrication, structural and electrical characterization of 
Au/(CuSe-polyvinyl alcohol)/n-Si (MPS) Schottky barrier structures. Physica B: 
Condensed Matter, 561, 1-8. 

Moeur, H. P., Zanella, A., & Poon, T. (2006). An Introduction to UV-Vis Spectroscopy 
Using Sunscreens. Journal of Chemical Education, 83(5), 769. 

Mokubung, K. E., Moloto, M. J., & Moloto, N. (2018). Low temperature synthesis of l-
cysteine capped cu2se quantum dots. Chalcogenide Letters, 15(11), 529-533. 

Mondal, S., Das, P., Ganguly, S., Ravindren, R., Remanan, S., Bhawal, P., & Das, N. C. 
(2018). Thermal-air ageing treatment on mechanical, electrical, and 
electromagnetic interference shielding properties of lightweight carbon nanotube 
based polymer nanocomposites. Composites Part A: Applied Science and 
Manufacturing, 107, 447-460. 



© C
OPYRIG

HT U
PM

 

170 

Munjanja, B., & Sanganyado, E. (2015). UV-Visible Absorption, Fluorescence, and 
Chemiluminescence Spectroscopy. Handbook of Food Analysis; Nollet, LM, 
Fidel, T., Eds, 572-583. 

Muthukannan, A., Sivakumar, G., & Mohanraj, K. (2014). Influence of equimolar 
concentration on structural and optical properties of binary selenides 
nanoparticles. Particulate Science and Technology, 32(4), 392-398. 

Muzaffar, A., Ahamed, M. B., Deshmukh, K., Faisal, M., & Pasha, S. K. (2018). 
Enhanced electromagnetic absorption in NiO and BaTiO3 based 
polyvinylidenefluoride nanocomposites. Materials Letters, 218, 217-220. 

Naghdi, S., Rhee, K. Y., Hui, D., & Park, S. J. (2018). A review of conductive metal 
nanomaterials as conductive, transparent, and flexible coatings, thin films, and 
conductive fillers: Different deposition methods and applications. Coatings, 8(8), 
278. 

Nam, Y. W., Kumar, S. K. S., Ankem, V. A., & Kim, C. G. (2018). Multi-functional 
aramid/epoxy composite for stealth space hypervelocity impact shielding system. 
Composite Structures, 193, 113-120. 

Narayanan, G. N., & Karthigeyan, A. (2016). Influence of different concentrations of 
Cetyltrimethylammonium bromide on morphological, structural and optical 
properties of Zinc Oxide nanorods. Materials Today: Proceedings, 3(6), 1762-
1767. 

Narvaez, G. A., & Hawrylak, P. (2000). Effects of electron-electron interactions on 
excitonic absorption in charged self-assembled quantum dots. Physical Review 
B, 61(20), 13753. 

Nethravathi, C., Rajamathi, J. T., & Rajamathi, M. (2019). Microwave-assisted synthesis 
of porous aggregates of CuS nanoparticles for sunlight photocatalysis. ACS 
Omega, 4(3), 4825-4831. 

Nevin, A., Cesaratto, A., Bellei, S., D'Andrea, C., Toniolo, L., Valentini, G., & Comelli, 
D. (2014). Time-resolved photoluminescence spectroscopy and imaging: New 
approaches to the analysis of cultural heritage and its degradation. Sensors, 14(4), 
6338-6355. 

Nozaki, H., Shibata, K., Onoda, M., Yukino, K., & Ishii, M. (1994). Phase transition of 
copper selenide studied by powder X-ray diffractometry. Materials Research 
Bulletin, 29(2), 203-211. 

Nozik, A. J. (1978). Photoelectrochemistry: applications to solar energy conversion. 
Annual Review of Physical Chemistry, 29(1), 189-222. 

Oghbaei, M., & Mirzaee, O. (2010). Microwave versus conventional sintering: A review 
of fundamentals, advantages and applications. Journal of Alloys and Compounds, 
494(1-2), 175-189. 



