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ABSTRACT 

The main aim of this research is to synthesize Ni(II) and Pd(II) dithiocarbamate complexes 

and use them as single source precursors for the synthesis of NiS and PdS nanoparticles and 

metal sulphides potato starch nanocomposites. Four dithiocarbamate ligands were 

synthesized and characterized using elemental analysis and spectroscopic techniques. The 

ligands were used to prepared homoleptic Ni(II) and Pd(II) complexes of the dithiocarbamate 

ligands. The metal complexes were characterized with elemental analysis, UV-Vis, FTIR and 

1H-NMR spectroscopic techniques.  

 

Conductivity measurements indicate that all the complexes are non-electrolytes in solution 

and results from the electronic spectra studies confirmed the proposed 4-coordinate square 

planar geometry around the metal ions. The nickel complexes showed d-d transitions around 

477 nm while in the palladium complexes, no d-d transitions were observed but the 

compounds showed strong metal to ligand charge transfer transitions. From the FTIR spectra 

studies, it can be confirmed that the complexes were successfully synthesised because all 

peaks of interest were observed at expected regions from the literature. The νC-N was 

observed around 1469-1495 cm-1, νC=S around 1101-1188 cm-1 and νC-S around 738-1060 

cm-1 for both Ni(II) and Pd(II) complexes. νNi-S was observed around 375-543 cm-1 and νPd-

S around 529-545 cm-1. The FTIR also confirmed that the dithiocarbamate ligands act as 

bidentate chelating ligands through the sulfur atoms. 

 

The complexes were used as single source precursors and thermolysed in hexadecylamine 

(HDA) at 220 °C to prepare four HDA-capped nickel sulfide nanoparticles and four 

palladium sulfide nanoparticles. The as-prepared nanoparticles were studied with optical 



xxiii 

 

absorption spectra, photoluminescence, powder X-ray diffraction (PXRD), transmission 

electron microscopy (TEM), scanning electron microscopy (SEM) and energy dispersive X-

ray spectroscopy (EDS). The optical studies results showed that NiS have large band gaps 

that are greater than that of the bulk, therefore they are found to be blue shifted relative to the 

bulk, which shows that they have small particle size and thus confirming their quantum 

confinement effect. PL spectra reveal that the emission peaks are red shifted compared to the 

absorption band edges of the nanoparticles.  

 

The XRD patterns confirmed the formation of cubic and rhombohedral phase for NiS 

nanoparticles and cubic phase for PdS nanoparticles. SEM images of both NiS and PdS show 

uniform surface morphology at low and high magnification with different shapes. EDS 

analyses confirmed the presence of Ni, S, and Pd in each of the spectrum indicating that the 

nanoparticles were successfully synthesized. TEM images showed that the synthesised 

nanoparticles have uniform and narrow size distribution with no agglomeration. The sizes of 

the NiS nanoparticles were found to be in the range of 12-38 nm for NiS1, 8-11 nm for NiS2, 

9-16 nm for NiS3 and 4-9 nm for NiS4. The TEM images for the as-prepared PdS 

nanoparticles showed that the average crystallite sizes are 6.94-9.62 nm for PdS1, 8-11 nm 

for PdS2, 9-16 nm for PdS3 and 4-9 nm for PdS4 respectively. The nanoparticles were used 

to prepare potato starch nanocomposites and SEM images indicate that the surface 

morphology of starch polymer nanocomposites compose of potato starch and few particles in 

between the pores of the matrix, this is due to the small ratio of nanoparticles used. 
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CHAPTER ONE 

1.0. INTRODUCTION & LITERATURE REVIEW  

1.1. Nanomaterial 

Nanotechnology has attracted many research groups throughout the world due to its potential 

application in various industries. For the past decades, nanomaterials have gained more 

attention and are widely studied because of their different properties such as size and shape, 

physical, chemical and magnetic properties for their application in different fields [1,2]. 

Transition metal based material such as Ni, Co and Fe have attracted much attention for the 

synthesis of nanomaterials, since they have magnetic properties useful for different 

applications [1]. Quantum dots are particles or nanocrystals of semiconducting material 

within a range of 2-10 nm. They show distinctive electronic properties. Electrons in quantum 

dots are confined in a small space since they have small size. They can be synthesized from 

different types of semiconductor materials via colloidal synthesis or electrochemistry [2].  

 

Poly(methyl methacrylate) (PMMA) is a vital thermoplastic which has the following 

properties: It is chemical resistant, protective against ultraviolet radiation and it has high 

strength [3]. A route of producing full PMMA/clay nanocomposites have been reported by 

Zhao et al. [4] this was done via in situ polymerization in scCO2, the results showed that 

fluorinated modified clay can help in producing PMMA in large yields in scCO2 by serving as 

a stabilizer [4]. Di(ethylene glycol) (DEG) have been used as a medium and p-TSA, P-

toluene sulfonic acid have been used as end capping agents in the synthesis of ZnO nanorods 

at high concentration of the precursor using polyol method as reported by Anzlovar et al. [5]. 

The prepared polymer ZnO nanocomposites showed that the increase of storage modulus of 



 

2 

 

nanocomposites is as the result of ZnO nanorods at low concentration, the glass transition 

temperature (Tg) shifted towards higher temperature [5].  

 

Researchers have reported their composites which they prepared by different strategies (i) in 

situ method, (ii) solution bleeding, and (iii) melt bleeding. From these three methods, the in 

situ method have an advantage of ease of handling, is a quick process and offers better 

performance for final procedure [6]. Nanoparticles are materials that have at least one 

dimension ranging from 1-100 nm. Nanocrystals are usually called single-down ultrafine 

particles or nanometer-sized single crystals. At present research on nanoparticles is an 

interesting scientific research owing to its wide-ranging of applications [7]. These particles 

are referred to as the bridge that separates molecular structures and bulk materials. 

Nanoparticles exhibit a number of special properties in relation to bulk material. 

Nanoparticles have a very high surface area to volume ratio. Liquid electrolytes have been 

used in the application of metal sulfide as active materials to lithium batteries [7, 8]. 

 

 In the ninth century, nanoparticles were used by artisans for the generation effect on the 

surface of pots. With the use of lithium electrolytes, metal sulfide has been found to be 

applicable on lithium ion batteries.  Nanoparticles are small enough to confine their electrons 

and also to yield quantum dots since they have unexpected optical properties [8]. The effects 

of metal sulfide deposits are complex and only partially understood. Catalytic performance is 

affected by these metal sulfide deposits in the following ways: (i) By chopping off their pore 

mouths and their access of reactants and should be limited to the interior catalyst surface, (ii) 

by covering the site where catalysis will occur, (iii) by plugging catalytic beds, (iv) by 

making new catalytic sites. Structures and properties of metal sulfide on catalysis strongly 
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depend on their preparation and treatment conditions. The resulting nanoparticles are 

characterized by TEM and XRD in order to determine their particle size and structure [9].  

Nanoparticles have very small sizes and large specific surface area; this is due to their 

unusual electronic, chemical, optical, and magnetic properties which differentiate 

nanoparticles from bulk materials. Nanoparticles are used in various applications including 

catalysis, dyes, drug delivery, mechanical devices, electronic, optical, magnetic recording 

media and so forth [10]. Lin et al. [11] demonstrated the addition of 1-octadecanethiol at high 

temperatures on the kinetic pathway of palladium nanoparticle sulfidation process in order to 

perform palladium nanoparticle dispersion [11].  

 

Since most palladium sulfide-based catalysts are used at high temperatures, the focus of the 

study was at elevated temperatures. The generation of discrete metal nanoparticles that are 

stabilized in the matrix of a polymer with or without solid support has been reported by Kalu 

et al. [12] using facile and thermally induced method. In this method, they used sample poly-

vinyl-butyral (PVB) [12]. Nanoparticles were used by artisans in the ninth century for 

generating effect on the surface of pots. Nanoparticle often possesses unexpected optical 

properties as they are small enough to confine their electrons and produce quantum effect 

[13]. Metal nanoparticles are generally unstable; this is due to their large active surface area, 

so their self-aggregation should be prevented so that there is no drop in catalytic activity [14]. 

Organometallic chemistry and polymer chemistry have focussed in developing early and late 

transition metal used as catalyst for ethylene and propylene polymerization [15].  

 

Liquid solid-solution phase transfer and separating strategy that has been reported by Wang 

et al. [16] is a unified approach in producing large variety of nanomaterials with different 
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properties, stoichiometries and low dispersity [16]. Nickel sulfide undergoes metal insulator, 

paramagnetic-antiferromagnetic phase change, and this result in showing interesting 

electronic properties [17]. Nanoparticles are known to have high surface to volume ratio 

which increase their efficiency when used for catalysis. They show absolutely new or 

improved properties based on specific characteristics such as morphology, size and 

distribution [18].  Nickel nanoparticles can form nanocomposite materials which have special 

structures that helps these nickel sulfide to achieve its availability in different fields [19].  

 

Nickel sulfide has different stoichiometries which makes it more attractive and interesting but 

complicated to study. Nickel system is highly interesting because of its number of phases 

including α-NiS4, NiS2 and other forms of nickel sulfide [20]. Nickel sulfide undergoes a 

transition in terms of its magnetism (from paramagnetic to antiferromagnetic). At high 

temperature, for nickel sulfide spin freezing has been observed and at low temperature, 

superparamagnetism is observed [21]. Decrease in thermal analysis leads to increase in 

magnetism with decreasing temperature [22]. Among all metal sulfide, nickel sulfide have 

gained much attention due to their wide range of applications, catalysts and cathode materials 

for rechargeable lithium battery [23]. Composition of nickel-based nanoparticles depends on 

certain conditions such as pH, concentration of reagent, reaction time and temperature. 

Nickel sulfide display two phases: high temperature hexagonal (α-NiS) and low temperature 

rhombohedral (β-NiS) crystal structures. 

  

Nickel has different application in many fields such as infrared detectors, hydro sulfurization 

catalysis, photoconductive material or solar storages [23, 24]. Nickel sulfide has an 

interesting electromagnetic property because it is able to form transition from paramagnetic 
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metal to antiferromagnetic semiconductors when cooled under transition temperature (Tt) 

which is approximately up to 379 °C [25]. Nickel sulfide has different stoichiometries which 

make it more attractive and interesting but complicated to study. Nickel system is highly 

interesting because of its number of phases including α-NiS4, NiS2 and other forms of nickel 

sulfide [26]. Nickel sulfide has important applications in hydrogenation catalysis especially in 

organic synthesis procedures. It has been reported that α-NiS and Ni3S2 are the only 

important catalytic compounds. In the past years, nickel catalysts were known to oligomerize 

ethylene and dimerize propylene and α-olefins since nickel metal was thought to prefer β-H 

elimination followed by reduction elimination [27].  

