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Abstract 

The seed mediated aqueous growth approach has been developed for the selective and 

controlled fabrication of “core-shell nanostructures (CSNs)”, that combines various 

functionalities of “ferromagnetic-core” and “semiconducting-shell” within a solo material that 

has tuneable magnetic and fluorescence characteristics. CSNs have been developed in a way 

that can meet the demand for “magneto-fluorescent” properties in a single unit. Shell 

thickness and core in the nanostructured particle have been tuned precisely. The current 

research focuses on CSNs made of soft ferrite and hard ferrite. CSNs were compared in a 

study where the core was annealed at two different temperatures. A new assembly of 

“magneto-fluorescent” CSNs was created using a magnetic core of Nickel Zinc ferrite (Soft 

ferrites) and Strontium Hexaferrite (Hard ferrite) and a fluorescent semiconducting shell of 

CdS quantum dots (QDs) which is having brilliant “physical and chemical” characteristics of 

discrete magnetic core and discrete QD’s shell. These CSNs have been created to address 

several constraints of the iron-oxide based “magneto-fluorescent” or “magneto-plasmon 

nanostructures” that had previously been examined in the field. CdS QDs were successfully 

generated on the SHF/NZF surface, and “UV–visible spectroscopy, photoluminescence 

spectroscopy, VSM, and FTIR” revealed a clear add-on with good stability and intactness of 

core and shell. To explore the elaborative impacts of different structural combinations of 

CSNs in order to reach the optimal arrangement with “high-luminescence” and “magnetic” 

results, optical and magnetic characterizations were done. The magnetic/nonmagnetic 

nanostructure interface was examined. Despite the “non-magnetic (di-magnetic)” nature of 

CdS QDs, that is obviously an "optically-active" and "magnetically-inactive" material, 

considerable “exchange-bias” has been seen in some of the CSNs. The existence of 

"exchange-bias" has been confirmed by a shift in the susceptibility derivative as well as a 

change in "magnetic-anisotropy." High coercivity in SHF/CdS CSNs demonstrates the SHF's 

hard-magnetic character, which persists even after core-shell formation, and implies CSNs 

formation, as there is no interaction between the core and shell interface. Hysteresis 

derivatives provide information about new structural properties. Finally, stable and efficient 

CSNs were successfully formulated, with no exchange bias or shift. These “magneto-

fluorescent nanostructures” have capability to be used in “spintronics”, as well as “In-vivo 

drug administration”, diagnosis, and imaging applications in the nanomedicine sector, 

according to recent findings/discoveries. 
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1.1 Introduction 

The “seed mediated aqueous growth approach” has been flourish for the selective and 

controlled fabrication of core-shell nanostructures (CSNs), which combine the various 

functions of ferromagnetic core and semiconducting shell in a single material with tuneable 

fluorescence and magnetic characteristics. The magnetic cores of “Nickel Zinc Ferrite (NZF) 

and Strontium Hexa Ferrite (SHF) and the fluorescent semiconducting shells of CdS quantum 

dots (QDs)” were used to create a new set of magneto-fluorescent CSNs. This magnet within 

semiconductor model satisfies the necessity for simultaneous targeting and tracking, proving 

to be a valuable tool in “targeted drug delivery, serving as a dual-modal imaging probe for in 

vivo multiphoton cell-dynamics, MRI, and cell-sorting applications”. Figure 1.1 shows the 

emblematic illustration for the CSN.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Shows the schematic for the CSNs 

 

In general core–shell nanoparticles (NPs) are biphasic materials with different entities joined 

together using various mechanisms. The unusual features, that these particles can display as a 

result of the assortment of core and shell material, geometry, and design have raised the 

interest of researchers. [1-4]. The general classification of CSNs is shown in Figure 1.2 based 

on material type (along with the most common synthetic methods) and shell parameters.  
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Figure 1.2: The general classification of CSNs is shown in Figure 2 based on material type (along with the most 

common synthetic methods) and shell parameters 

 Core-shell designs have been engineered to boost the activity, stability, or the reactive 

sites for their wide-ranging series of applications in memory devices, biomedicine, catalysis 

and in spintronic [5-36]. Multifunctional core shell nanostructures have emerged as today's 

most exciting smart materials. New nanoparticles with an optical signature in addition to 

supplementary physical qualities are predominantly relevant, allowing optical addressability 

for particle tracking and monitoring as well as other properties [37-40]. Integrating noble 

metals and semiconducting QDs into a structure is an effective way to impart optical 

characteristics at the nanoscale. Interesting features have resulted from interfacial regions 

because of the interaction in between different natured entities [41]. Management of an 

electron's charge and spin at the atomic level in magnetic/nonmagnetic heterostructures could 

lead to the advancement of QDs-based spintronic devices, demanding additional research. 

Recently experimentation on bulk “Fe/MgO” has yielded fascinating interfacial results, owing 

to the suggested existence of FeO interactions at the surface [42-44]. In bulk materials these 

effects are very weak and are not detected in bulk magnetic measurements. Due to the spatial 

confinement, the magnetic exchange interaction in this device will be more strongly perturbed 

than in its bulk equivalent. This can impact the electronic structure and lead to charge carrier 

exchange between the ferromagnetic and semiconducting phases observing these effects in 
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FM/nonmagnetic systems [45]. The structural and compositional characteristics of CSNs that 

can affect their catalytic capabilities are shown in Figure 1.3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3: CSNs structural and compositional characteristics that influence catalytic capabilities 

1.2 Magnetic Nanoparticles 

Nanoparticles are materials having a diameter of 1 to 100 nanometres (nm). When a magnetic 

field is applied to a material, it causes it to respond. “Ferromagnetic, paramagnetic, 

diamagnetic, antiferromagnetic, and ferrimagnetic” are the diverse categories. The net 

magnetic moment in ferromagnetic materials is due to unpaired electrons. When a 

ferromagnetic substance is positioned in a magnetic field, the magnetic moments mark-up 

sideways the path of the applied field, resulting in a significant net magnetic moment. When a 

paramagnetic substance is positioned in applied field, it produces a feeble over-all magnetic 

moment. While the diamagnetic materials have zero magnetic moment because of no unpaired 

electrons.  

 Antiferromagnetic materials are made up of distinct atoms at different lattice 

positions. Atoms have equal magnetic moments but opposing magnetic directions, resulting in 

a net magnetic moment of zero. Ferrimagnetic materials are also made up of various atoms 
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but with antiparallel magnetic moments residing on different lattice sites. Antiferromagnetic 

materials have net magnetic moments that do not balance out because their magnitudes are 

different, resulting in a net impulsive magnetic moment. Ferrimagnetic materials, on the other 

hand, have net magnetic moments that do not balance out because their magnitudes are 

different. Antiferromagnetic and ferrimagnetic materials act similarly to ferromagnetic 

materials in a magnetic field [46]. Figure 1.4. depicts the many types of magnetism, with 

arrows indicating spin orientations. 

Some geometric and magnetic data, regarding magnetic nanoparticles (MNPs) must 

be understood in order to better analyse MNPs. The form, size, crystal structure and 

composition, of nanoparticles are all considered as geometric data. Under magnetic 

parameters we have “saturation magnetization, residual magnetization, coercivity, and 

blocking temperature”. The magnetic characteristics of MNPs are dominated by the 

following aspects, which give them certain distinctive properties: 

  (a) Effects of “finite size”  

(b) “Surface effects”, such as dangling bonds, oxidation, the presence of surfactants, surface 

strain, etc. 

  

Figure 1.4: Shows the different type of magnetism with nature of the spin orientation 

1.2.1 Ferrite Nanoparticles 

Thousands of years ago, ferrites were discovered [47-48]. Magnetic iron-ore was used to 

make the primary compass (Fe3O4). The ferrite spinel structure has 24 cations (Fe2+, Zn2+, 

Co2+, etc.) and 32 O2- anions per unit cell. There are 96 potential cation sites in unit cell (“64 
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T-sites and 32 O-sites positions”). T- sites are a fraction of the magnitude of O-sites. The 

“spinel structure” is often described as a cubic closed-pack of oxygen ions with the formula 

(A)[B2] O4.  

The spinel structure of ferrite can be written as (Me2+) [Fe2
3+] O4 in general. The 

trivalent cations are Fe3+ cations, while the divalent cations are Me2+ cations. The Fe3+ atoms 

occupy octahedral positions in the “spinel structure” while Me2+ atoms occupy tetrahedral 

positions although Me2+ is found in a tetrahedral configuration. (Me2+) [Fe3+
2] O4, which is 

regular “spinel structure”, is obtained at x = 0. When x = 1, the inverse spinel structure (Fe3+) 

[Me2+Fe3+] O4 is obtained [ 49-50]. Ferrites of various sizes and synthesis processes have 

been shown to have different structure, content, cation distribution, and magnetic 

characteristics than their bulk counterparts [ 51-58]. “In spinel ferrites, all cations' magnetic 

moments are oriented in the same direction at the octahedral lattice locations. All cations on 

the tetrahedral lattice sites have magnetic moments that are antiparallel to those on the 

octahedral lattice sites, but directed in the same direction” [59].  

  It was revealed that the magnetization of Zn ferrite nanoparticles is substantially 

higher than that of its bulk form. [60]. Due to its regular spinel structure, ZnFe2O4 exhibits 

paramagnetic behaviour in its bulk form, with Zn2+ ions inserted entirely at T sites. The Fe3+ 

cations and Zn2+ cations are distributed among the O and T lattice sites as a result of this 

migration, there is change in   their magnetic properties as well. When the Zn/Fe ratio exceeds 

0.5, the magnetization of Zn ferrite is found to decline [61]. The difference in net magnetic 

moments between the two sublattices grows, leading to improved net magnetization in the 

NPs which is contrary of what was detected.  

Despite many researches on these ferrite nanoparticles' magnetic properties, their 

magnetic behaviour is still unknown. Recent research on ferrite nanoparticles [62] and Fe 

nanoparticles coated with magnetic oxides [63] has revealed a complex image of the 

nanoparticles. Several discoveries suggest that surface structure faults could cause magnetic 

disorder to spread into the centre within a given layer thickness. These discrepancies may be 

because of the factors affecting the magnetic behaviour of nanoparticles, comprising particle 

size distribution, surface and interior flaws, and dipolar and exchange interactions between 

particles the nanoparticle has a range of spin distributions due to the exchange coupling 

between the surface and the centre.  
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The presence of point defects in ferrites, such as oxygen and cation vacancies at the O- 

sites, may structurally compensate for their non-stoichiometry. As a consequence of the non-

stoichiometry of the zinc ferrites' composition, many factors emerge, including shifts in the 

“lattice parameter”, the emergence of “secondary phases”, and the emergence of “point 

defects”. 

Since Zn2+ ions can be incorporated at the O-sites, the composition of Zn ferrite 

nanoparticles is non-stoichiometric. However, particle size, synthesis processes, and ambient 

variables are said to influence the degree of inversion [64]. The dispersal of cations within 

nanoparticles' spinel lattice has been found to affect nanoparticle [65-67]. 

In “high resolution electron microscopy (HRTEM)” micrographs, the edge of an 

agglomeration of NPs with dimension of 8 nm revealed normal crystallinity [51]. The 

magnetic properties of these nanoparticles were greatly affected by this structure. NPs with 

dimensions larger than 3 nm exhibit ferrimagnetism, according to H-M measurements. All 

nanoparticles did not attain saturation magnetization at ambient temperature and high 

magnetic fields. This is due to the occurrence of magnetically deceased coating that becomes 

more visible as the sample size decreases [ 68].  

  “In a study on nanostructure nickel ferrite (NiFe2O4) with grain sizes of 13, 20, 26, 

and 51 nm, the smallest and biggest grain-sized samples demonstrated surface spin canting 

and shift in coordination of the iron ions at T-sites and O-sites with reduction in grain size” 

[69]. All samples with the smallest grain size had a lower magnetization value, which was 

related to conversion of structure from “inverse” to “mixed spinel” form [69]. The magnetic 

properties of the NPs changes as a result of nanoparticle size, synthesis methods, and 

synthesis conditions. It's critical to comprehend how different fabrication methods and 

particle sizes might alter the magnetic characteristics of ferrite nanoparticles. 

 1.2.1.1 Soft Ferrites 

Soft ferrites can easily modify their magnetization and function as magnetic field conductors 

since they have a low coercivity. They're used to make ferrite cores, which are effective 

magnetic cores for high-frequency inductors, transformers, and antennas, as well as other 

microwave parts, in the electronics sector. Soft ferrites are magnetic materials with a high 

resistivity and a low coercivity field. With a small amount of magnetic field, they can be 

quickly magnetized and demagnetized. Since soft ferrites have a low coercivity and a high 
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retentivity, they can easily reverse magnetization without losing much energy, have low 

hysteresis losses, and have low eddy current losses [70]. These materials are best for high 

frequency applications because of low loss. MgZn ferrite, CoZn ferrite, NiZn ferrite, and 

other soft ferrites are common examples. They are used in “transformer cores, magnetic 

recording heads, inductors, and other applications because of their high saturation 

magnetization, high resistivity, and high permeability” [71]. Crystal structure for the nickel 

zinc ferrite designed with the help of Vista software [72] is shown in Figure 1.5. 

 

  

 

 

   

 

 

 

 

 

Figure 1.5: Crystal structure for the Nickel Zinc ferrite 

1.2.1.2 Hard Ferrites 

“Hard ferrites” also called permanent magnets are tough to demagnetize due to their strong 

coercivity. Permanent magnets are utilised in refrigerator magnets, loudspeakers, and small 

electric motors, among other applications. [73-74]. After magnetization, hard ferrite is a 

permanent magnet with a strong coercivity and retentivity rating. The most important 

property of hard ferrite is its high coercivity, which is described as a high value of magneto 

crystalline anisotropy energy. They can't be magnetized or demagnetized with a tiny amount 

of field, and they need a lot of fields to be magnetized or demagnetized. These ferrites have 

high magnetic permeability and are made up of barium, iron or strontium oxides. Hard 

magnets have a higher propensity to store more magnetic field than iron and are commonly 

used in household items, especially as refrigerator magnets. Strontium ferrite, barium ferrite, 

and cobalt ferrite are examples of hard ferrites that are used as permanent magnets, magnetic 
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recording media, and so on. Figure 1.6. Shows the crystal structure for the strontium 

hexaferrite designed with the help of Vista software [75].  

 

 

Figure 1.6: Crystal structure for the Strontium hexaferrite 

 

1.2.2 Synthesis techniques for the ferrites 

A large portion of MNP-based research papers published in recent decades has focused on 

effective methods for preparing MNPs that are stable, shape-controlling, size-controlled and 

homogeneous-precipitation, microemulsion, thermal decomposition, solvothermal, 

sonochemical, microwave assisted, chemical vapors deposition, combustion synthesis, carbon 

arc, laser pyrolysis synthesis” are some of the proven and approved methods for MNPs 

synthesis that have been identified so far. 

 

In this segment, we'll go through some of the most common MNP preparation 

methods. Each approach has its own set of benefits and drawbacks. The choice of synthesis 

methods is also influenced by the final application area. As a result, basic parameters such as 

“desired particle or cluster size, shape, crystal structure, surface chemistry, reactivity, 

tolerance to working temperature after preparation, pH stability, and dispersion capability, 

possibility of collection after participating in catalysis, whether to be used in powder form or 

thin film form, and so on” influence the synthesis process chosen. Figure 1.7. depicts various 

synthesis processes for the creation of magnetic NPs. 
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Figure 1.7: Synthesis techniques for the magnetic nanoparticles 

1.2.2.1 Co- precipitation Route 

“Co-precipitation route” is the maximum consistent and oldest method for MNPs creation 

[76]. For example, iron oxide nanoparticles were produced utilising the “Co-precipitate 

approach from a water-based solution containing Fe (II) and Fe (III) in anaerobic ambient 

conditions by adding a base for pH”. [77]. The morphology and structure of MNPs are all 

determined by factors such as the reaction temperature, Fe (II): Fe (III) salt ratio, and medium 

pH [78]. Once the synthesis prerequisites were accomplished, the synthesis of magnetic 

nanoparticles became efficaciously repeatable. In both acidic and basic conditions, maghemite 

has extraordinary chemical stability. The use of a stabilising agent such as “polyvinyl 

alcohols” in a chainlike assembly indicating the quantity of adequate surfactant for stability 

has recently been disclosed, with the usage of magnetic NPs with monodispersed and 

changeable dimensions. [79]. The “co-precipitation route” is the widely applicable synthesis 

route for achieving iron oxide NPs. 

1.2.2.2 Hydrothermal Method  
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“Using temperatures of 125°C to 250°C and pressures of 0.3 to 4 MPa, powdery iron oxide-

based NPs with a crystallite size of approx. 40 nm were produced via a hydrothermal 

approach with a saturation magnetization of 90 emu/ g” [66]. The stoichiometry of the salts 

has an impact on the particle size dispersal and crystallite size of NPs [80]. Disadvantage of 

the “hydrothermal route” is the slow reaction kinetics at a particular temperature; however, 

this disadvantage is overawed by using microwaves. “Microwave-assisted synthesis” 

improves crystallization kinetics. 

1.2.2.3 Micro-emulsion Method 

“A microemulsion is a thermodynamically stable and isotropic dispersion made by combining 

two immiscible solvents with a layer of surfactant molecules at the interface” [81]. 

Surfactants usually have "hydrophilic heads" and "hydrophobic tails" that are oil soluble, 

resulting in interface monolayer [82]. As opposed to synthesis methods, there are many 

benefits to using the microemulsion technique. For example, requirement of simple 

equipment, nanomaterials are achieved in great form and composition, size control, desired 

crystal structure, can be produced. Micro-droplets of water up to 50 nm in size, are 

disseminated in a continuous hydrocarbon phase to form water-in-oil micro-emulsions [83]. 

When two identical “water-in-oil” micro-emulsions containing the necessary reagents were 

mixed, micro-droplets were created, which would collide, combine, and split repeatedly, 

resulting in the formation of precipitate within the micelles. Following the reaction's 

completion, ethyl-alcohol, acetone, or other solvents are added to absorb the precipitate by 

centrifugation or filtration. Mixed metal-iron oxide NPs are materials used for a variety of 

applications, especially for electronic applications [84]. Micro-emulsions are referred to as 

"nano-reactors" because they produce nanoparticles. The microemulsion method is used to 

make a wide variety of magnetic nanomaterials with reasonable size and shape control [85-

86].  

1.2.2.4 Sono-chemical Method 

The “ultrasound field” for the controlled size distribution is used in the synthesis [87-88]. 

“Sono-chemical method” uses "acoustic cavitation phenomenon" and is intended for 

preparations where bubbles in solution are continuously developing, expanding, and 

collapsing. The ampule containing the solution-blend is mounted in an ultrasound reactor “at 

pressure (>20 MPa), temperature range (>5000 K), and cooling rate of (1010 Ks-1)”, and NPs 

are produced by the coalescence of formed bubbles, which is accompanied by micro-jets and 

shock waves moving at 400 km/h [89]. The "nuclear development" and "secondary 
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nucleation" can be halted by these tendencies. In comparison to other approaches, the sono-

chemical technique has been shown to be more efficient, convenient, rational, and 

environmentally friendly [90]. As a result, the “sono-chemical route” may be a viable 

synthesis procedure for improving the magnetic response of MNPs while also facilitating 

better particle size distribution control. 