© C
OPYRIG

HT U
PM

 

171 

Osman, N. H., Mazu, N. N., Ying Chyi Liew, J., Ramli, M. M., Sandu, A. V., Nabiałek, 
M., & Mazlan, H. I. (2021). Sodium-Based Chitosan Polymer Embedded with 
Copper Selenide (CuSe) Flexible Film for High Electromagnetic Interference 
(EMI) Shielding Efficiency. Magnetochemistry, 7(7), 102. 

Pal, M., Mathews, N. R., Santiago, P., & Mathew, X. (2012). A facile one-pot synthesis 
of highly luminescent CdS nanoparticles using thioglycerol as capping agent. 
Journal of Nanoparticle Research, 14(6), 1-13. 

Pande, S., Chaudhary, A., Patel, D., Singh, B. P., & Mathur, R. B. (2014). Mechanical 
and electrical properties of multiwall carbon nanotube/polycarbonate composites 
for electrostatic discharge and electromagnetic interference shielding 
applications. RSC Advances, 4(27), 13839-13849. 

Pandey, R., Tekumalla, S., & Gupta, M. (2018). Effect of defects on electromagnetic 
interference shielding effectiveness of magnesium. Journal of Materials Science: 
Materials in Electronics, 29(11), 9728-9739. 

Park, J. Y., Daksha, P., Lee, G. H., Woo, S., & Chang, Y. (2008). Highly water-
dispersible PEG surface modified ultra-small superparamagnetic iron oxide 
nanoparticles useful for target-specific biomedical applications. Nanotechnology, 
19(36), 365603. 

Pejjai, B., Reddy, V. R. M., Kotte, T. R. R., & Park, C. (2020). Facile and eco-friendly 
synthesis of water-soluble Cu2-xSe nanoparticles for photovoltaic applications. 
Materials Science in Semiconductor Processing, 112, 105013. 

Peng, Q., Dong, Y., Deng, Z., & Li, Y. (2002). Selective synthesis and characterization 
of CdSe nanorods and fractal nanocrystals. Inorganic Chemistry, 41(20), 5249-
5254. 

Perna, G., Capozzi, V., Plantamura, M. C., Minafra, A., Biagi, P. F., Orlando, S., & 
Giardini, A. (2002). Structural and optical properties of pulsed laser-deposited 
ZnSe films. Applied Surface Science, 186(1-4), 521-526. 

Petrovic, M., Gilic, M., Cirkovic, J., Romcevic, M., Romcevic, N., Trajić, J., & Yahia, 
I. (2017). Optical Properties of CuSe Thin Films–Band Gap 
Determination. Science of Sintering, 49(2). 

Prabhakaran, T., Mangalaraja, R. V., Denardin, J. C., & Varaprasad, K. (2018). The 
effect of capping agents on the structural and magnetic properties of cobalt ferrite 
nanoparticles. Journal of Materials Science: Materials in Electronics, 29(14), 
11774-11782. 

Pradhan, S., Das, R., Bhar, R., Bandyopadhyay, R., & Pramanik, P. (2017). A simple 
fast microwave-assisted synthesis of thermoelectric bismuth telluride 
nanoparticles from homogeneous reaction-mixture. Journal of Nanoparticle 
Research, 19(2), 69. 



© C
OPYRIG

HT U
PM

 

172 

Raagulan, K., Braveenth, R., Kim, B. M., Lim, K. J., Lee, S. B., Kim, M., & Chai, K. Y. 
(2020). An effective utilization of MXene and its effect on electromagnetic 
interference shielding: flexible, free-standing and thermally conductive 
composite from MXene-PAT-poly (p-aminophenol)–polyaniline co-polymer. 
RSC Advances, 10(3), 1613-1633. 

Raagulan, K., Kim, B. M., & Chai, K. Y. (2020). Recent advancement of electromagnetic 
interference (EMI) shielding of two dimensional (2D) MXene and graphene 
aerogel composites. Nanomaterials, 10(4), 702. 

