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ABSTRACT  

 The motivation behind the focused and intense research in the field of 

nanomaterial is owing to promising and established properties that can be 

plagued into applications. Metal sulfides (MS) and oxide (MO) nanomaterial 

epitomize a fairly new class of materials and under intensive investigations since 

few decades for potential application in various fields like photo-catalysis, 

thermal stability, bio-mineralization, drug delivery, and optoelectronic 

applications. In this work, metal sulfide (CuS, PbS) nanomaterial was 

synthesized by a hassle-free aqueous route under microwave irradiation with 

different morphologies as spherical, tubular, leaf-like and strip type shape 

without assistance of any surfactant/template. Whereas metal oxide (PbO, 

Mn3O4) were prepared by thermal decomposition of oxalate precursor of relative 

metal synthesized using the soft chemical method. Various techniques were 

employed to characterized the synthesized nanomaterial such as  X-ray 

diffraction (XRD), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), fourier transform infrared spectroscopy (FTIR), 

ultraviolet–visible (UV–Vis) spectrophotometry, differential scanning 

calorimetry (DSC), and thermogravimetric analysis (TGA). Mn3O4 were 

examined as adsorbent material for anti-cancer drugs doxorubicin-DOX, 

daunorubicin-DNR and cisplatin-CPN from aqueous solution. Kinetics study was 

conducted to investigate the phenomenon and mechanism of adsorption of drugs 

onto Mn3O4 
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1 Introduction 

1.1 General background of nanomaterial  

In 1857, colloids of reasonably mono-dispersed gold 

nanoparticles (NPs) were reported by Michael Faraday [1]. He founded that 

surface to volume ratio of gold particle influence the optical properties as 

colloidal solution of gold particles exhibits ruby red colour. This becomes the 

groundwork for the nanotechnology, synthesis of NPs and their 

characterization. Thomson Graham described a suspension having nanoscale 

particles as “colloid” [2].  Consequently, with the developments of advanced 

spectroscopic and microscopy techniques “Atomic force microscopy, 

Scanning electron microscopy and Transmission electron microscopy ”, 

researcher and scientists started to provide an extraordinary intention to the 

studies of nanomaterials and their potential applications open the new 

horizon for nanoscience and fundamental characteristics of nanomaterials. 

This is motivated by the current requirement of reduced size optical and 

electrical devices. As reported by National Science Foundation: 

“Nanoscience and technology will change the nature of almost every human-

made object in the next century” [3].    

NPs, also referred to nanoclusters, nanocrystal and quantum 

dot, having particle size less than 100 nm diameter. Nearby 10- 10
6
 atoms or 

molecules required to form a particle. These NPs behave differently due to 

their nano structure as compared to the bulk materials [4].   

Conversely, they own exceptional chemical and physical 

properties, vividly different from bulk form. Unique fundamental 

characteristics of nanomaterial are due to their large surface-volume ratio 

imparts the effect on electron confinement and physical properties.  

1.2 Properties of nanomaterials 

Nanoscale materials reveal different mechanical, magnetic, 

thermal, optical, and electronic properties due to their small size. In the case 
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of magnetic properties,
 
with the reduction in particle size upto some

 
critical 

diameter allows the particles to become single domain because of 

energetically unfavorable formation of the domain. Further reduction in 

particle size ends with the superparamagnetic material; at that point spin of 

electrons significantly affected by thermal fluctuations. 
 

 

Figure 1-1 Scale of things- Nanometer and more. )Graphic courtesy of the Office 

of Basic Energy Sciences Office of Science, U.S. DOE) 

Quantum dots own discrete electronic states “highest occupied molecular 

orbital” (HOMO) and "lowest unoccupied molecular orbital" (LUMO) just 

like molecule, energy difference “band gap” of quantum dots (QDs) will 

increase as the number of constituent atoms decrease “particle size”. Hence, 

the particle size of QDs is a vital feature for tweaking the band gap, and it 

would more effective in monodispersed size distribution.  
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Depression in melting-point is a phenomenon involves a decline in melting 

point of any material with decrease of particle size. This phenomenon is very 

effective in nanomaterials which melt at relatively much lower temperature 

than corresponding bulk materials. For example, CdS, Ag and Pb NPs start 

melting at lower temperature to their corresponding melting temperatures of 

bulk and the melting point is dependent on the size of particle [5,6].  

 

 

Figure 1-2  Size-dependent melting temperature of Ag and Pb. (Adapted from 

DOI: 10.1039/C0CP90161J) 

Stability of atoms/ molecules present at the surface of material is lower due 

to less interaction or cohesive forces relative to the internal, by extrapolating 

this phenomenon and can be explained for the relationship of the melting 

point and particle size.  

The Gibbs-Thomson describes the relation between melting temperature and 

particle size by following equation [7]    

     
 

  
 

 
   

  
 

 
   ( )   
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where  

Tm =  melting point of the particle having radius r, 

 Tm* =   melting point of the bulk material, 

 Vm(l) =  molar volume of liquid 

       =  surface tension between the layers liquid and solid surfaces,  

ΔHm =   latent heat of melting for the bulk material. 

 Catalytic properties and activity of nanomaterial are prominent and 

established, for instant, gold particles with small particle size show the 

excellent catalytic activity but act as an inert in the bulk metal state [8]. 
 

1.3 Applications of nanomaterials 

The motivation behind the focused and intense research in the field of 

nanomaterial is owing to promising and established properties that can be 

plagued into applications. Metal sulfide (MS) and oxide (MO) nanomaterials 

epitomize a fairly new class of materials and under intensive investigations 

since few decades for potential application in various fields like magnetism, 

photo-catalysis, bio-mineralization, drug delivery, and optoelectronic 

applications.  

1.3.1 Catalytic applications 

Metal sulfides (MS) and metal oxides (MO) semiconductors nanomaterials 

are good catalysts and sensitizers candidates for photochemical reactions 

owing to high surface-to-volume ratio, the capability of bandgap tuning by 

changing particle size. The photocatalytic activity of colloidal MS and MO 

semiconductor particles possess rapid movement of the electrons-holes pair 

on the surface of particles to start redox reactions. Co-precipitated fine NPs 

of CdS, ZnS have been reported as photo-catalyst, supply surplus S
2- 

as 

electron donors on the surface of particles for photo-generation of hydrogen. 

[9] The recombination of holes and electrons during photo-catalytic activity 

is still a challenge for researchers. Somehow doping of metal or addition of 

other semiconductors to MS and MO NPs improves the charge separation. 
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When TiO2 powder was mixed with CdS powder, production of hydrogen 

increases during the reduction of H2S in aqueous solution by irradiating UV 

light. [10]
 

Consequently, CdS-TiO2 sandwich structure has been reported to 

control the recombination of ions and to improve the efficiency. [11] 

Furthermore, the metal-doped semiconductor nanomaterial has been 

fabricated to enhance the catalytic efficiency as well as charge separation. 

Currently, in methanol, the production method, Cu/ZnO nanomaterial has 

been used to enhance the yield and catalytic activity [12].  
 

1.3.2 Optoelectronic applications 

NPs and the contiguous medium like capping agents possess the large surface 

area influences significantly to the properties of the nanoparticle. Nonlinear 

optical (NLO) effect can be introduced into nanomaterial by producing 

defects within the particle to trap the electron/hole. For instance, NLO effects 

have been observed in polymer CdS nanomaterials by applying a nanosecond 

Z-scan method. [13] Nonlinear absorption was greatly enhanced with the 

reduction of particle size, as predicted by quantum size-effect. 

Reversible charging of CdSe nanocrystal was studied at room temperature in 

a recently reported solid state device. [14] These amazing optical properties 

open opportunities for nanomaterial in the photochromic display, optical 

modulators and in tunable fluorescent devices. Furthermore, a single-electron 

transistor has been developed with CdSe nanocrystals. [15]   With this device 

one can tune charge carriers directly within the NPs and measure the energy 

required for the addition of sequential charge carriers. 

Semiconductors nanostructures are currently claimed a lot of interest has 

exciting magnetic and optical properties appear by doping transition metal. 

Emissions of strong visible-light of different colors were reported by 

manganese doping in some chalcogenides ZnS [16,17], ZnSe [18,19], CdS 

[20,21], CdSe [22,23] and PbSe [24]. Recently, ZnO QDs doped with 

transition metal was prepared and having astonishing optical and magnetic 

properties [25,26]. These materials could be used as active materials in 

optoelectronic and spintronics devices. 
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Hybrid organic-inorganic electro-luminescent device (light-emitting diode) 

was first reported in 1994. The light emission happens by the recombination 

of holes-electrons pair in the multi-layer of CdSe/ p-paraphenylene vinylene 

(PPV) semiconductor. [27] By varying size of the nanocrystal, the color of 

emitting light can be changed from red to yellow and predominantly green 

light at a higher voltage. Subsequently, bilayer light-emitting device 

employing CdSe/CdS core/shell nanocrystals capped by PPV has been 

developed. [28]. These devices demonstrate substantial enhancements in 

quantum efficiency and lifetime of CdSe devices. 

Other optical applications of semiconductor NPs have been reported as 

optical amplification [29] high refractive-index, [30] etc. Nano-composites of 

PbS and gelatin were manufactured and improved its refractive index from 

1.5 to 2.5 [31].  These types of materials could be employed as an 

antireflection coating in solar cell materials. 

1.3.3 Biological labeling  

Fluorescent organic dyes are commonly used to labeling the biological 

molecules and adopted as a convenient way to DNA detections whether it is 

single or multiplex. Conversely, organic material exhibit broad emission 

bands and low signal due to photobleaching occurs in fluorophores. CdSe 

NPs based highly photoluminescent material was reported by two different 

groups simultaneously to use as fluorescent dyes for labeling biological 

molecules. In each case, materials of larger band gap used as a capping agent 

for luminescent [32,33]  CdSe nanocrystals and attached a conjugatable 

group to its outer surface. Subsequently, water-soluble NPs linked with 

biological molecules; position of the molecules can be localized and imaged 

easily. CdSe nanocrystals emit brighter and steady fluorescence due to 

narrower band gap as compared to organic fluorophores. In the situation, size 

of nanoparticle shows important characteristic regarding the color of the 

fluorophores; hence by changing the size of NPs, one can choose various 

colors of fluorophores for attachment to a receptor. Lately, quantum dots of 

different size with essential ratios have been employed into polymeric 

microbeads to achieve multicolor fluorescence for biological investigation 
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[34]. It was established that polymeric microbeads tagged with QDs produce 

high yield, qualified candidate for potential medical diagnostics. Fluorescent 

inorganic NPs open the new horizon for use in single DNA molecules for 

mapping sequence-specific sites and real-time observation for detection of 

potential disease  

1.3.4 Drug Loading 

Nanotechnology has opened the opportunity of monitoring and controlling 

the atomic assemblies at molecular level and has an extensive influence on 

medical expertise and pharmaceutical sciences. The NPs can be used for 

monitoring and treatment of the tumor accurately and fast. Anticancer drugs 

loading on MO to in targeted delivery of drugs for improvement of the bio-

distribution and accumulation of drugs in specific body sites which is not 

possible by conventional treatment. Different MOs have been reported for 

anticancer drug loading with and without surface modification. 

Functionalized iron oxide NPs by “hydrophilic polymer polyvinyl alcohol” 

(PVA) was used as carrier for anti-cancer medicine doxorubicin (DOX) [35]. 

Manganese oxide is also a promising candidate for drug loading, NPs with 

Hollow structure show greatly enhanced drug‐loading abilities compared to 

solid interiors [36]. 