 

1.2. Methods of synthesising nanoparticles 

Synthesis of nanoparticles is achieved by the following methods: sputtering [28, 29], co-

precipitation [30], sol gel method [31], micro emulsion [32], hydrothermal [33] or single 

source precursor [34]. Nanoparticles can be produced by using precipitation, gelation and 

hydrothermal treatment when using chemical synthetic approach called sol gel process.  

 

1.2.1 Hydrothermal method  

Hydrodynamic cavitation involves the generation of nanoparticles by creating and realising 

gas bubbles inside the sol-gel solution. The particle size of the synthesized nanoparticles is 

controlled by adjusting the pressure, and also the solution retention time in the cavitation 

chamber [33]. Metal nanoparticles have been prepared by methods such as physical and 

chemical inert supports and they were found to have large surface area which makes them to 

be good in heterogeneous catalysis [32, 33].  
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1.2.2 Impregnation method 

This is the mostly used and studied method for preparing catalysts, here the carrier is 

purified, impregnated with a solution of metal precursor, it is dried, calcinated and then 

reduced in order to get nanoparticles dispersed on the support. The temperature used may be 

300 °C or more than 300 °C so as to decompose the precursor salt [35]. In microwave 

radiation method, there is an introduction of microwave radiation in the reaction solution; 

synthesis of copper nanoparticles by microwave radiation method has become popular 

because it is simple to be used, ease of operation, it has short reaction period, increased 

product yield by comparing it with the conventional heating method [36]. The 

nanoprecipitation method which is also known as solvent displacement method, involves 

preformed polymer being precipitated from an organic solution then in the presence or 

absence of a surfactant, organic solution diffuses in the aqueous medium. The polymer used 

is dissolved in semi polar water miscible solvents including acetone or ethanol, then the 

organic solution is injected into the solution which contains stabilizer under magnetic stirring 

then nanoparticles are obtained [37].  

 

1.2.3 Emulsion-diffusion method  

Emulsion-diffusion method is a widely used method when preparing nanoparticles. Here, a 

partially water-miscible solvent is used to dissolve the polymer, and then it is saturated with 

water to confirm the initial thermodynamic equilibrium of liquids used. Emulsification of 

polymer water saturated solvent phase in aqueous solution which contains stabilizer, this 

leads to the diffusion of the solvent to the external phase, then nanoparticles or polymer 

nanocomposites are obtained. The solvent gets eliminated by filtration or evaporation [38]. 

Single source precursor method has been widely used to prepare metal sulfide and thin films 
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since they have an advantage of forming in one-step synthesis. In the control of deposition of 

thin films, single source precursor (SSP) plays the most important role [34, 39]. SSP method 

for the synthesis of nanocrystals and thin film has been an area of interest to many 

researchers [40].  

 

1.2.4 Single source precursor (SSP) method 

The use of single source precursors for the syntheses of thin films and nanocrystals has been 

an area of intense research [34, 41]. The use of SSP has served as efficient route to improve 

quality, crystalline monodispersed nanoparticles of semiconducting materials. Metal 

complexes of Schiff bases have been investigated with many metal ions. These ligands are 

attractive because of their simple modification of both steric and electronic effect [42]. 

Abdelhady et al. [43] have reported the use of iron(III) and Ni(II) thiobiuret complexes as 

single source precursor for the synthesis of iron sulfide and nickel sulfide nanoparticles, with 

nickel sulfide hollow nanosphere being synthesized via ϒ-irradiation, whereas micro 

emulsion system and others produce nickel sulfide nanoparticles [43]. Salavati-Niasari et al. 

[44] reported the synthesis of nickel sulfide nanoparticles; they used thio acetadiamide (TTA) 

as the organic capping agent, and sulfur source for microwave radiation [44].  

 

Alagumuthu et al. [45] reported facile way of synthesising silver nanowires via solvothermal 

method. Silver nitrate was reduced with ethylene glycol, and n-butyl alcohol was used as 

appropriate media with TOPO as an adsorption agent [45]. Murugadoss et al. [46] reported a 

preparation method of TOPO-capped ZnS nanoparticles that are incorporated with Na2S, 

Zn(CH3COO)2 as sulfur and ZnS sources through chemical precipitation. An organic capping 

agent (TOPO) was used for the prevention of particle agglomeration and stabilizing 
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nanocrystals [46].  Tong et al. [47] reported the use of dithiocarbamate derivatives as capping 

ligands to stabilize silver nanoparticles, and also the initial feed ratios of dithiocarbamate as 

well as silver salt concentration were controlling the average of particle core diameter that 

falls in the range of 2.5-5 nm [47]. Synthesis of zinc metalloporphyrin zinc dithiocarbamate 

and new disulfide with gold nanoparticles has been reported by Cormode et al. [48]. 

 

 Alonso et al. [49] reported the synthesis and characterization of nickel nanoparticles that was 

used in hydrogenation transfer reaction where isopropanol was used as catalyst donor [49]. 

Tetrakis and mono-functionalised dithiocarbamate ligands that contain benzyl, alkyl and 

substituents of ruthenium(II) bipyridyl for the synthesis and characterization of gold 

nanoparticles have been reported by Vickers et al. [50]. Zeid [51] have synthesized cuprous 

sulfide (Cu2S) nanocrystals via the thermal decomposition of a single-source molecular 

precursor, copper bisdiethyldithiocarbamate (Cu(II)[S2CNC4H10]2). The precursor used in the 

synthesis, copper bisdiethyldithiocarbamate is a volatile metal complex which exists 

primarily in a dimeric crystalline form [51]. 

 

1.3. LITERATURE REVIEW 

1.3.1. Dithiocarbamates 

Dithiocarbamates belong to a group of compounds called 1,1-dithiolate (Table 1.1). This 

class of compounds also have dithiophosphinates, dithiophosphates and dithiocarbimates 

[52]. In organic chemistry, a dithiocarbamate is a functional group that is the analogue of a 

carbimate where two sulfur atoms replace two oxygen atoms. They are strong complexing 

agents and give rise to large interesting complexes with metal ions [53]. For the synthesis of 
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metal sulfide nanoparticles, dithiocarbamate complexes have been used as precursors [54]. 

Dithiocarbamates are useful ligands that form metal dithiocarbamate complexes with most of 

the elements and are able to stabilize variety of oxidation states. 

 

Table 1.1: Some types of 1,1-dithiolate ligands [52] 

Composition Structure Name 

 

R2NCS2
- 

S

S

CNR2

 

Dithiocarbamate 

RNCS2
2-  

RN C

S

S  

Dithiocarbimate 

 

R2PS2 

P

S

S
R

R
 

Dithiophosphinate 

 

(RO)2PS2 

P

RO

RO S

S

 

Dithiophosphate 

 

 Most dithiocarbamates are synthesized from secondary amines which are used as starting 

material when preparing dithiocarbamate compound.  Dithiocarbamate salts are formed when 
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carbon disulfide reacts with either aromatic or aliphatic primary or secondary amines as 

shown below: 

2R2NH     + CS2    [R2NH2]
+   +  [R2NCSS]- 

Then when using alkali hydroxide as proton acceptor, dithiocarbamate salts may be obtained 

[55]. 

R2NH   + CS2 + MOH    R2NCSS- M+   + H2O  

Dithiocarbamates have a very wide range of applications and uses and are therefore formed in 

large amounts worldwide [56]. Dithiocarbamates have application on medicinal chemistry 

and are also used for cancer treatment; tests have been done in their clinical trials for various 

indications such as HIV [57]. Dithiocarbamate ligands have complexing ability from the 

presence of sulfur donors, which delocalizes the positive charge towards the periphery from 

the metal centre [58].  

 

1.4. Ni(II) and Pd(II) dithiocarbamate complexes 

Ni(II) dithiocarbamates are diamagnetic due to their square planar geometries. Studies of 

dithiocarbamates based ligands have received much attention due to their strong metal 

binding property. Hogarth et al. [59] synthesized and characterized functionalized 

dithiocarbamate using elemental analysis, FT-IR, NMR [59]. Phosphines known as soft 

Lewis bases and nitrogenous ligands known as hard bases coordinate Ni2+ ions to form 

nickel(II) dithiocarbamates that have a planar NiS4 chromophore that display remarkable 

variation in reactivity [60]. Square planar nickel(II) bis(dithiocarbamate) complexes exhibit a 

square planar arrangement, their maximum absorption in the UV-Vis region of the spectrum 

is about 330 nm, which is assigned to metal-ligand charge transfer transitions (MLCT) [61]. 



 

11 

 

Coordination complexes based on dithiocarbamate have been thoroughly studied because 

they have an ability to coordinate many common metal ions with different binding modes as 

shown [62].  

 

N C

I

N C

S

S

N C

S

S

II
III

N C

S

S

IV
 

Scheme 1.1: Resonance structure of dithiocarbamates  

 

Transition metal dithiocarbamates can be prepared by oxidative addition of carbon disulfides 

to metal centres. Transition metal dithiocarbamate complexes have also been formed from the 

reaction of secondary or primary amines with metal-bound xanthates [63]. Synthesis and 

structural studies of two salts of nickel complexes from dithiocarbamates that are derived 

from sulphonamide have been described by many researchers [64]. Transition metal 

dithiocarbamate complexes were first reported in the early 1900 and since that time, these 

complexes have been widely studied [65].  

 

Most metals of transition or non-transition metals show coordinating affinity towards 

dithiocarbamate moiety. One of dithiocarbamate ligand property is its ability to accommodate 

metal ions in unusual oxidation states [66]. For Pd(II) complexes, only bidentate ligands are 

found to be active, complexes with monodentate ligands quickly isomerise to the inactive 

trans geometry. This inactivity of Pd(II) complexes has been assumed to be related to a low 

stability of the Pd/DNA adducts and to their rapid reaction kinetics, when compared to Pt(II) 
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compounds, leading to deactivation by reaction with several biochemicals other than DNA 

[67]. New xanthate complexes and dithiocarbamate complexes of nickel(II) with 

iminophosphine have been synthesized by Serrano et al. [68]. From their results they found 

out that complexes of nickel(II) containing hemi labile ligands were found to be active 

against catalytic reactions [69]. Stephenson et al. [70] reported catalyst of 

Ni(II)phenoxyiminato that contain remote ligand –SO2- group shows enhanced activity on 

thermal stability and alkene polymerization, also produces high molecular weight 

polyethenes that have remarkably high levels of chain branching compared to –CH2- control 

[70]. Tsuchida et al. [71] reported their preparation of dithiocarbamate complexes of 

nickel(IV) that have three ferrocenyl subunits where by each ferrocenyl group is linked 

covalently to the central metal and its convenient electro synthesis by use of nickel(II) 

analogue bearing  two ferrocenyl subunits [71]. Ekennia et al. [72] synthesized, characterized 

and did antibacterial application on nine mixed ligand complexes of aryl dithiocarbamate and 

salycylaldehyde moiety, in order to produce lead compounds for the production of selective 

bactericides 1 [72]. 