Rabiei, M., Palevicius, A., Monshi, A., Nasiri, S., Vilkauskas, A., & Janusas, G. (2020). 
Comparing methods for calculating nano crystal size of natural hydroxyapatite 
using X-ray diffraction. Nanomaterials, 10(9), 1627. 

Rades, S., Hodoroaba, V. D., Salge, T., Wirth, T., Lobera, M. P., Labrador, R. H., & 
Unger, W. E. (2014). High-resolution imaging with SEM/T-SEM, EDX and SAM 
as a combined methodical approach for morphological and elemental analyses of 
single engineered nanoparticles. RSC Advances, 4(91), 49577-49587. 

Rajavel, K., Luo, S., Wan, Y., Yu, X., Hu, Y., Zhu, P., & Wong, C. (2020). 2D Ti3C2Tx 
MXene/polyvinylidene fluoride (PVDF) nanocomposites for attenuation of 
electromagnetic radiation with excellent heat dissipation. Composites Part A: 
Applied Science and Manufacturing, 129, 105693. 

Rastei, M. V., Heinrich, B., Limot, L., Ignatiev, P. A., Stepanyuk, V. S., Bruno, P., & 
Bucher, J. P. (2007). Size-dependent surface states of strained cobalt nanoislands 
on Cu (111). Physical Review Letters, 99(24), 246102. 

Richter, H., Wang, Z. P., & Ley, L. (1981). The one phonon Raman spectrum in 
microcrystalline silicon. Solid State Communications, 39(5), 625-629. 

Riha, S. C., Johnson, D. C., & Prieto, A. L. (2011). Cu2Se nanoparticles with tunable 
electronic properties due to a controlled solid-state phase transition driven by 
copper oxidation and cationic conduction. Journal of the American Chemical 
Society, 133(5), 1383-1390. 

Roduner, E. (2006). Nanoscopic materials size-dependent phenomena RSC Publishing 
Cambrige. 

Rohini, R., & Bose, S. (2017). Electromagnetic wave suppressors derived from cross-
linked polymer composites containing functional particles: potential and key 
challenges. Nano-Structures & Nano-Objects, 12, 130-146. 

Rossi, L. M., Nangoi, I. M., & Costa, N. J. (2009). Ligand-assisted preparation of 
palladium supported nanoparticles: a step toward size control. Inorganic 
Chemistry, 48(11), 4640-4642. 

Rudiger, S., Gross, U., & Kemnitz, E. (2007). Non-aqueous sol-gel synthesis of nano-
structured metal fluorides. Journal of Fluorine Chemistry, 128(4), 353-368. 



© C
OPYRIG

HT U
PM

 

173 

Sadjadi, M. S., & Khalilzadegan, A. (2015). The effect of capping agents, EDTA and Eg 
on the structure and morphology of CdS nanoparticles. Journal of Non-Oxide 
Glasses, 7(4), 55-63. 

Salavati-Niasari, M., & Sobhani, A. (2013). Effect of nickel salt precursors on 
morphology, size, optical property and type of products (NiSe or Se) in 
hydrothermal method. Optical Materials, 35(5), 904-909. 

Salem, A., Saion, E., Al-Hada, N. M., Kamari, H. M., Shaari, A. H., Abdullah, C. A. C., 
& Radiman, S. (2017). Synthesis and characterization of CdSe nanoparticles via 
thermal treatment technique. Results in Physics, 7, 1556-1562. 

Sankaran, S., Deshmukh, K., Ahamed, M. B., & Pasha, S. K. (2018). Recent advances 
in electromagnetic interference shielding properties of metal and carbon filler 
reinforced flexible polymer composites: a review. Composites Part A: Applied 
Science and Manufacturing, 114, 49-71. 

Saravanan, L., Diwakar, S., Mohankumar, R., Pandurangan, A., & Jayavel, R. (2011). 
Synthesis, structural and optical properties of PVP encapsulated CdS 
nanoparticles. Nanomaterials and Nanotechnology, 1, 17. 

Schanche, J. S. (2003). Microwave synthesis solutions from personal chemistry. 
Molecular Diversity, 7(2-4), 293. 