1.3.5 Sensors  

Nanostructures materials are very sensitive and can adsorb various species on 

surfaces due to great surface-volume ratio. Adsorption of such species on the 

nanostructure material can transform electrical properties, thus by detecting 

the variation in optoelectronic responses of such devices; one can analyze the 

chemical sensing ability in different environments. Therefore, Nanostructures 

materials could be used for sensing application for various materials in many 

fields like medical, environmental, or security purposes. For instance, 

chemical sensor based on TiO2 NPs has been devolved for the sensing of 

NO2, O2 as well as organic species. The sensitivity of the detector is very 

much dependent on the size of the NPs. It was discovered that the efficiency 

of the chemical sensor can be increased by decreasing particle size [37].   
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Photochemical sensor for NO2 detection has been fabricated with nanowires 

and nanobelts of single-crystalline tin dioxide, this device has extraordinary 

adsorption-desorption behavior under illumination of UV light at room 

temperature [38].  
 
 

Using micro-electromechanical technology, gas sensors based on ZnO 

nanowires were fabricated which is highly sensitive and responsive to 

ethanol fumes at room temperature [39].  
 
 

Surface modified semiconductor wires with biotin or antigen-based 

biosensors have been reported for real-time detection of biochemical [40].  
 
 
 
 

1.4  Synthesis of nanomaterials 

It is still challenging task for researchers and scientist in the field of 

nanoscience & nanotechnology to find environmentally safe, economical and 

cost-effective procedures to synthesize the anticipated nanomaterials.  

 The synthesis approaches can be divided into two categories: 

 Top- down technique  

 Bottom- up technique 

 The bottom-up techniques are more effective and frequently applied in 

research. (Figure 1-3) The top-down approach involves traditional procedures 

like lithography, writing or stamping. Now the use of sophisticated tools like 

advanced lithographic systems involving UV or X-ray radiation [41], 

electron-beam epitaxy and microcontact printing make it capable to generate 

structures down to 100 nm range [42]. 



Chapter 1                                                                                                                 Introduction 

9 

 

Figure 1-3 Synthesis approaches (adopted from DOI: 10.5772/51579) 

 

Contrariwise, bottom-up technique (chemical synthetic methods) comprises 

the assembly of atomic and molecular components organized into nano-

structures through inherent processes within the system. Kinetics and 

thermodynamics of the system govern the growth scenario and phenomenon 

during the reaction. 

The main advantage that bottom-up approach offer over other approaches is 

good chemical homogeneity even at the molecular levels. Several chemical 

synthetic methods are discussed in the following subsections. 

1.4.1 Sol-gel method  

This technique is a most common and widely used for the synthesis of 

nanomaterials, involve one or several chemical and physical phenomenon 

like hydroxylation and polycondensation of molecular precursors, 

polymerizations, prescription, thermal decomposition and vaporization etc. 

The hydroxylation can be accomplished by altering the pH value of 

aqueous/organic solvent’s solutions of inorganic salt (chlorides, nitrates, 

sulfate etc.). TiO2 nano colloids has been reported by the hydrolysis of where 

the hydroxyl groups act as the colloid stabilizer [43], and properties of 

synthesized depend on the route adopted [44]. 
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Figure 1-4 Sol-gel Technology and Products (adopted from www.chemat.com) 

Different MO NPs such as ZnO [45], PbO, Fe2O3 and SiO2 [46] have also 

reported by the similar methods involve hydrolysis of the metal salts or metal 

alkoxides in aqueous solution or organic solvents. Making a homogeneous 

and dense solution of inorganic and organic compounds is an essential task 

followed by several steps like drying and further densification to obtain fine 

solid xerogel. Lead zirconate titanate and barium titanate NPs has been 

synthesized by using this very method [47,48]. 

An improved sol gel method has been reported to synthesize the MO having 

very low contents of hydroxyl ion and better control over the product, in this 

method alkoxide, ether or alcohol used as oxygen donor with metal chloride 

[49,50]. TiO2 [51] and perovskites and other related compounds such as 

titanate and zirconate have been reported by sol-gel method [52]. 

1.4.2 Microemulsion 

Thermodynamically stable microemulsions are anisotropic blurred mixture of 

oil and water; produce a very thin film due to interface and sorption of water 

and oil on the surface of the mixture. Hydrophilic-lipophilic balances define 

the nature of microemulsion, whether it is oil-in-water or water-in-oil 
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microemulsion, properties of microemulsion can change by varying the value 

of components in the mixture. Microemulsions will become Transparent or 

translucent when dispersion sizes are very small, usually 5 to 20 nm in 

diameter  

 

Figure 1-5 Microemulsion formulation process 

Normal vesicles having diameters around 150-300 nm can be produced using 

dihexadecyl phosphate, dioctadecyldimethyl ammonium chloride (DODAC) 

or cetyltrimethylammonium chloride (CTAC) in aqueous solution. In these 

vesicles, suspension of metal ions accompanied by precipitation and 

production of H2S or sodium sulfide ended with the formation of very fine 

semiconductor NPs (up to 5 nm) inside the micelles [53]. 

bis(2-ethylhexyl) sulfosuccinate (AOT) salts are used in microemulsion 

(water-in-oil), produced small water-pools (< 10 nm) and the magnitude of 

water-pools is depending upon water/AOT ratio in nonpolar solvents, like 

hexane, cyclohexane. Relatively mono-dispersed semiconductor NPs were 

produced by the reaction of chalcogenide material with encapsulated metal 
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ion by water-pools. Shapes of NPs can be adjusted by controlling shapes of 

pools by incorporating some additives; normally shape of NPs is non-

spherical in most cases [54]. 

 CdSe and ZnSe nanorods [55], and triangular CdS NPs [56] have been 

synthesized by this method. Furthermore, many ultrafine NPs of MOs PbO, 

ZnO, CdO [57]. Perovskite-type mixed MOs [58] and magnetic material 

cobalt ferrite [59] can be produced by this technique. 

1.4.3 Polymer matrix composites 

Uses of polymers in nano synthesis have the advantages over inorganic 

materials attributed to film processability and superior mechanical properties. 

Nanocomposites containing organic polymers and inorganic NPs generally 

demonstrate a collection of optical, mechanical, electrical and magnetic 

properties, extremely different and outstanding associated with individual 

constituents. These anticipated properties are manifested to a complex 

relationship and interfaces separating among the building-blocks of material. 

Two main methodologies have been adopted for the synthesis of these 

nanocomposites. In situ-precipitation method is one of them. In this 

approach, the polymer matrix material and metal ion source (metallic salt) are 

mixed in a solvent to form a solution and then counter-ions (S2, Se2-) source 

is dissolved in the solution [60]. In the case of PbS NPs, solution of 

poly(vinyl pyrrolidone) (PVP) and Pb salt as a source of Pb
2+

 could be 

prepared in water, then H2S gas as source of counter-ions exposed to solution 

in order form nano-composite of PVP & PbS nanoparticle for casting as a 

film. 

 An alternative method in situ-polymerization approach is also reported; very 

fine NPs has been synthesized and monomer used for capping, then other 

monomers were used for homopolymerization to produce polymer 

nanocomposites [61]. 

The second methodology is the ex situ-method - semiconductor NPs were 

initially synthesized by using an organic material as stabilizers and a capping 

agent, then these NPs and polymer were dissolved in a solvent. This solution 
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can be used to cast polymer film containing semiconductor cluster. This 

simple approach has delivered some nanocomposites with interesting 

properties like photoconductive or photovoltaic, a nanocomposite of 

CdS/poly(N-vinylcarbazole) (PVK) [62] and CuS, ZnS, CdS in 

polyacrylonitrile have been synthesized [63]. 

 

Figure 1-6 Conducting Polymers / Layered Double Hydroxides Intercalated 

Nanocomposites (adopted from DOI: 10.5772/54803) 

Dendrimer is new classes of synthetic three-dimensional macromolecules 

produced by a different chemical route, which employs organic groups to 

generate a unique novel nanostructural [64]. Extraordinary morphology of 

the dendritic architecture contains a very good structural symmetry, the 

dendrimer molecules build an environment within to trap guest species due to 

their special structural feature.  

First dendrimer nanocomposites consisting CdS/ poly(amidoamine) 

(PAMAM)  was reported, optical behavior of CdS nanomaterial can be 

controlled by varying synthetic conditions, solvent and pH value [65]. 

Furthermore, carboxyl-terminated Polyamidoamine (PAMAM) dendrimers 

can be used for the production and as stabilizer of Fe2O3 NPs. [66] 
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 In the above-stated examples to synthesize dendrimer nanocomposite, 

basically, inter-dendrimer composites were formed first and then exposed to 

agglomerate in which relatively large CdS QDs were stabilized by multiple 

dendrimers. 

Contrariwise, CdS/intradendrimer nanocomposites have also been reported, 

in which NPs were seized in individual dendrimers [67] and size of CdS NPs 

can control by varying the nature of dendrimers. Likewise, Au NPs can be 

rapidly yielded of small diameter 2.2 nm from PAMAM dendrimers with n-

alkanethiol as extractants [68]. Therefore; dendrimers can also be reprocessed 

and used as a template to produce other NPs. 

1.4.4 Hydrothermal or solvothermal synthesis 

Hydrothermal synthesis involves heterogeneous reactions in aqueous solution 

by applying elevated temperatures and pressures. In a typical synthesis, 

precursors and chemicals are mixed into a definite quantity of solvent, and 

the mixture was kept in a vessel called “autoclave” and heated to elevated 

temperature for some definite time to initiate the synthesis reaction. 

Autoclaves with inner inserted Teflon cup are available in the market and can 

be used up to 250°C and 200 bars. Teflon makes an ideal vessel under these 

conditions rather than to glass and quartz; it can be used for both acidic and 

alkaline medium. The particle shape, size and morphology can be tuned by 

shifting the experimental condition (such as temperature, pressure, solvent, 

etc). One of the drawbacks of the hydrothermal method is that some chemical 

not reacts properly under aqueous environment. Besides, the solvothermal 

technique has been established to perform the reaction in an organic medium 

like alcohols, amines, etc. One-dimensional CdB (B=S, Se, Te) have been 

produced by cadmium salts (of sulfur or selenium) in ethylenediamine 

medium [69-71]. 

It was established that growth of nanorods can be controlled by using 

ethylene diamine as a template with metal chalcogenides to produce different 

morphology by applying certain conditions. Moreover, nano crystalline III-V 

compounds have been reported by low- temperature solvothermal method 

[72,73]. In addition, latterly, this method attracts many researchers and 
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various MO nanomaterial with fascinating morphologies have been reported 

[74-76]. 

1.4.5 Microwave synthesis 

Synthesis of nanostructured materials by employing microwave irradiation in 

the liquid phase is presently a rapidly-developing field of research. It is 

projected that the Microwave synthesis will remain to develop in the same 

fashion in the future. While most of the work related to microwave synthesis 

is still carried out in laboratory level, it is predictable that this innovative 

technique will be adept soon to use a larger, possibly even industrial scale 

[77]. 

nanocrystalline TiO2 has been synthesized by employing microwave 

radiation only for within 5 minutes [78]. While hollow and open-ended 

nanotubes of TiO2 has been produced by anatase and rutile crystals in NaOH 

solution under microwave radiation. [79,80]. α-Fe2O3 nanocrystals has been 

reported by using microwave radiation on a water based solution comprising 

NH4H2PO4 and FeCl3 for 25 min, different types of morphology can be 

obtained by varying experimental condition [81].  Preparation of CuO 

nanostructures has been reported, solutions of Cu(CH3COO)2 and Cu(NO3)2 

in water with aqueous solution urea was exposed to microwaves for 30 min 

keeping temperature 150° [82]. Furthermore Microwave heating was applied 

to achieve 80 °C  temperature of  solution containing (CH2)6N4 and 

Mn(CH3COO)2 for 60 min for the synthesis of magnetic Mn3O4 polyhedral 

NPs [83]. 
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Figure 1-7 Synthesis by microwave irradiation (Adopted from DOI: 

10.5772/16948) 

MS nanostructures material can be fabricated by heating (microwave) an 

aqueous solution, a metal salt (water-soluble) is generally used as metal ion 

source to provide metal ion, a compound used to provide S
2−

ions is named as 

sulfur ion source, and sometimes to achieve optimum results, an stabilizer or 

surfactant is added to regulate size and morphology. 