1.2.2.5 Sol-gel Method 

“Sol-gel method” is an effective aqueous path for the NPs preparations. The method is based 

on the “hydroxylation and condensation” which results in the creation of a “sol”. To make the 

solution, the nitrate or chlorides were first mixed in water. The resulting “sol" is then ‘‘gelled" 

by extracting the water, resulting in a viscid gel. The structure formed during the “sol-gel” 

process has a significant impact on gel properties. The formation of a colloidal gel is 

influenced by basic catalysis, while the polymeric shape of the gel is influenced by acidic 

catalysis. The entire sol-gel reaction takes place at ambient conditions; however, annealing is 

required for the better achievement of the final crystalline state. In the “sol-gel” phase, salt 

ratio, pH, synthesis temperature, are of the parameters that have a direct impact on reaction 

kinetics, reaction growth, and the properties of the gel produced [91-92]. The advantages of 

the “sol-gel” method include that based on the experimental conditions chosen, are (i) the 

high likelihood of obtaining pure crystalline or amorphous phases, and (ii) the controlled 

quality of the reaction products. “Sol-gel” synthesis is essentially a synthesis technique 

carried out at low-temperature range, which is one of the method's main features and 

advantages. The process is biocompatible due to the low synthesis temperature. As a result, 

the “sol-gel” process is a the widely used scheme for preparing nanoparticles that are then 

biologically processed. Only issue with the process is that it produces 3-D networks, which 

means in the process it is difficult to form isolated, disengaged nano-sized units [93]. 

1.2.2.6 Biological Method 

The rise of green chemistry has established the consideration of nanotechnology around the 

globe [94]. The key goal of the biological strategy is to use chemical manipulations to either 

remove or minimize hazardous materials [95]. Biological synthesis, which involves the 

formation of metallic nanomaterials from plant extracts, is currently being investigated as a 

high-priority and exciting research field. The biological way to make MNPs is the least 

poisonous and harmless way to make environmentally friendly and reliable nanomaterials 

with an extensive array of biological applications. Figure 1.8. shows some of the applications 

of MNPs in nano medicines. 



                                                                                                                   

 
13 

 

Figure 1.8: Applications of MNPs in medicine 

 

1.3 Quantum Dots 

QDs are nanometre-sized luminous semiconducting crystals with remarkable physical and 

chemical properties due to their small size and compact structure. QDs have different 

electronic and optical features. QDs are made up of elements from the periodic table's groups 

“III–V, II–VI, or IV–VI, such as CdS, CdSe, CdTe, CdS@ZnS, CdSe@ZnS, and 

CdSeTe@ZnS”. These QDs are commonly used in biosensing applications due to their 

excellent fluorescence properties. A nanostructure is classified as (1) 2-D, such as quantum 

wells, (2) 1-D, such as quantum wires, or (3) 0-D, such as dots [96-99].  “QDs are 0-D 

relative to the bulk, and the limited number of electrons results in discrete quantized energies 

in the density of states (DOS) for non-aggregated 0-D structures. The staircase's step size is 

proportional to the reciprocal of the QDs' radius” [100-101].  

 

1.3.1 Fluorescent Quantum Dots (Group II-VI) 

 The bulk level of a material has physical properties that are independent of its size. However, 

at the nanoscale, the idea is completely different. If the size of nanomaterials approaches the 

nanoscale, properties such as optical properties change. QDs emits in the range of visible to 

near-infrared. The emission of detectable QDs under excitation is visible to the naked eye. 
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The size of the QDs, as well as the substance, determines the emission profile of the QDs. 

Small sized QDs emit near the blue side of the spectrum, while large sized QDs emit near the 

red side. “Visible II-VI group QDs such as CdSe and CdSe/ZnS QDs have been recognised in 

multipurpose photonic applications such as optical fibre amplifiers, solar cells, and LEDs due 

to their bright and remarkable emission patterns”. These visible QDs have also been used in 

medical and biological research as optical temperature probes [102]. 

 

1.3.2 Synthesis methods for Quantum Dots 

1.3.2.1 Top-Down Synthesis Processes 

“Electron beam lithography”, “reactive-ion etching”, and “wet chemical etching” are widely 

used to attain QDs with dimension of less than 30 nm. For orderly experimentations on the 

“quantum confinement effect”, laser beams or directed ion have been used to make 0-D dot 

arrays. Etching, which has been around for over 20 years, is crucial in these nanofabrication 

progressions. This etching method is identified as reactive ion etching when the active species 

are ions (RIE). Selective etching of the substrate is accomplished via masking pattern. RIE 

with a mixture of BCl3 and Ar are used to fabricate GaAs/AlGaAs in the range of approx. 40 

nm [103-104]. Figure 1.9. Gives the flow chart for the various synthesis approaches and 

techniques for the Quantum dots (QDs). 

 

 

 

 

 

 

 

 

 

Figure 1.9: Synthesis approaches and techniques for the Quantum dots (QDs) 

 QDs can also be manufactured with exceptionally high lateral precision using 

“focused ion beam (FIB) techniques”. To crackle the semiconductor substrate surface, highly 
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concentrated rays from a heated metal source can be implemented in a straight line. The size, 

shape, and the QDs inter-particle distance are all dependent on the magnitude of the ion beam 

[105]. Ion beam nanofabrication can create “scanning ion beam images” (similar to “scanning 

electron microscope” micrographs) with high resolution at predetermined locations [105]. 

However, this is a time-consuming, low-throughput process that uses costly equipment and 

results in surface damage. “Electron beam lithography”, accompanied by etching or lift-off 

methods, is another way to create patterns with QDs measurements. This method allows for a 

great deal of versatility in the development of nanostructured structures. This technique can 

be used to create any form of QDs, wires, or rings with precise separation and periodicity. 

This method was used to make “III-V” and “II-VI” QDs with dimension as minor as 30 nm 

with great success. 

1.3.2.2 Bottom-up Approach 

The QDs were synthesized using a variety of self-assembly techniques, which can be widely 

divided into “wet-chemical” and “vapor-phase approaches”. (1) “Wet-chemical” approaches 

include “microemulsion”, “sol-gel”, competitive reaction chemistry, “hot-solution 

decomposition”, and “electrochemistry”. (2) "Molecular beam epitaxy (MBE)", "sputtering", 

“liquid metal ion sources”, and “aggregation of gaseous monomers” are examples of "vapor-

phase processes." 

1.3.2.2.1 Wet-Chemical Methods 

“Wet-chemical methods” are based on traditional precipitation methods, with parameters 

carefully controlled for an only solution or a mixture of solutions. Both nucleation and 

restricted growth of nanoparticles are inevitably involved in the precipitation method. 

Homogeneous, heterogeneous, and secondary nucleation are the three forms of nucleation. 

Temperature, stabilisers or micelle formation, precursor concentrations, anionic to cationic 

species ratios, and solvent can all be used to make QDs of the chosen morphology. The 

following sections go into some of the most popular synthesis methods. 

1.3.2.2.2 Sol-Gel Process 

For several years, “sol-gel techniques” have been used to make NPs, counting QDs [106-108]. 

“Hydrolysis, condensation (sol formation), and growth” are the prime stages in the method. In 

a nutshell, the metal precursor hydrolysis and condenses in the medium to form a “sol”, which 

is then polymerized to form a network (gel). CdS, ZnO [109], and PbS [106] are examples of 
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QDs synthesized using this process. The procedure is straightforward, cost-effective, and 

scalable. The key drawbacks of the sol-gel method are its wide size distribution and high 

defect concentration [110].  

1.3.2.2.3 Microemulsion Process 

At room temperature, “microemulsion processes” are widely used to synthesize QDs. Typical 

“microemulsions, i.e., oil-in-water, and reverse microemulsions, i.e., water-in-oil”, are the 

two types of microemulsions. For the production of QDs, the reverse micelle process is used, 

in which two immiscible liquids are combined and stirred to create an emulsion. “The size of 

the micelle, which is regulated by the molar ratio of water and surfactant, limits the growth of 

the resulting QDs (W)” [111]. “II-VI core and core/shell QDs, such as CdS CdS:Mn/ZnS 

[108-109], ZnS/CdSe, CdSe/ZnSe [111], ZnSe, and IV-VI QDs, have been prepared using the 

reverse micelle technique”. This method has many advantages, including simple regulation of 

QDs dimension by adjusting the ratio of water to surfactant, better size dispersal as that of 

“sol gel process”, and ease of QDs dispersion. Low yield and the inclusion of impurities and 

defects are some of the drawbacks. 

1.3.2.2.4 “Hot-Solution Decomposition Process” 

“Hot-Solution Decomposition Process” is a well-known approach for the creation of QDs, 

which was initially explored in detail by Bawendi and colleagues in 1993. [112]. Precursors 

from Group II elements, “such as alkyl [113], acetate [114], carbonate [115], and oxides, are 

combined with phosphene or bis(trimethyl-silyl) precursors from Group VI. In a dry box, a 

mixture of Cd-precursor and tri-n-octyl-phosphine (TOP) selenide is prepared and injected 

into the flask at a temperature of 300 °C with intense stirring. The injection of precursors into 

the flask at the same time as TOPO results in homogeneous nucleation of QDs, with relatively 

slow growth of QDs by ‘Ostwald ripening.”' Smaller QDs lose mass to larger QDs during 

Ostwald ripening due to their higher free energy, gradually disappearing. At 230–250 °C, the 

net effect is a steady increase in the size of QDs. The reaction time and temperature are 

primarily responsible for the final size of the QDs. During the first few hours, aliquots from 

the flask can be withdrawn at regular intervals and the optical absorption edge can be used to 

achieve a desired particle size. II-VI [116-120], IV-VI [121], and III-V QDs [122] have all 

been synthesized using this process.  

1.4 Core-shell nanostructures 
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CSNs are emerging as a unique class of nano structures owing to specific benefits such as 

ease of surface functionalization and modification accordingly. CSNs come in a variety of 

forms, together with silica-based, metallic, up conversion, magnetic, and carbon-based core-

shell structures among others. The current study looks at expansions and advances of core-

shell systems, as “newly generated properties, the effect of parameter control, surface 

modifications, functionalization, and last but not least, promising applications in the fields of 

drug delivery and tissue engineering”, all while keeping reach, demand, and challenges in 

mind. This work also paves the way for important future research into multi-core and shell-

based functional nano-systems. 

1.5 Core-Shell multifunctional nanostructures 

Various types of core-shell multifunctional nanostructures have been produced for a number 

of purposes. We created a core-shell nanostructure that is similar to a "magnet in 

semiconductor." The magnetic core is encased in a shell of non-magnetic semiconductors. 

Different types of multifunctional core-shell nanostructures have been created. Since the field 

of magneto-fluorescent nanocomposites is in its early stages, classification of these materials 

is complicated and subjective. Core-shell nanostructures make up the majority of these 

nanocomposites. We can distinguish different types of magneto-fluorescent nanocomposites 

in general.:  

1. A magnetic core encased in a silica shell with fluorescent components;  

2. MNPs coated with fluorescently labelled polymer; 

3. MNPs coated with fluorescent bilipid;  

4. A fluorescent entity bound covalently to magnetic core through a spacer;  

5. Magnetic/semiconductor core-shell system;  

6.  QDs; doped with magnetic material. 

1.5.1 Fluorophore Encapsulated MNPs with Silica-coating  

There are numerous advantages to using silica as a covering for MNPs in the creation of 

“magneto-fluorescent nanocomposites”. The silica coating prevents any fluorophores from 

being quenched by the magnetic cores. The silica surface can be chemically functionalized, 

allowing different fluorescent and biological organisms to bind to the exterior. It also aids in 

particle aggregation prevention and increases solution steadiness. “Since magnetite's 

isoelectric point is at pH 7, it's important to coat the particles more to keep them stable in the 

pH range6–10. The application of a thin layer of silica lowers the isoelectric point to about pH 

3, improving steadiness near to neutral pH” [123]. Finally, since there is no chance of 
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desorption of the tightly covalently bound silica shells, silica coating has a major advantage 

over conventional surfactant coatings. A number of studies have been published that use a 

silica-coating method to create fluorescent-magnetic nanocomposites. 

1.5.2 Polymer-coated Magnetic Cores Treated with Luminescent Units 

Polymers or polyelectrolytes (PE)-based self-assembly techniques have recently grabbed 

much consideration. The process has many benefits, including the ability to adjust the 

thickness of the polymer coating and the ability to deposit a single layer of charged particles. 

researchers used this method to prepare magnetic-fluorescent nanocomposites by 

manipulating the interactions of PE with the “-vely charged” surface of MNPs, followed by 

CdTe QDs addition of Zeta potential measurements, which show how the surface charge 

changes when treated with an oppositely charged species, confirmed the existence of the 

polyelectrolyte. 

1.5.3 Fluorescently Labelled Lipid-coated Magnetic Nanoparticles  

Nanoparticles are commonly coated with lipid layers to enhance their stability and 

biocompatibility. This method involves coating the surface of nanoparticles with amphiphilic 

lipid molecules, which can then be connected to a variety of organisms. There have been 

many studies on the use of this method to create magneto-fluorescent nanocomposites. In 

some research work, biotin was conjugated to MNPs coated with an oleate bilipid layer in 

order to bind streptavidin-fluorescein isothiocyanate [124]. Zhang and co-workers [125] used 

a similar method to create a sandwich-type immunoassay by using a Schiff base reaction to 

functionalize dextran-coated MNPs with CdTe QD [126].  

1.5.4 Magnetic Core Directly Linked to Fluorescent Entity via a Molecular Spacer  

To avoid quenching by the paramagnetic core, directly connecting luminous moiety to a 

magnetic core necessitates the use of a sufficiently long molecular linker. The most popular 

approach is to use MNPs capped with a stabilizing agent that includes many functional groups 

that can be further functionalized. This process produced new nanocomposites that could be 

used in more biological research [127]. “Cheon and colleagues [128] developed a 

monodisperse organic-stable suspension of 9 nm Fe3O4 nanoparticles, which they phase 

transferred into aqueous solution using 2,3-DMSA. used ultrasonic effects to create a covalent 

bond between the nickel oxide surface and the carboxylic acid groups of a porphyrin 

molecule, resulting in porphyrin-coated magnetic nickel nanowires”. The main goal of this 

research was to create organized nanowire arrays with increased anisotropy [129-130]. 

1.5.5 Magnet in semiconductor type core-shell nanostructures 
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The magnetic core is surrounded by a non-magnetic layer, resulting in a new class of core-

shell multifunctional nanostructures. Example of such type are the NiZnFe2O4/CdS and 

SrFe12O19/CdS where NiZnFe2O4 and SrFe12O19 form the magnetic core, while CdS QDs 

form the shell. 

1.6 Core-Shell nanostructures synthesis methods 

The commonly used method for the core-shell synthesis is the solution growth methods, with 

two steps:  in the first step, core structure is synthesized and secondly the coating of core 

material with shell content is achieved. “Chemical vapour deposition (CVD)” or “pulsed laser 

deposition (PLD)” are two popular gas-phase synthesis techniques [131-132].  

These techniques, require several steps, with the shell material typically being 

deposited onto an already established core substrates [133-135]. The core-shell processing has 

been examined for these well-established techniques, and the various parameters that 

influence particle formation have been identified. Some of the authors recently used electron 

beam evaporation to create core-shell nanostructures in a novel way [136-137]. The core-shell 

particles by the mean of gas phase technique are synthesized in single step without the use of 

substrates in the process. As a result, this process could be a more cost-effective way to make 

core–shell nanostructures. Previous nano powders made with this method were developed at 

rates of kg/h [138-140]. The reaction cannot be observed in real time since the “electron beam 

evaporation process” is a “high-energy” method. As a result, the resulting particles are 

thoroughly characterized in order to shed light on how they came to be. Future researchers 

who want to use the electron beam evaporation method to make new forms of core–shell 

particles will benefit from this work. 

 “Wet chemical approach” is alternative convenient procedure for the core-shell 

synthesis. CSNs are synthesized using polar and nonpolar solvents in this process. It's a form 

of traditional precipitation method that involves nucleation and growth stages. By adjusting 

synthesis constraints such as pH, and temperature, nanostructures of the desired form, 

composition, and size can be developed. Homogeneous nucleation, heterogeneous nucleation, 

and secondary nucleation are all possible classifications for nucleation.  

1.7 Applications of magneto-fluorescent core-shell nanostructures 

Magneto-fluorescent composites in biomedical applications have three interesting properties: 

super paramagnetism, fluorescence, their capability to be targeted which make these 
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nanostructures exciting biomedical research tools. Their applications to identification and 

isolation, cancer diagnosis and treatment, fluorescent and MR imaging will be addressed in 

the following pages. 

 

1.7.1 Detection and separation of biomolecules  

“Through high-affinity contacts between an antibody and an antigen or a ligand and a 

receptor, targeting ligands attached to magneto-fluorescent nanocomposites generate target-

functional nanocomposites capable of identifying and sorting target molecules from complex 

mixtures”. [141-145]. High sensitivity and accuracy, time savings, wide range, and ease of 

procedure are all advantages of this method.  

1.7.2 Fluorescent and MR imaging  

Magnetic resonance and fluorescent imaging are non-invasive approaches having substantial 

impact on disease detection in past years. “MRI provides excellent imaging in vivo and in 

vitro” [146]. Magneto-fluorescent NPs can be used as multimodal contrast agents in both 

fluorescent and MR imaging, providing extra delicate imaging at the molecular and cellular 

levels [147]. “Furthermore, after being modified by the addition of a targeting ligand, 

multifunctional NPs may be used to target particular tissues or cells in order to improve the 

effects of tomography agents” [148]. Figure 1.10 shows some of the imaging modalities of 

CSNs used for biomedical fields. 

1.7.3 Diagnosis of cancer and its treatment 

Cancer is a fatal illness that usually has little to no symptoms until it is advanced to a late 

stage. Early diagnosis and prompt care are the best ways for patients to increase their survival 

rates. “Magneto-fluorescent composite NPs have been used to target cells in recent years. 

This is normally performed by conjugating them with a targeted ligand, such as a monoclonal 

antibody specific to the target” [149]. These NPs should have both magnetic and luminescent 

properties. These molecules aid in the detection and treatment of cancer. In addition, targeted 

NPs that delivers anticancer medications to cancer cells selectively will have less adverse 

effects than chemotherapy. 
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Figure 1.10: Main imaging modalities of CSNs used for biomedical fields 

 

Table 1.1: Different reports on applications of Ferrites, CdS QDs and their CSNs in diverse fields are listed in 

table 

 

 Applications Research Group References 

NiZnFe2O4 Hyperthermia and drug targeting Park JI et al 10.1021/ja0156340 

Nuclear magnetic resonance [NMR] imaging Liu C et al 10.1021/cm0403457 

Drug delivery Casula et al 10.1021/ja056139x 

Bio separation Vestal CR et al 10.1021/nl034816k 

Magneto Relaxometry Murthy N et al 10.1016/S0168-3659 

SrFe12O19 Permanent memory devices Vicky V. Mody et al 10.1515/ejnm-2012-0008/ 

Magnetic separation Akira Ito et al 10.1263/jbb.100.1 

CdS QDs Quantum Dot Sensitized Solar Cell Vogel R et al https://www.ncbi.nlm.nih.gov

/pmc/articles/PMC5445848/ 

Quantum Dot Dispersed Solar Cell Wang Y et al doi: 10.1016/0009-

2614(92)87047-S 

Fluorescence for Bioimaging Michalet X et al 10.1126/science.1104274 

Multimodal imaging capabilities Santra S et al 10.1002/adma.200500018 

NiZnFe2O4/CdS Controlled Drug Delivery and Specific 

Targeting 

Rajib Ghosh Chaudhuri et 

al 

10.1021/cr100449 

SrFe12O19/CdS Cell sorting Veronica Iacovacci et al 10.5772/62865 
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1.8 Motivation behind the work 

Requirement of aqueous mediated synthesis of stable magneto-fluorescent nanostructures for 

multimodal biomedical applications. 