Scimeca, M., Bischetti, S., Lamsira, H. K., Bonfiglio, R., & Bonanno, E. (2018). Energy 
Dispersive X-ray (EDX) microanalysis: A powerful tool in biomedical research 
and diagnosis. European Journal of Histochemistry: EJH, 62(1). 

Selvi, S. S. T., Linet, J. M., & Sagadevan, S. (2018). Influence of CTAB surfactant on 
structural and optical properties of CuS and CdS nanoparticles by hydrothermal 
route. Journal of Experimental Nanoscience, 13(1), 130-143. 

Semnani, D. (2017). Geometrical characterization of electrospun nanofibers. In 
Electrospun Nanofibers (pp. 151-180). Woodhead Publishing. 

Senthilkumar, M., Mary, C. I., & Babu, S. M. (2017). Morphological controlled synthesis 
of hierarchical copper selenide nanocrystals by Oleic acid, 1-Dodecanethiol and 
1-Octadecene as surfactants. Journal of Crystal Growth, 468, 169-174. 

Seoudi, R., Allehyani, S. H. A., Said, D. A., Lashin, A. R., & Abouelsayed, A. (2015). 
Preparation, characterization, and size control of chemically synthesized CdS 
nanoparticles capped with poly (ethylene glycol). Journal of Electronic Materials, 
44(10), 3367-3374. 

Seoudi, R., Elokr, M. M., Shabaka, A. A., & Sobhi, A. (2008). Synthesis and 
Spectroscopic Studies of Copper Selenide Nanoparticles. Eurasian Chemico-
Technological Journal, 10(1), 25-30. 

 



© C
OPYRIG

HT U
PM

 

174 

Shameli, K., Bin Ahmad, M., Jazayeri, S. D., Sedaghat, S., Shabanzadeh, P., Jahangirian, 
H., & Abdollahi, Y. (2012). Synthesis and characterization of polyethylene glycol 
mediated silver nanoparticles by the green method. International Journal of 
Molecular Sciences, 13(6), 6639-6650. 

Sharma, R., Bisen, D. P., Shukla, U., & Sharma, B. G. (2012). X-ray diffraction: a 
powerful method of characterizing nanomaterials. Recent Research in Science 
and Technology, 4(8). 

Sharma, S. K., Verma, D. S., Khan, L. U., Kumar, S., & Khan, S. B. (Eds.). (2018). 
Handbook of materials characterization. New York, NY, USA: Springer 
International Publishing. 

Sharma, S., Malik, M. A., Chandel, T., Thakur, V., & Rajaram, P. (2014, April). Growth 
and characterization of ZnSe nanoparticles. In AIP Conference Proceedings (Vol. 
1591, No. 1, pp. 474-476). American Institute of Physics. 

Shukla, V. (2019). Review of electromagnetic interference shielding materials fabricated 
by iron ingredients. Nanoscale Advances, 1(5), 1640-1671. 

Shyam, P., Chaturvedi, S., Karmakar, K., Bhattacharya, A., Singh, S., & Kulkarni, S. 
(2016). Structural and magnetic investigations on a wet chemically synthesized 
nanoscale S=1/2 spin chain compound–CuSe 2 O 5. Journal of Materials 
Chemistry C, 4(3), 611-621. 

Sibokoza, S. B., Moloto, M. J., Mtunzi, F., & Moloto, N. (2018). Diphenyldiselenide 
Mediated Synthesis of Copper Selenide Nanoparticles and their Poly (methyl 
methacrylate) Nanofibers. Asian Journal of Chemistry, 30(7). 

Singh, M., Goyal, M., & Devlal, K. (2018). Size and shape effects on the band gap of 
semiconductor compound nanomaterials. Journal of Taibah University for 
Science, 12(4), 470-475. 

Singh, S. C., Li, H., Yao, C., Zhan, Z., Yu, W., Yu, Z., & Guo, C. (2018). Structural and 
compositional control in copper selenide nanocrystals for light-induced self-
repairable electrodes. Nano Energy, 51, 774-785. 