Pure and Zn-doped PbS NPs has been reported by employing microwave 

irradiation using PbCl2, ZnCl2 as the metal source, CH3C(S)NH2 3-

mercaptopropanoic acid, as sulfur source and basic medium to controlling PH 

value [84].  Self-assembled chains and hierarchical flower-like spheres were 

produced using CuCl2-2H2O, thiourea, and EDTA in water based basic 

solution employing microwave radiation for short time [85]. Similarly, Cu9S8 

nanorods with small diameters (10 nm) and quite lengthy (60 nm) were 

synthesized from the solutions of Cu(NO3)2·3H2O and CH3C(S)NH2 in 

microwave radiation for short interval of time (20 min) [86]. Furthermore, a 

rapid reaction (microwave-assisted) of CdCl2 / Zn(CH3COO)2 and 

CH3C(S)NH2 in aqueous medium yielded fine NPs of CdS and ZnS with 

particle size about 9 nm [87]. 
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1.4.6 Molecular precursor method 

Bawendi et.al. described a particular technique for the production of 

semiconductor nanocrystallites [86], separate solutions of tri-n-

octylphosphine selenide (TOPSe) and (CH3)2Cd were formed then mixed 

with  tri-n-octylphosphine oxide (TOPO) in hot condition (120-300 °C) under 

an inert environment of Ar gas. CdSe NPs caped with TOPO were produced 

through this reaction. Furthermore same method was to synthesized some 

other semiconductor NPs like CdS, CdSe, CdTe, [88] CdSe, ZnS, [89,90] and 

CdSe, CdS [91]. It is also reported that carboxylic acid can also be utilized as 

solvent /capping agent for the fabrication of high-quality III-V semiconductor 

NPs [92].  

The main disadvantage of this technique is the use of a harmful chemical like 

dimethylcadmium particularly at elevated temperatures. This issue was 

somehow solved by using environmental friendly precursors like cadmium 

carbonate, cadmium oxide, and cadmium acetate. A modified method was 

devolved by using environmental friendly metal oxides/carbonates, etc to 

produce high-quality semiconductor nanocrystals [93,94].  

Semiconductor NPs of decent quantum yield and good stability, and the 

optical properties and particle size could be adjusted by changing the ratios 

of precursors [95,96]. Moreover PbS and PbSe NPs have also been 

synthesized by above mention modified procedure [97,98]. O’Brien 

introduced another modified approach to overcome above problems by using 

single molecule precursor. In this method, a single compound (alkyldiseleno 

or Alkyldithio-carbamato complexes) comprising by those elements which 

are essential to produce required NPs was decomposed at high temperature to 

produce nanomaterials.  This is a single step method, usually executed at 

200-250°C in the solution of TOPO. CdS, [99,100] CdSe, ZnS [101], PtS 

[102], PbS [103] and CuSe [104]  NPs have been reported by this method. 

Capped CdS NPs have also been synthesized by thermal treatment of a novel 

cadmium dithiocarbamate, [Cd{S2CNMe(C18H37)}2] in a nitrogen 

environment at temperature [105]   Moreover, Cd3P2 NPs has been 

synthesized by a novel single precursor [106].  Another process to 
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synthesized and control the morphologies of  MnS, CdS, PbS and Mn
2+

 

doped CdS nanomaterial has been reported involves thermal decomposition 

of metal precursors. [107-110].   

Transition MO nanomaterial such as MnO, ZnO and Fe2O3 can be 

synthesized by thermal decomposition of metal complexes, [111-114] or by 

thermal oxidation of metal, alkyl-metal or carbonyl precursors. [115,116]. In 

addition, high-quality In2O3, [117] manganese oxide, [118] Fe3O4 [119] and 

magnetic ferrite NPs [120, 122] have been synthesized from metal 

acetylacetonates. 

 

 

 

 

 

 

 

 

 



Chapter 2                                                                                                    Experimental Work 

19 

2 Experimentalwork 

In this chapter a general approach of the experimental work which is 

consolidated in three sections. First section describes the choice of suitable 

source material used as metal, sulfur and oxide, second section describes the 

synthesis techniques adopted for the experiments and last section exhibits the 

various characterizations techniques used for material characterization. 

2.1 Choice of Materials 

All of the chemicals were of lab grade and used without further purification.  

2.1.1 Sulfur Source 

Following chemicals are used as sulfur source, provide sulfur ions during 

reaction for the synthesis of MS material. 

a. Sodium thiosulfate penta hydrated  Na2S2O3.5H2O   

b. Thoiurea     (NH2)2CS    

c. Thioacitamide    CH3CSNH2   

2.1.2 Oxygen Source 

Chemicals provide oxygen ions during the reaction for the production of 

MO) are described as oxygen source and listed below. 

a. Oxalic acid     C2H2O                     

b. Sodium Hydroxide    NaOH 

2.1.3 Metal Source 

Various metallic salts were used to get the metallic ions during the reaction to 

synthesize the MS and MO. 

a. Copper chloride   CuCl2     

b. Copper sulfate penta hydrated  CuSO4·5H2O    

c. Copper acetate hydrated   Cu(CH3COO) 2.H2O   

d. Manganese acetate   Cu(CH3COO) 2  

e. Manganese chloride   MnCl3 

f. Lead chloride    PbCl2 
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2.2 Solvents and washing material. 

Solvent were used to prepare the solutions for metal, sulfur and oxygen 

sources as demand of experimental procedure. Following material were used 

as solvents and washing purpose.  

a. Ethylene Glycol  (CH2OH)2   

b. Distilled Water   H2O 

c. Ethanol    C2H5OH      

2.3 Anti-Cancer Drugs 

Following anti-cancer drug were chose for drug loading onto synthesized 

metal oxide nano material  

a. doxorubicin hydrochloride 

b. Daunorubicin 

c. Cisplatin 

2.4 Synthesis of Metallic Oxides (MO) nanomaterial  

Metal Metal oxide (MO) nanostructured materials were synthesized by soft 

chemical method (co-precipitation technique) [123-126]. Aqueous solutions 

of individual metal salt (M-X) and oxalic acid (H2C2O4) were prepared 

independently in distilled water. Precipitation from M-X  was started  in 

aqueous solution by  slowly dripping of aqueous solution of  H2C2O4 into 

metal oxalate (M-C2O4) solution under strong magnetic stirring at optimal 

environment (60°C ±5°C, 45 min). A suspension of metal oxalate was 

attained in the solution with some by-products during reaction. Distilled 

water and ethanol was used to flushing out byproducts to obtained 

contamination free product of (M-C2O4) to dry at 60°C for a day [125]. 

Differential scanning calorimeter (DSC) / Thermogravimetric analysis (TGA) 

of synthesized product was done to find the thermal decomposition 

temperature at which (M-C2O4) may convert to M-O. After drying, these 

powders were calcined at 450°C for 120 mints and kept for further 

charectrization. 
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Figure 2-1 Schematic Diagram for the formation of Nano-Metal Oxides                

where X = Pb, Mn and Fe,  Ca 

2.5 Material characterization 

The transitions within M-C2O4 with temperature were studied by DSC-TG of SDT 

Q600 (TA instrument). The crystal purity, phase angle, and average crystallite size 

were calculated by X’Pert PRO using data recorded from, X-ray diffraction (CuKα λ 

=1.5406 nm). The morphological study and particle size determination were done by 

“JEOL 6480LV” SEM and “JEM 1230” TEM. For TEM studies, MO NPs were 

disseminated in acetone ultrasonically for half hour. Some droplets were used from 

this suspension at Cu grid (Carbon coated) then dried out (vacuum). Energy 

dispersive X-ray (EDX) was used for qualitative (elemental) investigation while 

“SHIMADZU Prestige 21” Fournier transformation Infra-red (FTIR) was used from 

3000-to-600 cm
−1

  at room temperature (RT) to spot the functional groups present in 

the product. 

2.5.1 DSC/ TG 

Differential scanning calorimetry (DSC) is a procedure to examine 

the variance in temperature of material with respect to the reference material; 

both the materials are treated at same temperature. Temperature change 

linearly with time to examine several phase transitions as solid to liquid 

http://www.youtube.com/watch?v=3an2SuDTVK0
http://www.youtube.com/watch?v=3an2SuDTVK0
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conversion, thermal decay, glass transition etc. related to their heat capacities 

[127]. 

Thermogravimetric analysis (TGA) is material analysis in which 

variation occurs in the mass of sample with the change of temperature is 

observed. A high accuracy in temperature and mass measurements is 

mandatory to detect the slight variation in mass of sample under 

investigation. This technique is very helpful to evaluate the degradation, 

decomposition temperature, dehydration temperature, and corrosion process 

and reaction kinetics [127,128]. 

 

Figure 2-2 SDT Q600 TGA/DSC Instrument. 

The system is PC controlled, including a high-precision digital 

balance with platinum pan used for sample loading. The chamber 

compartment has an electric oven, heated and controlled through a 

thermocouple, act as a temperature sensor also. To evade oxidation process, 

inert gas (Helium, Nitrogen) can be flowed through the chamber. 

Temperature is steadily elevated and variation in mass or existing mass is 

plotted against the temperature [127,128]. 
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2.5.2 X-Ray Diffraction (XRD) 

Materials of crystalline nature can be analyzed by XRD employing X-

Rays (electromagnetic radiations). Since, arrangement of crystal structure 

comprised in three dimensions (3-D) involving a number of parallel planes, 

detached by “interatomic distance” (d).  

 

Figure 2-3 PANalytical XPert PRO X-Ray Diffractometer. 

All the crystalline planes with different orientations have their 

specific “d” spacing depending on its own crystalline structure. X-Ray 

wavelength has a range of 0.5-2.5 Å, closely to atomic spacing of solids 

[129]. 

X-Rays can be produced by two methods  

 Slowing down the electron speed in the target (metallic). 

 Excitation / de-excitation (Inelastic) of electrons within the targeted 

atoms [130]. 
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When the X-Rays (monochromatic) strike at the Bragg’s angle θ to 

crystal planes, diffracted beam appear out from crystal by reflection through 

the crystal surface & underlying planes. The X-Rays interacts constructively 

with each other, having path difference (mλ) dependent on the reflection 

from particular planes; it is called Bragg’s law, can be written as [130] 

                  (2.1) 

Where, m is diffraction order =1, 2, 3,….. 

Constructive interference occurs when a number of planes are parallel 

and sharp diffraction peak observed as most of rays interfere constructively. 

The crystal structure plays the role of diffraction grating and the parallel 

planes are alike as quantity of slits in diffraction grating. 

Crystalline structure and their phase identification are revealed by 

comparing d-spacing of attained peaks with “International Centre for 

Diffraction Data (ICCD)” or/and “Joint Committee on Powder Diffraction 

Standard (JCPDS)”. To calculate average crystallite size in sample substance 

from XRD graph, Scherer’s formula is very useful. 

   
  

      
                      (2.2) 

Where, 

D = Average crystallite size,  

θβ = Braggs angle for the actual,  

k =constant 

β = FWHM of diffraction peak measured in radians peak, 

      λ = wavelength of x-ray  

The equation mentioned above is Scherer’s equation valid for stress free 

materials. 
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2.5.3 Scanning Electron Microscope (SEM) 

SEM is used to explore surface morphology with high resolution 3-D image 

of samples. This method is a suitable tool to describe beneficial details 

regarding crystal morphology, particle surface, grain size, surface defects, 

magnetic domains, porosity etc. 

 

Figure 2-4: JOEL 6480LV Scanning Electron (SE) Microscope equipped with 

energy dispersive analyzer. 