1.9 Objectives of the thesis 

Objective 1: “Synthesis and characterization of nickel zinc ferrite (NiZnFe2O4), cadmium 

sulphide (CdS) QDs and their core-shell nanostructures for drug delivery applications”. 

Objective 2: “Synthesis and characterization of strontium hexaferrite (SrFe12O19), cadmium 

sulphide (CdS) QDs and their core-shell nanostructures for magnetic cell sorting 

applications”. 

Objective 3: Comparison of hard-soft ferrite-based core/shell nanostructures based on 

structural, morphological, optical, magnetic and functional analysis. 

Several characterization tools and techniques have been used to know the properties and 

discussed in the next chapter. Subsequently in coming chapters each and every objective will 

be presented and discussed in thoroughly. 

1.10 Outline of thesis 

Chapter 1. General introduction of multifunctional nanostructure is described. Different type 

of core-shell with their applications in various field are discussed briefly. 

Chapter 2. Experimental techniques used for core-shell preparation of nanostructures with 

the core of hard ferrite and with the core of soft ferrite annealed at different temperature are 

described. This section also includes the characterization techniques that are used to know the 

structural, morphological, optical and the magnetic properties of the core-shell system. 

Chapter 3. This chapter describes the synthesis of soft ferrite-based (NZF) core-shell 

nanostructure with CdS QDs shell synthesized by “sol-gel” method with the NZF annealed at 

two different temperatures. This chapter also include measurement of morphological, 

structural, optical, elemental, and magnetic properties which has been done by XRD, FESEM, 

EDX, TEM, UV, PL and VSM studies. The interface effect of magnetic core and the non-

magnetic shell is also discussed.  

Chapter 4. This chapter describes the synthesis of hard ferrite-based (SHF) core-shell 

nanostructure with CdS QDs shell synthesized by “sol-gel” method with the SHF annealed at 

two different temperatures. This chapter also include measurement of morphological, 
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elemental, optical, structural, and magnetic properties which has been done by XRD, FESEM, 

EDX, TEM, UV, PL and VSM studies. The interface effect of magnetic core and the non-

magnetic shell is also discussed. 

Chapter 5. This chapter includes the comparison of the best results obtained by the CSNs 

formed with the hard ferrite and the soft ferrite- based core-shell nanostructures. The 

structural, morphological, elemental, optical and the magnetic properties of prepared samples 

have been measured from XRD, FESEM, EDX, UV, PL and VSM techniques respectively. 

The comparison of properties based on the difference in core material is also included in this 

chapter. 

Chapter 6. This chapter deals with the overall summery and conclusion of the work. 
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[21] Zbořil, R., Karlický, F., Bourlinos, A. B., Steriotis, T. A., Stubos, A. K., Georgakilas, V., 

... & Otyepka, M., “Graphene fluoride: a stable stoichiometric graphene derivative and its 

chemical conversion to graphene.” Small, vol. 6(24), pp. 2885-2891, Dec. 2010. 

[22] Zeng, H. C., “Integrated nanocatalysts”. Accounts of chemical research, vol. 46(2), pp. 

226-235. Feb. 2013. 

[23] Bell, A. T., “The impact of nanoscience on heterogeneous catalysis”. Science, 

vol. 299(5613), pp. 1688-1691, Mar. 2003. 

[24] Wittstock, A., Zielasek, V., Biener, J., Friend, C. M., & Bäumer, M., “Nanoporous gold 

catalysts for selective gas-phase oxidative coupling of methanol at low 

temperature”. Science, vol. 327(5963), pp. 319-322, Jan. 2010. 

[25] Pecher, J., & Mecking, S., “Nanoparticles of conjugated polymers”. Chemical 

reviews, vol. 110(10), pp. 6260-6279, Oct. 2010. 



                                                                                                                   

 
26 

[26] Silva, R., & Asefa, T., “Noble Metal‐Free Oxidative Electrocatalysts: Polyaniline and Co 

(II)‐Polyaniline Nanostructures Hosted in Nanoporous Silica”. Advanced Materials, vol. 

24(14), pp. 1878-1883, Apr. 2012. 

[27] Baruwati, B., Polshettiwar, V., & Varma, R. S., “Glutathione promoted expeditious green 

synthesis of silver nanoparticles in water using microwaves”. Green chemistry, vol. 

11(7), pp. 926-930, 2009. 

[28] Baruwati, B., & Varma, R. “High value products from waste: grape pomace extract-a 

three-in-one package for the synthesis of metal nanoparticles”. ChemSusChem, vol. 

2(11), pp. 1041-1044, Jan. 2009. 
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2.1 Introduction  

Chapter gives thorough statistics on the synthesis methods of NiZnFe2O4, SrFe12O19, 

NiZnFe2O4/CdS CSNs and the SrFe12O19/CdS CSNs. Distinct set of CSNs were synthesised 

using three different loadings of core i.e., 0.2g, 0.1g and 0.05g, also the shell particle size is 

altered using the different concentration of 2-mercaptoethenol which is used as the capping 

agent in all the synthesized core-shell nanostructures. “X-ray diffraction (XRD), Transmission 

Electron Microscope (TEM), UV-vis absorption spectroscopy (UV-vis), photoluminescence 

(PL) spectroscopy, Vibrating Sample Magnetometer (VSM), and Fourier Transmission 

Infrared Spectroscopy” were used to investigate structural, morphological, optical, and 

magnetic parameters, as well as the existence of various functional groups and the study of 

different types of bonds (using FT-IR). This chapter details about all of the investigational 

practices which were employed in this examine. Discrete synthesis approaches for the ferrites 

and their core-shell nanostructures have been discussed in chapter 1. Out of all these methods 

we have selected “sol-gel” technique for the ferrite synthesis and the seed mediated aqueous 

“wet chemical aqueous route” for the synthesis of core-shell nanostructures because of their 

improved replicability, economic efficacy, and environmental friendliness. To stabilise 

particle size, these synthesis process necessitates the use of a capping agent. Sulfhydryl and 

carboxyl functional groups in capping agents are commonly selected. 

2.2 Synthesis of NiZnFe2O4 Magnetic Nanoparticle 

2.2.1 Chemicals required for NiZnFe2O4 synthesis 

Nickel nitrate hexahydrate (Ni (NO3)2.6H2O), Zinc nitrate hexahydrate (Zn (NO3)2.6H2O) 

Ferric nitrate nonahydrate (Fe (NO3)3.9H2O), citric acid monohydrate and 

ammonia solution (25%) was taken as pH controller for synthesis. The precursors (AR Grade, 

Merck) were utilised without additional purification as received. During the synthesis, 

double-distilled water was used. 

2.2.2 Synthesis procedure of NiZnFe2O4 

We attempted to synthesise multiple batches of NiZnFe2O4 (NZF)in order to find the best 

synthesis procedure to move forward with. The metal nitrate aqueous solution was made by 

dissolving stoichiometric quantities of nitrates in double distilled water under continuous 

stirring for 30 minutes. Then, in 1:3 nitrates to citric acid molar ratio, an aqueous solution of 

citric acid monohydrate was incorporated to the above mixture. To achieve the appropriate pH 
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of 7, aqueous ammonia solution was added drop by drop to the mixture. The mixture was 

maintained to temperature of 75°C±2°C with constant stirring until it turned into gel. In an 

oven, the gel was dried for 24 hours at 1100±5oC. The resulting product was then annealed for 

five hours at 900°C and 1100°C to produce the required Ni0.6-xZn0.4Fe2O4 nanoparticles. 

Figure 2.1 depicts a schematic diagram of the sol-gel process. The chemical reaction of 

ferrites generated by the sol-gel scheme is as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Process flow for sol-gel synthesis of NiZnFe2O4. 

2.3 Synthesis of SrFe12O19 Magnetic Nanoparticle 

2.3.1 Chemicals required for SrFe12O19 synthesis 
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“Ferric nitrate nonahydrate, Strontium nitrate, citric acid monohydrate and ammonium 

solution (25%) as a pH controller were used in the development of SrFe12O19
”. The 

compounds (AR Grade) were employed without additional purification and double-distilled 

water was employed in the synthesis. 

2.3.2 Synthesis procedure of SrFe12O19 

The citrate precursor route was used to make SrFe12O19 (SHF). The ideal proportion of metal 

nitrate was liquified in double distilled water. As a chelating agent, citric acid aqueous 

solution was added to the nitrate solution mixture. In a molar ratio of 1.57, metal nitrates and 

citric acid monohydrate were mixed together, according to the composition of strontium 

ferrite. The pH was then maintained at 7 using an ammonium solution. On constant stirring at 

80°C, a homogeneous solution was obtained. The mixture was then evaporated between 

75±2o while waiting for mixture to change into gel. To obtain nanocrystalline hexaferrite, the 

obtained gel was first heat up at 110°C for 5 hours prior being calcined at 900°C and 1000°C 

(4 hours) to extract preferred residue. Figure 2.2 shows the schematic diagram of the sol-gel 

process. 

The following is the chemical reaction of nanoparticles prepared by the sol-gel method:  

(a) Equation involved in the formation of  

precursor powder from gel. 
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Figure 2.2: Procedure for the sol-gel synthesis of SrFe12O19 

 2.4 Synthesis of Poly CdS and CdS quantum Dots 

2.4.1 Chemicals required for CdS synthesis 

The reaction process used extra pure ammonium chloride (NH4Cl), cadmium chloride 

(CdCl2), ammonia solution (25%) (NH4OH), thiourea CS(NH2)2 and 2-mercaptoethanol 

(HOCH2CH2SH). The cadmium and sulphur sources are CdCl2 and thiourea, respectively. 

Merck India chemicals were used in the synthesis. Both analytical grade chemicals were used 

as it is, with no further refining. Throughout the synthesis, ultra-pure distilled water (Milli-Q, 

Millipore) was used. 

2.4.2 Synthesis procedure of Poly CdS synthesis 

We attempted to synthesise many batches of CdS QDs in order to find the best synthesis 

method for moving forward. The finalised synthesis process for poly CdS is a wet chemical 

process at 70°C. Double distilled water was used as the solvent for the processing of 

hydrophilic QDs, the cadmium and sulphur sources are CdCl2 and thiourea, respectively. 

Ammonia solution was opted as a complexing agent in the process. In current experiment, the 
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reaction is comprised of NH4Cl, CdCl2 and thiourea in a 1:1.5:3 molar ratio. The pH was set 

at 7.5 using NH3. Following the complete mixing of chlorides in double distilled water, 

dropwise additions of ammonia solution were made until the pH touched 7.5 value. Dissolved 

the required measure of thiourea when the pH reached at 7.5. Then solution was continuously 

stirred for 3 hours. CdS QDs were rinsed several times after the reaction was completed using 

a centrifuge machine. Figure 2.3 shows the process flow for poly CdS synthesis. 

 

 

 

 

 

 

 

 

Figure 2.3: Process flow for poly CdS synthesis 

2.4.3 Procedure for the synthesis of CdS1, CdS2 and CdS4 QDs 

CdS quantum dots (QDs) were prepared via aqueous “wet chemical route” at an optimal 

temperature of 70oC. The precursors used in the synthesis of CdS QDs were the same as those 

used in the synthesis of poly CdS. However, to maintain particle size, we have used 5% 2-ME 

(2-Mercaptoethanol) as a stabilising agent. Different sized CdS QDs were synthesised using 

diverse amount of 5% 2-ME, independently. On the completion of reaction, centrifugation 

and the filtration of powder was carried out. The procedure for synthesising all kinds of CdS 

QDs particles are shown in Figures 2.1 and 2.2. Figure 2.4 shows the process flow for poly 

CdS synthesis. 

 

The overall reaction for the formation of CdS QDs is outlined below. 
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Figure 2.4: Process flow for CdS1, CdS2 and CdS4 QDs synthesis 

2.5 Synthesis of NiZnFe2O4/CdS Core-shell Nanostructure 

2.5.1 Chemicals required for NiZnFe2O4/CdS synthesis 

The following chemicals were used in the synthesis: nickel nitrate hexahydrate 

(Ni(NO3)2.6H2O zinc nitrate hexahydrate ,ferric nitrate 

nonahydrate (Fe(NO3)3.9H2O), citric acid monohydrate C6H8O7.H2O, cadmium chloride 

(CdCl2), ammonium chloride (NH4Cl), The compounds (AR Grade, Merck) were utilised as 

acquired, with no more refinement.  

2.5.2 Synthesis procedure of NiZnFe2O4/CdS 

We used the sol-gel process to make Ni-Zn ferrite and the wet chemical method to make CdS 

quantum dots. Equations (1) and (2) show the chemical reactions for Ni-Zn ferrite synthesised 
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by sol-gel and CdS QDs synthesised by wet chemical methods, respectively. Following that, 

we developed NiZnFe2O4/CdS core-shell nanostructures by dissolving diverse loadings of 

ferrite (0.2 gm, 0.1 gm, and 0.05 gm) in the CdS solution mixture and adjusting the pH to 7.5 

during the CdS synthesis process. The thiourea was then added to the prepared solution. After 

dissolution of thiourea, a stabilising agent 2-mercaptoethenol was added to attain various 

sized quantum dots shell. The reaction was heated and stirred continuously for three hours. 

After that, samples were washed and collected for analysis. Figure 2.5 depicts the process 

flow for synthesis of NiZnFe2O4/CdS CSNs. 

The overall reaction for the core-shell formation is described below. 

 

 

 

 

 

 

 

 

Figure 2.5:  Procedure for synthesis of CdS1, CdS2, CdS4 and NiZnFe2O4/CdS core-shell nanostructures 
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2.6 Synthesis of SrFe12O19/CdS Core-shell Nanostructure 

2.6.1 Chemicals required for SrFe12O19/CdS synthesis 

Ferric nitrate nonahydrate, strontium nitrate, citric acid monohydrate, cadmium chloride 

(CdCl2), ammonium chloride (NH4Cl), thiourea CS(NH2)2 and ammonium solution (25 %) as 

pH controller. 2-mercaptoethenoal is used as stabilizing agent. The compounds (AR Grade, 

Merck) were employed without extra purification as obtained. During the synthesis, double-

distilled water was used. 

2.6.2 Synthesis procedure of SrFe12O19/CdS 

SHF core-shell nanostructures with CdS quantum dots were produced using an aqueous 

method with water as the solvent. The entire core-shell is designed using the "seed growth 

process." The growth of CdS QDs on the ferrite surface is aided by the presence of strontium 

hexaferrite as a substrate. CdS QDs acted as seeds that sprouted on the surface of Strontium 

hexaferrite. The aqueous sol-gel approach is used in the synthesis of SHF. To make a mixture 

of metal nitrate precursors, stoichiometric ratios of nitrates with optimised compositions were 

mixed in distilled water and agitated until the nitrates were completely dissolved. Aqueous 

solution of citric acid monohydrates was thawed in the nitrate solution to retain the nitrate to 

citric acid molar ratio at 1:3. Ammonia solution was used to boost the pH to 7. The solution 

was then heated for several hours at a temperature range of 85oC with persistent stirring till 

the liquid solution transformed into a viscous gel. The gel was dried in a hot air oven at 110°C 

for 24 hours. The dry powder was then annealed for five hours at 900oC and 1000oC to form 

the desired SHF nanoparticles. SHF were incorporated as a substrate during the CdS QDs 

synthesis to prepare SHF/CdS CSNs. The CdS solution is made according to the instructions 

in the previous papers we have reported. SHF nanoparticles were inserted into the CdS QDs 

solution as synthesised SHF nanoparticles, and then thiourea was injected instantly, followed 

by 2-mercaptoethanol solutions for different combinations of core and shells. Figure 2. 6 

depicts the process flow for SrFe12O19/CdS CSNs. 

Reaction involved: 
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Figure 2.6: Procedure for synthesis of CdS1, CdS2, CdS4 and SrFe12O19/CdS CSNs 

2.7 Characterization techniques  

2.7.1 X-ray diffractometer (XRD) 

In the field of material science, “X-ray powder diffraction” is a striking means in the 

investigation of structural properties of nanomaterials. XRD is made up of three main 

components: An X-ray tube, an X-ray detector, and a sample holder. The “Shimadzu (XRD 

6000) X-Ray diffractometer” used for experiments is shown in Figure 2.7. XRD is a common 

non-destructive method for crystalline material characterization. This technique provides data 

on crystal structure, atomic spacing, phases, desired structure positionings, and a variety of 

further constraints like crystal defects, size and strain.  

A sample XRD graph is a stain of sporadic atomic measurements in a specific substance. A 

cathode ray tube produces X-rays, which are subsequently sieved to produce unicolor 

radiation, which is then collimated to concentrate in the sample's direction (Figure 2.8). 

Diffracted rays are generated when the incident beam interacts with the sample. Bragg's law 

determines the distance between diffracted atomic planes by relating the λ of electromagnetic 

energy to the lattice spacing and the angle of diffraction, i.e. nλ =2dsinθ. Since each sample 

has a different value of d-spacings, changing the diffraction peak to d-spacings allows for 

sample identification [1].   
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Figure 2.7: “Shimadzu (XRD 6000) X-Ray diffractometer” 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.8: Diagram for Bragg’s and “X-ray diffraction” 

2.7.2 “Transmission electron microscopy (TEM)”  

“Transmission electron microscopy” (TEM) is a method for visualising and analysing a 

specimen's crystal structure and microstructure. A photograph of “Hitachi (H-7500) a 

transmission electron microscope (TEM)” is shown in Figure 2.9 [2] along with the detailed 

schematic (Figure 2.10). By illuminating a sample with an electron beam, a TEM image is 

produced. The focal, intermediate, and projector lenses in the image producing device below 

the sample location are in charge for focusing the electron towards the specimen and thus 

responsible for creating exceedingly magnified image onto the screen. The pictures that are 

created are unicolor and can be stored on systems.  

 For the observation of a sample, TEM proposes two modes: diffraction mode and 

picture mode. Diffraction mode, generates a project for specimen by lighting the region with 



                                                                                                                   

 
51 

an electron beam. The diffraction pattern by TEM and XRD identical. The image mode is 

used to create an image from the sample's illuminating field. 

 

 

 

 

 

 

 

 

  

Figure 2.9: Picture of “Transmission electron microscope (TEM): Hitachi (H-7500)” 

 

 

 

 

 

 

 

 

 

Figure 2.10: Ray diagram of “Transmission electron microscope” 

2.7.3 “Energy dispersive X-ray spectroscopy (EDX)” 

EDX is a very effective investigating tool for determining the elements present in sample. “X-

rays” are formed in EDX by ionising an atom with high-energy radiation (10-20 KeV), which 
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causes a vacancy in the inner shell. The incident ray stimulates an electron in the inward shell, 

emits it from the shell, and creates an electron hole. Following this, higher-energy shell 

electrons fill the vacuum. The energy is emitted in the form of X-rays in this process. This 

energy is proportional to the difference in energy between the higher and lower energy shell 

(Figure 2.11). The energy of the “X-rays” emitted by the analyte is measured using an 

“energy dispersive spectrometer”. These “X-ray” results from the energy difference between 

the two shells, allowing the essential configuration of the sampling to be determined. We can 

study the elements present in specimens by investigating the nature of the emitted X-rays. [3]. 