N

CH3

C

S

S

Ni

O

O

 (1) 

 

Yoon et al. [73] synthesized new cadmium sulfide based precursors with high purity and also 

high yields. These cadmium sulfide thin films were deposited successfully through the metal 

organic chemical vapour deposition (MOCVP) or different substrate which includes glass or 

TiO2/ITO/glass [73]. Chae et al. [74] reported synthesis of two new derivatives of 



 

13 

 

selenocarbamates that contain asymmetric cyclic or aliphatic ligand: Cd(N,N-ethyl 

butyldiselenocarbamate)2 as well as Cd(2-ethylpiperidinediselenocarbamate)2, precursors that 

contain diselenocarbamate ligands with dialkyl groups that are asymmetrical and some 

interesting compounds because they have been discovered to have relatively lower 

decomposition or melting temperatures than those of symmetric ones [74]. 

  

Dawood et al. [75] have synthesized and characterized complexes of nickel(II) of mixed 

ligands {benzilbis-(semicarbazone)-SCH2 4 and ammonium indolenedithiocarbamate-Indtc 5, 

ammonium pyrrolidenedithiocarbamate-Pyrdtc 6}. They concluded that SCH2 ligand acted as 

tetradentate or tridentate chelating ligands joint to nickel(II) ion through the oxygen and 

nitrogen atoms. From the prepared complexes in neutral molecule and in basic medium the 

ligand acted as anion (-1 or -2) owing to their deprotonation process that occurs in enol of the 

ligand [75].  

Ph C C

N N

Ph

NHNH

CC O O

NH2NH2       

N CS2NH4

  

NCS2NH4

 

Figure 1: Structures of ligands and dithiocarbamates (labelled 4, 5 and 6) 

The first report on transition metal dithiocarbamate complexes was published in early 1900 

and since then these complexes have been widely studied [76]. Separation strategy and phase 

transfer of liquid-solid solution have been used in producing large variety of nanocrystals that 

have different properties and also low dispersity were reported by Wang et al. [77]. The 
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particle shape and size of selenide nanorods, were successfully controlled by Puntes et al. 

[78]. In previous research a new dithiocarbamate compound was synthesized and 

characterized using elemental analyses, FT-IR, NMR [79]. In general, studies on 

nanotechnology are expected to have extreme impact on the development of new catalysts, 

because the detailed understanding of chemistry of catalytic materials in the nanometer-scale 

and the ability to control their preparation lead to rational and cost-efficient catalyst design 

[80]. 

 

1.5. Catalysis 

Nickel-based catalysts have been known for several years and are valued commercially since 

they oligomerize or dimerize α-olefins. Ni and Pd are under homogeneous catalysts. These 

catalysts give access to polyolefin with a large choice of properties and this increases 

production of polymers for special-purpose applications [81]. Late transition metal based 

catalyst have been found to be the best catalysts to be used in polymerization of olefins since 

their oxophilicity is reduced. Late transition metal system polymerizes ethylene to high 

molecular weights, but there are no systems that convert α-olefins to polymer with high molar 

mass [82]. Nickel sulfides have important applications in hydrogenation catalysis especially 

in organic synthesis procedures. It has been reported that α-NiS and Ni3S2 are the only 

important catalytic compounds [83].  

 

In the past years, nickel catalysts were known to oligomerize ethylene and dimerize 

propylene and α-olefins since nickel metal was thought to prefer β-H elimination followed by 

reduction elimination [84]. Normally, a catalyst used in olefin polymerization has these four 

catalyst components: (i) a ligand, (ii) transition metal, (iii) alkyl, and (iv) catalyst. Ligand is 
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the most component that play a significant part in polymerization process and when it comes 

to catalyst design, ligand design is essential [85]. Catalyst based on cationic Ni(II) and Pd(II) 

derived from substituted α -diimines have been reported in 1995 to convert ethylene and α -

olefins to polyolefin with high molecular weight [86]. Complexes of late transition metals are 

more functional-group when compared to those of early transition metal catalysts due to their 

less oxophilicity nature. Research on industrial and academic have recently focused on olefin 

oligomerization and polymerization catalysed by late transition metal complexes [87]. 

 

For different reactions in the past years, catalysts have been used owing to their excellent 

chemical and physical properties [88]. Partially crystalline and crystalline sulfide have been 

recently studied because they have potential application as catalyst for solid lubricant, solar 

cell devices, coal liquefaction, rechargeable batteries, and coatings for microwave shield [89]. 

The activity and dispersity of the catalyst is determined by the size of the particle used and 

the range of the optimum size is within 10-20 nm, therefore the size of sulfide particle is very 

important [90]. Since the discovery of Ni(II) and Pd(II)-based catalysts by Brookhart, alkene 

polymerization catalyst have gained much attention on α-diimine catalyst and Grubbs 

discovered neutral nickel phenoxyiminato catalysts [91]. 

 

1.6. Rationale and motivation 

Single source precursor method is the recently used method in the synthesis of metal sulfide 

nanoparticle. The precursor needs to be well capped during synthesis so as to obtain 

nanoparticles with uniform size distribution and to minimise agglomeration. Complex 

decomposition can be done at different temperatures with resultant different sizedistribution 

products that may find applications in different fields due to their varying properties.   
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1.7. Problem statement 

Different methods have been used in the preparation of nanoparticles but they have problems 

which includes agglomeration of particles that is caused by the annealing temperature, and 

also the large particle size. SSP has been used as an appropriate method for the preparation of 

nanoparticles with small particle size, because of the organic capping agent used. In this 

study very small sizes of nanoparticles will be of great results as it will find usefulness in 

catalysis reactions because the smaller the particle sizes the larger the surface area of the 

particle which is efficient for catalysis. Industries need effective catalysts that will be used in 

olefin polymerization catalysis. Late transition metal system has been found to polymerize 

ethylene to high molecular weights, but there are no systems that convert α-olefins to 

polymers with high molar mass. 

 

1.8. Aims and objectives 

1.8.1 Aim 

The main aim of this research is to synthesize Ni(II) and Pd(II) dithiocarbamate complexes 

and use them as single source precursors for the synthesis of NiS and PdS nanoparticles/ 

starch nanocomposites. 

1.8.2 Objectives 

 To synthesize four different dithiocarbamate ligands. 

  To synthesize the Ni(II) and Pd(II) complexes of the different dithiocarbamate ligand 

 To characterize all synthesized ligands and complexes using analytical and 

spectroscopic techniques. 
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 To use the Ni(II) and Pd(II) dithiocarbamate complexes as single source precursor for 

the synthesis of HDA capped NiS and PdS nanoparticles. 

 To synthesize NiS and PdS/potato starch nanocomposites 

 To study the optical and structural properties of the metal sulfide nanoparticles/ potato 

starch nanocomposites. 
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CHAPTER TWO 

2.0 EXPERIMENTAL  

This chapter provides the list of all chemicals used, experimental methods that have been 

used and the physical measurements used to characterize all the compounds in trying to 

achieve the aim and objectives of the study. 

 

2.1. Reagents and solvents 

Anisidine, dibenzylamine, butylamine, imidazole, carbon disulfide, potassium hydroxide, 

ethanol, methanol, diethyl ether, nickel(II) chloride, palladium(II) chloride, acetonitrile, and 

acetone were all obtained from Sigma-Aldrich or Merck and used as obtained without further 

purification. 

 

2.2. Physical measurements 

2.2.1. Melting points 

The melting point and decomposition of both ligands and complexes were recorded on the 

Stuart SMP 11 apparatus.  

. 

2.2.2. Conductivity measurements 

The molar conductance of all compounds have been determined using EC-Meter Basic 30+ at 

25 °C, while all the four ligands were dissolved in water, nickel(II) complexes were dissolved 

in methanol and palladium(II) complexes in acetone. 
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2.3. Spectroscopic techniques 

2.3.1. Infrared Spectroscopy 

Infrared spectra of all ligands and complexes were collected on Perkin Elmer Paragon 2000 

FTIR spectrophotometer as KBr pellet, in the range of 4000-400 cm-1.  

 

2.3.2. UV-Vis spectroscopy: 

The electronic spectra of the compounds in solution were ran in the range 180-1100 nm on 

Perkin Elmer 25 spectrophotometer. All ligands and complexes were dissolved in different 

solvents. 2 mg of each ligand was dissolved in 4 mL of distilled water and then they were 

transferred into a quartz cell and the UV data was recorded in nanometres (nm). The 

complexes were dissolved in dichloromethane. 

 

2.3.3. NMR spectroscopy 

Bruker ultra shield 400 NMR spectrometer was used to determine number of protons and 

carbons in each compound at 400.1 MHz for 1H and 100.6 MHz for 13C nuclei. 2 mg of each 

of the dithiocarbamate ligand was dissolved in 2 mL of dichloromethane and complexes were 

dissolved in DMSO. Each solution was then transferred into a thin glass NMR tube for 

determination. 
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2.4 Synthesis of dithiocarbamate ligands [1] 

2.4.1. Synthesis of potassium salt of anisidine dithiocarbamate (L1) 

6.16 g (5 mmol) of anisidine was dissolved in 10 mL of deionised water; 2.18 g (5 mmol) of 

potassium hydroxide was dissolved in 10 mL of water in a conical flask and placed in ice 

water. Anisidine solution was added to the potassium hydroxide solution and stirred, after 

which 3 mL of cold carbon disulfide was added drop wise. The reaction was done at 

temperature less than 4 ºC for about 3-4 hours. The resulting product was filtered, washed 

with diethyl ether to remove impurities, then recrystallized in acetonitrile and dried. 

OCH3

NH2

+ CS2

OCH3

SK

S + H2O
KOH

 

Scheme 2.1: Synthesis of potassium salt of anisidine dithiocarbamate (L1) 

 

2.4.2. Synthesis of potassium salt of dibenzyl dithiocarbamate (L2) 

10 mL of dibenzylamine was reacted with a solution of 2.81 g (5 mmol) of potassium 

hydroxide dissolved in 10 mL of water. 3 mL of cold carbon disulfide was added drop wise to 

the solution while stirring. The reaction was stirred for 3-4 hours then the precipitate obtained 

was filtered, washed and recrystallized in acetonitrile. 
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NH + CS2

KOH
N

C

S

SK + H2O

 

Scheme 2.2: Synthesis of potassium salt of dibenzyl dithiocarbamate (L2) 

2.4.3. Synthesis of potassium salt of butyl dithiocarbamate (L3) 

5 mL of butylamine reacted with a solution of 2.81 g (5 mmol) of potassium hydroxide 

dissolved in 10 mL of water. 3 mL of cold carbon disulfide was added drop wise to the 

solution while stirring for about 3-4 hours. The product formed was filtered, washed and 

recrystallized in acetonitrile.   