Cathode (tungsten or LaB6) emit electrons thermionically and accelerated 

towards the anode. Tungsten has highest melting point that makes it optimal 

cathode material as it has least vapour pressure at maximum attainable 

temperature. Electron beam on occurrence at the surface of specimen loses its 

energy due to scattering and absorption in sample. Beam interacts with 

specimen to eject electromagnetic signal and electrons, which are further 

encoded to create an image. Resolution of SEM can reveal the very small (1-

20 nm) detail [132]. 

The SEM has much batter magnification (Magnification ~ 200,000 X) 

as compare to optical microscope (~ 1200 x), high resolution is due to very 

short wavelength of high velocity electrons. In SEM, Sample preparation is 

very easy as equated to TEM. The sample should be conductor so for 
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conducting materials no preparation procedures is required however 

semiconductor and insulating specimen are required to made conductor by 

coating a conductor layer on it or by contacting to earth. An insulating 

material (uncoated) may have positive/ negative charges on the surface; -ve 

charges may create difficulty due to electrostatic repulsion for coming 

electrons accordingly, producing distortion or haziness in the image. [133]. 

2.5.4 Energy Dispersive Spectroscope (EDS) 

Electron beam is used in SEM for the examination the sample surface 

that produce X ray fluorescence due to their collision with the surface atoms 

that currently under scan, Composition of samples can be identified by 

characteristic X Rays of respective elements Energy dispersive spectrometer 

collects and detects the involve X Rays and associated software analysis the 

receiving data as the function of energy and display final result with elements 

identification along with peaks labeling for all area under observation. 

2.5.5 Transmission Electron (TE) Microscope 

A Transmission Electron microscope TEM is employed to reveal the 

insight underlying fine details of nanomaterial in a crystalline sample 

resolving the miner details to about 01 nm [134]. Working principle of TEM 

is much alike to SEM only difference is that SEM detects secondary and 

backscattered electrons while TEM detects only transmitted electrons. 

Working of TEM depends upon the electrons production by a source electron 

gun these electron scatter after strike and passes through the sample. The 

received electronic signal/data after complex software programming is 

presented as an image of sample. Resolution of TEM depends upon the 

electron wavelength that can be change by varying applied voltage V of 

electron source.  

         
    ⁄         (2.3) 
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Figure 2-5: JEM 1230 Transmission electron (TE) microscope. 

The signals from electron (transmitted) depend on mean free path 

(distance navigated) in scattering process that is lengthy for heavy elements 

while short for the light elements. Thickness of film is also an important 

parameter in the scan valuation as thin films show less scattering and fine 

scan quality relative to thicker films [135]. 

2.5.6 Ultra Violet Visible (UV-VIS) Spectrophotometer 

UV-VIS spectroscopy is a proficient optical technique for the study of 

electro-optical properties of specimen materials. An applied radiation on the 

specimen materials may interact in many ways like reflection, fluorescence, 
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absorption, photochemical reaction. These type of interactions are depended 

on material nature i.e. a material may be opaque in a region while transparent 

in other region of electromagnetic spectrum. 

Ultra Violet Visible spectroscopy is an effective optical tool to 

analyze and study optical and electronic properties of specimen. An 

employed radiation on the specimen can interact with material in different 

ways such as fluorescence absorption, reflection, photo chemical reaction etc. 

All types of interactions depend upon the nature of material for instant a 

material behaves like transparent in some region but show opaqueness in 

other region of electromagnetic spectrum. UV-VIS spectroscopy used to find 

and record these types of interactions like absorption, transmittance or 

reflectance. The basic principle of this technique is to absorbed 

electromagnetic radiations that produces electronic transitions in specimen 

under observation. Energy absorbed by the material is its fundamental 

characteristic property associated with its electronic configuration [127]. The 

relationship between the absorbance, wavelength and concentration can be 

described by Beer's law and scientifically represented as, 

      (
  

 ⁄ )                    (2.5) 

Where,   

Io= maximum intensity of waves,    

I= Intensity of absorbed waves, 

ε = Extinction coefficient of sample, 

l= path length, 

α = molar absorbance,  

and c = concentration of solution 

Colored compounds have their absorption in visible region 
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2.5.7 Fourier Transform Infra-Red (FTIR) Spectroscopy 

 This technique is based on the effect of infra-red waves on molecular bonds 

that activates the vibrational modes in different molecular bonds. Each bond 

has unique natural energy dependence and absorbs the energy of particular 

wave length. This natural occurrence is documented as a FTIR spectrum It is 

very convenient and accompanying to other tools for the classification and 

identification of various compounds or function groups. Any type of covalent 

bond in compounds (organic or inorganic) can absorb the employing 

electromagnetic radiation (infra-red range) in the range of vibrational infrared 

wave number 4000 400 cm
-1

.  

Spectrum data may be logged as transmittance % (T%) reflectance % (R%) 

or absorbance % (A%) against the wave numbers. The peak related to a 

particular wavenumber shows a definite bond and A%, R% and T% show the 

signal concentration of that wave numbers. Graph resolution can be disturbed 

by low signal quality, to obtain a good signal quality; a typical process is 

required for improvement of specimen.

 

Figure 2-6: SHIMADZU IR Prestige 21. 

In FTIR excited and energetic molecules experiences stretching / 

bending vibrations. Eosc, the total energy has a direct proportional relation 

with the oscillation frequency, 

                       (2.6) 

The fundamental frequency of oscillation of a bond (from “Hooke’s Law for 

vibrating springs”) is can be written as. 
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√

 

 
              (2.7) 

Where, 

 k = constant for Spring Force 

 µ = mass (reduced) of the system. 



Chapter 3                         Synthesize and Characterization of CuS Nanomaterials 

31 

3 Synthesizeandcharacterizationof

CuSnanomaterials 

Since the past decade scientists are giving comprehensive attention in the 

research of the appropriate mechanism to control the shape, size and 

morphology of nanomaterial. Nanomaterial shows renowned and 

incomparable optical, photocatalytic, chemical, electronic, and magnetic 

properties due to the small size of the NPs [136-137]. The techniques deal 

with self-assembly of NPs offer opportunity to devolve the distinctive 

electronic and optical properties of NPs with potential to explore new 

prospectively new trends [138]. The assembly of NPs can understand 

through inter molecular forces like electrostatic (or ionic) interaction and 

hydrogen bonding. Therefore to synthesize nanomaterial efficiently through 

self-assembly a well-defined chemical reaction is obligatory to synthesize 

NPs having a fine size distribution, good control on shape and to 

accumulate the fabricated NPs into a required nanostructure simultaneously 

[139] such as proper ordered clusters, [140] spherical morphology, [141] 

and tubular shape [142-143]. On the other hand synthesis process for 

different NPs, the precise superstructures of NPs through self-assembly 

techniques is still an obligation in nanomaterial fabrication. Copper sulfide 

(CuS) is famous and very exciting semiconductors of transition metal [144] 

It can be utilize as semiconductors (p type) [145]. Covellite CuS involves 

stacking of CuS4-CuS3-CuS4 in lattice and kept organized by the mean of 

S-S covalent bonds [146] to introduce notable novel properties. As a useful 

compound having extraordinary optoelectronic properties, make it a 

prospective contender for IR detectors sensors, solar cell related 

application, catalysts, and electro-chemical cells [147-155]. Many ways 

adapted by researcher for the synthesis of CuS nanomaterial as solid state 

reaction [156] hydrothermal synthesis [157-158] sono-chemical treatment 

[159] and photochemical deposition method [160] In this chapter sub-

micro/ nano dimensioned material of CuS with various 

morphologies/shapes such as assembly of NPs into tubular spherical shape 

leave alike and strip type morphology were effectively produced from 
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various copper ion and sulfur ion sources in an aqueous solution by 

employing microwave radiation or under sunlight. No catalysts and/or 

templates were incorporated in this technique which makes it very original 

and simple. 

3.1 Materials 

The chemicals used in this work were pure and of analytical grade, obtained 

from the chemical store, and used as received (no further purification). 

Following chemicals were used for this experiment,  

 Cu(CH3COO)2-H2O copper acetate mono hydrated, CuCl2  copper 

chloride were selected as Cu ion sources. 

  H2NCSNH2 thio-urea and Na2S2O3·5H2O sodium thiosulfate 

pentahydrate were used as sulfur ion sources. 

3.1.1 Sample 1-4 

For these samples H2NCSNH2 and Na2S2O3·5H2O were choose as sulfur ion 

source to provide S
-2

 during the reaction and likewise CuCH3COO-2H2O 

used as copper ion sources to provide Cu
+2

. Individual solutions of respective 

sources (S
-2 

and Cu
+2

) were prepared with desirable molarities and suitable 

ratio (1:2). Afterward, the solution of the Cu
+2 

source was mixed drop-wise 

with the solution of S
-2

 source under strong stirring. Subsequently, the mixed 

solution was kept microwave oven for irradiation at appropriate condition 

(2.45 GHz, 160-320 W, for 15-30 min) to produce black ppt where were 

collected then washed several time by water (distilled) and absolute ethanol. 

3.1.2 Sample 5 and 6 

For 5th and 6th samples Na2S2O3·5H2O and CuCl2 were used as S
-2 

and Cu
+2

 

sources respectively. Separate aqueous solutions for sulfur and copper ion 

sources 3:2 molar ratio respectively. Drop-wise addition of prepared 

solutions under strong stirring condition was done then mixed green colored 

solutions were treated in various conditions.  
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 Under microwave radiation at 180W for 25 min  

 Under sunlight for 6 hours (availability of temp ~38°C) 

 Product (black ppt) were collected and then washed many times using 

water distilled and ethanol. 

Copper 

source 

Sulfur 

source 

Molar 

ratio 

Microwave 

irradiation/time 

Morphology 

Cu(CH3COO)2 H2NCSNH2 1:2 160 W and 30 min Tubular 

Cu(CH3COO)2 Na2S2O3 1:2 160 W and 15 min Particles 

Cu(CH3COO)2 Na2S2O3 1:2 160 W and 30 min Spheres 

Cu(CH3COO)2 Na2S2O3 1:2 320 W and 30 min Random shape 

CuCl2  Na2S2O3 2:3 180 W and 25 min Leaf-like 

CuCl2  Na2S2O3 2:3 Sunlight and 6 hours Strip type 

Table 3-1 Reaction parameters for different morphologies 

XRD data were logged and composed on the XRD model “MPD X’PERT 

PRO” of “PANalytical Company Ltd., Holland”, with “Cu Kα, 

λ = 0.15418 nm” as characteristic radiation with 2θ configuration. The Scan 

was recorded in θ-θ arrangement from 20°-70°. The work was mostly 

studied by their software “X’Pert High Score”. SEM micrographs (images) 

were captured using a SEM (“JOEL JSM-6480”). The Differential Scanning 

Calorimeter (DSC) and thermal thermogravimetric analysis (TGA) were 

completed by “SDT Q600” of “TA Instrument” in regulated atmosphere for 

different phase changes, mass loss, and thermal oxidation, in copper sulfide. 
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3.2 Characterization of the product 

Fig. 3-1 indicates the XRD plots for the various synthesized products, 

represents that the spacimens are well crystalline. All diffraction peaks may 

be indexed as the CuS hexagonal by comparing with the reference from 

“JCPDS file no. 00-001-1281” having lattice parameters “a = 3.8020 

Å”, “b = 3.8020 Å” and “c = 16.4300 Å”; no distinctive XRD peak of any 

other material was detected. 

 

Figure 3-1 XRD pattern of CuS nanomaterial 

The morphology of sample 1 was examined by SEM. In Fig. 3-2 (a,b) 

tubular morphology and poorly aggregated NPs were seen clearly with an 

average width (diameter) and length of these tubes is about 150 nm and  

some microns respectively; magnification of these images is high (30,000X 

and 40,000X). From these images, tubular morphology of copper sulfide is 

very apparent and can be observe easily. 