 

 

 

 

 

 

 

 

 

Figure 2.11: Schematic ray diagram of EDX 

2.7.4 Field emission scanning electron microscopy (FESEM) 

FESEM is a high-resolution microscope that studies the topology, morphology, and structure 

of materials using electrons rather than light. FESEM images have higher spatial resolution 

(3-6 times) and magnification (10 X to 300000 X) than scanning electron microscope images 

(SEM). In FESEM, an electron beam is produced from the cathode through field emission, 

which results in a narrower beam at low and high electron energy, improving spatial 

resolution and reducing sample damage. Electrons are released from the source by field 

emission and accelerated in a high electric field gradient in FESEM. To create a narrow beam, 

these primary electrons are focused and deflected by electronic lenses in high vacuum. 

Secondary electrons emitted from the specimen are captured by the detector that generates the 

electrical signals when a narrow electron beam bombards the sample or specimen. These 
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electrical signals are then amplified and converted into images, which provide information 

about the samples. The ray diagram of FESEM is given in figure 2.12.   

 

 

 

 

 

   

 

 

 

Figure 2.12: Photograph of “Carl Zeiss Modal No-Ultra Plus-55 FESEM” 

2.7.5 Optical Characterization 

2.7.5.1 UV-vis-Spectrophotometer 

UV spectroscopy involves the molecule absorbing light in the ultra-violet range (200-400 

nm). “Perkin-Elmer Lambda 750” “UV-vis Spectrophotometer” was used to measure 

absorption (Figure 2.13). In UV-vis spectroscopy, light is absorbed, causing electron 

excitation from the lower to higher state. “UV-vis spectroscopy” is based on the “Beer-

Lambert law”, which states that the rate at which the strength of a beam of “monochromatic” 

light reduces due to the width of the engrossing solution is related to incident energy and 

solution concentration when it travels through a solution of an absorbing substance. 
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UV-vis apparatus practices “Tungsten filament lamps and Hydrogen-Deuterium 

lamps” for sources since they coverup entire range. Monochromators are prisms and slits that 

are widely used in “spectrophotometers”. The energy released by the light is separated by 

spinning prisms. Slit-selected ray is” monochromatic”, and with the aid of another prism, it is 

split into two rays. One divided beam pass by the sample solution, whereas second ray pass 

by the reference solution. Two photocells are found in the detector. The photocells generate 

very low-intensity current, which is amplified by amplifiers to produce strong signals. The 

CPU is wired to these amplifiers. The CPU saves all of the data and creates the required 

compound's spectrum. The ray diagram of a UV-vis-Spectrophotometer is given in Figure 

2.14. [4]. 

 

 

 

 

 

 

 

Figure 2.13: Picture of UV-visible spectrometer “Perkin-Elmer Lambda 750” 
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Figure 2.14: Ray diagram of “UV-vis-Spectrophotometer” 

2.7.5.2 “Photoluminescence (PL) spectroscopy”  

“PL spectrophotometer” is an investigative method for recording a sample's luminescent 

behaviour. The photo of the “photoluminescence spectrophotometer LS-55” is shown in 

Figure 2.15. 

 

 

 

 

 

 

 

 

 

Figure 2.15: Picture of “photoluminescent spectrophotometer LS-55” 

 

 

 

 

 

 

 

 

Figure 2.16: Block diagram of “LS-55 Photo Luminescence Spectrophotometer” 

 The light source for the fluorescence spectrophotometer is a 150 W ozone-free xenon lamp. 

The elliptical mirror collects the light from the lamp. This light was then concentrated on the 

excitation monochromator's entrance slit. Monochromators with reflective optics maintain 
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high resolution throughout the entire spectral spectrum while reducing spherical aberrations. 

A reflection grating is an essential component of a monochromator. With the aid of its vertical 

grooves, this grating disperses incident light. Slits in the monochromator's entrance and exit 

parts can be adjusted at any time. The slits of the emission “monochromator” control the 

intensity of the fluorescence signal that is eventually captured by the detector. After the exit 

slit of the excitation monochromator, there is an excitation shutter. The shutter acts as a 

buffer, protecting the sample from photo bleaching and photo degradation caused by 

excessive light exposure. An emission shutter protects the detector from bright light by being 

mounted just before the emission monochromator's entry. The ray diagram of the Photo 

Luminescence-Spectrophotometer is shown in Figure 2.16 [5]. 

 Photoluminescence is the property of a substance that emits light when it is excited. 

This method of spectroscopy is flexible, non-destructive, and powerful.  Between the 

conduction and valence bands in semiconducting materials, a radiative transition occurs. To 

record PL spectra, a laser light with an energy greater than the band gap is used to excite the 

sample. The excited electrons then relax by recombining with holes and emitting radiation. In 

the case of semiconductors, these radiative transitions can also include localised impurity and 

defect states. As a result, PL spectra analysis will reveal defects and impurities, and the 

magnitude of the PL signal can be used to determine their concentration. It also aids in the 

comprehension of the recombination mechanism's physics. 

2.7.6 Vibrating Sample Magnetometer (VSM) 

“VSM model PAR-155” is used for investigating magnetic nature of prepared samples at 

room temperature in -10 Oersted to + 10 Oersted magnetic field range [6]. Figure 2.17 shows 

a photograph of a vibrating sample magnetometer model PAR-155. The working of the 

“Vibrating Sample Magnetometer” is based on the Faraday Laws of Induction, which states 

that electric field is produced with changing magnetic field. The sample is physically vibrated 

in the VSM as it is put in a uniform magnetic field, and the induced shifts in the magnetic 

field are observed by the search coil. Pick up coils calculate the induce shift in field caused by 

sample movement in up and down directions as a function of time in terms of electric field. 

The information about changing magnetic fields is provided by the measured electric field, 

which is proportional to the magnetization of the samples. The induced current in the material 

increases as the magnetization of the material increases, and this can be amplified, providing 

knowledge about the magnetic properties of the material such as saturation magnetization, 
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retentivity, and coercivity. Figure 2.18 shows a schematic diagram of VSM and their 

components. The magnetic properties of various materials can be determined by graphing the 

graph of saturation magnetization (MS) versus applied field (H). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.17: Picture of “Vibrating sample magnetometer model PAR-155” 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.18: Schematic diagram of VSM and their components  
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2.7.7 “Fourier transforms infrared spectroscopy (FT-IR)”  

Figure 2.19 shows a snap of “Cary-630 FT-IR spectrophotometer” [7]. The identification of 

functional groups in a molecule is done using infrared spectroscopy. This method can also be 

used to build a one-of-a-kind collection of absorption bands that can be used to test the 

qualities of a pure substance or detect the presence of specific contaminants. The fact that 

molecules have precise internal vibration frequencies is the basis for infrared spectroscopy. 

Frequencies should be in the infrared range, which ranges from 4000 cm-1 to 200 cm-1. 

Infrared spectrometers calculate absorbed wavelengths, and the absorbed energy vs. 

frequency graph “infrared spectrum”. Since different materials have different vibrations and 

acquiesce special infrared spectra, we can classify substances using FT-IR spectra. 

Furthermore, absorption frequencies may be used to determine whether or not different 

chemical groups are present in a chemical structure. The block diagram of a Fourier 

transforms infrared spectroscope is shown in Figure 2.20.  

        

 

 

 

 

 

Figure 2.19: Picture of “Fourier transforms infrared spectroscope”  

 

 

 

 

 

 



                                                                                                                   

 
59 

Figure 2.20: Schematic diagram of FTIR and its components 

2.8 Derivative spectroscopy Method (DSM) 

2.8.1 Derivative spectroscopy method (DSM) for the optical analysis 

For qualitative analysis and quantification, with reference to wavelength, DSM uses 

derivative of absorbance data. “Derivative spectra data was initially given in the 1950s, when 

it was discovered to offer numerous advantages” [8–10]. The derivative spectra of a spectrum 

reported as absorbance "A" as a function of wavelength "" are: 

 

The Ist order derivative, which starts and finishes at zero, governs the variation in absorbance 

w.r.t λ. Bands perceived is always equal to the one more then derivative order, which is a 

crucial aspect to remember. We estimated the exact absorbance positions for samples by 

utilising the 2nd order derivative of absorbance for each sample. 

Experimental photoluminescence spectra are resolved with great precision using an enhanced 

derivative spectroscopy approach. The derivative spectroscopy method has made it possible to 

discuss some of the aspects that were previously invisible or repressed in PL spectra. When 

comparing core/shell nanostructures to bare nanoparticles, regardless of how minor the 

change is, DSM allows us to acquire all of the miniature details about the peak shift and 

defect states. 

2.8.2 Derivative spectroscopy methods (DSM) for the magnetic analysis. 

On the as-obtained hysteresis curves, spectroscopy was used to perform a detailed 

investigation of the magnetic character derivatives. DSM was used to calculate the SFD for 

the various samples. To characterise the magnetic properties of ferrites and magneto-

fluorescent core-shell nano systems, SFDs are critical. The information on spin orientation at 

high and low magnetic fields is provided by SFD. This information is crucial when comparing 

the core-shell nanostructure to basic magnetic shell nanoparticles. When switching from bare 

ferrites to their core-shell nanostructures, a significant difference in SFD was seen. SFD has 

been estimated by the relation “SFD = ΔH/HC” [11]. SFD is related to size distribution of 

particle in a nanoparticle medium because size dispersed and profile dispersed units reverses 

at differing intensities of magnetic fields. [12]. Superior quality can be shown in materials 

with a high HC and a lower SFD.  A small SFD is generated by a stable switching transition. 
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Ist derivative of hard ferrite and hard ferrite-based core-shell samples indicated that there are 

two crests, the first of which is a large crest used to estimate the FWHM for computing the 

system's SFD, wide hump also reflects the magnetic material's hardness. This wide hump 

serves as a useful distinction between hard and soft ferrites. The second peak is due to a 

sharper slop in the small field area. 

2.9 Rietveld refinement 

Hugo Rietveld invented a technique for characterising crystalline materials called Rietveld 

refinement. Powder samples diffraction with neutrons and X-rays produces a pattern with 

reflections (intensity peaks) at certain locations. Many elements of the material's structure can 

be deduced from the width, height and the position of these reflections. The Rietveld method 

refines a theoretical line profile using a least squares approach till it matches fine with the 

experimental profile. The method was a huge step forward in powder sample diffraction 

analysis because, unlike other techniques at the time, it could reliably deal with significantly 

overlapping reflections [13]. “Full Prof software” is opted for refining of samples by Rietveld 

refinement”. 

2.10 Formulas 

1. The crystallite size (D) of the nanoparticles was measured using Scherer's formula (eqn.2.1)

  

 

In the case of a cubic system, K is Scherer's constant, which has a value of 0.9. [14]. 

                

2. The lattice parameters of prepared spinel ferrite nanoparticles, such as lattice constant (a) 

(eqn.2.2) [15] and d-spacing (d) (eqn.2.3) [16], were determined using the formula. 

                                                                                                                                                                                                     

                                                                                                    

where the plane's miller indices are h, k, and l.   

3. The lattice parameters such as lattice constant (a) (eqn.2.2) and d-spacing (d) (eqn.2.3) of 

prepared hexagonal ferrite nanoparticles were calculated using the formula 

   

                                                                                                

 

where h, k, and l are miller indices of the plane [17].   



                                                                                                                   

 
61 

 

4. The Stocks-Wilson relation was used to calculate the strain () of nanoparticles 

(eqn.2.4)                                                            

 

5. Williamson-Hall (W-H) method was used to calculate D and   extant in samples. The 

FWHM of specific peak is stated by relation (eqn.2.5) 

                                                   

 

where, D is crystallite size,  is the FWHM of peaks,  is the Cu Kα radiations wavelength 

and  is strain types [18]. 

6. The “magneto crystalline anisotropy energy” constant (K) of prepared nanoparticles has 

been premeditated via formula (eqn.2.9) 

                                                          

 

where Hc and Ms are the coercivity and saturation magnetization of the samples respectively 

[19]. 

7. The experimental magnetic moment (M) of all prepared samples was calculated using 

formula 

(eqn.2.10)  

 

where Mw denotes the sample's molecular weight and Ms denotes the saturation magnetization 

of nanoparticles. [19]. 

 

8.  The formula is used to compute the ferrites' switching field distribution (SFD). 
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CHAPTER- 3 

 

SYNTHESIS AND CHARACTERIZATION OF NICKEL ZINC 

FERRITE (NiZnFe2O4), CADMIUM SULPHIDE (CdS) 

QUANTUM DOTS (QDS) AND THEIR CORE-SHELL 

NANOSTRUCTURES FOR DRUG DELIVERY 

APPLICATIONS 
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Highlights 

 • Aqueous synthesis of highly confined luminous CdS QDs. 

•  Synthesis of Nickel Zinc Ferrite by the sol-gel route. 

•  Core-shell nanostructures with Nickel Zinc Ferrite core and CdS shell were synthesised. 

• Effects of 2-Mercaptoethanol on optical properties and core loading on magnetic properties 

were investigated. 

•  Interface of core-shell shows some of the interesting results. 

• It has been practically confirmed that the CSNs formed with the minimal core concentration 

and CdS 2 & CdS1 shell shows the best results. 

 

Abstract 

Using NZF as the “core” and CdS QDs as the “fluorescent semiconducting shell”, a new 

series of magneto-fluorescent CSNs with outstanding physical and chemical properties were 

developed. A two-step technique was used to create the magneto-fluorescent nanostructures, 

which incorporated both “sol-gel” and “wet chemical processes”. NZF/CdS CSNs were 

synthesised for varied loadings of ferrite with varying sizes of CdS QDs, where 2-ME was 

utilised as a stabilising agent for the regulated growing of CdS QDs. NZF, CdS, NZF/CdS 

CSNs were studied for their magnetic, optical and structural properties. High-resolution 

imaging validated the formation of core-shell structures. 
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3.1 Introduction 

The striking candidates for advanced nanomaterials are nanostructures with distinct 

nanometre scale functionalities [1, 2]. These smart materials will reveal novel physiochemical 

properties thanks to their balanced interface interaction and structure, which will be crucial 

for future technological applications [3–8]. As compared to their single constituent materials, 

these nanostructures have better magnetic, optical, and chemical properties. Due to the 

combined functionality of core and shell features, which allow them in broad variety of 

applications, hetero-structured CSNs have recently been the topic of intensive investigation 

[9–12]. Magneto-fluorescent CSNs preserve optical and magnetic properties of both 

materials, allowing for potential bioassay applications such as "optical reporters" and 

"magnetic handles." The Fe based “magneto-fluorescent structures” have been the subject of 

the majority of available reports. Iron oxide is used in a variety of biomedical applications, 

but its “magneto-fluorescent” structures are poorly understood [13]. Even though the 

production of Iron oxide ferrites is a well-established technique, the creation of several phases 

during the synthesis, such as hematite and magnetite, remains a disadvantage. “Single-phase” 

spinel ferrite is guaranteed when NZF magnetic nanostructures are prepared with regulated 

reaction parameters. NZF also has a high resistivity, low saturation magnetization, a high 

Curie temperature, high mechanical hardness, and chemical stability. As a result, the magneto 

fluorescent structures based on NZF will be more proficient for their scope in magneto-

fluorescent and biological applications. Still, not much research has been done on these types 

of structures till date. This research delves into the first study of its kind in the region, with 

the aim of developing structure with unique range of “magneto-optical properties”.   

 Because of their unusual physical and chemical properties, nanoparticles made of 

metals such as Ni, Co, and Fe have got a lot of attention. Because of their high resistivity, 

enhanced magnetization, and chemical steadiness, soft NZF are an important part of the study. 

“Although CdSe QDs have been extensively studied, we have used CdS instead of CdSe 

(where the Se ions are replaced by S ions) as a possible approach for reducing the growth of 

noxious nanoparticles for bio-related applications based on the preceding findings” [14]. 

“Another reason to employ NZF and CdS as core-shell materials is that, despite the reduction 

in magnetic behaviour of the core-shell in NZF/CdS compared to bare core NZF, they have 

persistent coercivity in the CSNs, which is a strong signal for using NZF/CdS in bio-

applications” [15].  
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 The aqueous synthesis of strongly confined CdS (1, 2 & 4) that were capped by 2-ME 

are discussed in this chapter. NZF were produced by the “sol-gel method”. Further the core-

shell nanostructures were prepared in accordance with the aims of the thesis. As a result, we 

created core-shell structures with various NZF loadings (0.20 g, 0.10 g & 0.05 g by weight) 

and varying CdS shells. As prepared nanoparticles have been examined by the means of 

several practices, and the results of this new type of material are described here. 

3.2 Experimental details 

CdS QDs of various sizes were made utilising an aqueous chemical method at 70°C. Ferrite 

nanoparticles were synthesised at 80-90 degrees Celsius before being annealed at high 

temperatures. The seed growth approach was used to create core/shell nanostructures, in 

which the core ferrite serves as a substrate for the formation of CdS seeds. The process has 

been discussed in detail in Chapter 2 (section 2.2.3). Characterization of as prepared samples 

was achieved by “X-ray diffraction (XRD)”, “Transmission electron microscopy (TEM)”, 

“Energy dispersive analysis by X-rays (EDX)”, “absorbance spectroscopy”, 

“photoluminescence spectroscopy”, “vibrating sample magnetometry (VSM)” and “Fourier 

transform infrared spectroscopy (FTIR)”. “Shimadzu powder x-ray diffractometer” using Cu 

Kα radiation was used to distinguish various crystal parameters.  By placing ultra-thin layer of 

sample on the surface of copper grid, “transmission electron microscopy (TEM)” was 

accomplished.  

 “UV-vis spectroscopy” measurements were done through “PerkinElmer Lambda750 

UV–vis spectrophotometer”. The luminous behaviour of samples was investigated using a 

“Perkin Elmer LS55 fluorescence spectrophotometer” in 200-900 nm wavelength range. FTIR 

spectroscopy was used to confirm the functionality discovered upon the core, shell, and core-

shell surface. “The Cary 630 spectrophotometer (Agilent technology)” was used for this work, 

which had a wavenumber range of 4000 cm-1 to 400 cm-1. 

3.3 Results and Discussion 

 NZF is a soft ferrite with exceptional structural and magnetic properties. Because of their 

high resistance and minimal eddy current losses, they are considered the most adaptable soft 

ferrites. In NZF, Zn2+ and Fe3+ ions reside in the T- sites, whereas Ni2+ and Fe3+ ions occupy 

the O-sites in the formula AB2O4. Quantum dots (QDs) made of cadmium sulphide (CdS) are 
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binary compound semiconductors with exceptional fundamental optical and electrical 

characteristics. The spinel structure for the core, as well as for shell are shown in figure 3.1. 

 

Figure 3.1: (a) Crystal structures of CdS QDs and (b) Crystal structure of Nickel Zinc ferrite 

CdS is a well-known direct band gap semiconductor with crystal structures of zinc blende and 

wurtzite. The properties of both the core and shell are demonstrated in CSNs made using 

nickel zinc ferrite core and CdS shell.  

3.3.1 Structural analysis of   CdS QDs, NZF   nanoparticles and   NZF/CdS CSNs 

To learn about structural characteristics, XRD spectra of CdS QDs, NZF, and NZF/CdS CSNs 

with NZF annealed at temperatures (900°C and 1100°C) were recorded. The graphs for bare 

core, shell and their CSNs are given in Figure 3.2 (a & b), with the core being annealed at 

900oC & 1100oC respectively.  