CH3 N

H

H

+ CS2 CH3

H

S

SK

KOH
+ H2O

 

Scheme 2.3: Synthesis of potassium salt of butyl dithiocarbamate (L3) 

 

2.4.4. Imidazolyl dithiocarbamate (L4) 

3.4 g (5 mmol) of imidazole was dissolved in 10 mL of deionised water; 2.18 g (5 mmol) of 

potassium hydroxide was dissolved in 10 mL of water in a conical flask and placed in ice 

water. Imidazole solution was added to the potassium hydroxide solution in the conical flask 

and stirred, while stirring 3 mL of cold carbon disulfide was added drop wise. The reaction 
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was done at temperature less than 4 ºC for about 3-4 hours. The resulting product was 

filtered, washed with diethyl ether, and then recrystallized in acetonitrile. 

N
N H + CS2

KOH

S

SK

+ H2O

 

Scheme 2.4: Synthesis of potassium salt of imidazolyl dithiocarbamate (L4) 

 

 

2.5 Synthesis of dithiocarbamate complexes [2] 

2.5.1 Synthesis of Ni(II) anisidine dithiocarbamate complex [Ni(L1)2 

0.45 g (5 mmol) of anisidine dithiocarbamate ligand was dissolved in 10 mL of methanol in a 

beaker. 0.59 g (2.5 mmol) of NiCl2 was dissolved in a separate beaker. The two solutions 

were mixed and stirred immediately. The reaction occurred at room temperature for 1-3 

hours. The resulting product was filtered and washed with water followed by diethyl ether 

and dried.  

 

N

OCH3

C
S

SK

+  NiCl2

H

OCH3

N

H

C
S

S
Ni

S

S

C N

H

OCH3

2KCl+

2

  

Scheme 2.5: Synthesis of nickel(II) anisidine dithiocarbamate  

 



 

34 

 

2.5.2 Synthesis of bis(acetonitrile)palladium(II) [3] 

2 g of palladium chloride reacted with 40 mL of acetonitrile at 60 °C for 30 minutes, product 

was then evaporated using a rotatory evaporator, filtered, washed and then dried.  

PdCl2             CH3CN             +
at 60 0C

Acetonitrile
PdCl2(CH3CN)2

 

Scheme 2.6: Synthesis of bis(acetonitrile) palladium(II) 

 

2.5.3 Synthesis of palladium(II) anisidine dithiocarbamate complex [Pd(L1)2] 

0.4 g (2.5 mmol) of the precursor (palladium acetonitrile) was dissolved in 80 mL of acetone; 

0.45 g (5 mmol) of the ligand was dissolved in 50 mL acetone and refluxed at 60 °C for four 

hours after which it was left at room temperature for six hours. The resulting product was 

evaporated, washed with water followed by diethyl ether and dried [4]. 

PdCl2(CH3CN)2 + 2

N C

SK

C
Acetone

10 hours

Pd

SS

S
S

C N

OCH3

CN

H

OCH3

H

+ 2KCl + 2CH3CN

OCH3

 

Scheme 2.7: Synthesis of palladium(II) anisidine dithiocarbamate complex  

 

2.5.4 Synthesis of nickel(II) dibenzyl dithiocarbamate complex [Ni(L2)2] 

0.57 g (5 mmol) of dibenzyl dithiocarbamate ligand was dissolved in 10 mL of methanol in a 

beaker. 0.59 g (2.5 mmol) of NiCl2 was dissolved in a separate beaker. The two solutions 
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were mixed and stirred immediately. The reaction occurred at room temperature for 1-3 

hours. The resulting product was filtered, washed and dried. 

N C

2 S

SK

+  NiCl2 N C
S

S

Ni

S

S

C N
+ 2KCl

 

Scheme 2.8: Synthesis of nickel(II) dibenzyl dithiocarbamate complex  

 

2.5.5 Synthesis of palladium(II) dibenzyl dithiocarbamate complex [Pd(L2)2] 

0.4 g (2.5 mmol) of palladium acetonitrile was dissolved in 80 mL of acetone; 0.45 g (5 

mmol) dibenzyl dithiocarbamate was dissolved in 50 mL acetone, refluxed for 4 hours at 60 

°C and then stirred for 6 hours at room temperature. The product was evaporated using 

rotatory evaporator, washed with water followed by diethyl ether and dried. 

PdCl2(CH3CN)2 + N2 C

SK

S

Pd
S S

S S

C CN N + 2KCl 2CH3CN+Acetone

10 hours

 

Scheme 2.9: Synthesis of palladium(II) dibenzyl dithiocarbamate complex  
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2.5.6 Synthesis of nickel(II) butyl dithiocarbamate complex [Ni(L3)2] 

0.43 g (5 mmol) of butyl dithiocarbamate ligand was dissolved in 10 mL of methanol in a 

beaker. 0.59 g (2.5 mmol) of NiCl2 was dissolved in a separate beaker. The two solutions 

were mixed and stirred, the reaction occurred at room temperature for 1-3 hours. The 

resulting product was filtered, washed and dried. 

CH3 N

H

S

SK
+ NiCl2

CH3

N

H

S

S

Ni

S

S

N

H

CH3

+ 2KCl

 

Scheme 2.10: Synthesis of nickel(II) butyl dithiocarbamate complex  

 

2.5.7 Synthesis of palladium(II) butyl dithiocarbamate complex [Pd(L3)2] 

0.4 g (2.5 mmol) of palladium acetonitrile and 0.43 g (5 mmol) of butyl dithiocarbamate were 

refluxed in acetone at 60 °C for 4 hours and stirred for 6 hours at room temperature. The 

product was filtered, washed with water and diethyl ether then dried. 

CH3 N

H

S

SK +

CH3

N

H

S

S

Pd

S

S

N

H

CH3

+ 2KCl
Acetone

10 hours

PdCl2(CH3CN)2 2CH3CN+

 

Scheme 2.11: Synthesis of palladium(II) butyl dithiocarbamate complex  

 

2.5.8 Synthesis of nickel(II) imidazolyl dithiocarbamate complex [Ni(L4)2] 

0.53 g (5 mmol) of imidazole dithiocarbamate ligand was dissolved in 10 mL of methanol in 

a beaker. 0.59 g (2.5 mmol) of NiCl2 was dissolved in a separate beaker. The two solutions 

were mixed and stirred immediately. The reaction occurred at room temperature for 1-3 
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hours. The resulting product was filtered, washed with deionised water followed by diethyl 

ether and dried.  

N
N C

SK

S

2 + NiCl2

N
N

S

S

Ni

S

S

N
N

+ 2KCl

 

Scheme 2.12: Synthesis of nickel(II) imidazolyl dithiocarbamate complex  

 

2.5.9 Synthesis of palladium(II) imidazolyl dithiocarbamate complex [Pd(L4)2] 

0.4 g (2.5 mmol) palladium acetonitrile was dissolved in 80 mL of acetonitrile, 0.53 g (5 

mmol) of imidazole dithiocarbamate was dissolved in 50 mL of acetone and refluxed at 60 °C 

for 4 hours and then stirred at room temperature for 6 hours. The precipitate was filtered and 

washed with water followed by diethyl ether and dried. 

 

N
N

S

SK
PdCl2(CH3CN)2 + 2

Acetone

10 hours

N
N

S

S

Pd

S

S

N
N + 2KCl 2CH3CN+

 

Scheme 2.13: Synthesis of palladium(II) imidazolyl dithiocarbamate complex  
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CHAPTER THREE 

3.0. CHARACTERIZATION OF THE DITHIOCARBAMATE LIGANDS AND NI(II) 

AND PD(II) COMPLEXES 

3.1. Introduction 

This chapter provides the findings or results obtained using different physical measurements 

and spectroscopic techniques. It also describes the physiochemical results of all synthesized 

ligands and complexes. Dithiocarbamates belong to a large group of compounds called 1,1-

dithiolates and this group have other compounds such as dithiophosphinates, 

dithiocarbimates, xanthates and so forth [1]. Dithiocarbamates have been widely studied 

because of their properties [2]. Most studies have been conducted in complexing these 

dithiocarbamate ligands with transition metals and use them in different fields [3-5].   
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Figure 3.1: General formula of dithiocarbamate [4]. 

Dithiocarbamates can act as monodentate, bidentate chelating or bidentate bridging as shown 

below:   
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Figure 3.2: Different binding modes of dithiocarbamates [5]. 
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Nickel complexes are green in colour and palladium complexes are brown, they are highly 

stable at room temperature. They are insoluble in water and soluble in most organic solvents. 

 

3.2. Synthesis  

The complexes were synthesised following the literature procedure [6, 7]. Dithiocarbamates 

are prepared by the reaction of primary or secondary amine with carbon disulfide in the 

presence of a strong base (KOH) as shown in scheme 2.1 to 2.4. Dithiocarbamate complexes 

are formed by reacting 2 moles of each dithiocarbamate ligand with 1 mole of NiCl2 or 

[PdCl2(CH3CN)2]. The compounds are formulated as four coordinate species in which the 

dithiocarbamate acts as bidentate chelating ligands as shown in scheme 2.5 to 2.13. The 

elemental analytical data are presented in Table 3.1 while their solubility is presented in 

Table 3.2. 
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Table 3.1: Elemental analysis  

Compound

s 

Formula Molecular    

weight (g/mol) 

C 

Found  

(Cal) 

H 

Found 

(Cal) 

N 

Found 

(Cal) 

S 

Found 

(Cal) 

L1  3H2O  C8H8KNS2(H2O)3  221.38    28.2 

(32.97) 

4.03 

(4.84) 

4.12 

(4.81) 

20.54 

(22.00)  

L2  3H2O C14H13KNS2(H2O)3 365.55 47.96 

(49.28) 

5.44 

(5.51) 

3.73 

(3.83) 

17.68 

(17.54) 

L3  3H2O C5H10KNS2(H2O)3 241.41 25.92 

(24.88) 

7.53 

(6.68) 

6.06 

(5.80) 

27.77 

(26.56) 

L4  3H2O C4H4KNS2(H2O)3 237.35 29.91 

(20.30) 

3.32 

(4.25) 

16.83 

(11.80) 

20.38 

(27.01) 

[Ni(L1)2]  

3H2O 

C16H16N2NiO2S4(H2O)3 509.31 33.28 

(37.73) 

2.23 

(4.35) 

4.89 

(5.50) 

23.22 

(25.80) 

[Ni(L2)2]  

3H2O 

C30H28N2NiS4(H2O)3 657.56 37.41 

(54.80) 

3.53 

(5.21) 

2.96 

(4.26) 

13.17 

(19.51) 

[Ni(L3)2]  

3H2O 

C10H20N2NiS4(H2O)3 409.28 31.7 

(29.35) 

6.14 

(6.40) 

7.41 

(6.84) 

34.38 

(31.34) 