Chapter 3                         Synthesize and Characterization of CuS Nanomaterials 

35 

 

Figure 3-2(a,b). SEM image of the product with tubular morphology prepared 

from the system of  Cu (CH3COO)2/H2NCSNH2 molar ratio of 1:2 (160 W and 30 

min) 

Morphological investigation by SEM scan, illustrates the development and 

assembly of CuS NPs, that aggregative growth forms the spherical 

morphology/shape. From Fig. 3-2 (a, b) the comprehensive growth of CuS 

NPs into spheres can be seen and some less-aggregated CuS NPs are also 

identified by SEM. The diameters of the CuS spheres are found in the range 

of 750 nm -1.5 μm from SEM images. Figure 3-2 (c,d) shows the CuS NPs 

with jumbled morphology due to random growth.  
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Figure 3-3 SEM images of the product with sphere morphology prepared from 

the system of Cu (CH3COO)2 / Na2S2O3 molar ratio of 1:2 (a, b)  160 W and 30 

min, (c, d) 320 W and 30 min 

Microwave time and power of radiation showed their importance in 

aggregative growth mechanism; Domestic microwave oven (800 W, 2.45 

GHz) was used at 20 % (160 W) for microwave irradiation for 30 min for 

the development of the spherical morphology/shape of CuS. aggregative 

growth is supposed to be constrained by the restricting transference of NPs 

on to one another; therefore, one could not form the precise 

shape/morphology, nonetheless the non-aggregated NPs when microwave 

irradiation is used for very small interval of time (15 min) as illustrated in 

SEM imageries Figure 3-4(a, b). By the increase in time and operating 

power of microwave oven, the growth kinetics might be improved and 

morphology type and size may be transformed; at low operating power  of 

microwave oven (low irradiation), aggregative growth of NPs may not start 
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appropriately due to less amount of collisions among the CuS NPs. In such 

condition NPs are not allowed to grow properly, irradiation time cannot 

effect significantly. Contrariwise, when the suitable operating power 

(optimum irradiation) of microwave oven is used, an extra spell and higher 

power activate the progression (aggregation) rapidly; the morphology of 

specimen can be affected. To attain a certain (or requisite) morphology of 

synthesized material, an appropriate combinational recipe is mandatory. 

 

Figure 3-4 (a, b) SEM images of the CuS nanoparticles prepared from the system 

of Cu (CH3COO)2/ Na2S2O3 molar ratio of 1:2  (160 W and 15 min) 

For sample 5 in Fig. 3-5 (a, b) the leaf-like shape of CuS nanomaterial can 

be witness from SEM images, These leave have very sharp boundaries with 

average lengths in micron (2.5 µm), however the edges /boundaries are very 

tinny (about 200 nm) as compare to length; some non-aggregated 

nanoparticle around the leaves are also present here.  

. 
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Figure 3-5 SEM images of the products prepared from the system of CuCl2/ 

Na2S2O3 with molar ratio of 2:3, (a, b) with leave-like morphology (c) with strip-

type morphology 

The sixth sample is synthesized under sunlight for 6 hours resulted into 

strip-type shape, easily visible in Fig. 3-5(c). The length and width of these 

strips are in the range of some microns; due to sunlight exposure, a random 

type of shape is obtained as sunlight has a variety of radiation with assorted 

wavelength. 

It is well-known that the shape and size of the product are linked with the 

initial consecration (molar ratio) of Cu
+2 

and S
-2

 sources used as precursor 

materials. Several solutions were prepared from different Cu
+2 

and S
-2

 

sources with suitable molar ratios (1:2 and 2:3) in aqueous medium. In this 

work, the system comprises by three constituents only: water, Cu
+2 

and S
-2

 

sources. The procedure of aggregation or assembly of CuS NPs are 
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connected to the interaction of Cu
+2 

and S
-2

 sources, in sample 1-4, in the 

course of the synthesis, “Cu (CH3COO)2” and “H2NCSNH2” reacts in 

aqueous solution in frequent steps and complex compound of 

“([Cu(H2NCSNH2)]
2+
)” was produced. Afterward, microwave irradiation 

was employed on that compound to produce to CuS NPs by decomposition 

[161]. H2NCSNH2 react with H2O, produced H2S gas successively 

decomposed to S
2−

 by microwave irradiation [162] for further reaction with 

Cu
2+

 to produce CuS. 

Cu+2 + (NH2)2CS  → Cu[(NH2)2CS]+2 

(NH2)2CS +  H2O      → 2NH3 + CO2+H2S 

Cu[(NH2)2CS]+2 + H2S →   CuS (NPs) +  (NH2)2CS+2H+ 

n CuS (NPs)   → [CuS]n (nano material) 

In spacemen 5 and 6, CuCl2 and Na2S2O3 are used as Cu
+2 

and S
-2

 sources. 

It is recognized that a S2O3
−2

 ion can initiate hydrolysis process to produce 

H2S gas, the reaction of Cu
+2

 with H2S give the final product CuS. 

H2O + S2O3
−2  → SO4

−2 +H2S 

H2S + Cu+2  → CuS (NPs) + 2H+1 

nCuS (NPs)  → [CuS]n(nano material) 

Cu
+2 

and S
-2

 availability during reaction play very significant part for the 

formation of diverse shape/morphologies; when the molar ratio is kept 2:3, 

S
2−

 interact in good fashion with Cu
2+

 to form CuS NPs, S
2−

 ions are more 

than Cu
2+

 and they moderately aggregate with Cu
2+

. When 1:2 ratio is used, 

S
2−

 ions was in excess have much more ways to aggregate with Cu
2+

. 

From the above arguments it can be established that, the variation in 

irradiation factors (nature, power, and time) and initial concentration of 

precursors, reaction kinetics may be affected toughly and shape or size of 

the product can be altered. 
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3.3 Thermal behavior of CuS 

DSC and TGA for CuS were performed by “SDT Q600” of TA Instrument 

in the air and orgon; the thermal decomposition graphs (DSC / TGA) for 

CuS nanomaterial are exhibited in Fig. 3-6. 

Generally, the decomposition and thermal studies of natural occurring and 

synthesized CuS reveals the contribution of several stages [163-165]. 

 Formation of other types of copper sulfides (Cu2S) with low contents 

of sulfur associated with release of SO2. 

 Oxidation of the existing copper sulfides furthermore conversion to 

different copper oxides (Cu2O and CuO). 

 Copper oxide, oxygen and SO2 react with each other to produce 

different sulfates (CuSO4, and CuO·CuSO4). 

 Decomposition of sulfates provides CuO. 

 

Figure 3-6 5 DSC/TGA graph for CuS sub-micro spheres 



Chapter 3                         Synthesize and Characterization of CuS Nanomaterials 

41 

It is established now that thermal treatment or decomposition of CuS in air 

involves several steps, depending upon applied conditions (temperature, 

environment). During thermal process, various copper sulfides (Cu1.8S 

and/or Cu2S), copper oxides (Cu2O/CuO), copper sulfates (Cu2SO4, 

CuSO4), copper oxy-sulfates (CuO·CuSO4) of copper were formed [165-

166]. The DSC / TGA graphs (thermal stability and decomposition curves) 

of the CuS nanomaterial are exhibited in (Fig. 3-6). The prepared sample 

was treated from RT to 1,175 °C in an oxygen environment with the rise 

rate of “10 °C/min”, TGA graph indicate that CuS nanospheres experienced 

a weight loss of “6.41 %” from 250-300 °C, which is attributable to the 

slight decomposition of CuS to Cu2S. 40 % of the total CuS material was 

transformed to “Cu2S” with the production of SO2, followed by of increase 

in mass about 61.5 %, associated with the formation of CuSO4 from 

CuS  and CuO·CuSO4 from Cu2S. This oxidational reaction is indicated by 

sharp exothermic peak clearly visible in DSC curve. Moreover, CuSO4 and 

CuO·CuSO4 were converted (decomposed) into CuO with a heavy weight 

loss (71 %) initiating from 750 °C, the residual mass was 84  % at that step. 

This endothermic reaction was presented by the DSC graph at 960 °C. 

Another thermal transformation and TGA/DSC curves illustrates a mass 

loss (endothermic) of 13.9 %, caused by the conversion of CuO to Cu2O. 

The residual mass amount at this stage is 70.1 %. Various phase changes 

and conversions in CuS during the course of thermal treatment (DSC & 

TGA) are shown in Table 3-2. 
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Table 3-2 Phase changes during DSC/TG of CuS 

The chemical reactions and equations for thermal decomposition (DSC & 

TGA) can be described as: 

2CuS + O2 → Cu2S + SO2 

CuS + 2O2 → CuSO4 

2Cu2S + 5O2 → 2CuO-CuSO4 

2CuSO4 → 2CuO+2SO2+O2. 

When thermal treatment (DSC & TGA) of nanomaterial (CuS) was studied 

in an argon environment (100 ml/s), CuS nanomaterial exhibited 

exceptional stability under argon environment, from RT-1,000 °C. There 

was very little mass loss (0.7 %) and no other characteristic transition 

regarding heat flow and mass was noticed.  

Thermal study and behavior of Copper sulfide nano-materials provides very 

significant information about their thermal stability temperature and the 

other thermal transition occurs during heating process. This information 

Conversion Temperature (°C) Mass variation (%) 

CuS Cu2S 250–300 −6.41 

CuS 

Cu2S 

CuSO4 

CuO – CuSO4 

320–420 61.5 

CuSO4 CuO 750–810 −70.9 

CuO Cu2O 950–1,010 −13.9 
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about these thermal constraints will be very helpful for using such materials 

in different applications and device fabrication. 

 It is established from the DSC & TGA curves of CuS nanospheres that 

CuO can be produced by thermal oxidation of CuS above/ at 750 °C; to 

endorse this and to fabrication of CuO, CuS nanomaterial was heated at 

800 °C for 60 min in open air environment. 

powder XRD was used to study phase purity and composition of CuO 

nanocrystals, which confirmed the decent crystallinity of product and 

diffraction peaks are indexed as CuO with monoclinic phase (“JCPDS card 

no. 00-48-1548”) with lattice parameters “a = 4.688 Å and c = 5.132 Å” (in 

Fig. 7). CuO nanocrystal was fabricated by heat treatment of as synthesized 

CuS; Fig. 3-8(a, b) illustrates the SEM images of CuO nanocrystal with 

assorted size and jumbled morphology. 

 

Figure 3-7 DSC/TGA for CuS sub-micro spheres (argon atmosphere) 

The composition and phase purity of CuO nanocrystals were examined by 

powder XRD, which confirmed good crystallinity and peaks can be indexed 

https://link.springer.com/article/10.1007%2Fs13204-012-0113-9?LI=true#Fig7
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to the monoclinic CuO (“JCPDS card no. 00-48-1548”) having cell 

parameters “a = 4.688 Å and c = 5.132 Å” (in Fig. 7). CuO was fabricated 

by thermal oxidation of CuS nanomaterial; Fig. 3-8(a, b) shows the SEM 

images of fabricated CuO nanocrystals have random morphology with wide 

size distribution. 

 

 

Figure 3-8 (a) XRD graph for CuO nanocrystals, (b, c) SEM for CuO 

nanocrystals fabricated by thermal decomposition of copper sulfide. 

 

 

 

 

 

 

https://link.springer.com/article/10.1007%2Fs13204-012-0113-9?LI=true#Fig7
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4 ThermalStabilityofPbSandPbO

Nano-CrystallineMaterials 

4.1 Introduction 

In present era semiconducting NPs have involved great response of 

researchers owing to their admirable chemical and physical properties 

that may be modified by altering their size, shape or surface morphology 

[167-170]. These properties are associated with crystal structure of the 

nanomaterial that can be modified by controlling kinetic processes and 

thermodynamic implicated during the crystal development. Therefore 

research relevant to the size, shape and associated characteristics are 

obligatory to understand the prospective applications of such materials. 