QDs (1, 2 & 4) have three primary peaks at different diffraction angles, as seen in the 

figure. These peaks are caused by reflections (111), (220), and (311), respectively. The cubic 

phase of CdS is well aligned with these peaks. For NiZnFe2O4 annealed at 900°C and 1100°C 

peaks have been indexed as “(022), (113), (222), (004), (333), and (044)” hkl planes, 

demonstrating the "single-phase spinel cubic structure" of NZF. On comparing the peak 

positions of CSNs to bare core and separate shell structures, a shift in the peak position was 

discovered, confirming the successful creation of core-shell nanostructures. Entire set of 

samples possess pure crystallinity that were devoid of any form of alloying. Because the 

spectra for NZF and CdS QDs feature unique peaks, XRD could not be used to calculate 
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particle sizes for core-shell nanostructures [16]. Tables 3.1 show the results of various 

parameters derived using XRD spectra. 

 

Figure 3.2: (a) and (b) Shows the XRD spectra of nanostructures 

 

The following are the labels that were used to discuss the samples: 

 (a1: a’1): XRD spectra of NZF core annealed at 900oC and 1100oC respectively 

(a2, a3 and a4): XRD spectra of CdS QDs shell (CdS1, CdS2 and CdS4 respectively formed with 1ml, 2ml and 

4ml 2-ME)  

(a5: a’5): XRD spectra for CSNs with 0.2 g NZF loading and CdS2 shell, NZF is annealed at 900oC and 1100oC 

respectively  

(a6: a’6): XRD spectra for CSNs with 0.1 g NZF loading and CdS2 shell, NZF is annealed at 900oC and 1100oC 

respectively 

 (a7: a’7): XRD spectra for CSNs with 0.05g NZF loading and CdS2 shell, NZF is annealed at 900oC and 

1100oC respectively 
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Table 3.1: Structural parameters for NZF (900oC and 1100oC), CdS1, CdS2, CdS4 QDs, and their core-shell 

structures 

 

3.3.2 Rietveld refinement 

By employing “Full Prof software”, “Rietveld refinement” of XRD spectra have been 

performed. The refined graphs for the selected samples are shown in Figure 3.3. The relevant 

computed profiles (represented by a solid black curve) and the discrepancy between the 

observed and calculated profiles (shown by a coloured line) are displayed in Figure 3.3. For 

all the selected set of samples the experimental and calculated profiles are well matched. The 

“goodness of fit” value for all of the samples was calculated to be near about 1, indicating that 

the graphs were well fitted. Table 3.2 lists the parameters calculated using Rietveld 

refinement.  
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Figure 3.3: Rietveld refined spectra of synthesized nanostructures 

The following are the labels that were used to discuss the samples:  

(a1: a’1): Rietveld refined spectra for NZF core annealed at 900oC and 1100oC respectively  

(a3): Rietveld refined spectra for CdS2 QDs shell (formed with2ml of 2-ME) and 

(a7: a’7): Rietveld refined spectra for CSNs with NZF loading of 0.05 g and CdS2 shell, where NZF is annealed 

at 900oC and 1100oC respectively 

Table 3.2: Summary of various parameters calculated using Rietveld refinement 

 

 

 

 

 

 

 

3.3.3 Transmission Electron Microscopy 

The spherical shape of the generated core-shell nanostructures is confirmed by TEM 

investigation. Figure 3.4 shows micrographs of the minimal core composition with CdS2 

shell. Core-shell nanostructures are shown by black colored core surrounded by grayish shell. 

One micrograph (a) shows a CSNs with the core annealed at 900oC, while the other (b) shows 

CSNs with the core annealed at 1100 oC. 

Figure 3.4: (a, b) TEM images for the CSNs with NZF loading of 0.05 g and CdS2 shell where, NZF is being 

annealed at 900oC and 1100oC respectively. (c: d) shows the histograms for the respective samples 
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Particle size obtained from TEM are presented in histogram plot figure 3.4 (a, b). 

 

3.3.4 Energy dispersive X-ray spectra 

The elemental composition of NZF/CdS CSNs was confirmed using “EDX spectra”, and the 

effect of varied core annealing temperatures on the CSNs characteristics was evaluated using 

EDX spectra. EDX validated the atomic percentage for the CSNs generated with intermediate 

core loading and a CdS2 shell with the core annealed at two temperatures. The results show 

that CSNs prepared with 900°C (Fig. 3.5(a)) annealed NZF are out of stoichiometry, but 

CSNs prepared with 1100°C (Fig. 3.5(b)) annealed NZF have all of the elements in the 

predicted compositional ratio. Excess oxygen is available due to the existence of oxygen in 

the compound's formula and in the atmosphere during characterization. The creation of ZnS in 

a 900°C annealed core as compared to a 1100°C annealed core resulted in a decrease in 

Sulphur content, as indicated by the XRD and PL data. Elemental atomic percentage of 

different elements in the CSNs are inscribed in table 3.3. 

 

 

 

 

 

 

 

 

 

 

Figure 3.5: (a, b) shows the EDX spectra for the CSNs with NZF loading of 0.05 g and CdS2 shell where, NZF 

is being annealed at 900oC and 1100oC respectively 
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Table 3.3: Elemental atomic percentage of different elements in the CSNs  

 

 

 

 

 

3.3.5 Optical studies 

3.3.5.1 Absorbance spectroscopy 

To analyse the optical behaviour of produced samples, “UV-vis spectra” for NZF, CdS QDs, 

and their CSNs were recorded. Figure 3.5 shows the absorbance bands for various samples. 

The band edge absorption of CdS QDs can be seen in all of the figures at 429.60 nm. The 

“absorbance spectra” of NZF produced are shown in Figure 3.6 (d &d'), and the graph clearly 

shows no absorption in the range of 380–800nm, which is the range of interest when talking 

of “magneto-fluorescent structures”.  
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Figure 3.6: UV- vis spectra for prepared nanostructures  

The following are the labels that were used to discuss the samples: 

Figure (a: a’): UV-vis spectra of CdS1 shell and CSNs of CdS1 with diverse loading of NZF annealed at 900oC 

and 1100oC respectively 

Graph (a2): UV-vis spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): UV-vis spectra of CSNs; 0.2 g NZF loading and CdS1 shell 

Graph (a22: a’22): UV-vis spectra of CSNs; 0.1 g NZF loading and CdS1 shell 

 Graph (a23: a’23): UV-vis spectra of CSNs; 0.05 g NZF loading and CdS1 shell 

Figure (b: b’): UV-vis spectra for CdS2 shell and CSNs of CdS2 with different loading of   NZF annealed at 

900oC and 1100oC respectively 

Graph(a3): UV-vis spectra of CdS2 QDs shell (CdS2 formed with 2ml 2-ME) 

Graph (a31: a’31): UV-vis spectra of CSNs; 0.2 g NZF loading and CdS2 shell  

Graph (a32: a’32): UV-vis spectra of CSNs; 0.1 g NZF loading and CdS2 shell  

Graph (a33: a’33): UV-vis spectra of CSNs; 0.05 g NZF loading and CdS2 shell  

Figure (c: c’): UV-vis spectra of CdS4 shell and CSNs of CdS4 with different loading of NZF core annealed at 

900oC and 1100oC respectively 

Graph (a4): UV-vis spectra of CdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): UV-vis spectra of CSNs; 0.2 g NZF loading and CdS4 shell  

Graph (a42: a’42): UV-vis spectra of CSNs; 0.1 g NZF loading and CdS4 shell 

Graph (a43: a’43): UV-vis spectra of CSNs; 0.05 g NZF loading and CdS4 shell 

Figure (d: d’): UV-vis spectra of NZF annealed at 900oC and 1100oC respectively 

 

A modest shift is detected in absorption maxima when we switch from bare shell to 

the CSNs with various NZF loadings. “The absorption edge fluctuation was caused by the 

introduction of synergistic effects of low absorption ferrite nanoparticles and high absorption 

CdS QDs.” In the case of CSNs NZF was annealed at 900 °C, the maximum NZF loading (0.2 

g) displays a shift in absorption toward blue side of wavelength indicating a decrease in shell 

particle size on formation of NZF core over the shell. As a result, the blue-shifted absorbance 



                                                                                                                   

 
75 

profiles of core-shell with NZF annealed at 900oC and 1100oC clearly demonstrated the 

influence of increased strain.   

3.3.5.1.1 Derivative study of absorbance   

We estimated the precise absorbance positions for samples by utilising the 2nd order 

derivative of absorbance for each sample. 2nd order derivative for bare CdS QDs, NZF, and 

their CSNs is revealed in Figure 3.7. Three peaks can be seen in each case of the double 

derivative graphs, indicating that the bands detected are equal to derivative order plus one, 

which is strong evidence of second order derivation.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7:  Derivative of UV-vis spectra for prepared nanostructures 

The following are the labels that were used to discuss the samples: 
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Figure (a: a’): Derivative spectra of CdS1 shell and CSNs of CdS1 with diverse loading of NZF annealed at 

900oC and 1100oC respectively 

Graph (a2): Derivative spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): Derivative spectra of CSNs; 0.2 g NZF loading and CdS1 shell 

Graph (a22: a’22): Derivative spectra of CSNs; 0.1 g NZF loading and CdS1 shell 

 Graph (a23: a’23): Derivative spectra of CSNs; 0.05 g NZF loading and CdS1 shell 

Figure (b: b’): Derivative spectra for CdS2 shell and CSNs of CdS2 with different loading of   NZF annealed at 

900oC and 1100oC respectively 

Graph(a3): Derivative spectra of CdS2 QDs shell (CdS2 formed with 2ml 2-ME) 

Graph (a31: a’31): Derivative spectra of CSNs; 0.2 g NZF loading and CdS2 shell  

Graph (a32: a’32): Derivative spectra of CSNs; 0.1 g NZF loading and CdS2 shell  

Graph (a33: a’33): Derivative spectra of CSNs; 0.05 g NZF loading and CdS2 shell  

Figure (c: c’): Derivative spectra of CdS4 shell and CSNs of CdS4 with different loading of NZF core annealed 

at 900oC and 1100oC respectively 

Graph (a4): Derivative spectra of CdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): Derivative spectra of CSNs; 0.2 g NZF loading and CdS4 shell  

Graph (a42: a’42): Derivative spectra of CSNs; 0.1 g NZF loading and CdS4 shell 

Graph (a43: a’43): Derivative spectra of CSNs; 0.05 g NZF loading and CdS4 shell 

Figure (d: d’): Derivative spectra of NZF annealed at 900oC and 1100oC respectively 

 

3.3.5.2 Photoluminescence spectroscopy 

“PL spectra” of CdS QDs and NZF/CdS were recorded and displayed in Figure 3.8. With an 

excitation wavelength of 350 nm, the PL spectra of whole NZF/CdS, core-shell 

nanostructures, and CdS (1, 2 & 4) QDs were recorded. CSNs, which incorporates MNPs with 

CdS have less strong emission as that of CdS QDs which have a strong emission band in their 

fluorescence spectra. In CdS emission profile a high-intensity band was discovered at 489.2 

nm due to “de-trapped charge carrier recombination” [17]. “A weak band at 535 nm was also 

discovered, which was attributed to recombination of trapped electrons and holes existing at 

surface defect sites” [18]. In CSNs with 0.2 g NZF (annealed at 900 °C) loading (Figure 

3.8(a21, a31, & a41)) an intense peak at 410 nm was discovered.  This ZnS signal could be 

due to the significant amount of Zn in NiZnFe2O4 reacting with the sulphur present in thiourea 

during the CdS QDs manufacturing process. The XRD study of core-shell nanostructures also 

reveals this ZnS peak. This clearly shows that NiZnFe2O4 annealed at 900 °C is not 

particularly stable, as the zinc in the ferrite reacts with the sulphur in CdS. As a result, 

NiZnFe2O4 annealed at 1100°C is significantly more stable than NiZnFe2O4 annealed at 

900°C because there is no Zn leakage from NiZnFe2O4 to the CdS QDs shell. In the case of 
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minimum NiZnFe2O4 loading, improved luminous intensity and particle size dispersion were 

attained.   

 

Figure 3.8: Photo luminescence spectra for prepared nanostructures with most prominent emission peaks being 

represented by E1, E2 and E3 in each profile 

The following are the labels that were used to discuss the samples: 

Figure (a: a’):PL spectra of CdS1 shell and CSNs of CdS1 with different loading of NZF core annealed at 

900oC and 1100oC respectively 

Graph (a2):PL spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): PL spectra of CSNs; 0.2 g NZF loading and CdS1shell  

Graph (a22: a’22):PL spectra of CSNs; 0.1 g NZF loading and CdS1 shell   

Graph (a23: a’23):PL spectra of CSNs; 0.05 g NZF loading and CdS1 shell  

Figure (b: b’):PL spectra for CdS2 shell and CSNs of CdS2 with different loading of   NZF core annealed at 

900oC and 1100oC respectively 

Graph(a3):PL spectra ofCdS2 QDs shell (CdS2 formed with 2ml 2-ME) 

Graph (a31: a’31):PL spectra of CSNs; 0.2 g NZF loading and CdS2 shell 

Graph (a32: a’32):PL spectra of CSNs; 0.1 g NZF loading and CdS2 shell   

Graph (a33: a’33):PL spectra of CSNs; 0.05 g NZF loading and CdS2 shell 

Figure (c: c’):PL spectra ofCdS4 shell and CSNs of CdS4 with different loading of NZF core annealed at 900oC 

and 1100oC respectively 

Graph (a4):PL spectra ofCdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): PL spectra of CSNs; 0.2 g NZF loading and CdS4 shell  

Graph (a42: a’42): PL spectra of CSNs; 0.1 g NZF loading and CdS4 shell 
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Graph (a43: a’43): PL spectra of CSNs; 0.05 g NZF loading and CdS4 shell 

 

3.3.5.2.1 Derivative study of photoluminescence spectra 

The derivative method has made it possible to discuss some of the aspects that were 

previously invisible or repressed in PL spectra (DSM). When comparing core-shell 

nanostructures to bare CdS (1, 2 & 4) QDs, derivative method allows us to obtain all of the 

miniscule marks on the peak shift and defect positions, regardless of how slight the shift is. 

Figure 3.9 depicts the core-shell nanostructures' double derivative curve. We are receiving 

good luminescence qualities that are similar to the spectra of CdS QDs. The overview of 

various parameters calculated by PL spectroscopy for the shell and core-shell are shown in 

Table 3.4. 

 

 

Figure 3.9: Derivative of photo luminescence spectra for prepared nanostructures 

The following are the labels that were used to discuss the samples: 

Figure (a: a’): PL derivative spectra of CdS1 shell and CSNs of CdS1 with different loading of NZF core 

annealed at 900oC and 1100oC respectively 

Graph (a2): PL derivative spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): PL derivative spectra of CSNs; 0.2 g NZF loading and CdS1shell  

Graph (a22: a’22): PL derivative spectra of CSNs; 0.1 g NZF loading and CdS1 shell   
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Graph (a23: a’23): PL derivative spectra of CSNs; 0.05 g NZF loading and CdS1 shell  

Figure (b: b’):PL derivative spectra for CdS2 shell and CSNs of CdS2 with different loading of   NZF core 

annealed at 900oC and 1100oC respectively 

Graph(a3):PL derivative spectra ofCdS2 QDs shell (CdS2 formed with 2ml 2-ME) 

Graph (a31: a’31):PL derivative spectra of CSNs; 0.2 g NZF loading and CdS2 shell 

Graph (a32: a’32):PL derivative spectra of CSNs; 0.1 g NZF loading and CdS2 shell   

Graph (a33: a’33):PL derivative spectra of CSNs; 0.05 g NZF loading and CdS2 shell 

Figure (c: c’):PL derivative spectra ofCdS4 shell and CSNs of CdS4 with different loading of NZF core 

annealed at 900oC and 1100oC respectively 

Graph (a4): PL derivative spectra ofCdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): PL derivative spectra of CSNs; 0.2 g NZF loading and CdS4 shell  

Graph (a42: a’42): PL derivative spectra of CSNs; 0.1 g NZF loading and CdS4 shell 

Graph (a43: a’43): PL derivative spectra of CSNs; 0.05 g NZF loading and CdS4 shell 

 

Table 3.4: Summary of various parameters calculated by the PL spectroscopy for the CdS and NiZnFe2O4/CdS. 

 

 

3.3.6 Magnetic Studies 

Magnetic studies of NZF annealed at (900°C & 1100°C) and NZF/CdS CSNs have been 

observed. Hysteresis loop for the respective samples is shown in Figure 3.10; however, 

because shell CdS QDs are entirely diamagnetic, no VSM analysis was required. The 

decrease in saturation magnetization with increasing annealing temperature of core occurred 

because of ion diffusion and the creation of pores at higher temperature. Thus causing, 

domain wall movement to be difficult, which could explain why magnetization was reduced. 

The saturation magnetization of samples has decreased as a result of the development of pores 

at higher annealing temperatures [19]. 
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 On developing magnetically departed CdS layer upon NZF, saturation magnetization 

was deteriorated on switching from NZF to NZF/CdS. Furthermore, core-shell structures 

made of NZF annealed at 1100 °C are more stable and show superior appropriateness in terms 

of stability in both physical and chemical terms.      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.10: Hysteresis curve for the core and CSNs 

The following are the labels that were used to discuss the samples:  

(a1: a’1): Hysteresis curve of NZF core annealed at 900oC and 1100oC respectively 

(a31: a’31): Hysteresis curve of CSNs; 0.2 g NZF loading and CdS2 shell  

(a32: a’32): Hysteresis curve of CSNs; 0.1 g NZF loading and CdS2 shell   

(a33: a’33):  Hysteresis curve of CSNs; 0.05 g NZF loading and CdS2 shell   

Insets show the zoomed images of the respective curves. 

 

Table 3.5: Magnetic parameters of ferrite (900oC and 1100oC), and their CSN 
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3.3.6.1 Derivative study of hysteresis curve 

 Magnetic field versus susceptibility curve generated from normal B-H curves through 

derivative of susceptibility is shown in Figure 3.10. It shows the fluctuation in magnetic 

susceptibility for different core-shell configurations with varied core loading in retort to the 

applied magnetic field. Table 3.5 shows the SFD computed from the magnetic susceptibility 

curve. The SFD value tells us about the particle size distribution inside the structure. [20-21].  

 

Figure 3.11: 1st order derivative hysteresis curve for the NZF and CSNs 

 

The following labels were used to explain the samples:  

(a1: a’1): 1st order derivative hysteresis curve for NZF core annealed at 900oC and 1100oC respectively 

(a31: a’31): 1st order derivative hysteresis curve for CSNs; 0.2 g NZF loading and CdS2 shell  

(a32: a’32): 1st order derivative of hysteresis for CSNs; 0.1 g NZF loading and CdS2 shell 

(a33: a’33): 1st order derivative of hysteresis for CSNs; 0.05 g NZF loading and CdS2 shell  
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Figure 3.12: Shows the zoomed derivative curves of hysteresis loop for prepared nanostructures. (a1) bare NZF 

and (b32) core-shell; NZF loading of 0.1 g and shell of CdS2 

 

3.3.7 FT-IR Studies 

The FTIR was used to identify constituents, the number of components and sample fineness 

or uniformity. The spectra of NZF, CdS QDs, and NZF/CdS are shown in Figure 3.11. FTIR 

spectra in the region of 4000-400 cm-1 were used to inspect all the set of samples.  In general, 

spinel ferrites have two wide oxygen metal bands in their FTIR spectra, which are also 

present in our samples. As a result, the one detected at v1=606 cm-1 corresponds to the metal 

ion's inherent stretching vibration at the "tetrahedral site," whilst the lowest band, observed 

around v2=460 cm-1, is assigned to "octahedral" metal stretching vibration. [22]. “The band 

near 3388 cm-1 corresponds to H2O's O–H stretching vibration; the particular absorption peak 

at 2339 cm-1 relates to citric acid's O–H group; the band at 1450 cm-1 corresponds to 

antisymmetric NO3 stretching vibrations; and the band at 1647 cm-1 corresponds to carbo-

oxalate anions. 