[Ni(L4)2]  

3H2O 

C8H8N4NiS4(H2O)3 401.18 20.66  

(23.98) 

2.08 

(3.52) 

10.4 

(13.97) 

21.53 

(31.97) 

[Pd(L1)2]  

3H2O 

C16H16N2PdO2S4(H2O)3 557 20.32 

(34.50 ) 

1.62 

(3.98) 

2.99 

(5.03 ) 

16.13 

(23.02) 

[Pd(L2)2]  

3H2O 

C30H28N2PdS4(H2O)3 705.27 46.72 

(51.09) 

3.75 

(4.86) 

3.72 

(3.97) 

17.43 

(18.19) 

[Pd(L3)2]  

3H2O 

C10H20N2PdS4(H2O)3 457.00 29.7 

(26.28) 

5.63 

(5.00) 

6.92 

(6.13) 

33.21 

(28.07) 

[Pd(L4)2]  

3H2O                            

C8H8N4PdS4(H2O)3 448.90 14.68 

(21.40) 

1.05 

(3.14) 

6.83 

(12.48) 

24.47 

(28.57) 
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Table 3.2: Solubility test results 

Compounds Water Methanol DCM CHL Acetone Hexane DMSO 

 

L1 Yes Yes Yes No Yes No Yes 

L2 Yes Yes Yes Yes Yes No Yes 

L3 Yes Yes Yes No Yes No Yes 

L4 Yes Yes Yes No Yes No Yes 

[Ni(L1)2] No Yes Yes Yes Yes Yes Yes 

[Ni(L2)2] No Yes Yes Yes Yes Yes Yes 

[Ni(L3)2] No Yes Yes Yes Yes No Yes 

[Ni(L4)2] No Yes Yes Yes Yes No Yes 

[Pd(L1)2] No Yes Yes No Yes No Yes 

[Pd(L2)2] No Yes Yes Yes Yes Yes Yes 

[Pd(L3)2] No Yes Yes Yes Yes Yes Yes 

[Pd(L4)2] No Yes Yes No Yes No Yes 
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Table 3.3: Physiochemical properties of ligands and metal complexes 

Compounds Melting 

point (°C) 

Conductivity 

(µs/cm) 

Colour Actual yield 

(g) 

Percentage 

yield (%) 

L1 94 48.6  White 3.4899 97 

L2 98 39.7  White 3.905 91 

L3 67 162.1  White 8.321 90 

L4 69 190.9 Yellow  3.2156 75 

[Ni(L1)2] 201 12.97 Dark green 1.35 49 

[Ni(L2)2] 200 40.7  Green 1.48 60 

[Ni(L3)2] 139 9.23  Dark green 4.36 49 

[Ni(L4)2] 124 76.9  Green 6.33 44 

[Pd(L1)2] 230 3.28  Brown 0.34 48 

[Pd(L2)2] 260 1.81  Brown 0.28 67 

[Pd(L3)2] 180 2.45  Brown 0.45 51 

[Pd(L4)2] 185 1.43   Brown  0.421 67 

 

All compounds and their percentage yields are presented in Table 3.3, from the results the 

yields of dithiocarbamate ligands are high because the ligands were purely synthesized and 

recrystallized to give a crude product and the actual mass weighed is not too far from 

theoretical mass that is calculated. Purity of all synthesised ligands and complexes has been 

determined by melting point, the obtained results are presented in Table 3.3. All ligands melt 

in the range of 67-98 °C. For the four synthesized nickel(II) complexes, [Ni(L3)2] and 

[Ni(L4)2] melt around 124-139 °C, [Ni(L1)2] and [Ni(L2)2] around 200 °C. For palladium(II) 

complexes, [Pd(L1)2] and [Pd(L2)2] decompose at 230 °C and 260 °C respectively, while 
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Pd(L3)2 and Pd(L4)2 melted around  183-185 °C. Results for conductivity measurement are 

presented on Table 3.3, and from the results all compounds were found to be non-electrolytes 

[8].  

 

3.3. FTIR spectra studies of the ligands and metal complexes 

FTIR is used as a fingerprint in determining the chemical nature of compounds and the 

structure looking at the major functional groups present in each compound [9]. In 

dithiocarbamate compounds there are four peaks of interests that are expected from the FTIR 

spectra, νN-H, νC-N, νC=S, νC-S. N-H for primary amines differs from that of secondary 

amines; primary amines are in the range of 3200-3400 and secondary amine around 3300-

3400 [9, 10]. The summarized FTIR data are shown in Table 3.4. 
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Table 3.4: Selected FTIR spectra data for ligands and metal complexes 

Compounds νN-H (cm-1) νC-N (cm-1) C-S (cm-1) C=S (cm-1) Ni-S/ Pd-S 

(cm-1) 

L1 3574 1509 915 1178 - 

L2 3510 1474 761 1164 - 

L3 3495 1472 739 1164 - 

L4 3235 1473 739 1188 - 

[Ni(L1)2] 3398 1469 824  375 

[Ni(L2)2] 3420 1472 758  481 

[Ni(L3)2] 3233 1595 738  384 

[Ni(L4)2] 3391 1493 726  543 

[Pd(L1)2] 3310 1558 1036  529 

[Pd(L2)2] - 1564 792  545 

[Pd(L3)2] 3510 1595 1060  - 

[Pd(L4)2] - 1474 - 1101 545 

 

 

3.3.1 FTIR spectra studies of anisidine dithiocarbamate and Ni(II) and Pd(II) complexes 

FTIR spectra of anisidine dithiocarbamate and its corresponding complexes ([Ni(L1)2 and 

[Pd(L1)2) are presented in Figure 3.5. For anisidine dithiocarbamate (L1), the νC-N appeared 

at 1421 cm-1, νC=S at 1187 cm-1 and νC-S at 928 cm-1. All peaks of interest were present in 

the FTIR spectrum of L1, the shift in νC-N stretch to higher frequency from that of ligand 

was observed in both complexes, from 1421 cm-1 to 1466 cm-1 for [Ni(L1)] and to 1553 cm-1 
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for [Pd(L1)2] is due to the increase in the single bond character of νC-N. Also the shift in νC-

S to lower frequency which can be ascribed to the decrease in the double bond character of 

νC=S in the formation of the complexes [10]. At 375 cm-1 the stretching vibration was 

observed and this confirms that the Ni ion is bonded to the dithiocarbamate through the sulfur 

atom, and Pd-S was observed at 560 cm-1[11].  

 

 

Figure 3.3: FTIR spectra of anisidine dithiocarbamate and Ni(II) and Pd(II) complexes 

 

3.3.2 FTIR spectra studies of dibenzyl dithiocarbamate and Ni(II) and Pd(II) complexes 

All relevant peaks of interest were assigned from the spectra of the compound shown in 

Figure 3.6 and the νC-N stretch is observed at 1461 cm-1, νC=S at 1000 cm-1 and νC-S at 832 

cm-1. These are the three important peaks of interest in the dithiocarbamate compounds. 

There is a sharp peak in both complexes around 761 cm-1 and is attributed to νC-S, and 

confirms that dithiocarbamates are bidentately coordinated to the metal ions. There is a shift 

in the νC-N stretching vibrations to higher frequency as compared to that of the ligand, and 
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this is due to the increasing single bond character of νC-N. The νNi-S peak appeared at 473 

cm-1 which confirms the formation of the metal complex [12].  

 

 

Figure 3.4: FTIR spectra of Ni(II) and Pd(II) dibenzyl dithiocarbamate complexes 

 

3.3.3 FTIR spectra of butyl dithiocarbamate and its Ni(II) and Pd(II) complexes 

The FTIR spectra of butyl dithiocarbamate and its metal complexes are shown in Figure 3.7. 

Butyl dithiocarbamate have all the peaks of interest, νC-N at 1461 cm-1, νC=S at 1166 cm-1 

and νC-S at 1012 cm-1. [Ni(L3)2] have νC-N at 1471 cm-1 which shifted a little bit to higher 

frequency from that of the ligand, νC-S is observed at 721 cm-1, this shifted to lower 

frequency and can be attributed to the decrease in the double bond character of C=S. The 

νNi-S stretching vibration appeared at 383 cm-1 and νPd-S at 625 cm-1 which indicates that 

the metal ions are coordinated to the butyl dithiocarbamate through the sulfur atoms [13].   
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Figure 3.5: FTIR spectra of Ni(II) and Pd(II) butyl dithiocarbamate complexes 

 

3.3.4 FTIR spectra of imidazolyl dithiocarbamate and Ni(II) and Pd(II) complexes  

Imidazolyl dithiocarbamate has νC-N stretch at 1472 cm-1, in the complexes, the νC-N 

stretching vibrations shifted to 1490 cm-1 in [Ni(L4)2] and 1544 cm-1 in [Pd(L4)2]  (Figure 

3.8). The νC=S that appeared as two bands at 1171 and 732 cm-1 in the ligand occurred as 

single sharp bands at 1096 cm-1in [Ni(L4)2] and 1048 cm-1 in [Pd(L4)2]. This confirms that the 

ligand is bidentately coordinated to the metal ion. The absence of N-H stretch is due to the 

deprotonating strong base (KOH). The νNi-S is observed at 551 cm-1 and νPd-S at 566 cm-1, 

these two peaks confirms that the ligand used sulfur atom to bond itself to the metal centres.   
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Figure 3.6: FTIR spectra of imidazolyl dithiocarbamate and Ni(II) and Pd(II) complexes 

 

3.4. Electronic spectra studies of ligands and complexes 

3.4.1. Electronic spectra of anisidine dithiocarbamate and Ni(II) complex 

In the electronic spectra studies of the dithiocarbamates, there are three intraligand charge 

transfer transitions that are expected [15-17]. The electronic spectra of anisidine 

dithiocarbamate and Ni(II) complex is shown in Figure 3.9. Anisidine dithiocarbamate has an 

absorption band at 297 nm which is for π→π* transitions of N-C-S; the second one is at 303 

nm which is assigned to π→π* transitions of S-C-S of dithiocarbamate moiety, and the last 

one is at 305 nm for n→π* bonding which is located on sulfur. In the Ni(II) anisidine 

dithiocarbamate, the intraligand charge transfer transitions occurred at 324 nm which is 

assigned to π→π* bonding of dithiocarbamate moiety. [Ni(L1)2] also have an absorption band 

at 418 nm which is assigned to the d-d transition due to the excitation of the metal ions and 

this shows that the complex is a square planar [15]. 
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Figure 3.7: Electronic spectra of anisidine dithiocarbamate and Ni(II) complex 

 

3.4.2. Electronic spectra of dibenzyl dithiocarbamate and Ni(II) complex 

The electronic spectra of dibenzyl dithiocarbamate and Ni(II) complex is shown in Figure 