Lead compounds show fascinating physical and chemical properties and 

are extensively employed in several fields and applications like photo-

resistors, diode, FE transistor, optical detectors, lasers, imaging / 

labeling applications and hybrid organic solar cells [171-175]. PbO is 

one of the important and primary lead compounds offering various 

forms (stoichiometric) subjected to the ratio of Pb and O, e g "PbO PbO2 

Pb2O3 Pb3O4 and Pb9O12". Regarding these oxides, PbO is a good 

semiconductor having direct band-gap containing two (α-PbO and β-

PbO) polymorphs of 2.2 and 2.5 eV band gap respectively has involved 

a great attention due to its exceptional electronic, optical and mechanical 

properties [176-179]. Another noteworthy lead compound is PbS which 

is a substance of mounting devotion attributed to its exceptional 

properties connected with the quantization of size. PbS (Bulk) has low 

band gap (direct) of 0.41 eV (300 K) and cubic crystal structure with 

great Bohr radius about 18 nm. A combination of such amazing 

properties indicates that, PbS can be a very proficient contender for 

electro-luminescent devices [180]. Recent developments in the synthesis 

of PbO & PbS nanostructures include thermal decomposition, sono-

chemical treatment self-organization [181] hydrothermal synthesis [182] 
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homogeneous hydrolysis [183] electro deposition [184] and microwave 

heating [185-186]. Employment of PbO & PbS nanomaterial for many 

prospective applications is highly depends on their thermal behavior 

or/and stability in an inert or/and air environment. Physical phase 

transitions, recrystallization and thermal oxidation happen swiftly in MS 

with the increments of temperature [187-193]. Hence a proper 

understanding and information of PbO & PbS regarding oxidation 

temperature, thermal resistance and stability is very critical for 

comprehending prospective applications of such materials. On the other 

hand literature/work on such issues is not sufficient. In current work we 

describe an easy and economical soft chemical aqueous based route to 

synthesize PbO & PbS by using a single precursor (lead oxalate). 

Various thermal transitions, stability and reactions involved in 

nanostructured PbO & PbS in the course of heating process under 

different environment (air and inert)  are also studied. 

4.2 Experimental work 

4.2.1 Materials 

Pure, analytical grade lead (II) chloride-PbCl2, sodium thiosulfate-Na2S2O3 

and oxalic acid-H2C2O4 were purchased from Unichem Laboratories Ltd. 

Distilled water and absolute ethanol were used to wash the products for the 

removal of by-products. The chemicals were used without any additional 

purification.  

 

4.2.2 Preparation of Lead oxalate-PbC2O4 precursor 

Distinct solutions were prepared with requisite molarity by dissolving 

H2C2O4 and PbCl2  in water (distilled) under strong stirring condition 

afterward these solutions were mixed (drop-wise) employing at room 

temperature. White Ppts of PbC2O4 was formed and collected to wash with 

water (distilled) and absolute ethanol quite a few times to eliminate the traces 

of by-products / impurities. Synthesized PbC2O4 was dried by heat treatment 

at 60 
°
C for 7 hours. 
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4.2.3  Preparation of PbO 

Dry PbC2O4 was treated in a furnace (muffle) for 3 hours at 425
O
C with rise 

rate of 20
 O

C / min. Subsequently, by cooling to RT (naturally), PbO was 

produced and collected for the characterization. 

Chemical reactions occur during the synthesis are 

 

 

 

4.2.4 Preparation of PbS 

For the production of nano-crystalline PbS material, a solution of requisite 

morality was made by dissolving Na2S2O3 in water (distilled) before the 

addition of as synthesized PbC2O4 precursor under strong stirring. 

After stirring for 120 minutes, resulting aqueous solution was irradiated/ 

heated in domestic microwave oven (2.45 GHz, 1000 W) with 20 % power 

for 40 min. After irradiation, formed black ppts was collected, washed and 

cleaned with absolute ethanol and water (distilled) then dried out at room 

temperature. 

Chemical reaction between Na2S2O3 and PbC2O4 involve several steps 

analogous to those reported for synthesis of CuS [188-189]. Initially, S2O3
-2 

ions from Na2S2O3 react with water to produced H2S gas that reacts with Pb
+2

 

ions from PbC2O4, to form PbS NPs, further aggregation to yielded nano-

crystalline product.  A chemical reaction scheme is revealed below. 
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Figure 4-1 Chemical reaction scheme for the synthesis of lead sulfide. 

 

4.3 Characterization 

Phase and Structural information about PbO & PbS NPs were attained using 

“PANalytical X'Pert PRO” XRD with Cu-Kα radiation (“λ = 0.15418 nm”). 

XRD patterns were documented in the 2θ range of 20-75 with a step size of 

0.05
◦
/s

. 
Micro-structure and morphology of the produced nanomaterial were 

investigated by FESEM (JOEL JSM-6480). DSC & TGA analysis was 

completed by “SDT Q600 of TA Instrument” in controlled atmosphere to 

perceive the weight loss/increment, physical transitions and decomposition / 

oxidation (thermal) in PbS nanomaterial.  A software (Universal Analysis 

2000) was used to carried out the thermal analysis.  FTIR spectrum was 

logged from 4000-400 cm
−1

 by using PerkinElmer spectrometer. Genesys 10s 

UV-V spectrophotometer was used to record Ultra-violet-visible (UV-Vis) 

spectrum. 

4.4 Results and Discussion 

XRD patterns of PbO, PbS and PbC2O4 are displayed in Fig. 4-2. It may be 

perceived that all synthesized samples exhibit good crystallinity and agree 

comprehensive with reference data as cited in JCPDS card numbers (PbC2O4, 
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“00-014-0803”; PbO, “01-085-1414”; PbS, “03-065-2935”). Fig. 4-2c reveals 

that of PbO can be categorized as tetragonal, and a minor peak existing at 

30.25 (2Ɵ) indicates the occurrence of other phase (orthorhombic). Extended 

heat treatment is necessary for the decomposition of PbC2O4 precursor, which 

supports the presence of other phase and a corresponding appearance of extra 

peak. PbS nanocrystals arrange themself in “face centered cubic” crystal 

(FCC) structure without existence any other phases. Crystallite size (average) 

for PbO & PbS was found about 20 to 30 nm by “Scherer’s formula”. Optical 

properties and value of band-gap energies for nano-crystalline PbO & PbS 

are presented in Fig.4-3. PbO & PbS can absorb the electromagnetic radiation 

in both regions (ultraviolet and visible) with particular band-gap energies of 

2.95 and 2.15 eV. These values are compatible with previously reported 

works. 

 

 

Figure 4-2 XRD Patterns of (a) PbC2O4 (b) PbS and (c) PbO 
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Figure 4-3 Optical absorption of Lead oxide and sulfide (a) and calculation of 

band gap energies (b) 

The optical absorption of PbO & PbS with band-gap energies 

correspondingly shown in Fig. 4-3(a,b). The absorption of PbO was in UV 

along with visible region whereas maximum absorption of PbS was around 

375 nm (Fig. 4-3a) and corresponding band-gaps were calculated by using a 

“Tauc plot”, shows “(αhν)
2
 Vs hν" for the NPs. The crossing of the straight-

line on X-axis shows the calculated band-gap energies (Eg) for PbO & PbS 

were 2.95 eV and 2.15 eV respectively. 

Fig. 4-4 illustrates the “energy dispersive X-ray spectroscopy” (EDX) results 

of as synthesized nano-crystalline PbS & PbO. Fig. 4-4a specifies the 

presence of Pb, S, O, and Na in PbS sample, the existence of O and Na is 

associated with Na2S2O3 which remained un-reactive during chemical 

reaction. EDX spectrum for PbO contains various peaks connected with Pb 

and O. Lack of extra peaks endorses the good quality of specimen. 
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Figure 4-4 EDX of (a) PbS nanoparticles and (b) PbO. 

Microstructure and surface morphology and regarding PbS & PbO 

were investigated by “field emission scanning electron microscopy” (Fe-

SEM) images of PbO & PbS are presented in Fig. 5-5. PbS NPs exist in cubic 

arrangement with substantial aggregation as revealed by Fig. 5-5 (a,b). 

Growth in particle size occurs generally because of accumulation of NPs 

reliant on system constraints like time, concentration of precursors and 

microwave power. Particle size and morphology may be regulated by varying 

these factors. 
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Fig. 4-5 (c,d) displays the occurrence of very adequate PbO NPs. 

Combination and blend of these NPs directed toward the development of 

pours assembly with very fine (40 – 100 nm) pore dimensions. 

 

 

Figure 4-5 FESEM images of (a,b) PbS and  (c,d) PbO 

 

“Fourier transform infrared” (FTIR) spectra for PbO & PbS NPs are 

displayed in Fig.5-6. The emergence of a board peak at about 3400 cm
-1

 links 

to stretching vibrations of (OH) group, owing to slight quantity of ethanol 

employed for cleaning the specimen. The existence of a adequate peak at 

about 1705 cm
-1

, in each plot are due to vibrations, can be defined as 

carbonyl group (C=O) whereas additional stretching vibrational peak appears 

at 1,395 cm
-1

 is assigned to carboxyl group (C–O). Occurrences of the peaks 

at 300-900 cm-1 are attributable to stretching vibrations of metal-oxygen (M-

O) bound. While the FTIR graphs for PbO & PbS are alike, a definite peak in 
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PbS spectrum at/nearby 600 cm
-1

 is consigned to vibration (stretching) of S-S 

bound [194-196]. 

 

 

Figure 4-6 FTIR spectra of (a) PbO and (b) PbS nanoparticles. 

 

DSC & TGA graphs of PbC2O4 precursor logged in air are presented in Fig. 

4-7.  Specimen was treated from RT to 500 
O
C with 10 

o
C min-

1 
(rise rate). 

No noteworthy weight loss was detected up-to 325 
O
C representing that 

specimen was properly dried from solvent molecules and moisture contents. 

A prominent weight loss (26%) arises from 350 to 400 
O
C attributable to the 

formation of PbO by decomposition of Pb2C2O4 and an analogous 

endothermic peak emerges at 390 
o
C.  

DSC & TGA graphs for PbO, were logged from RT-1175 
O
C with the 

rise rate of 10 
o
C/min in free air. A small weight loss (almost 2 %) happens 

upto 500 
O
C as displayed in Fig. 4-7. This preliminary weight loss includes 

multiple conversions taking place during heat treatment [187, 188].  



Chapter 4        Thermal Stability of PbO and PbO Nanocrystalline Materials 

54 

 

Figure 4-7 DSC/TGA curves of as prepared precursor Pb2C2O4 (above) and PbO 

(below) recorded in air. 

As perceived from “differential thermogravimetric” (DTGA) curve, 

dehydration occurs first around 100 
O
C causing elimination of water of 

crystallization, while a hump from 200 to 250 
O
C indicates the endothermic 

nature of conversion that validated by DSC plot. The PbO nanomaterial 

comprises very small amounts of PbO2; thermal transition (decomposition) of 

PbO2 to PbO takes place in several steps starting from 290 to 650 
O
C 

associated with weight losses of endothermic nature at particular 

temperatures. 
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 Thermal decomposition of PbO2 to PbO progresses as following 

[197,198]. 

 

An endothermic peak detected in DSC graph at 880 
O
C designates the 

melting of PbO deficient of any weight loss as backed by TGA and DTGA 

graphs. A mass loss of endothermic nature was perceived around 1100 
0
C, 

most possibly due to limited removal of very fine PbO NPs by evaporation. 

A little fraction (2.7 %) of weight loss from RT-1175 
O
C shows tremendous 

thermal stability of PbO NPs. 