Singh, S., Gupta, D., & Jain, V. (2016). Recent applications of microwaves in materials 
joining and surface coatings. Proceedings of the Institution of Mechanical 
Engineers, Part B: Journal of Engineering Manufacture, 230(4), 603-617. 

Singh, V., Sharma, P. K., & Chauhan, P. (2010). Surfactant mediated phase 
transformation of CdS nanoparticles. Materials Chemistry and Physics, 121(1-2), 
202-207. 

Sobhani, A., & Salavati-Niasari, M. (2014). Synthesis and characterization of a nickel 
selenide series via a hydrothermal process. Superlattices and Microstructures, 65, 
79-90. 



© C
OPYRIG

HT U
PM

 

175 

Solanki, J. N., Sengupta, R., & Murthy, Z. V. P. (2010). Synthesis of copper sulphide 
and copper nanoparticles with microemulsion method. Solid State Sciences, 
12(9), 1560-1566. 

Soltani, N., Dehzangi, A., Kharazmi, A., Saion, E., Yunus, W. M. M., Majlis, B. Y., & 
Khalilzadeh, N. (2014). Structural, optical and electrical properties of ZnS 
nanoparticles affecting by organic coating. Chalcogenide Letters, 11(2), 79-90. 

Soltani, N., Saion, E., Erfani, M., Rezaee, K., Bahmanrokh, G., Drummen, G. P., & 
Hussein, M. Z. (2012). Influence of the polyvinyl pyrrolidone concentration on 
particle size and dispersion of ZnS nanoparticles synthesized by microwave 
irradiation. International Journal of Molecular Sciences, 13(10), 12412-12427. 

Srivastava, M., Vyas, N., & Ojha, A. K. (2011). Size dependent electron-phonon 
coupling in Li0.5Co0.1Fe2.4O4 nanoparticles investigated by Raman 
spectroscopy. Vibrational Spectroscopy, 56(1), 19-25. 

Sun, J., Wang, W., & Yue, Q. (2016). Review on microwave-matter interaction 
fundamentals and efficient microwave-associated heating strategies. Materials, 
9(4), 231. 

Sushmita, K., Madras, G., & Bose, S. (2020). Polymer nanocomposites containing 
semiconductors as advanced materials for EMI shielding. ACS Omega, 5(10), 
4705-4718. 

Urmila, K. S., Namitha, T. A., & Pradeep, B. (2015). Characterization of Defects Levels 
and Their Influence on the Photoconductivity of p-Type CuInSe2 Thin Films. 
International Journal of Recent Research and Review, 8, 10-15. 

Vankar, P. S., & Shukla, D. (2012). Biosynthesis of silver nanoparticles using lemon 
leaves extract and its application for antimicrobial finish on fabric. Applied 
Nanoscience, 2(2), 163-168. 

Vidal, J., Lany, S., davezac, M., Zunger, A., Zakutayev, A., Francis, J., & Tate, J. (2012). 
Band-structure, optical properties, and defect physics of the photovoltaic 
semiconductor SnS. Applied Physics Letters, 100(3), 032104. 

Viswanath, R., Naik, H. B., Kumar, G. Y., Kumar, P. P., Kumar, G. A., & Praveen, R. 
(2014). EDTA-assisted hydrothermal synthesis, characterization and 
photoluminescence properties of Mn2+-doped ZnS. Journal of Luminescence, 
153, 446-452. 

Wagner, E. P. (2016). Investigating bandgap energies, materials, and design of light-
emitting diodes. Journal of Chemical Education, 93(7), 1289-1298. 

Wang, H., Guo, Z., & Du, F. (2006). Solvothermal synthesis of CdSe nanorods via DEA 
solution. Materials Chemistry and Physics, 98(2-3), 422-424. 

 



© C
OPYRIG

HT U
PM

 

176 

Wang, H., Strait, J. H., Zhang, C., Chan, W., Manolatou, C., Tiwari, S., & Rana, F. 
(2015). Fast exciton annihilation by capture of electrons or holes by defects via 
Auger scattering in monolayer metal dichalcogenides. Physical Review B, 
91(16), 165411. 