3.10. Dibenzyl dithiocarbamate has intraligand charge transfer transitions at 295 nm, 

[Ni(L2)2]  also have intraligand charge transfer transitions but it shifted to higher wavelength 

at 332 nm and another band at 391 which is due to metal ligand charge transfer transitions. At 

430 nm there is a small band for d-d transition observed in the Ni(II) complex. Baja reported 

nickel complexes with d-d transitions in the range of 410-453 and the second one ranging 

from 622-668 nm confirming the proposed square planar geometry around the Ni2+ ion [16, 

17].  
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Figure 3.8: Electronic spectra of dibenzyl dithiocarbamate and Ni(II) complex 

 

3.4.3. Electronic spectra of butyl dithiocarbamate and Ni(II) complex 

The electronic spectra of the ligand and Ni(II) complex is shown in Figure 3.11. Butyl 

dithiocarbamate has a band at 291 nm, which is assigned to the π→π* transition of the 

dithiocarbamate moiety. The [Ni(L3)2]  show a broad absorption band at 397 nm assigned to 

the MLCT. At 418 nm, there is a small band assigned to the d-d transition [15, 16]. This 

indicates the complex is a four coordinate square planar species [15, 16]. 
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Figure 3.9: Electronic spectra of butyl dithiocarbamate and Ni(II) complex 

 

3.4.4. Electronic spectra studies of imidazolyl dithiocarbamate and Ni(II) complex 

The electronic spectra of the ligand and Ni(II) complex is presented in Figure 3.12. From the 

spectra, L4 have an absorption band at 301 nm, [Ni(L4)2]  has a band at 331 which is also 

intraligand charge transfer transition of the dithiocarbamate moiety. From the reported nickel 

imidazole dithiocarbamate complex there are two d-d transitions obtained at 408 nm and 472 

nm [16, 17].  This complex had d-d transitions with λmax at 477 and 410 nm, in addition to its 

higher energy charge transfer transition (LMCT) absorption at 304 nm and 375 nm. The 

reported imidazole had one broad d-d transition around 467 nm and two intense ligand charge 

transfer bands at 211 and 288 nm, and it was confirmed to be a four coordinate square planar 

complex [17]. 
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Figure 3.10: Electronic spectra of imidazolyl dithiocarbamate and Ni(II) complex 

 

3.4.5. Electronic spectra of anisidine dithiocarbamate and Pd(II) complex 

The electronic spectra of anisidine dithiocarbamate and Pd(II) complex is presented in Figure 

3.13. Anisidine dithiocarbamate has an absorption band at 297 nm, 300 nm, and 304 nm 

which can be attributed to π→π* transition of N-C-S, π→π* associated with the S-C-S of 

dithiocarbamate moiety and n→π* located on sulfur respectively. Palladium(II) anisidine 

dithiocarbamate display very strong charge transfer transitions at 328 nm, since palladium is 

diamagnetic, it does not have d-d transition because all electrons are paired up.  
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Figure 3.11: Electronic spectra of anisidine dithiocarbamate and Pd(II) complex 

 

3.4.6. Electronic spectra of dibenzyl dithiocarbamate and Pd(II) complex 

The electronic spectra of the ligand and complex are shown in Figure 3.14. Dibenzyl 

dithiocarbamate has a band at 294 nm which is attributed to π→π* transition of the 

dithiocarbamate group. In the complex spectrum, there is a strong broad band starting at 

about 350 nm that could be ascribed to the MLCT due to the coordination of the ligand to the 

Pd2+ ion. This confirms the square planar geometry around Pd(II) in the complex [16, 18]. 
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Figure 3.12: Electronic spectra of dibenzyl dithiocarbamate and Pd(II) complex 

 

3.4.7. Electronic spectra of butyl dithiocarbamate and Pd(II) complex 

The electronic spectra of the Pd(II) and the ligand is shown in Figure 3.15. Butyl 

dithiocarbamate has an absorption band at 291 nm assigned to the intraligand π→π* 

transition. A broad band at 355 nm assigned to the MLCT is observed. There are strong 

charge transfer transitions present in palladium(II) complexes since they are diamagnetic, 

with no visible d-d transitions.  
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Figure 3.13: Electronic spectra of butyl dithiocarbamate and palladium complex 

 

3.4.8. Electronic spectra of imidazolyl dithiocarbamate and Pd(II) complex 

The electronic spectra of the ligand and Pd(II) complex is presented in Fig. 3.16. Imidazolyl 

dithiocarbamate has an absorption band at 297 nm for π→π* transitions of N-C-S and at 303 

for n→π* bonding located on sulfur. Marov et al. reported three spin allowed singlets in 

diamagnetic palladium complexes and d-d transitions, but from the spectra shown in Figure 

3.16 there is no d-d transition because the strong charge transfer transitions prevent the 

expected bands and show a strong band which is attributed to sulfur to metal charge transfer 

transitions [18].  
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Figure 3.14: Electronic spectra of imidazolyl dithiocarbamate and palladium(II) complex 

(Pd4) 

 

3.5 NMR spectra studies 

1H-NMR was done for ligands and palladium complexes because nickel is paramagnetic and 

it can spoil the machine. 

3.5.1. 1H-NMR of anisidine dithiocarbamate  

1H-NMR spectrum of anisidine dithiocarbamate displays doublets from 6.76-7.38 ppm (d, 

2H) for =CH-CH= protons of the aromatic ring. A sharp singlet peak appeared at 2.5 ppm (s, 

1H) =CH- of the ring and another singlet at 9.80 ppm (s, 1H) for N-H proton. These peaks 

confirm the formation of the ligand [19]. 
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3.5.2. 1H-NMR of dibenzyl dithiocarbamate  

The 1H-NMR of potassium dibenzyl dithiocarbamate displays a single sharp peak at 3.35 

ppm is due to the solvent deuterated dimethyl sulfoxide (dmso-d6) used. The multiplets peaks 

in the range of 7.23-7.21 ppm (m, 5H-C6H5) were from the aromatic ring protons (1,3H). At 

5.30 ppm, there was a singlet peak (s, 2H- CH2) due to the ethyl protons [20, 21]. 

 

3.5.3. 1H-NMR of butyl dithiocarbamate  

1H-NMR of butyl dithiocarbamate ligand showed triplet at 0.87 ppm (t, 3H) of methyl 

protons. Multiplets were observed around 0.92 to 1.26 ppm (m, 4H) of the ethyl protons in 

the chain of butyl dithiocarbamate. At 7.8 ppm, there was a singlet peak (s, 1H) of the NH 

proton. The other peaks are due to the DMSO-d6 solvent used. 

 

3.5.4. 1H-NMR of imidazolyl dithiocarbamate  

1H-NMR spectrum of imidazolyl dithiocarbamate displays one singlet peak at 2.5 ppm (s,2H) 

for the ethyl proton attached to nitrogen atoms. Two other singlet peaks which appeared at 

7.03 ppm (s, 1H) and at 7.65 ppm (s,1H) for the CH proton attached to the nitrogen of the 

cyclic ring. The sharp peak observed at 3.1 ppm was due to the solvent used which was 

deuterated dimethyl sulfoxide, DMSO-d6 [22]. 

 

3.5.5. 1H-NMR of palladium(II) anisidine dithiocarbamate complex  

1H-NMR spectra of [Pd(L1)2]  displays a singlet at 8.45 ppm (s, 1H) for N-H proton of 

anisidine dithiocarbamate. A downfield by δ 1.35 ppm as compared to the chemical shift of 
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the ligand was observed. It also displays multiplets from 7.41-6.91 ppm (m, 4H) for the 

aromatic ring protons from the ligand [20,22]. 

 

3.5.6. 1H-NMR of palladium(II) dibenzyl dithiocarbamate complex  

The 1H-NMR signals of Pd(II) dibenzyl dithiocarbamate complex were carefully assigned, it 

displays a sharp singlet peak at 4.90 ppm (s, 2H) due to the ethyl protons attached to the 

aromatic ring. Multiplets appeared in the region 7.35-7.30 for the aromatic ring protons of the 

ligand. An upfield shift of about δ 0.12 ppm as compared to the chemical shift of the ligand 

was observed. A downfield by δ 0.4 ppm compared to the chemical shift of the dibenzyl 

dithiocarbamate was also observed in the complex [19].  

 

3.5.7. 1H-NMR of palladium(II) butyl dithiocarbamate complex  

Palladium(II) butyl dithiocarbamate complex have its CH3 protons split at a δ 0.98 ppm 

(t,3H) into a triplet by the adjacent CH2 group. Both ethyl protons were split into multiplet by 

the neighbouring protons at 1.30 and 1.53 ppm. The δ of protons in the N-CH2 occurred at 8.7 

ppm [14]. 

 

3.5.8. 1H-NMR of palladium(II) imidazolyl dithiocarbamate complex  

1H-NMR of Pd(II) imidazolyl complex displays a sharp singlet peak at 1.4 ppm (s, 1H) for N-

H proton, a second singlet at 2.1 ppm (s, 1H) for NH proton of the cyclic ring from the 

ligand, another singlet peak at 3.7 ppm for NH proton of the cyclic ring again. A downfield 

by δ 1.0 ppm as compared to the chemical shift of the ligand was observed. 
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CHAPTER FOUR 

SYNTHESIS AND STRUCTURAL STUDIES OF HDA-CAPPED NIS, PDS 

NANOPARTICLES AND STARCH NANOCOMPOSITES  

4.0 Introduction  

Different methods have been used for the preparation of metal sulfide nanoparticles but 

single source precursor method has been widely used to prepare metal sulfide nanoparticles 

and thin films since they have an advantage of forming in one-step synthesis with uniform 

size distribution [1, 2]. In the control of deposition of thin films, single source precursor plays 

the most important role [3]. The use of single source precursor method for the synthesis of 

nanoparticles is of great interest in the research industry [4]. Wang et al. reported the 

synthesis of CdS nanoparticles using single source precursor method, the results obtained 

from XRD showed hexagonal phase at high temperature and cubic phase at low temperature. 

TEM images showed roughly spherical nanoparticles with size ranging from 4-6 nm 

depending on the different precursors used in the synthesis. The photo catalyst properties of 

hexagonal phase were found to be better than those of cubic phase [4, 5]. 