Fig. 4-8 illustrates the DSC & TGA investigation of PbS NPs from 

temperature range (RT-1000
0
C) using the rise rate of 10 

o
C/min in air and 

argon environment. TGA graph describes a preliminary mass loss of almost 

20% from 50-300 
O
C. it is established by DTGA graph which indicates three 

peaks conforming the evaporation of ethanol / water contents, elimination of 

water of crystallization and the release of sulfur (S) at 140
 O

C, 215
 O

C and 

290 
O
C correspondingly.  The 2

nd
 mass loss from 600

 O
C to 900 

O
C is due to 

the formation of Pb metallic lead with evaporation of sulfur, accompanying 

endothermic (DSC) and DTGA peaks emerge at 810 
O
C and 880 

O
C. 

Nearly same performance was witnessed in air environment from RT 

to 280 
o
C.  In DSC graph, a peak initiate at about 290 

o
C connected with 

reaction (exothermic) of PbS and O2 to produce PbO and SO2 as established 

by a slight peak in DTGA graph at 310 
o
C. TGA graph illustrates a weight 

gain in the range of 450
 o

C to 700 
o
C, due to exothermic transition occurs at 

460 
o
C fabricating PbO and PbSO4.  

: 
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Figure 4-8 DSC/TGA of PbS in air (above) and in argon (below). 

TGA graph illustrates a mass gain from 450
 o

C to 700 
o
C which is due 

to exothermic transition occurs at 460 
o
C fabricating PbO and PbSO4. This is 

also established by DSC and TGA graphs. Moreover, PbSO4 thermally 

decomposes to produce metallic Pb in the range of 750
 o

C to 1000
 o

C. All the 

transitions can be represented in chemical equations as follows. 
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This is also established by DSC and TGA graphs.  Moreover, PbSO4 

thermally decomposes to produce metallic Pb in the range of 750
 o

C to 1000
 

O
C. All the transitions can be represented in chemical equations as follows:
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5 SynthesisofMn3O4nanomaterialand

their adsorption behavior with

varioushydrophilicanti-cancerdrugs. 

5.1 Introduction 

Cancer signifies a critical health problem around the globe. WHO data 

represents that patients suffering from cancer add up to 11 % during 2008 to 

2012 [199-203]. This inclination is predictable to continue with increase in 

cases annually projected to further rise of 75 %  in the next two decades, ~ 25 

million/year [204]. Chemotherapy is a leading treatment option for various 

types of cancers. The conventional way of treatments including 

chemotherapy, surgery and radiotherapy carry some limitations such as 

general distribution of drugs, deficiency of drugs required at tumor sites, poor 

control over drug concentration at the tumor sites and drug release. The 

overall distribution of chemotherapeutic drugs produced several damaging 

side effects i.e. drug may attack on the healthy and normal cells along with 

cancer cells (tumor) [205-207]. Hence, it is very vital to be selective in 

control delivery of chemotherapeutic drug to cancerous tumors. 

In recent researches nanomaterial based targeted drug delivery techniques for 

cancers treatment has gained a gargantuan attention [208-212]. To lessen the 

anticipated side effects without decreasing dosage of anticancer drug, it is 

usually encapsulated and adsorbed onto drug carriers which are capable of 

protecting the drug and selectively target the cancer tumor cells without 

affecting the nearby tissues [213]. Among these drug carriers: chitosan, 

liposomes, NPs, polymers, silica and carbon nanotubes have been extensively 

positively exploited [214-219]. 

Manganese oxide (Mn3O4) is very stable oxide of manganese with great 

prospective in various applications at nanoscale level [220-224]. The 

nanomaterial can show improved phonic, thermal, optical, electrical and 

magnetic properties relative to ordinary form. A number of methods to 
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synthesis Mn3O4 nanostructured have been designed such as thermal 

decomposition, precipitation, template-free routes, sol-gel processes, polyol 

and chelation-mediated synthesis [225-233]. Here, in this current study, we 

describe the simplest and low cost ethylene glycol-aqueous medium based 

soft chemical synthesis scheme for Mn3O4 nanostructured associated by 

thermal decomposition of precursor. Hydrophilic anticancer drugs DOX, 

DNR and CPN used to investigate their adsorption properties onto Mn3O4 

nanostructured. This study has showed the adsorption of anticancer drugs 

onto Mn3O4 to understand the interaction mechanism and forces between the 

adsorbate and the adsorbent system which may provide the base for the 

formation of NPs drug delivery technique in future applications. 

5.2 Experimental Details 

5.2.1 Materials and Chemicals 

Reagents used for the synthesis of Mn3O4 NPs were manganese acetate 

Mn(CH3COO)2 (Sigma-Aldrich), oxalic acid H2C2O (Sigma-Aldrich), and 

deionized water. Anticancer drugs loading as doxorubicin hydrochloride 

(DOX), Daunorubicin (DNR) and Cisplatin (CPN) (Pharmedic Laboratories, 

Pvt. Ltd, Lahore) (Fig. 5-1) were purchased.  
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Figure 5-1 2D (bottom) and 3D (top) chemical structures of DOX, DNR and 

CPN. 

5.2.2 Synthesis of Mn3O4 NPs 

Mn3O4 nanomaterial was synthesized as shown in Fig. 5-2 by sol-gel 

chemical route; separate solutions of manganese acetate and oxalic acid were 

prepared in aqueous medium. The solution of manganese acetate 

Mn(CH3COO)2 was added drop wise to solution of oxalic acid (H2C2O4) 

under vigorous stirring. Precipitates of manganese oxalate were produced and 

settled down.  

The precipitates were collected and washed quite a few times with water 

(deionized) to eliminate the contents of unreacted material and aged for five 

hours in oven at 60 °C. As synthesized manganese oxalate (MnC2O4) was 

heated at 450 °C in muffle furnace for three hours and obtained manganese 

oxide nanomaterial. Chemical reactions involved in the synthesis are: 
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Figure 5-2 Sol-Gel Route for synthesis of Manganese oxide nanostructures. 

5.3 Characterizations 

X-Ray diffractometer (“PANalytical X'Pert PRO Company Ltd., Holland”) 

was used to collect the X-Ray diffraction data of Mn3O4 nanomaterial with 

“Cu-Kα” characteristic radiation (“λ = 0.15418 nm”) at 40 kV and 40 mA. 

The 2θ range of 20-75 and step size of 0.05°/s
 

was selected to log the 

diffraction data; X'Pert High Score Plus was used for XRD analysis, “Field 

emission scanning electron microscope” (“FESEM, JOEL JSM-6480”) was 

used to obtain SEM micrograph. “Differential scanning calorimetric” (DSC) 

and “Thermogravimetric analysis” (TGA) was done on “SDT Q600 of TA 

Instrument” in air atmosphere.  The absorption spectra were recorded using 

“GENESYS 10s UV-Vis” spectrophotometer. 

5.4 DOX, DNR and CPN Drug loading 

5 mg DOX was dissolved in water (100 mL) by hand driving force to prepare DOX 

solution. This solution was analyzed between 400-600 nm by UV-VIS 

spectrophotometer to be used as reference at zero minute. Afterward, 10 mg Mn3O4 

was added to it with particle concentration 100 mg/L and kept in horizontal vibrator at 

moderate frequency. DOX concentration & adsorption behavior was monitored and 

approx. 2 mL of unbound DOX supernatant was collected at different time intervals 

30, 60, 120, 240 and 480 minutes for assessment of loading efficiency evaluated by 

UV-VIS absorption at 480 nm. Daunorubicin (DNR) and cisplatin (CPN) sample 
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solutions of 50 mL were prepared with 50 mg/L dose concentration, respectively and 

10 mg Mn3O4 nanomaterial was added to both solutions. Rest of the parameters was 

kept same as mentioned above for the preparation of DOX solution. 

5.5 Loading Efficiency 

Loading efficiency (LE) and capacity (LC) of drugs were calculated by 

following equations (1) and (2) [234,235] respectively.  

                             
                      

          
                   ( ) 

                        (
  

  
)  

           [        ]

             
                    ( ) 

        is the initial amount (mg) of the drug,          is the unbound drug 

remains in the supernatant and             is the total amount (mg) of 

carrier (manganese oxide drug cargo). 

5.6 Kinetics Data Analysis  

Kinetics of adsorption mechanism, chemical reaction, mass transport 

processes, and diffusion rate and comparison of experimental results was 

performed using four kinetic models.  

 Lagergren pseudo-first-order;  

  Pseudo second order;  

 Elovich equation  

  Intra particle diffusion models.  

5.6.1 Lagergren pseudo-first-order  

The “pseudo first order equation” [236] can be written as 

    (     )        
   

     
                ( ) 

Where      and      are the material/drug adsorbed by manganese oxide at 

equilibrium state and at some time     respectively,       is the lagergren 
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constant of adsorption rate “1/min”, by plotting graph of “   (     )  

between “t” provides a linear relationship to calculate the value of        and 

     from the slope and intercept of graph line respectively. 

5.6.2 Pseudo-2
nd

 Order Model 

The pseudo 2
nd

 order model [237] in linear form is  

 
 

  
 

 

    
 
 

 

  
              ( ) 

The initial rate of absorption is 

         
                  ( ) 

 
 

  
 

 

 
 

 

  
                    ( ) 

Where      represents the pseudo 2
nd

 order constant for adsorption rate (g/mg 

min). The values of      and      can be found through the slope and 

intercept of the graph of  
 

  
   against  . 

5.6.3 Elovich Model 

The Elovich model [238] can be presented as  

   
 

 
     

 

 
                 ( ) 

Where     is called initial adsorption rate “mg/gmin” and     is known as 

desorption constant “g/mg”. The graph between      and       offers a linear 

relationship and     and     are the slope and intercept of the graph. 

5.6.4 Intra-Particle Diffusion Model 

The intra-particle diffusion model [239] is extensively used for adsorption 

studies where,    is the rate constants of intra-particle diffusion at stage i and 

can be determined by following equation: 

         
 

 ⁄                      ( ) 
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5.7 Results and Discussion 

XRD pattern of synthesized Mn3O4 NPs (Fig. 5-3) revealed that product is 

well crystalline and most of the peaks for Mn3O4 NPs are in good agreement 

with referenced pattern JCPDS card number 01-080-0382. This suggests that 

there is no impurities were observed. These data endorse the purity of Mn3O4 

nanomaterial. Further, the crystallite size of Mn3O4 NPs was 18 nm 

calculated for half width at full maximum of diffraction peaks using 

Scherer’s formula [240]. 

 

Figure 5-3 XRD pattern of synthesized Mn3O4 nanoparticles. 

DSC/TGA study of prepared Mn2C2O4 precursor has been shown in Fig. 5-4. 

The samples were heated using the ramp rate of 10 °C/min from 30 to 500 °C 

under air environment provided to equipment. It is evident from Fig 4 that 

initial mass loss, 16 % start around 130 °C due to moisture and water 

contents used for washing the product. Another loss in mass (42%) occurred 

from 350 °C to 420 °C because of decomposition of Mn2C2O4 precursor to 

Mn3O4 , therefore, the precursor was heated at 450 °C  to obtain the final 

product of  Mn3O4 that would be used utilized in further experiment.. 
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Figure 5-4  DSC/TGA analysis of prepared precursor Mn2C2O4 in air. 

Fig. 5-5 shows the “field emission scanning electron microscope” (FESEM) 

images of synthesized Mn3O4 NPs. The results depicted uniform distribution 

of Mn3O4 moreover, the average particle size was calculated between 25- 75 

nm in diameter (Fig. 5-5 b), which is also concurrent from XRD results Inset 

also showed the majority of particles are of is less than 100 nm. 
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Figure 5-5 (a) FESEM Image of synthesized Mn3O4 nanoparticles, (b) Histogram 

of synthesized Mn3O4 nanoparticles. 