                                                                                                                   

 
83 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.13: (a and b) are FTIR spectra for NZF, CdS QDs and their CSNs where NZF annealed at 900oC and 

1100oC respectively 

 

The following labels were used to explain the samples:  

(a1: a’1): FTIR spectra of NZF core annealed at 900oC and 1100oC respectively 

(a2, a3 and a4): FTIR spectra of CdS (1, 2 & 4) respectively formed with 1ml, 2ml and 4ml 2-ME) 

(a5: a’5): FTIR spectra of CSNs with 0.2g NZF core loading and CdS2 shell, with NZF annealed at 900oC and 

1100oC respectively 

(a6: a’6): FTIR spectra of CSNs with 0.1 g NZF core loading and CdS2 shell with NZF  

annealed at 900oC and 1100oC respectively 

(a7: a’7): FTIR spectra of CSNs with 0.05 g NZF core loading and CdS2 shell with NZF annealed at 900oC and 

1100oC respectively 

 

 The hydroxyl group is represented by the stretching vibration at 2352 cm-1. C=C, C–H 

characteristic vibrations in CdS QDs samples were assigned to the broad peak at 2120 cm1, 

1383 cm-1, and the faint peak at 1614 cm-1” in Figure [23]. “The stretching vibration of H2O at 

3418 cm-1 corresponds to the OH stretching vibration, while the hydroxyl group at 2352 cm-1 

relates to the hydroxyl group” [24-25]. Table 3.5 summarises the functional groups for ferrite 
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(annealed at 900 and 1100 degrees Celsius), CdS1, CdS2, and CdS4 QDs, and their CSNs in 

the fingerprint area (400-1500 cm-1). 

Table 3.6:  Summary of the functional groups for the ferrites (annealed at 900oC and 1100oC), CdS1, CdS2, 

CdS4 QDs, and their CSNs 

 

3.4 Conclusion 

➢ The core-shell nanostructures of NZF/CdS efficaciously created using a “seed mediate 

growth method” that combines “sol-gel” and “solution growth methods”. 

➢ Structural and morphological characterizations demonstrate the well-defined phases 

and good crystalline quality of NZF core and CdS QDs shell. 
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➢ The shell was effectively attached to the core surface, and a strong bond was seen in 

all cases, especially in the CSNs with low ferrite loading. 

➢ Optical experiments revealed that the nanostructures obtained covered a considerable 

percentage of the visible light spectrum, with the greatest results obtained with the 

least amount of core material loaded. 

➢ The creation of ferromagnetic NZF/CdS nanostructures was discovered using VSM. 

➢ On NZF/CdS nanostructures, spin-dependent experiments are carried out utilising the 

derivative of susceptibility. The CSNs generated has diffused boundaries when the 

maximum (0.2 g) quantity of core loading is applied and the annealing temperature of 

core ferrite is set to 900oC. Both the core and the shell interact spin-to-spin at the 

interface. Magnetic analysis also demonstrates that when a semiconducting shell is 

organized over magnetic core, saturation value decreased, indicating towards the 

effective core-shell formation. 

➢ According to FTIR research, the functional groups existing on the surface are 

favourable for further processing these “magneto-fluorescent nanostructures” for 

biological applications. 

➢ These findings show that the “magneto-fluorescent nanostructures” could be 

employed in spintronics as well as medication administration, diagnostics, and 

imaging applications in nanomedicine. 
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CHAPTER- 4 

 

 

SYNTHESIS AND CHARACTERIZATION OF STRONTIUM 

HEXAFERRITE (SrFe12O19), CADMIUM SULPHIDE (CdS) 

QUANTUM DOTS AND THEIR CORE/SHELL 

NANOSTRUCTURES FOR MAGNETIC CELL SORTING 

APPLICATIONS 
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Highlights 

• Synthesis of Strontium Hexa Ferrite (SHF) by the “sol-gel route”. 

• CSNs with SHF core and CdS shell synthesised with three distinct core loadings and 

three different CdS shell particle sizes. 

• The effects of 2-Mercaptoethanol on optical properties and core loading on magnetic 

properties were investigated. 

• Thorough optical and magnetic analysis are done to study interface. 

• When there is only one easy direction, uniaxial anisotropy is achieved. 

• Functionalizing can help in the use of prepared nanoparticles as they can be 

magnetically directed, while being optically traced in-vivo and in-vitro.  

 

Abstract 

Pioneering “magneto-fluorescent” CSNs were developed in this chapter by self-

assembling CdS QDs on SrFe12O19 (SHF) exterior to combine optical and magnetic 

capabilities into a single unit. The characteristics of SHF/CdS CSNs produced with 

various core loadings are diverse. The creation of core, shell, and CSNs is supported by 

“Xray diffraction studies”. The luminescence is attributable to CdS QDs with better 

spectrum resolution, according to optical investigations. High coercivity reveals the 

MNPs' hard-magnetic character, which persists even after CSNs creation, and implies 

core-shell formation, as the core and shell do not interact. Hysteresis derivatives provide 

information about new properties. The distinctive surface features of CSNs are 

represented by “FTIR spectroscopy”. The multifunctionality of CSNs has potential uses, 

such as “optical reporters with magnetic-handlers for use in bioassays and cell sorting 

applications that require a permanent magnetic field”. 
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4.1 Introduction 

In a wider variety of nanomaterials, the CSNs has been extensively deliberate [1–4]. 

Furthermore, as the shape, size, and composition of the material changes, this method 

becomes the norm, presenting an innovative classification of materials design and adaptive 

features in science and technology applications. Because of its widespread applicability in 

biological and electronic sectors, “magneto- fluorescent” CSNs are currently attracting a lot of 

attention. One of the types is the CSNs of SHF and CdS QDs. CdS QDs offer inimitable 

optical and electrical features, such as a narrow emission band and high photobleaching 

resistance. “Due to improved saturation magnetization, high Curie temperature, and chemical 

stability, soft NZF materials are currently the part of essential research”. [5–7]. “SHF is a 

hard-ferromagnetic material with a very high coercivity that can be employed in situations 

where persistent magnetism is required. We concentrated on core-shell nanostructures of 

SHF/CdS in this research because they have a wide range of applications in sectors where 

both optical and permanent magnetic properties are required in the same entity such as in the 

cell sorting and drug targeting applications” [8–13].  Existing work is based on SHF/CdS 

CSNs. We conducted a lot of investigations on the particular category of CSNs and 

discovered some interesting outcomes. Several findings in this pioneering collection of CSNs 

lead us to believe that there are significant changes in “structural, optical, and magnetic 

properties”. According to the literature, both hard-ferrite-core CSNs and soft-ferrite-core 

CSNs have substantial applications in medicine, opto-electronics, and other domains [14-15]. 

“Hexagonal MPs can be made in a range of shapes and sizes, however adding a CdS layer to 

the surface changes the overall shape of the nanoparticles, resulting in a spherical or near-

spherical morphology”. When hexagonal nanoparticles with magnetite-rich corners and edges 

are coated with a CdS layer, they preserve their magnetic characteristics, with the CSNs 

exhibiting “ferromagnetic behaviour”. We were able to discover the “magneto-fluorescent” 

properties of the CSNs by a detailed analysis that includes the shell tunability over a variety 

of cores. 

 The aqueous “sol gel synthesis” of SHF, solution growth of CdS & their core-shell 

structures and characterization is the subject of this chapter. At two temperatures, SrFe12O19 

was annealed (900oC and 1000oC respectively). In addition, the nanostructures were created 

in accordance with the thesis' objectives. As a result, we created CSNs with varying core 

loading (0.20 g, 0.10 g & 0.05 g in mass) and variable CdS (1, 2 & 4) shell. Optical, 
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Structural, morphological, and magnetic behaviour of prepared nanoparticles have been 

examined, and are conferred in this chapter. 

4.2 Experimental details 

Ferrite nanoparticles were synthesised at 80-90 degrees Celsius before being annealed at high 

temperatures. SrFe12O19/CdS nanostructures were created using a two-step synthesis 

procedure. MPs were produced individually in the first stage, and then dispersed in a CdS 

solution in the second step to form core-shell nanostructures as discussed in 2nd Chapter 

(section 2.2.3). Several factors that affect the features of bare CdS QDs, bare ferrite, and their 

CSNs, were characterise through “(XRD) X-ray diffraction (XRD), Transmission electron 

microscopy (TEM), energy dispersive analysis by X-rays (EDX), absorbance spectroscopy, 

photoluminescence spectroscopy, vibrating sample magnetometry (VSM) and Fourier 

transform infrared spectroscopy (FTIR)”.  

4.3 Results and Discussion  

Figure 4.1 (a) showpieces the diagram for the crystal assembly of CdS QDs having the space 

group “F-43m” and Figure 4.1 (b) shows the crystal structure of SHF. “SHF’s hexagonal 

structure is considered to be conjured of alternating spinel (S = Fe6O8 
2+) and hexagonal (R = 

SrFe6O11 
2−) layers. The O2− ions and Sr2+ ions are closed packed, in the hexagonal layer and; 

the Fe3+ ions are spread at the sites ‘‘octahedral’’ (12k, 2a and 4f2), ‘‘trigonal-bipyramidal’’ 

(2b) and ‘‘tetrahedral’’ (4f1). Super-exchange interactions through the O2− ions assist 

magnetic moments of the Fe3+ ions are coupled to each other. The Sr2+ ion is much 

accountable for the big ‘‘magnetic uniaxial anisotropy’’ as it causes agitation of the crystal 

lattice” [16]. 
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Figure 4.1: (a) Crystal structures of CdS QDs and (b) Crystal structure of Strontium hexa ferrite 

4.3.1 Structural analysis of CdS QDs, SrFe12O19 and the CSNs of   SrFe12O19/CdS  

“XRD spectra” of the SHF, CdS and the CSNs of SHF/CdS are encompassed in Figure 4.2 (a 

and b) with SHF being annealed at 900oC and 1000oC respectively. Pattern (b1 and b’1) in both 

the images shows the XRD spectra for SHF and the planes indexed at (105), (110), (008), (107), 

(114), (201), (205), (304) and (220) direct towards the “hexagonal structure of SHF according to 

JCPDS 84-1531”. Graphs (a2-a4) in both the images displays the “XRD spectra” for the CdS 

QDs (1, 2 & 4) with peak reflections at (111), (220) and (311) and specify the “cubic structure 

for CdS QDs according to JCPDS 80-0019”. CSNs spectra were revealed in Figure 3.2 (b5-

b7/b’5-b’7).  Peaks of both the constituents are in the exact identical positions in the core-shell 

spectra as they are in their individual spectra. Furthermore, in CdS coated CSNs the relative 

intensity of the peaks indicating the magnetite phase fall. Reduced SHF peak intensities could 

indicate higher CdS QD coverage of the core ferrite [17]. The creation of core-shell 

nanostructure is supported by the nature of CSNs. The Scherrer's formula was used to compute 

the “crystallite size of the SHF and CdS QDs”. Because the peaks for the core and shell are 

separate, XRD cannot be used to calculate crystallite size for core-shell. Because an only peak 

for the CSNs is impractical. The parameters computed using XRD analysis and are listed in 

Table 4.1. 
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Figure 4.2: (a) and (b) XRD spectra of synthesized nanostructures where SHF annealed at 900oC and 1000oC 

respectively 

The following are the labels that were used to discuss the samples:  

(b1: b’1): XRD spectra of SHF core annealed at 900oC and 1000oC respectively  

(a2, a3 and a4): XRD spectra of CdS QDs (1, 2 and 4 individually formed with 1ml, 2ml and 4ml 2-ME)  

(b5: b’5): XRD spectra of CSNs with 0.2 g SHF loading and CdS2 shell, with SHF annealed at 900oC and 

1000oC respectively  

(b6: b’6): XRD spectra of spectra for CSNs with 0.1 g SHF loading and CdS2 shell with NZF annealed at 900oC 

and 1000oC respectively 

(b7: b’7): XRD spectra of CSNs with 0.05 g SHF core loading and CdS2 shell with SHF annealed at 900oC and 

1000oC respectively 

 

Table 4.1: Structural parameters of ferrites (annealed at 900oC and 1000oC), CdS1, CdS2, CdS4 QDs, and their 

CSNs 

 

 

4.3.2 Rietveld refinement 

The resulting XRD spectra were refined using the “Full Prof software”. The retvield fitted 

graphs of some of the selected CSNs with their bare species are shown in Figure 4.3. The 

experimental data is in good agreement with the estimated profile, as can be seen from the 

graphs. The goodness of fit value nearly indicates that all spectra are well-fitted, as well as the 

difference amid experiential and computed profiles are in good agreement. “For cubic CdS 

QDs, hexagonal phase of SHF, and two diverse phases of CSNs, the experimental data is well 

aligned with the refined data points (black spectra), having space group of “F-43m” for CdS 

QDs and “63/mmc” for SHF”.  The results after refinement proves the efficacy of the method 
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opted to develop special kind of CSNs. Table 4.2 lists the many parameters that were 

determined utilizing refinement process. 

 

 

Figure 4.3: Rietveld refined spectra of synthesized nanostructures 

The following are the labels that were used to discuss the samples:  

(b1: b’1): Rietveld refined spectra of SHF core annealed at 900oC and 1000oC respectively  

(a3):  Rietveld refined spectra of CdS2 QDs shell (formed with 2ml of 2-ME)  

(b7: b’7): Rietveld refined for CSNs with 0.05 g SHF loading and CdS2 shell with SHF annealed at 900oC and 

1000oC respectively 

 

Table 4.2: Summary of various parameters calculated using Rietveld refinement 
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4.3.3 Morphological analysis 

4.3.3.1 Transmission electron microscopy 

TEM pictures of SrFe12O19/CdS core-shell nanostructures are shown in Figure 4.4. TEM 

investigation validates the constructed core-shell nanostructure's spherical shape. The 

intermediate core composition with the CdS2 shell is depicted in micrographs. Micrographs (a 

and b) are showing the picture of CSNs with core being annealed at 900oC and 1000oC 

respectively. Average size of particles obtained from TEM are presented through the 

histogram plots (c and d). Both of the micrographs display some agglomeration due to the 

permanent magnetic character of SHF. 

 

Figure 4.4: (a and b) TEM images for the CSNs with SHF loading of 0.05 g and shell of CdS2 where SHF is 

being annealed at 900oC and 1000oC respectively. (c and d) show the histograms for the respective samples 

4.3.3.2 Energy dispersive X-ray spectra 

The elemental composition of SHF/CdS CSNs was confirmed using “EDX spectra”, EDX 

validated the atomic percentage for the CSNs generated with minimal core loading and a 

CdS2 shell and are shown in figure 4.5 (a & b). The presence of peaks of core and shell 
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elements in CSNs can be seen. As the secondary electron signals gained from the outer layer 

more efficiently, the peaks from the shell are in perfect stoichiometry. Other peaks, on the 

other hand, have a good stoichiometric ratio according to the molecular formula utilized in the 

synthesis process, although there are some discrepancies in the core, as it is in the inner part 

of CSNs. Because carbon coated copper grids were employed as sample holders for 

characterization of samples, carbon peaks can be seen in EDX spectra. Moisture effect during 

characterization is responsible for the presence of oxygen in spectra. In table 4.3, the atomic 

percentages of different elements in the CSNs are listed. 
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Figure 4.5: (a, b) shows the EDX spectra for the CSNs with SHF loading of 0.05 g and CdS2 shell where, SHF 

is being annealed at 900oC and 1000oC respectively 

Table 4.3: Elemental atomic percentage of different elements in the CSNs 

 

 

 

 

 

 

4.3.4 Optical studies 

4.3.4.1 Absorbance spectroscopy 

Figure 4.6 illustrates the “UV–vis spectra” for the basic core, shell and the CSNs in 380–800 

nm range where the core is annealed at 900oC and 1000oC respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Shows UV- vis spectra for prepared nanostructures 

The following are the labels that were used to discuss the samples: 
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Figure (a: a’): UV-vis spectra of CdS1 shell and CSNs of CdS1 with different loading of SHF core annealed at 

900oC and 1000oC respectively 

Graph (a2): UV-vis spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): Spectra of CSNs; 0.2 g SHF loading and CdS1 shell  

Graph (a22: a’22): Spectra of CSNs; 0.1 g SHF loading and CdS1 shell  

Graph (a23: a’23): Spectra of CSNs; 0.05 g SHF loading of 0.05 g and shell of CdS1 

Figure (b: b’): UV-vis spectra for CdS2 shell and CSNs of CdS2 with different loading of   SHF core annealed 

at 900oC and 1000oC respectively 

Graph(a3): UV-vis spectra of CdS2 QDs shell (CdS2 formed with 2ml 2-ME) 

Graph (a31: a’31): Spectra of CSNs; 0.2 g SHF loading and CdS2 shell  

Graph (a32: a’32): Spectra of CSNs; 0.1 g SHF loading and CdS2 shell   

Graph (a33: a’33): Spectra of CSNs; 0.05 g SHF loading and CdS2 shell  

Figure (c: c’): UV-vis spectra ofCdS4 shell and CSNs of CdS4 with different loading of SHF core annealed at 

900oC and 1000oC respectively 

Graph (a4): UV-vis spectra ofCdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): Spectra of CSNs; 0.2 g SHF loading and CdS4 shell  

Graph (a42: a’42): Spectra of CSNs; 0.1 g SHF loading of and CdS4 shell  

Graph (a43: a’43): Spectra of CSNs; 0.05 g SHF loading and CdS4 shell 

Figure (d: d’): Spectra of SHF annealed at 900oC and 1000oC respectively 

 

By comparing the several sets of samples, we were able to determine changes in the 

absorbance highest and additional optical parameters. The greater dispersion of surface 

defects of nanomaterials is due to the improved surface-to-volume ratio of smaller 

nanoparticles; thus, reduced particle sized nanomaterials show wide-ranging and strong 

absorption peaks. The absorbance maxima of CdS QDs are near 430 nm, corresponding to 

their band gap. While there is a shift in the absorbance maxima with the core-shell 

development, this could be related to the SHF substrate effect [18]. SHF nanoparticles serve 

as a substrate for the formation of CdS nanoparticles in core-shell nanostructures. Small CdS 

QDs seed development on the SHF substrate causes stress in the CSNs, as previously 

discussed in “XRD data”, which is the cause of the alteration in absorbance positions in 

CSNs. Another factor for the shift in peak positions is lattice mismatch.  

5.3.4.1.1  Derivative study of absorbance 

Computation has been done utilizing the 2nd order derivative of absorbance for each sample 

to obtain the exact absorbance positions for samples. Disparity in the peak behaviour which 

looks inept to perceive from the “fundamental zero order or D0 spectra” in the Figure 4.7 is 
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attainable by DSM. In comparison to the absorbance maxima of CdS QDs, the absorbance 

maxima of the core-shell nanostructure show a small shift. The successful creation of core-

shell nanostructure was attributed to a shift in the absorbance peak location with CSNs 

establishment. 