Wang, J., Ji, H., Lai, J., Yuan, R., Zheng, X., Liu, H., & Jin, Z. (2016). Oriented 
Klockmannite CuSe Nanoplates: Polylol Solution Synthesis and Its Application 
on an Inorganic-Organic Hybrid Photodetector. Crystal Growth & Design, 
16(11), 6250-6262. 

Wang, Y. Y., Li, J. Q., Liu, H. G., & Wang, Y. Z. (2019). Attenuated total reflection-
Fourier transform infrared spectroscopy (ATR-FTIR) combined with 
chemometrics methods for the classification of Lingzhi species. Molecules, 
24(12), 2210. 

Witte, W., Kniese, R., & Powalla, M. (2008). Raman investigations of Cu (In, Ga) Se2 
thin films with various copper contents. Thin Solid Films, 517(2), 867-869. 

Wu, C., Zhou, G., Mao, D., Zhang, Z., Wu, Y., Wang, W., & Jie, J. (2013). CTAB 
assisted synthesis of CuS microcrystals: synthesis, mechanism, and electrical 
properties. Journal of Materials Science & Technology, 29(11), 1047-1052. 
 
Xie, Y., Zheng, X., Jiang, X., Lu, J., & Zhu, L. (2002). Sonochemical synthesis and 

mechanistic study of copper selenides Cu2-xSe, β-CuSe, and Cu3Se2. Inorganic 
Chemistry, 41(2), 387-392. 

Xu, J., Lee, C. S., Tang, Y. B., Chen, X., Chen, Z. H., Zhang, W. J., & Yang, Z. (2010). 
Large-scale synthesis and phase transformation of CuSe, CuInSe2, and 
CuInSe2/CuInS2 core/shell nanowire bundles. ACS Nano, 4(4), 1845-1850. 

Xu, S., Wang, H., Zhu, J. J., & Chen, H. Y. (2002). Sonochemical synthesis of copper 
selenides nanocrystals with different phases. Journal of Crystal Growth, 234(1), 
263-266. 

Xu, Z., He, Z., Song, Y., Fu, X., Rommel, M., Luo, X., & Fang, F. (2018). Topic review: 
application of Raman spectroscopy characterization in micro/nano-machining. 
Micromachines, 9(7), 361. 

Xue, M. Z., Zhou, Y. N., Zhang, B., Yu, L., Zhang, H., & Fu, Z. W. (2006). Fabrication 
and electrochemical characterization of copper selenide thin films by pulsed laser 
deposition. Journal of the Electrochemical Society, 153(12), A2262. 

Yadav, R. S., Kuřitka, I., Vilcakova, J., Machovsky, M., Skoda, D., Urbanek, P., & 
Havlica, J. (2019). Polypropylene nanocomposite filled with spinel ferrite 
NiFe2O4 nanoparticles and in-situ thermally-reduced graphene oxide for 
electromagnetic interference shielding application. Nanomaterials, 9(4), 621. 

Yakubu, A. (2020). Mechanical, dielectric and shielding performance of rice 
husk/polycaprolactone composites enhanced via rice husk particles inclusion. 
Open Access Library Journal, 7(07), 1. 



© C
OPYRIG

HT U
PM

 

177 

Yaman, N., & Durakli Velioglu, S. (2019). Use of Attenuated Total Reflectance-Fourier 
Transform Infrared (ATR-FTIR) Spectroscopy in combination with multivariate 
methods for the rapid determination of the adulteration of grape, Carob and 
Mulberry Pekmez. Foods, 8(7), 231. 

Yan, J., Mo, S., Nie, J., Chen, W., Shen, X., Hu, J., & Tong, H. (2009). Hydrothermal 
synthesis of monodisperse Fe3O4 nanoparticles based on modulation of tartaric 
acid. Colloids and Surfaces A: Physicochemical and Engineering Aspects, 340(1-
3), 109-114. 