 

 Satyendra et al. [6] synthesised hexagonal HgS particles that were well-defined with narrow 

size distribution ranging from 5.8-15 nm using single source precursor method [6]. There are 

few factors that affect the particle size: Reaction time, temperature, concentration of capping 

agent, just to mention a few. An increase in molar concentration of capping agent leads to 

decrease in particle size [7, 8]. In this chapter, the use of the Ni(II) and Pd(II) complexes 

described in chapter 3 as single source precursors to prepare HDA-capped NiS and PdS 

nanoparticles are described. The metal sulfide nanoparticles were characterized by absorption 

and photoluminescence spectroscopy to determine their optical properties. XRD, TEM, SEM 
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and EDS were used to study the structural properties of the nanoparticles. The NiS and PdS 

were further used to synthesize metal sulfide/ starch nanocomposites that were structurally 

studied with SEM, and EDS 

 

4.1 Chemicals and reagents 

hexadecylamine (HDA), trioctylphosphine (TOP), toluene, methanol, potato starch, Ni(II) 

anisidine dithiocarbamae complex, Ni(II) dibenzyl dithiocarbamate complex, Ni(II) butyl 

dithiocarbamate complex, Ni(II) imidazolyl dithiocarbamate complex, Pd(II) anisidine 

dithiocarbamae complex, Pd(II) dibenzyl dithiocarbamate complex, Pd(II) butyl 

dithiocarbamate complex, Pd(II) imidazolyl dithiocarbamate complex,  

 

4.2 Characterization techniques 

4.2.1 UV-Vis spectroscopy  

The optical absorption was measured using Elmer Lamda 25 spectrophotometer. About 2 mg 

of each nanoparticle was dissolved in 2 mL of toluene and then transferred into a quartz cell/ 

cuvettes and the optical absorption data was recorded as nanometres (nm). Toluene was also 

used as reference solvent. Band edges were determined from the obtained UV spectra and 

band gaps were calculated. 

 

4.2.2 Photoluminescence emission 

A very small amount of each nanoparticle was dissolved in toluene in test tubes. When they 

were completely dissolved, each solution was transferred into a quartz cell and inserted into a 
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Perkin Elmer Lamda 45 Fluorimeter. The PL data was recorded as wavelength (nm) versus 

intensity (a.u). 

 

4.2.3 Powder X-ray Diffraction  

The powder XRD spectra of metal sulfide nanoparticles were carried out on Bruker-D8 

advance powder X-Ray diffractometer instrument operating at a voltage of 40 kV and a 

current of 30 mA with Cu kα radiation. The XRD samples were made by drop coating sample 

on a glass plate. 

 

4.2.4 Transmission electron microscope  

The TEM images were obtained using a ZEISS Libra 120 electron microscope operated at 

120 kV. The samples were prepared by placing a drop of a solution of a sample in toluene on 

a carbon coated copper grid (300 mesh, agar). The excess solvent was wicked with a paper tip 

and the samples were dried over night at room temperature. TEM images were recorded on a 

mega view G2 camera using iTEM Olympus software.  

 

4.2.5 Scanning electron microscope/Energy dispersive spectroscopy 

The morphology of the synthesised nanoparticles was checked using scanning electron 

microscopy after coating with gold. SEM images were obtained from a Joel, JSM-6390 LV 

apparatus using accelerating voltage between 15-20 kV at different magnifications as 

indicated on the SEM images.  The energy dispersive spectra were obtained using dispersive 

X-ray analysis (EDS) attached to the Joel JSM 6390 SEM. 
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4.3 Synthesis  

4.3.1 Synthesis of NiS and PdS nanoparticles [5, 7] 

0.2 g of each metal complex was dissolved in 2 mL of TOP, the solution was injected into a 

hot HAD (2 g) at 220 ºC, and the temperature was maintained for 1 hour. After an hour, when 

the temperature was cooled below 80 ºC, cold methanol was added to the product and 

centrifuged for about 15 minutes to precipitate the product. The methanol was decanted and 

another cold methanol was added to centrifuge again, this washing was done three times and 

the product obtained was kept in a fume cupboard to dry. The nickel sulfide nanoparticles 

prepared from [Ni(L1)2] complex is labelled as NiS1, [Ni(L2)2] is labelled as NiS2, [Ni(L3)2] 

as NiS3, [Ni(L4)2] as NiS4, [Pd(L1)2] as PdS1, [Pd(L2)2] as PdS2, [Pd(L3)2] as PdS3 and 

[Pd(L4)2] as PdS4. 

 

4.3.2 Synthesis of polymer nanocomposites [9] 

2 g potato starch polymer was dissolved in 10 mL THF followed by the addition of  0.4 g of 

metal sulfide nanoparticles dissolved in 10 mL toluene in a beaker. The mixture was heat and 

stirred vigorously for about 20 minutes until the solution become turbid (a certain colour of 

each metal sulfide) solution was obtained for each nanocomposite. The turbid solution was 

transferred into a glass plate or petri dish and dried. 
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4.4 Optical and structural studies of HDA-capped NiS nanoparticles 

4.4.1 Absorption spectra studies of HDA-capped NiS nanoparticle 

The absorption spectra of the NiS nanoparticles are presented in Figure 4.1. The band edges 

of the synthesised NiS nanoparticles were found to be 306 nm, 314, 271 and 310 nm for 

NiS1, NiS2, NiS3 and NiS4 respectively. These band edges were used to determine the band 

gaps (Eg) of the NiS nanoparticles using the following equation: 

Eg*= hc/λ [10] 

Where Eg = band gap, λ= cut off wavelength, h= Planks constant= 6.626 x 10-34 Joules sec, 

C= speed of light =3.0 x108 ms-1. The band gaps of all synthesised NiS nanoparticles were 

calculated and found to be 4.05, 3.95, 4.58 and 4.0 eV for NiS1, NiS2, NiS3, and NiS4 

respectively. These were found to be blue shifted compared to the bulk of NiS [11]. This 

shows that NiS nanoparticles prepared have very small sizes, the increase in band gaps with 

decrease in particle size shows the quantum confinement effect [12].  
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Figure 4.1: Absorption spectra of HDA-capped NiS nanoparticles at 220 °C 

 

4.4.2 Photoluminescence spectra studies of NiS nanoparticles 

PL spectra of HDA-capped NiS nanoparticles were recorded at excitation wavelength of 711 

nm. The resulting spectra are shown in Figure 4.2. The spectra showed narrow emissions 

with emission maxima at 725, 720, 622 and 720 nm for NiS1, NiS2, NiS3 and NiS4 

respectively. The emission maxima were found to be red shifted when compared to the 

optical absorption band edges. Size distribution caused the broadening of the emission peaks 

as shown in Figure 4.2 [11]. 
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Figure 4.2: PL studies of HDA-capped NiS nanoparticles at 220 °C 

 

4.4.3 XRD studies of the NiS nanoparticles  

The XRD pattern was done to examine the composition of NiS nanoparticles. Figure 4.3.1 

show the indexed cubic phase of nickel sulfide nanoparticles prepared from Ni(II) anisidine 

dithiocarbamate complex at 220 °C [12]. The crystalline phase of NiS1 was observed at 2θ 

values of 21.2°, 22.5°  and 40.7°  which corresponds to (111), (220), and (311), Miller indices  

for cubic NiS nanoparticles respectively. Three peaks at 2θ values = 19.5°, 22.7°, and 39.8°, 

and 40.85 corresponding to (111), (220), and (311) planes of cubic phase of NiS2 were 

observed [12].  
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Figure 4.3: Powder XRD pattern of HDA-capped NiS nanoparticles  
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NiS3 has three peaks at 2θ values = 21.8°, 22.9° and 39.8° which corresponds to (111), (220) 

and (311) Miller indices for cubic NiS nanoparticles. The XRD patterns of NiS4 shows six 

peaks at around 25.5o, 27.1o, 29.1o, 33.7o, 37.5o and 40.7o corresponding to (010), (110), 

(111), (020), (121) and (130) Miller indices of rhombohedral phase of NiS respectively [12, 

13].  

 

4.4.4 TEM studies of the NiS nanoparticles 

The TEM images of the NiS1 nanoparticles are shown in Figure 4.4.1. The NiS1 

nanoparticles have mixture of rod-like structures and close to spherical shapes. Some 

particles are elongated with crystallinity and agglomeration. Some particles are nearly 

spherical and triangular in shape. The size ranges from 12-38 nm with little agglomeration 

[14]. 
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Figure 4.4.1: TEM image of HDA-capped NiS1 nanoparticles at 220 °C 

 

The TEM image of NiS2 nanoparticles are shown in Figure 4.4.2. The prepared nanoparticles 

have little agglomeration with particle size ranging from 8-11 nm, which is very small and is 

due to the quantum confinement effect. The particles are spherical in shape [15]. 
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Figure 4.4.2: TEM image of HDA capped NiS2 nanoparticles at 220 °C 

 

The TEM image of HDA-capped NiS3 nanoparticles are shown in Figure 4.4.3. The prepared 

particles are spherical with little agglomeration in between particles. The particle size ranges 

from 9-16 nm. 
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Figure 4.4.3: TEM image of HDA-capped NiS3 nanoparticles at 220 °C 

 

The TEM image of NiS4 nanoparticles are shown in Figure 4.4.4. The particle size ranges 

from 4-9 nm with few particles that agglomerate which might be due to the precursor not 

properly capped. These particles are spherical in shape and are close to one another.  
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Figure 4.4.4: TEM image of HDA-capped NiS4 nanoparticles at 220 °C 

 

4.4.5 SEM/EDS studies of NiS nanoparticles 

The size, shape and morphology of the synthesized NiS and PdS nanoparticles were analysed 

using SEM. Figure 4.5 shows the SEM images of NiS1 nanoparticles prepared from [Ni(L1)2] 

complex. From the SEM images, it is clear that the agglomeration of particles is less since 

there are no lumps formed. These nanoparticles have uniform surface morphology. Elemental 

composition was confirmed using EDS and the spectrum showed that NiS was formed with 

the presence of Ni and S. Other traces of elements such as O, P and C are also observed. The 

observed P and O are due to trioctyl phosphine (TOP), C is attributed to the hexadecylamine 

(HDA) [16]. Figure 4.6 shows the SEM Images of HDA-capped NiS2 nanoparticles prepared 
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from [Ni(L2)2] precursor complex. They have uniform surface morphology both at low and 

high magnification. EDS reveal that the prepared nanoparticles are composed of Ni and S; 

other traces of elements are due to the capping agent used and TOP. 