The constituent elements of Mn3O4 NPs were analyzed by EDX (Fig. 5-6). It 

reveals that as-prepared specimens are purely composites of oxygen and 

manganese, which is also with XRD data. The presence of carbon in EDX 

graph is due to the carbon tape used for analysis purpose.. 

 

Figure 5-6 EDX Image of Mn3O4 nanoparticles 
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5.8 Loading Efficiency Analysis 

The absorption spectra of unbound anticancer drug supernatants collected at 

different time interval are shown in Fig 5-8. The highest peaks observed at 0 

min (Fig. 5-7 a-c) represent the control sample (free from Mn3O4). Maximum 

absorption is observed at 480 nm, 470 nm and 295 nm for DOX, DNR and 

CPN respectively [241-243]. Supernatants of the anticancer drugs showed 

low absorption with increase in time due to sorption of drugs on the surface 

of Mn3O4 NPs. After 480 min, supernatants showed the lowest absorption of 

relevant drugs as the maximum amount of drugs were attracted with Mn3O4 

NPs. Relevant absorption of the anticancer drugs (Fig. 5-9) suggests a rapid 

decrease in absorption in first 30 min as Mn3O4 attracts and attached the 

drugs with high adsorption rate because large surface area is available, with 

the passage of time availability of free surface area reduces which led to low 

desorption of the drug [244]. 
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Figure 5-7 Absorption spectra of DOX (a) DNR (b) and CPN (c) at 0-480 min. 

Drug efficiency is calculated using relevant absorption of DOX, DNR and 

CPN shown in Fig. 5-8(a-c).  It was observed that after 480 minutes DOX 

showed very low relative absorption (20 %) compared to DNR (50 %) and 

CPN (65 %), respectively. Further, DOX showed the maximum loading 

efficiency and loading capacity 80 % (800 mg/g) 400mg/g respectively ( Fig. 

5-9 (b-c) is remarkably high with pure Mn3O4 nanomaterial. It is believe that 

relative low absorption and high loading efficiency of DOX is due to its 

comparatively strong hydrogen bonding, ionic and hydrophobic interactions 

between DOX and Mn3O4 NPs [245] several groups published high loading 

efficiency of DOX by surface modification and attachment of functional 

group to nanomaterial but have rarely been reported with naked inorganic 
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nanomaterial. DNR and CPN showed loading efficiency 50 % (500 mg/g) 

and 35% (350 mg/g) respectively which is acceptable for uncoated inorganic 

NPs [246]. The loading capacity of Mn3O4 with various drugs is 

approximately half of loading efficiency (Fig. 5-8 b-c) as used half weight 

ratio of drug dose compared to nanomaterial in the solution. 

 

Figure 5-8 Relative absorption (a), Loading capacity (b) and Comparison of LC 

and LE for DOX, DNR and CPN (c). 

5.9 Kinetics Data Analysis 

The obtained parameters and coefficients for above mentioned kinetic models 

are expressed in Table 5-1. 

The validity of “pseudo-first-order kinetic model” was tested by the straight 

lines fitting as illustrated in Fig. 5-9a. The values of the adsorption constant 
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   and desorption mass at equilibrium state    found from pseudo first order 

linear plot (Fig. 5-9a) doesn’t match with experimental data and have very 

small correlation coefficient (R
2
 = 0.7664, 0.65885 and 0.40267) for all 

drugs, suggesting that this model is not applicable to the adsorption processes 

of anticancer drugs on Mn3O4 nanomaterial[247]. The plot of experimental 

value and application of the “pseudo- second order model” is shown in Fig. 

5-9b. This kinetic model showed better agreement with the experimental 

values. The values of the adsorption constant k1 and desorption mass at 

equilibrium state    found from pseudo- second order linear plot (Fig. 5-9b) 

match closely with experimental data and have coefficient (R
2
 =0.99251, 

0.99297, 0.95557) for all drugs, suggesting that the this model is reasonable 

to the adsorption processes of anticancer drugs on manganese oxide involve 

chemical adsorption and may have ion exchange phenomenon [248]. 

 

Figure 5-9 Adsorption kinetics of DOX, DNR and CPN adsorbed by Mn3O4: 

pseudo-first-order (a), pseudo-second-order (b), Elovich equation (c) and intra-

particle diffusion models (d). 
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Next to this, Elovich model has good agreement with experimental data (Fig. 

5-9c) as it supports chemisorption with heterogeneous adsorbing surfaces and 

the adsorption rate drops with time as an increase in surface exposure 

[249,250]. 

In general adsorption process can be measured by single or several steps, for 

instance, external diffusion, surface diffusion, pore diffusion and adsorption 

on the pore surface, or a merger of two or more steps [251]. The intra-particle 

diffusion model predicts two rate controlling adsorption steps for all drugs 

onto manganese oxide. The first step is rapid and does not intercept at origin 

as shown in Fig. 5-9d and showed that rate controlling step involves the 

boundary layer diffusion process. The 2
nd

 step is steady with low diffusion 

rate due to low concentration of drug remain in solution [252]. 

Kinetic model 

 (DOX) (DNR) (CPN) 

Parameters Values Values Values 

Pseudo second order 

   (mg/g) 334.5 405.98 413.25 

K1 (1/min) 0.0028 0.0011 0.0006 

R
2
 0.7664 0.65885 0.40267 

   (mg/g) 334.5 405.98 413.25 

Pseudo second order 

  (mg/g) 413.22 249.4 177.9 

h (mg/g min) 14.93 8.05 9.26 

K
2
 (g/mg min) 8.74 10-5 1.29 10-4 2.92 10-4 

R
2
 0.99742 0.99664 0.99424 

Elovich 

  (mg/g min) 58.60628817 28.02368397 38.88636439 

β (g/mg) 0.015256368 0.022651868 0.035999829 

R
2
 0.99251 0.99297 0.95557 
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Intra-particle 

diffusion 

   (mg/g.min
1/2

) 29.48878 13.84229 17.79304 

   (mg/g) 14.25772 8.83149 6.23973 

R
2
 0.96975 0.94807 0.86623 

    (mg/g.min
1/2

) 7.2837 4.52 3.40471 

    (mg/g) 240.93146 102.14466 101.24783 

R
2
 0.99858 0.98057 0.97281 

Table 5-1: Parameters of four kinds of kinetic models. 

Loading capacity or adsorption capacity of each drug was calculated by four 

kinetic models used previously and compared with the experimental data as 

shown in Fig. 5-10 (a-c).  

In the case of DOX, Elovich equation and intra particle diffusion model 

behave very well to elaborate the adsorption phenomenon. Pseudo 2
nd

 order 

model can also be utilized in some extent to explain the adsorption behavior, 

but “Pseudo-first-order model” is totally failed in this case. The adsorption of 

other drugs DNR and CPN have the same behavior like DOX can be seen in 

Fig. 5-10(b-c). 
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Figure 5-10 Comparison of experimental adsorption capacity with calculated 

adsorption capacities of kinetics models: DOX (a), DNR (b) and CPN (c). 
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6 Conclusions 

Improvement of novel synthetic techniques for nanomaterial over a range of 

composition, sizes and shapes establishes a progressively developing branch 

of nanotechnology. Chemical approaches for the synthesis of inorganic NPs 

are most famous and comprehensively practiced. This dissertation describes 

synthesis of different metal oxide and sulfide nanomaterial by soft chemical 

route and characterized through the various standard characterization 

equipment. A comprehensive study of synthesis technique and effect of 

precursor material with different ratios, time and environment of reaction has 

been discussed.   

 CuS with various shapes and morphologies has been efficiently 

synthesized by a simple aqueous base method, using various Cu
+2

 

and S
-2

 sources, treated under microwave irradiation and sunlight.  

 Experimental results show reasonable morphologies (spherical, 

tubular leave-like, strip-type) of synthesized CuS. 

  The reaction time, nature of radiation (microwave or Sunlight), 

operating power of the microwave oven and the molar ratio of Cu
+2

 

and S
-2 

sources can influence the formation of products. Uniform 

structure was obtained by employing microwave irradiation due to 

cyclic process.  

 CuS thermal oxidation/ behavior is an amazing and many-step 

process. Associated phase changes are very much reliant on the 

synthesis method adopted.  

  During heating progress in air atmosphere, CuS liberate the SO2 and 

produce Cu2S and Cu1.8S at 200-300 
o
C. This lead to an exothermic 

transition of copper sulfate and oxysulfate at moderately higher 

temperature 400 to 600 
o
C, consequently endothermic decomposition 

of copper sulfate and oxysulfate take place to produce CuO.  

 No mass increment is detected in nitrogen environment due to absence 

of O2 obligatory for the thermal oxidation procedure. 
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 The information about these thermal constraints will be very helpful 

for using such materials in different applications and device 

fabrication. 

 Successful synthesis of single precursor Pb2C2O4 was described, 

which used to synthesize PbO nanocrystalline material by heat 

treatment of PbC2O4 at 425 
o
C and PbS nanostructured material was 

synthesize by microwave irradiation (2.45 GHz, 1000 W, 40 min) on 

aqueous solution prepared with Na2S2O3 and PbC2O4 precursor. 

  The formation of PbO & PbS was confirmed by XRD, which reveals 

highly crystalline nature of both materials with a crystallite size of 20-

30 nm. 

  Optical band gap was found to be 2.15 and 2.95 eV for PbS and PbO 

respectively using UV-Vis measurements. 

  EDX data vet the existence of Pb, S and O in the fabricated samples. 

  Surface morphology of PbS NPs was found to be cubic with particles 

of sizes less than 100 nm while PbO feature highly pours surface with 

very small pore sizes varying from 40 to 100 nm. 

  PbS demonstrates excellent thermal behavior with complete 

decomposition involving many steps; by heating PbS in air, system 

absorbs heat thereby releasing SO2 with the production of PbO 

followed by exothermic conversion to PbSO4 and metallic Pb at higher 

temperatures from 700 to 1000 
o
C, simultaneously endothermic 

decomposition of lead sulfate take place. 

  No mass increment was detected in argon atmosphere due to absence 

of O2.  

 It was noted that small PbS particle react at low temperature compared 

to large size.  

 The proposed research can be used for cost-effective synthesis of PbS, 

PbO and related materials. 

 Manganese oxide nanomaterial was successfully synthesized in -

aqueous medium by a simple sol-gel chemical route. 
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  Anticancer drugs (DOX, DNR and CPN) were dissolved in aqueous 

medium and used as adsorbate to study their adsorption behavior and 

mechanism onto as synthesized manganese oxide. 

  The ability of Mn3O4 to adsorb the anticancer drugs was found very 

promising and proficient loading efficiency 80 % and 50 % 

respectively. 

  The adsorption kinetic study reveals that Mn3O4 had rapid adsorption 

rate and efficiency of drugs and their kinetic data fitted very well (R
2 

> 

0.99) to pseudo second order.  

 Performance of elovich equation and intra-particle diffusion models 

were also reasonable (R
2 

> 0.94) over the adsorption kinetic date.  

 The adsorption has chemical nature and probable adsorption 

mechanisms of anticancer drugs DOX, DNR and CPN on Mn3O4 due 

to the crystal structure, electrostatic interaction, hydrogen bonding and 

π–π stacking interaction.  

Size and shape controlled synthesis of metal oxide and sulfide 

nanomaterial using microwave irradiation method is a good aspect of the 

research work presented in this dissertation.  

It can be interesting and important to study the reaction parameter such as 

precursor material, reaction time, microwave power and their effect on 

product would help in devolving new approaches for the synthesis of NPs 

with different shapes and size. 

 Anti-cancer drugs loading on naked Manganese oxide nanoparticle 

without any further surface modification or coating gives very encouraging 

results that provides vital and basic information and understanding of the 

adsorption mechanism between anticancer drugs and inorganic nanomaterial 

and support to the development of inorganic NPs (Mn3O4) based drug 

delivery systems.     
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