 

Figure 4.7:  Derivative of UV-vis spectra for prepared nanostructures 

The following are the labels that were used to discuss the samples: 

Figure (a: a’): UV-vis derivative spectra of CdS1 shell and CSNs of CdS1 with different loading of SHF core 

annealed at 900oC and 1000oC respectively 

Graph (a2): UV-vis derivative spectra of CdS1 QDs shell (CdS1 formed with 1ml 2-ME) 

Graph (a21: a’21): Spectra of CSNs; 0.2 g SHF loading and CdS1 shell  

Graph (a22: a’22): Spectra of CSNs; 0.1 g SHF loading and CdS1 shell  

Graph (a23: a’23): Spectra of CSNs; 0.05 g SHF loading of 0.05 g and shell of CdS1 

Figure (b: b’): UV-vis derivative spectra for CdS2 shell and CSNs of CdS2 with different loading of   SHF core 

annealed at 900oC and 1000oC respectively 

Graph(a3): UV-vis derivative spectra of CdS2 QDs shell (CdS2 formed with 2ml 2-ME) 
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Graph (a31: a’31): Spectra of CSNs; 0.2 g SHF loading and CdS2 shell  

Graph (a32: a’32): Spectra of CSNs; 0.1 g SHF loading and CdS2 shell   

Graph (a33: a’33): Spectra of CSNs; 0.05 g SHF loading and CdS2 shell  

Figure (c: c’): UV-vis derivative spectra ofCdS4 shell and CSNs of CdS4 with different loading of SHF core 

annealed at 900oC and 1000oC respectively 

Graph (a4): UV-vis derivative spectra ofCdS4 QDs shell (CdS4 formed with4ml 2-ME) 

Graph (a41: a’41): Spectra of CSNs; 0.2 g SHF loading and CdS4 shell  

Graph (a42: a’42): Spectra of CSNs; 0.1 g SHF loading of and CdS4 shell  

Graph (a43: a’43): Spectra of CSNs; 0.05 g SHF loading and CdS4 shell 

Figure (d: d’): Derivative Spectra of SHF annealed at 900oC and 1000oC respectively 

 

4.3.4.2 Photoluminescence spectroscopy 

The photoluminescence of several sets of CSNs samples is depicted in Figure 4.8 All of the 

nanostructures' emission spectra were noted at a static wavelength of 350 nm. “The band edge 

emission of CdS1, CdS2, and CdS4 is at 489 nm, 488 nm, and 484 nm, respectively”. Sharp 

and unambiguous emission peaks have been observed using derivative spectroscopy. When 

comparing dissimilar sets of CSNs, it was discovered that the CSNs interface, the substrate 

effect of SHF, and the different sized shell created exterior to core all induce differences in 

emission. Table 4.4 shows the emission peak intensities and positions based on PL data. Table 

4.5 tabulates a systematic discussion of the PL behaviour when the core loading is changed 

and the CdS shell is changed. We are receiving good luminescence qualities that are similar to 
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the spectra of CdS QDs. As a result, we can conclude that in CSNs, only the shell participates 

in the luminescence because the core has no luminescence capabilities. 

Figure 4.8: Photoluminescence spectra for prepared nanostructures with most prominent emission peaks being 

represented by E1, E2 and E3 in each profile. 

The labels used to talk about the samples are as follows: 

Figure (a: a’): PL spectra for CdS1 shell and CSNs of CdS1 with different loading of SHF core annealed at 

900oC and 1000oC respectively 

Graph (a2): PL spectra for CdS1 QDs shell (CdS1 formed with 1ml of 5% solution of 2-ME) 

Graph (b21: b’21): PL spectra for CSNs; 0.2 g SHF loading and CdS1 shell  

Graph (b22: b’22):PL spectra for CSNs; 0.1 g SHF loading and CdS1 shell  

Graph (b23: b’23):PL spectra for CSNs; 0.05 g SHF loading and CdS1 shell   

Figure (b: b’): PL spectra of CdS2 shell and CSNs of CdS2 with different loading of SHF core annealed at 

900oC and 1000oC respectively 

Graph(a3): PL spectra for CdS2 QDs shell (CdS2 formed with 2-ME) 

Graph (b31: b’31): PL spectra for CSNs; 0.2 g SHF loading and CdS2 shell  

Graph (b32: b’32): PL spectra for CSNs; 0.1 g SHF loading and CdS2 shell  

Graph (b33: b’33): PL spectra for CSNs; 0.05 g SHF loading and CdS2 shell   

Figure (c: c’): PL spectra of CdS4 shell and CSNs of CdS4 with different loading of   SHF core annealed at 

900oC and 1000oC respectively 

Graph(a4): PL spectra for CdS4 QDs shell (CdS4 formed with 2-ME) 

Graph (b41: b’41): PL spectra for CSNs; 0.2 g SHF loading and CdS4 shell 

Graph (b42: b’42): PL spectra for CSNs; 0.1 g SHF loading and CdS4 shell  

Graph (b43: b’43):PL spectra for CSNs; 0.05 g SHF loading and CdS4 shell  

 

“From this result it is also clear that core and shell are not interfering with each other 

and only doing their separate works this is a good indication for multifunctional CSNs as the 

core and the shell are completely intact from one another. It is because; if they were not intact 

there might be the possibilities of quenched luminescence or no luminescence because of the 

presence of non-luminescent magnetic core. In all the CSNs there is the presence of two peaks 

which is due to the particle size distribution during synthesis process” [19-20].  
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Table 4.4: Summary of various parameters calculated by the PL spectroscopy for the CdS shell and CSN 

4.3.4.2.1 Derivative study of photoluminescence spectra  

The DSM has made it possible to discuss the features that were previously indistinguishable 

or curbed in “PL spectra”. When comparing CSNs to bare CdS (1, 2 & 4 QDs), DSM allows 

us to accumulate all of the miniscule info about the peak alteration and defect states, 

irrespective of how slight the shift is. Figure 4.9 depicts the CSNs' double derivative curve. 

We are receiving good luminescence qualities that are similar to the spectra of CdS QDs. 

 

 Figure 4.9: Derivative curves of photo luminescence spectra for prepared nanostructures 

 

The labels used to talk about the samples are as follows: 
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Figure (a: a’): PL derivative spectra for CdS1 shell and CSNs of CdS1 with different loading of SHF core 

annealed at 900oC and 1000oC respectively 

Graph (a2): PL derivative spectra for CdS1 QDs shell (CdS1 formed with 1ml of 5% solution of 2-ME) 

Graph (b21: b’21): PL derivative spectra for CSNs; 0.2 g SHF loading and CdS1 shell  

Graph (b22: b’22):PL derivative spectra for CSNs; 0.1 g SHF loading and CdS1 shell  

Graph (b23: b’23):PL derivative spectra for CSNs; 0.05 g SHF loading and CdS1 shell   

Figure (b: b’): PL derivative spectra of CdS2 shell and CSNs of CdS2 with different loading of SHF core 

annealed at 900oC and 1000oC respectively 

Graph(a3): PL derivative spectra for CdS2 QDs shell (CdS2 formed with 2-ME) 

Graph (b31: b’31): PL derivative spectra for CSNs; 0.2 g SHF loading and CdS2 shell  

Graph (b32: b’32): PL derivative spectra for CSNs; 0.1 g SHF loading and CdS2 shell  

Graph (b33: b’33): PL derivative spectra for CSNs; 0.05 g SHF loading and CdS2 shell   

Figure (c: c’): PL derivative spectra of CdS4 shell and CSNs of CdS4 with different loading of   SHF core 

annealed at 900oC and 1000oC respectively 

Graph(a4): PL derivative spectra for CdS4 QDs shell (CdS4 formed with 2-ME) 

Graph (b41: b’41): PL derivative spectra for CSNs; 0.2 g SHF loading and CdS4 shell 

Graph (b42: b’42): PL derivative spectra for CSNs; 0.1 g SHF loading and CdS4 shell  

Graph (b43: b’43):PL derivative spectra for CSNs; 0.05 g SHF loading and CdS4 shell  
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Table 4.5:  With the altered loading of the core and the changing CdS shell, important findings for PL from 

SHF/CdS CSNs, where ferrite loadings are 0.2, 0.1, and 0.05, and shell specifications are CdS1, CdS2, and CdS4 
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4.3.5 Magnetic Studies 

Figure 4.10 demonstrates the hysteresis loop for the SHF (annealed at 900oC and 1000oC 

respectively) and the CSNs. A number of parameters have been calculated from the hysteresis 

curves, which enable us to characterise the nature of magnetism and supplementary variables 

by which we may get a quick concept for future magnetic investigation. All of the samples' 

“magnetization, remanence, coercivity, squareness ratio, magnetic anisotropy, and (SFD) 

characteristics” are listed in Table 4.6. Extreme magnetization is computed for the bare SHF, 

while maximum magnetization is decayed to several times with the creation of magnetically 

deceased CdS shell above SHF. In all samples, retentivity follows the same pattern as that of 

saturation magnetization. Coercivity increases when we move from SHF to SHF/CdS CSNs, 

where 0.2 g core loading is opted, but it decreases as we move to other sets of CSNs. The 

anisotropy in the CSNs is broken in some way, resulting in a many-fold less value of 

anisotropy in CSNs compared to bare core. The most significant sign in the direction of CSNs 

formation is the degradation of anisotropy with core-shell formation [21-22]. This degradation 

indicates that the core-shell system is intact, since if the CSNs are not intact, there is a risk of 

mingling of core and shell materials at the boundary, which could influence anisotropy.  

Figure 4.10: Hysteresis curve for the SHF core and CSNs 
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The labels that were used to discuss the samples are as follows:  

(b1: b’1): Hysteresis curve for SHF core annealed at 900oC and 1000oC respectively  

(b31: b’31): Hysteresis curve for core-shell; 0.2 g SHF loading and CdS2 shell  

(b32: b’32): Hysteresis curve for core-shell; 0.1 g SHF loading and CdS2 shell  

(b33: b’33): Hysteresis curve for core-shell; 0.05 g SHF loading and CdS2 shell  

 

However, the anisotropy constant trend is same as that of maximum magnetization 

trend. Strong coupling is indicated by good squareness and higher remanence. All magnetic 

moments are parallel in the saturation condition. At the nucleation field, some moments in the 

layer are already slanted away from the loop direction. 

 

4.3.5.1 Derivative study of hysteresis curve 

The magnetic field versus susceptibility curve generated from normal magnetization curves 

via differential susceptibility is shown in Figure 4.11.  

 

Figure 4.11: First order derivative curve for the core and CSNs 
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The following are the labels that were used to discuss the samples:  

 

(b1: b’1): 1st order derivative hysteresis curve for SHF core annealed at 900oC and 1000oC respectively 

(b31: b’31): 1st order derivative hysteresis curve for CSNs; 0.2 g SHF loading and CdS2 shell  

(b32: b’32): 1st order derivative of hysteresis for core shell; 0.1 g SHF loading and CdS2 shell   

(b33: b’33): 1st order derivative of hysteresis for core shell; 0.05 SHF loading and CdS2 shell 

 

 

Figure 4.12: Shows the complete magnetization/demagnetization derivative curves of hysteresis loop for 

prepared nanostructures. (a) bare SHF and (b) core-shell; SHF loading of 0.1 g and shell of CdS2 

 

The SFD curve exhibits a narrow dM/dH peak, which correlates to a small crystallite 

size dispersal. Furthermore, the large peaks and long tails indicate a percentage of crystallites 

that aren't adequately "connected via exchange" to the hard phase [23]. When progressing 

from bare SHF to CSNs with varied SHF loadings, SFD drops. As the amount of SHF in the 

CSNs system increases, the dM/dH peak widths drop, indicating effective exchange coupling 

between the “magneto-fluorescent” phases of the nanostructures. The graphs show that every 

picture has a broad hump followed by a sharp peak; this broad hump is one of the significant 

pieces of evidence that the SHF is hard magnetic in nature as manufactured. “We can get an 

indication of the orientation of the spins with a fluctuating magnetic field by calculating the 

SFD of the samples” [24]. The shift in magnetic nanoparticle loading in the CSNs causes 

these fluctuations in SFD values. It's possible that this is due to interfacial alterations caused 

by magnetic-semiconductor exchange coupling. 
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   Table 4.6: Magnetic parameters of ferrite (900oC and 1000oC), and their CSNs 

 

4.3.6 FT-IR Studies 

 The FTIR spectra for SHF, CdS QDs, and CSNs in the region of 400–4000 cm-1 are shown in 

Figure 4.13 The majority of the peaks identified in CSNs are of shell, with small alterations in 

their locations. The absence of SHF peaks on the CSNs spectra indicates that the core is 

separated from the shell. 

  

Figure 4.13: (a) and (b) Shows the FTIR spectra of synthesized nanostructures 
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The following labels were used to discuss the samples:  

 

(b1: b’1): FTIR spectra of SHF core annealed at 900oC and 1000oC respectively  

(a2, a3 and a4): FTIR spectra of CdS QDs shell (CdS1, CdS2 and CdS4 respectively formed with 1ml, 2ml and 

4ml 2-ME)  

(b5: b’5): FTIR spectra of CSNs with, 0.2 g SHF loading and CdS2 shell, SHF annealed at 900oC and 1000oC 

respectively  

(b6: b’6): FTIR spectra of CSNs with, 0.1 g SHF loading and CdS2 shell, SHF annealed at 900oC and 1000oC 

respectively 

 (b7: b’7): FTIR spectra of CSNs with, 0.05 g SHF loading and CdS2 shell, SHF annealed at 900oC and 1000oC 

respectively 

 

Table 4.7:  Summary of the functional groups for the ferrites (annealed at 900oC and 1000oC), CdS1, CdS2, 

CdS4 QDs, and their CSNs 
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4.4 Conclusion 

➢ New classes of nanostructures were created with a set of joint qualities while 

maintaining the nature of their building blocks. 

➢ The coexistence of both phases in the nanostructures is confirmed by XRD patterns 

for core, shell, and CSNs with the space groups “(F-43m) for CdS and (P 63/ m m c) 

for SHF”. 

➢ Optical outcomes support the creation of CSNs deprived of any type of mingling amid 

core and shell material. When compared to CSNs generated with CdS4 shell, CSN 

designed with CdS (1 & 2) are defect-free. 

➢ DSM is used for in-depth study of samples in optical analysis. It has proven to be a 

useful technique for detecting minor variations in peak positions in “UV–visible” and 

“PL spectroscopy”, which can be difficult to detect using 0th order spectra. 

➢ The functional group found in the “FT-IR spectra” of the CSNs spectra is largely 

attributable to the exterior elements, which is CdS, indicating that CdS was 

efficaciously grown-up over SHF and indirectly providing strong signal for CSNs 

creation. 

➢ Magnetic nanoparticles plausibly arranged inside active cells after being 

functionalized with CdS QDs and optically monitored. 
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CHAPTER- 5 

 

 

COMPARISON OF HARD-SOFT FERRITE-BASED CORE-

SHELL NANOSTRUCTURES BASED ON STRUCTURAL, 

MORPHOLOGICAL, OPTICAL, MAGNETIC AND 

FUNCTIONAL ANALYSIS 
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Highlights 

 

• Assessment of two dissimilar sets of CSNs. 

• CSNs with NZF core and other set with SHF core are studied. 

• In both the sets of CSNs CdS shell is identical. 

• All-inclusive optical and magnetic properties were compared. 

• Interfacial properties of both the set of CSNs were compared. 

 

Abstract 

This chapter addresses the possible comparison of multifunctional CSNs developed with 

two different core types i.e., “hard ferrite core and the soft ferrite core”. In the ensuing 

section, we briefly described the nanostructure architecture as well as core and shell 

options function on the ultimate CSNs performance. Both the sets of core-shell 

nanostructures present varied features which make them applicable in great range of 

applications. Since NZF is soft magnetic in nature we can found the applications of NZF 

based CSNs in drug delivery applications, MRI etc. In case of magnetic cell separation 

where permanent magnetism is required NZF have restriction because of frail magnetism. 

thus, we switch for SHF based structures because of their permanent magnetic nature. The 

comparison of such diverse sets of core-shell nanostructures also paves the way for further 

research into the type of core-shell nanostructures known as “Magneto-fluorescent 

heterostructures”, where the core is synthesized by mixing two different ferrites, including 

both hard and soft ferrites, and a shell made of CdS quantum dots, to create a new class of 

material with tuneable magnetic and optical properties. 
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5.1 Introduction 

In biological applications, nano-systems have demonstrated promising results and significant 

advances [1-4]. However, because to their physicochemical and functional qualities, control 

and targeted distribution of medicines or genes are constrained. “CSNs are a promising 

nanocarrier method for regulated and targeted medicine delivery applications in this area. 

Such distinct advantages may make it easier for CSNs to mingle two or more different 

functional qualities in a single nano system, resulting in the appropriate physicochemical 

properties needed for successful targeted drug delivery” [5-8]. The current chapter inspects 

the evolutions and expansions in CSNs schemes made of two distinct core materials (SHF and 

NZF), as well as their desired “structure-property relationships, newly generated properties, 

the effect of parameter control, surface modifications, and functionalization, all of which 

make them useful in a wide range of applications”. Impending study to build “multi-

cores/shells” based functional CSNs and to examine these nanostructures for various 

applications is supported and presented by this Chapter. “Medical technology, biomedical 

engineering, agriculture, environmental science, chemistry, materials science, physics, and 

electronics all benefit from nanotechnology” [9-10]. The backbone of building nano-enabled 

theragnostic, particularly the medication delivery system, is improved due to striking 

properties of CSNs. Because of their distinctive optical and magnetic features at the 

nanoscale, the overview of the nano-system on therapeutic development not only limits drug 

delivery, but also promotes and monitors drug release. CSNs have got a lot of attention in this 

area because of their unique and controllable properties. As a result, it's more intriguing to 

combine various categories of nanomaterials and create them into CSNs. Different 

moieties/entities can be added to CSNs to make them more functional. We compared CSNs 

comprised of a hard-magnetic core and a soft magnetic core with a fixed shell material in this 

chapter. Both the sets of CSNs have a variety of features that make them ideal for a wide 

range of applications. The comparison of such diverse sets of CSNs paves the way for further 

research into the type of CSNs known as “Magneto-fluorescent” heterostructures, which have 

a core made of mixed ferrites, including hard and soft ferrites, and a shell made of 

semiconducting material to create a new class of material with tunable magnetic and optical 

properties. 
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5.2 Experimental details 

In this chapter, we compared a variety of CSNs with a core made up of two different materials 

and a shell made up CdS. The NZF (soft ferrite) and SHF (hard ferrite) cores were used for 

the core-shell synthesis. Both cores have the same shell material, which is CdS QDs. In 

chapter 2, the detailed synthesis procedure for both sets of CSNs has been covered. Structure, 

particle size, elemental composition, luminescence, magnetic properties, and functional 

groups of basic CdS QDs, ferrites, and their CSNs were characterised in detail using “X-ray 

diffraction (XRD), Transmission electron microscopy (TEM), energy dispersive analysis by 

X-rays (EDX), absorbance spectroscopy, photoluminescence spectroscopy, vibrating sample 

magnetometry (VSM) and Fourier transform infrared spectroscopy (FTIR)”. “Shimadzu 

powder x-ray diffractometer using Cu Kα1 radiation was used to know the crystal structure 

and the crystallite size of prepared sample. Transmission electron microscopy (TEM) was 

performed by putting a drop of dilute aqueous suspension of sample on surface of 300 mesh 

copper grid and then copper grid was dried. TEM images were obtained using HITACHI (H-

7500). Samples were characterized by EDX using HRTEM instrument TECNAI G2 20S-

TWIN (FEI Netherlands) to know elemental composition of samples”. “PerkinElmer 

Lambda750 UV–vis spectrophotometer” records “UV-vis spectra” in 200-800 nm range. 