Yan, Y. L., Li, Y., Qian, X. F., Yin, J., & Zhu, Z. K. (2003). Preparation and 
characterization of CdSe nanocrystals via Na2SO3-assisted photochemical route. 
Materials Science and Engineering: B, 103(2), 202-206. 

Yang, J., Wang, G., Liu, H., Park, J., & Cheng, X. (2009). Controlled synthesis and 
characterization of ZnSe nanostructures via a solvothermal approach in a mixed 
solution. Materials Chemistry and Physics, 115(1), 204-208. 

Yu, H., Xin, C., Zhang, Q., Utama, M. I. B., Tong, L., & Xiong, Q. H. (2015). II–VI 
compound semiconductor nanowires: Optical properties and nanophotonics. In 
Semiconductor Nanowires (pp. 29-69). Woodhead Publishing. 

Yuan, C., Zhang, X., Su, L., Gao, B., & Shen, L. (2009). Facile synthesis and self-
assembly of hierarchical porous NiO nano/micro spherical superstructures for 
high performance super capacitors. Journal of Materials Chemistry, 19(32), 5772-
5777. 

Zanatta, A. R. (2019). Revisiting the optical bandgap of semiconductors and the proposal 
of a unified methodology to its determination. Scientific Reports, 9(1), 1-12. 

Zekry, A., Shaker, A., & Salem, M. (2018). Advances in Renewable Energies and Power 
Technologies. Solar and Wind Energies, 1, 3. 

Zhai, Z., Kusko, C., Hakim, N., Sridhar, S., Revcolevschi, A., & Vietkine, A. (2000). 
Precision microwave dielectric and magnetic susceptibility measurements of 
correlated electronic materials using superconducting cavities. Review of 
Scientific Instruments, 71(8), 3151-3160. 

Zhang, H., Liu, C. X., Qi, X. L., Dai, X., Fang, Z., & Zhang, S. C. (2009). Topological 
insulators in Bi2Se3, Bi2Te3 and Sb2Te3 with a single Dirac cone on the 
surface. Nature physics, 5(6), 438-442. 

Zhang, L., Wang, W., Zhou, L., & Xu, H. (2007). Bi2WO6 nano‐and microstructures: 
shape control and associated visible‐light‐driven photocatalytic activities. Small, 
3(9), 1618-1625. 

Zhang, S. Y., Fang, C. X., Tian, Y. P., Zhu, K. R., Jin, B. K., Shen, Y. H., & Yang, J. X. 
(2006). Synthesis and characterization of hexagonal CuSe nanotubes by 
templating against trigonal Se nanotubes. Crystal Growth & Design, 6(12), 2809-
2813. 



© C
OPYRIG

HT U
PM

 

178 

Zhang, X., & Pei, Y. (2017). Manipulation of charge transport in thermoelectric. npj 
Quantum Materials, 2(1), 1-5. 

Zhang, Y., Zhou, Z., Wang, J., Liu, S., & Zhang, Y. (2015). Graphene Nanocomposites 
in Optoelectronics. In Graphene-Based Polymer Nanocomposites in Electronics 
(pp. 131-156). Springer, Cham. 

Zhao, W. B., Zhu, J. J., & Chen, H. Y. (2004). Photochemical synthesis of CdSe and 
PbSe nanowire arrays on a porous aluminium oxide template. Scripta Materialia, 
50(8), 1169-1173. 

Zhong, J., & Yan, J. (2016). Seeing is believing: atomic force microscopy imaging for 
nanomaterial research. RSC Advances, 6(2), 1103-1121. 

Zhou, D. J., Xie, X. Y., Zhang, Y. L., Guo, D. Y., Zhou, Y. J., & Xie, J. F. (2016). Facile 
synthesis of ZnS nanorods in PEG and their spectral performance. Materials 
Research Express, 3(10), 105023. 

Zhu, Y. J., & Chen, F. (2014). Microwave-assisted preparation of inorganic 
nanostructures in liquid phase. Chemical Reviews, 114(12), 6462-6555. 

Ziman, J. M. (1965). Principles of the Theory of Solids. American Journal of Physics, 
33(4), 349-350. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Blank Page