Luminous behaviour of samples was recorded through “Perkin Elmer LS55 fluorescence 

spectrophotometer” with an excitation source of Xenon lamp in 200-900 nm range. For the 

validation of functionality on the external of core, shell and the core-shell “FTIR 

spectroscopy” was opted using “Cary 630 spectrophotometer with wavenumber region 

between 4000 cm-1 - 400 cm-1”. 

5.3 Results and Discussion 

5.3.1 Structural analysis of CdS, SHF, NZF, SHF/CdS and NZF/CdS CSNs 

The XRD spectra for the two types of cores, shell and CSNs with fixed CdS QDs shell, are 

shown in Figure 5.1 The CSNs created with NZF/CdS and SHF/CdS, respectively, were 

explored in the preceding chapters (3 and 4). In this chapter, we have compared the CSNs of 

hard ferrite-based core (SHF) and soft ferrite-based (NZF) CSNs. Figure 5.1 (a) demonstrate 

the “XRD spectra” for the bare NZF and SHF annealed at two different temperatures. Figure 

5.1 (b) demonstrate the “XRD spectra” for the CSNs with both the ferrites core. Figure 5.1 (c) 
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demonstrates the “XRD spectra” for the CdS QDs. Figure 5.2 shows the crystal structures for 

(a) NZF, (b) SHF and (c) CdS QDs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Shows the XRD spectra for the prepared nanostructures 

The labels that were used to discuss the samples are as follows:  

(a1: a’1): XRD spectra of NZF core annealed at 900oC and 1100oC respectively  

(b1: b’2): XRD spectra of SHF core annealed at 900oC and 1000oC respectively 

(a7: a’7): XRD spectra of CSNs with 0.05 g NZF core loading and CdS2 shell, with NZF annealed at 900oC and 

1100oC respectively  
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(b7: b’7): XRD spectra of CSNs with 0.05 g SHF core loading and CdS2 shell, with NZF annealed at 900oC and 

1000oC respectively 

(c): XRD spectra of CdS2 

 

 

 

 

 

 

 

Figure 5.2: Shows the crystal structures for (a) NZF, (b) SHF and (c) CdS QDs 

Table 5.1 shows the results of various parameters determined using "Rietveld 

refinement" of the respective samples. Soft ferrites have cubic symmetry and, as a result, 

three easy axes, whereas hard ferrites have hexagonal atomic structure and uniaxial 

anisotropy. When compared to hard ferrite-based CSNs, the GOF for soft ferrite-based CSNs 

is nearly ideal. This is due to the fact that hard ferrite has a significantly more complex 

structure than soft ferrite. 

Table 5.1: Summary of various parameters calculated using “Rietveld refinement” 
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5.3.2 Morphological analysis 

Figure 5.3 displays TEM image of CSNs made with NZF and SHF as the core. TEM pictures 

of NZF/CdS CSNs with cores annealed at 900oC and 1100oC are shown in micrographs (a) 

and (b). CSNs show some diffused boundaries in micrograph (a), whereas the boundaries 

between core and shell are very sharp in micrograph (b), indicating that the core-shell formed 

with NZF annealed at 1100oC is much intact, with core and shell completely separated from 

each other, and thus validating the PL results. In SHF/CdS CSNs micrographs (c and d) both 

the micrographs are showing the perfect core-shell formation with sharp interface between 

them. The elemental analysis also revealed that the core-shell nanostructures generated with 

SHF have a substantially superior stoichiometry than those formed with NZF (discussed in 

chapter 3 & 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: (a and b) Show the HRTEM images for the CSNs with 0.05 g NZF loading and CdS2 shell where 

SHF is being annealed at 900oC and 1100oC respectively.  (c and d) Show the HRTEM images for the CSNs 

with 0.05 g SHF loading and CdS2 shell where SHF is being annealed at 900oC and 1000oC respectively 
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5.3.3 Optical studies 

5.3.3.1 Absorbance spectroscopy 

The UV–vis spectra of several CSNs, as well as CdS QDs, are presented in Figure 5.4 

absorbance profile for the shell and CSNs in the range of 350–800 nm is shown in Figure 5.4. 

(a1, a2, and a3) when the core is annealed at 900oC and 1100oC/1000oC. We have discovered 

the deviations in the absorbance maxima of shell and the CSNs using this technique while 

comparing different groups of samples. “CdS QDs according to its band gap shows the 

absorbance maxima near 450 nm. While with the core-shell formation there is a shift in the 

absorbance maxima, this might be due to the substrate effect of core nanoparticle” [11]. In the 

CSNs, MNPs serve as a substrate for CdS nanoparticle development. The 2nd derivative 

spectra for the two separate sets of CSNs are shown in picture 5.4 (a1, a2, and a3), which 

offer us with the more improved and sharp details of the absorbance spectra. Derivatized 

bands that are observed to be suppressed in fundamental absorbance spectra are clearly 

represented. 

Figure 5.4:  Shows the “UV-vis spectra” for prepared nanostructures 

The labels that were used to discuss the samples are as follows: 

Figure (a1): PL spectra for CdS2 shell and CSNs of CdS2 with 0.2 loading of NZF core annealed at 900oC and 

1100oC respectively and SHF core annealed at 900oC and 1000oC respectively 

(a) is CdS 2 

(b)is the CSNs; 0.2 NZF with CdS2 with core annealed at 900oC 
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(c) is the CSNs; 0.2 NZF with CdS2 with core annealed at 1100oC 

(d)is the CSNs; 0.2 SHF with CdS2 with core annealed at 900oC  

(e) is the CSNs; 0.2 SHF with CdS2 with core annealed at 1000oC 

Similarly (A2) and (A3) follow the same trend of labelling only the loading is varied 0.1 g in A2 and 0.05 g in 

A3 

5.3.3.2 Photoluminescence spectroscopy 

PL spectra for the shell and CSNs of the CdS shell with both cores are shown in Figure 5.5 

(A1, A2, and A3). All of the emission spectra were documented at a static wavelength of 350 

nm.  The emission profile of all CSNs is similar to that of the CdS shell. When comparing the 

different sets of CSNs, it was discovered that the “interface between the core and shell, the 

substrate effect of the core, and the different sized shell produced over the core surface all 

cause differences in emission” [12-13]. When it comes to the development of CSNs, SHF-

based nanostructures have a better particle size distribution than NZF-based CSNs. Due to the 

intermixing of core and shell elements, CSNs produced with 0.2 g NZF loading and NZF 

annealed at 900oC display a strong peak of ZnS. When the same sample is annealed at 

1100oC, however, this peak is missing, and the core-shell merely follows the CdS emission 

profile.  

Figure 5.5: Shows the Photoluminescence spectra for prepared nanostructures with most prominent emission 

peaks being represented by E1, E2 and E3 in each profile 
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The labels that were used to discuss the samples are as follows: 

Figure (A1): PL spectra for CdS2 shell and CSNs of CdS2 with 0.2 loading of NZF core annealed at 900oC and 

1100oC respectively and SHF core annealed at 900oC and 1000oC respectively 

(a) is CdS 2 

(b)is the CSNs; 0.2 NZF with CdS2 with core annealed at 900oC 

(c) is the CSNs; 0.2 NZF with CdS2 with core annealed at 1100oC 

(d)is the CSNs; 0.2 SHF with CdS2 with core annealed at 900oC  

(e) is the CSNs; 0.2 SHF with CdS2 with core annealed at 1000oC 

Similarly (A2) and (A3) follow the same trend of labelling only the loading is varied 0.1 g in A2 and 0.05 g in 

A3 

Figure (B1, B2 and B3) shows the PL derivative of the same samples 

Table 5.2. Summary of the various parameters by the mean of emission peaks profiles of the several samples 

 

When we annealed the core at a higher temperature, the core and shell remained quite 

intact. There is no intermixing in any of the samples of SHF-based CSNs. The emission 

profile of CdS is followed by all of the core-shell nanostructures. Peak positions and 

intensities of PL data have been presented in Table 5.2. The 2nd order differential spectra for 

the fundamental PL emission profile are shown in Figure 5.5 (A1, A2 & A3) DSM is utilised 

to precisely resolve elementary bands in experimental photoluminescence spectra. The DSM 

has made it possible to discuss some of the aspects that were previously invisible or muted in 

PL spectra. We're getting good luminescence qualities that are similar to those of CdS QDs 

spectra. 
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 5.3.4 Magnetic Studies 

The hysteresis loops for the SHF and NZF cores annealed at two distinct temperature ranges 

are shown in Figure 5.6. (A1). The large discrepancy in the width of the hysteresis curve 

between the loops shows a different type of core ferrite. The nature of magnetism is depicted 

by the width of the hysteresis loop. The hard-magnetic character of SHF is indicated by the 

increased width of the SHF hysteresis curve. The nature of coercivity and saturation 

magnetization in both sets of ferrites is distinct. In the case of NZF, less coercivity is acquired 

with high magnetization, but in the case of SHF, high coercivity is obtained with low 

saturation magnetization.  

 The hysteresis curve for CSNs made with both types of core materials is shown in 

Figure 5.6. (A2, A3 & A4). All the CSNs have the same parameter trend as their naked entity, 

except saturation magnetization has faded. The development of a magnetically dead layer of 

semiconducting CdS over the core causes the magnetization to decline in all of the samples. 

In comparison to NZF based CSNs, SHF based CSNs have a lower SFD value. The smaller 

the SFD value, the better the particle size distribution in a given sample [14-15]. As a result, 

we can state that SHF-based CSNs have a superior particle size distribution than NZF-based 

CSNs. This is also supported by the PL findings discussed earlier. 
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Figure 5.6:  Hysteresis curve for the core and the CSNs 

The labels that were used to discuss the samples are as follows: 

Figure (A1): Hysteresis curve for NZF and SHF core annealed at 900oC and 1100oC/1000oC respectively 

Figure (A2): Hysteresis curve for the CSNs. In which (a and b) are hysteresis for CSNs of CdS2 with 0.2 

loading of NZF core annealed at 900oC and 1100oC respectively and (c and d) are hysteresis for CSNs of CdS2 

with 0.2 loading of SHF core annealed at 900oC and 1000oC respectively  

Similarly, Figure (A3) and (A4) follow the same trend of labelling only the loading is varied from 0.1 g in 

A3and 0.05 g in A4 
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Figure 5.7: Shows the 1st order derivative of hysteresis curve for the core and the CSNs 

The labels that were used to discuss the samples are as follows:  

(A1: B1) shows the 1st order differential hysteresis curve for NZF core annealed at 900oC and 1100oC 

respectively and SHF core annealed at 900oC and 1000oC respectively 

(A2: B2) shows the 1st order differential hysteresis curve for core shell; NZF loading of 0.2 g and shell of CdS2, 

NZF core annealed at 900oC and 1100oC respectively and SHF loading of 0.2 g and shell of CdS2, SHF core 

annealed at 900oC and 1000oC respectively 

(A3:B3) and (A4: B4) follow the same trend of labeling only the loading is varied from 0.1 g in A3:B3 and 0.05 

g in A4:B4 

The magnetic field vs susceptibility graphs obtained are shown in Figure 5.7. It shows 

the difference in magnetic susceptibility for different CSNs with variable ferrite loading w.r.t., 

to applied field. The derivative curve for NZF and NZF-based CSNs has a steeper peak from 

the FWHM of which, we derived the SFD values for the samples.  

The derivative curve of SHF and SHF-based core-shell nanostructures always have a 

broad hump followed by a steeper peak [16-17]. The broad hump is the indication of hard 

magnetic behaviour of ferrite [18].  The squareness value for SHF and SHF/CdS CSNs is 

more than 0.5, showing that SHF is hard-magnetic [19-20]. The squareness value for NZF and 

NZF/CdS CSNs is less than 0.5 for all samples. Indicating NZF's gentle magnetic nature [21]. 

Table 5.3: Magnetic parameters of ferrite (900oC and 1000oC), and their CSNs 
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5.3.5 FT-IR Studies 

The FT-IR spectra for pure SHF, NZF, and their CSNs are illustrated in Figure 5.7 “Spinel 

ferrites have two broad oxygen metal bands in their FTIR spectra. As a result, the one 

detected at v1=606 cm-1 corresponds to the metal ion's inherent stretching vibration at the T-

sites, while the lowest band, observed around v2=460 cm-1, is assigned to octahedral metal 

stretching vibration” [22-23]. “The band near 3388 cm-1 corresponds to H2O's O–H stretching 

vibration; the particular absorption peak at 2339 cm-1 relates to citric acid's O–H group” [24-

25]. The adsorption of CdS QDs on the exterior of SHF/NZF causes a minor shift in the 

absorption bands of CSNs when linked to their basic systems (MNPs). Characteristic bands 

for the corresponding samples were discovered in the finger print region. We discovered the 

maximum peaks of the CdS shell on the surface in CSNs. 
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Figure 5.8: (a), (b) and (c) shows the FTIR spectra of synthesized nanostructures 

The labels that were used to discuss the samples are as follows:  

(a1: a’1): FTIR spectra for NZF core annealed at 900oC and 1100oC respectively 

(a2: a’2): FTIR spectra for SHF core annealed at 900oC and 1000oC respectively  

(b1: b’1): FTIR spectra for CSNs with 0.05 g NZF loading and CdS2 shell, with NZF annealed at 900oC and 

1100oC respectively  

(b2: b’2): FTIR spectra for CSNs with 0.05 g SHF loading and CdS2 shell, with NZF annealed at 900oC and 

1000oC respectively 

(c): FTIR spectra for the CdS QDs 

 

5.4 Conclusion 

➢ Innovative nanostructures with a CdS shell over NZF or SHF core have been created. 

➢ The coexistence of both phases (ferrite and QDs) in the nanostructures is confirmed by 

the XRD for shell, core, and CSNs. 

➢ Because of the difference in the nature of cores for both sets of CSNs, optical, 

magnetic, and structural data show significant differences. 

➢ In optical and magnetic analysis, 2nd order derivative spectroscopy is employed for 

detailed study of the samples. 

➢  The functional group found in “FT-IR spectra” of the CSNs spectra is largely 

attributable to the exterior constituent, which is CdS, indicating that shell is 

efficaciously grownup overhead SHF/NZF providing strong sign for CSNs 

construction. 

➢ The comparative study paves the way to explore a new avenue that is single core shell 

nanostructure in which properties coercivity, retentivity and magnetic saturation can 

be tailored according to the field of application. 
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6.1 Summary 

The aim of the thesis was to give the most up-to-date information on core-shell 

multifunctional nanostructures. The aqueous solvent approach was used to make the CSNs. 

The application zone of nanostructures is expanded by using water as a solvent in the 

synthesis process. This magnet inside semiconductor type model of CSNs satisfies the 

demand for simultaneous targeting and tracking, proving to be a very important tool in 

“targeted-drug-delivery” and MRI applications. Optical and magnetic results demonstrated 

that CdS QDs were successfully deployed on the surface of the core MNPs, with an obvious 

attachment evident in all results, as well as high core and shell stability and intactness.  

 

 Chapter 1 briefly introduced QDs, Ferrites, and CSNs, as well as other significant 

ideas, while Chapter 2 outlined the synthesis and characterization techniques step by step. All 

QDs, ferrites, and CSNs may be successfully manufactured using a wet chemical aqueous 

approach, as discussed in Chapter 2. The results for these samples are presented in Chapters 3, 

4, and 5.  

 

 The “seed mediate growth approach”, which combines “sol-gel” and “solution growth 

methods”, was used to successfully construct magneto-fluorescent CSNs of NZF/CdS through 

an aqueous route, resulting in better magneto-fluorescent characteristics. Using a simple and 

controlled manner, the generation of single-phase cubical spinel structure in NZF and cubical 

structure in CdS, as well as the creation of CSNs, are inveterate by “XRD spectra.” The effect 

of varied core loadings on structural characteristics has been demonstrated in CSNs. “UV–

visible spectroscopy” shows a red shift in maximum absorption as core loading increases, 

which is further verified by “PL spectroscopy”. Optical studies demonstrated that the CSNs 

generated are firm and have boosted luminescence, with the best results coming from the least 

quantity of base material used. Magnetic investigations demonstrate that as a result of 

semiconductor shell creation to the exterior of the magnetic core, saturation magnetization 

deteriorates, indicating that the shell above the core has grown successfully. The production 

of ferromagnetic NZF/CdS nanostructures was confirmed using VSM. NZF/CdS 

nanostructures have been studied for spin-dependent characteristics utilising derivative of 

susceptibility. When the largest amount of NZF is applied and the annealing temperature of 

NZF is lower, the CSNs formed have diffused borders. Both the NZF and CdS relate spin-to-
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spin at the interface. CSNs were shown to be much firm when only a small amount of core 

was loaded and the annealing temperature of the core was raised. According to FTIR research, 

the functional groups present on the system are promising for further processing these 

“magneto-fluorescent” CSNs for biological applications. Overall, these “magneto-

fluorescent” CSNs could be employed in “spintronics as well as drug administration, 

diagnostics, and imaging applications in nanomedicine, according to the researches”.  

 

 The effective synthesis and characterization of hard ferrite-based strontium 

hexaferrite/CdS multifunctional CSNs with magnetic and optical capabilities in a single entity 

are demonstrated in Chapter 4. The creation of CSNs is well supported by the results obtained 

through various characterizations. The shell, which is CdS QD, has a well-defined cubical 

phase, while the strontium hexaferrite core has a hexagonal phase, according to structural 

specifications. The optical results from “UV–visible spectroscopy” and “PL spectroscopy” 

accord well with the generation of CSNs. Particle size dispersal is get enhanced with the 

development of CSNs, as evidenced by PL data. With nominal core loading, better outcomes 

are obtained. The hard-magnetic character of the SrFe12O19 core has been confirmed by 

magnetic experiments.  Because of the totally diamagnetic character of CdS, it was also 

proven that CdS is grown precisely over SrFe12O19 because the magnetic saturation decays 

after CdS production. This is also a clear indicator of the creation of the CSNs. The first order 

derivative of the fundamental hysteresis loop is used to calculate SFD. The information on 

spin orientation at high and low magnetic fields is provided by SFD. “FTIR spectra” allocated 

important bands. The development of CSNs is strongly supported by an alteration in the 

absorption band in “FTIR spectra”. We determined that these CSNs can be used in a variety 

of sectors, including “spintronics and biological cell sorting applications where a persistent 

magnetic field is required”, after analysing their structural, optical, and magnetic properties. 

The comparative examination of two separate sets of CSNs created with different kind of 

cores was presented in Chapter 5 (hard magnetic and soft magnetic core-based nanostructures 

respectively). Because low ferrite loading CSNs produce the greatest outcomes in both CSNs, 

this chapter compares CSNs created with minimal ferrite loading. 
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Table 6.1: Table Summarized the various results concluded after characterizing different set of samples 

 

6.2 Future scope 

The following are some key points that can be applied to this research issue in the future: 

• Encapsulation of these CSNs by peptides and other biocompatible groups.  

• These CSNs could be connected to specific biomolecules in the future to examine 

certain cell types in-vitro. 

• These nanostructures could be employed for cell sorting. 

• Magnetic nanoparticles (SHF/NZF) can be utilised to make spring magnets, which 

have a wide range of uses. 

• Synthesis of magneto-fluorescent CSNs with the core made of mixed ferrites which 

includes hard and soft ferrites; and the shell with CdS quantum dots will be prepared 

and characterized to attain a new class of material with tuneable magnetic and optical 

properties. Figure 6.1. shows the schematic for the spring magnet design. 
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Figure 6.1: Future work conceptualization 

 

 