 

Figure 4.7 shows the SEM images of HDA-capped NiS3 nanoparticles prepared from 

[Ni(L3)2] complex. For both low and high magnification, they have homogeneous surface 

morphology with cauliflower like structure [17]. From the EDS analysis, it can be concluded 

that nickel sulfide nanoparticles were prepared due to the presence of S and Ni; other traces 

of elements are due to the capping agent used and TOP. SEM images of HDA-capped NiS4 

nanoparticles prepared from [Ni(L4)2] precursor complex are shown in Figure 4.8. The 

surface morphology is uniform with quasi-spherical structures. They have uniform 

distribution on the surface of the particles [18]. EDS confirm the presence of Ni, S, C, P and 

O, and this proves that NiS nanoparticles were synthesised. Other elements such as C is due 

to the capping agent used (HDA), P and O can be attributed to trioctyl phosphine. 
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Figure 4.5: SEM images of NiS1 from [Ni(L1)2] complex (A) low mag (B) high mag (C) EDS 

spectrum of the nanoparticle 

 

A B 
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Figure 4.6: SEM images of Ni2 from [Ni(L2)2] complex (A) low mag (B) high mag (C) EDS 

spectrum of the nanoparticle 

 

A B 

C 
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Figure 4.7: SEM images of NiS3 from [Ni(L3)2] complex (A) low mag (B) high mag (C) EDS 

spectrum of the nanoparticle 

 

A B 

C 
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Figure 4.8: SEM images of NiS4 from [Ni(L4)2] complex (A) low mag (B) high mag (C) EDS 

spectrum of the nanoparticle 

A B 

C 
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4.5 Optical and structural studies of HDA-capped PdS nanoparticles 

4.5.1 Absorption spectra of PdS nanoparticles 

The absorption spectra of the PdS nanoparticles are shown in Figure 4.9. For PdS 

nanoparticles, the band edges were found to be 324, 318, 326 and 321 nm for PdS1, PdS2, 

PdS3 and PdS4 respectively and their calculated band gaps were found to be 3.87, 3.94, 3.84 

and 3.90 eV. These were blue shifted relative to the bulk (2.0 eV) and shows they have small 

particle size due to the quantum confinement effect [19]. 

   

   

Figure 4.9: Absorption spectra of HDA-capped PdS nanoparticles at 220 °C 
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4.5.2 Photoluminescence studies of PdS nanoparticles 

Palladium sulfide nanoparticles have PL peaks at 710, 714, 377 and 623 nm for PdS1, PdS2, 

PdS3 and PdS4 respectively. The emission maxima of the HDA-capped PdS nanoparticles 

were found to be red shifted relative to the optical absorption band edges.  The broadening of 

the peaks as shown in Figure 4.10 is caused by size distribution. PdS4 have less broadness 

exitonic peak which might be attributed to good confinement and good narrow distribution 

[20]. 

   

   

Figure 4.10: PL studies of HDA-capped PdS nanoparticles at 220 °C 
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4.5.3 XRD studies of PdS nanoparticles 

The XRD pattern of PdS1 shows three peaks at 2θ values around 19.9, 21.7 and 23.1 which 

corresponds to (002), (100) and (110) Miller indices for cubic PdS nanoparticles. PdS4 

shows four XRD peaks at around 19.7°, 21.7°, 23.2° and 40.3°. The broadness of the peaks is 

the indication of small particle size. The elongation of the XRD pattern is the confirmation 

that an organic capping agent (HDA) was used in the synthesis of the nanoparticles [21, 22].  
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Figure 4.11: RXD pattern of HDA-capped PdS nanoparticles  
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4.5.4 TEM studies of PdS nanoparticles 

Figure 4.12 shows TEM images of HDA-capped PdS1 nanoparticles prepared at 220 °C. 

They have spherical shapes with very small size ranging from 6.94-9.62 nm. There is no 

agglomeration of particles because the precursor was perfectly capped with HDA. PdS2 

nanoparticles show close to spherical shape with uniform size distribution. Figure 4.12.3 

shows PdS3 nanoparticles with spherical shape and size distribution of 7.15nm to 16.46 nm. 

PdS4 shows mixture of cubic and spherical shapes with sizes ranging from 10.65-16.23 nm 

[23]. The particles are well dispersed and there is no aggregation.  

 

A 
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Figure 4.12.1: TEM image of HDA-capped PdS1 nanoparticles at 220 °C 

 

Figure 4.12.2: TEM image of HDA-capped PdS2 nanoparticles at 220 °C 

 

C 

B 
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Figure 4.12.3: TEM image of PdS3 nanoparticles at 220 °C 

 

  Figure 4.12.4: TEM image of HDA-capped PdS4 nanoparticles at 220 °C  

 

4.5.5 SEM/EDS studies of PdS nanoparticles 

The SEM images of the synthesized HDA-capped PdS nanoparticles are shown in Figure 

4.13 labelled A (low magnification) and B (high magnification). The results show that PdS1 

has homogeneous surface morphology and is smooth. In both high and low magnification, 

they have pores in between particles and these nanoparticles do not aggregate [24]. EDS for 

the analysis of elemental composition was done and the spectrum is labelled C. From the 

obtained results from EDS, Pd and S are present and this confirms the formation of PdS 

nanoparticles. Other traces of elements such as C, O, and P are also observed. The observed 

C is attributed to carbon of the capping agent (HDA), P is due to TOP, and O might be due to 

D 
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the oxidation of sulfur to oxygen atoms [25]. SEM images of PdS2 nanoparticles prepared 

from [Pd(L2)2] precursor complex are shown on Figure 4.14 with the same surface 

morphology and close to spherical shape. Figure 4.4.6 show EDS spectrum with both Pd and 

S present. P is due to TOP and C is due to the capping agent (HDA). 

 

SEM images of PdS3 nanoparticles are shown in Figure 4.15. The surface is rougher with 

hollow like structures [26]. These nanoparticles have uniform surface morphology and there 

are no lumps. From the EDS analysis, both elements are present and P is due to the TOP 

used, C can be attributed to the capping agent (HDA). Figure 4.16 shows SEM images of 

HDA-capped PdS4 nanoparticles prepared from [Pd(L4)2] precursor complex. The surface of 

the shape is rough with homogeneous morphology. EDS shows the presence of Pd and S 

elements, P and C are due to TOP and the capping agent used [27]. 
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Figure 4.13: SEM images of PdS1 from [Pd(L1)2] complex (A) low mag (B) high mag (C) 

EDS spectrum of the sample 

 

 

A B 
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Figure 4.14.: SEM images of PdS2 from [Pd(L2)2] complex (A) low mag (B) high mag (C) 

EDS spectrum of the sample 

A B 
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Figure 4.15: SEM images of PdS3 from [Pd(L3)2] complex (A) low mag (B) high mag (C) 

EDS spectrum of the sample 

 

A B 
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Figure 4.16: SEM images of PdS4 from [Pd(L4)2] complex (A) low mag (B) high mag (C) 

EDS spectrum of the sample 

 

 

 

A B 

C 
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4.6 Structural studies of metal sulfide starch nanocomposites 

Potato starch polymer nanocomposites 

Scanning electron microscope was used to check the surface morphology of the 

nanocomposites. Figure 4.17 (A and B) shows SEM images of NiS1/starch nanocomposites 

at different magnifications. From the SEM images, it can be seen that there are NiS 

nanoparticles dispersed in the matrix of potato starch [28, 29]. The potato starch polymer also 

played a role of preventing agglomeration of the particles because the starch is adsorbed into 

different planes of NiS nuclei [30]. The shape is not very clear but they have homogeneous 

surface morphology. Figure 4.17 (C) shows EDS spectrum which confirm the presence of Ni 

and S in the NiS1/starch nanocomposites. 

 

SEM images of NiS2/starch polymer nanocomposites are shown in Figure 4.18 (A and B) at 

low and high magnification. The surface morphology is rough with particles close to 

spherical in shape. EDS reveal that the prepared nanocomposites are composed of Ni and S, 

which confirms the presence of NiS nanoparticles in the matrix of the polymer [32]. Figure 

4.19 shows SEM images and EDS spectrum of NiS3/starch polymer nanocomposites. There 

are few dispersed nanoparticles on the matrix of potato starch polymer; this is due to the 

small ratio of nanoparticles used. EDS show peaks for Ni, S which confirm the presence of 

NiS nanoparticles. Other traces of elements were also observed such as P which can be 

attributed to the TOP that was used, C is due to the capping agent used (HDA). SEM images 

of NiS4/starch polymer nanocomposites are shown on Figure 4.20 with increase in surface 

smoothness of the particles in between the pores of the polymer. There were small peaks of 

Ni and S observed from the EDS spectrum because the ratio of nanoparticles used was small. 
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Figure 4.17: (A) and (B) are SEM images of NiS1/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

A B 
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Figure 4.18: (A) and (B) are SEM images of NiS2/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

C 

B A 
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Figure 4.19: (A) and (B) are SEM images of NiS3/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

B A 

C 
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Figure 4.20: (A) and (B) are SEM images of NiS4/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

 

C 

B A 
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4.6.2 Structural studies of PdS/starch nanocomposites 

SEM images of PdS1/starch polymer nanocomposites are shown on Figure 4.21 (A) low 

magnification and (B) high magnification. Image A show dispersed nanoparticles that are on 

the surface of potato starch polymer. There is an increase in the surface roughness of the 

particles [33]. Figure 4.22 shows the SEM/EDS of PdS2/starch composites. SEM images 

show nanocomposites with increase in the roughness of surface morphology. PdS 

nanoparticles are well dispersed into the matrix of the starch. EDS shows peaks of Pd and S 

which is the confirmation for the presence of nanoparticles.  

 

Figure 4.23 shows the SEM/EDS of PdS3/starch nanocomposites. The SEM images at low 

and high magnification show smooth composites with very few particles present. The EDS 

spectrun confirm the presence of metal sulfide nanoparticles with the presence of Pd and S 

elements. Figure 4.24 shows the SEM/EDS of PdS4/starch nanocomposites. The SEM images 

shows smooth nanocomposites with few nanoparticles dispersed in the matrix of potato starch 

[34]. They have homogeneous surface morphology with close to spherical shapes. The EDS 

spectrum confirm the presence of PdS nanoparticles by peaks of Pd and S. 
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Figure 4.21: (A) and (B) are SEM images of PdS1/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

C 

B A 
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Figure 4.22: (A) and (B) are SEM images of PdS2/starch nanocomposites. (C) EDS spectrum 

of the nanocomposites 

A B 
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Figure 4.23: (A) and (B) are SEM images of PdS3/potato starch nanocomposites. (C) EDS 

spectrum of the nanocomposites 

C 

B A 
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Figure 4.24: (A) and (B) are SEM images of PdS4/potato starch nanocomposites. (C) is the 

EDS spectrum of the nanocomposites 

 

C 

A B 
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4.6.3 FTIR spectra studies of NiS and PdS/starch nanocomposites 

The FTIR spectra of all NiS/potato starch nanocomposites and potato starch are identical due 

to the metal sulfide nanoparticles present in the pores of the starch networks without 

disturbing the network of the starch [36, 38]. The peaks observed in the starch are also 

observed in the nanocomposites but they are more intens, which might be due to the 

coordination of the nanocomposites with the polymer (potato starch). The absence of Ni-S 

vibration in the range of 250-500 cm-1 is due to the extent of the measurement used starting 

from 500-3500 cm-1.  Around 800 cm-1 there are deformation vibration peaks which are due 

to bending vibration of C-H [37].  

 

The FTIR spectrum of PdS/potato starch nanocomposite shows impurities that might be due 

to the precursor used in the synthesis of PdS/potato starch nanocomposites. The broad peak at 

3200 cm-1 can be ascribed to H2O in the nanocomposites. Peaks around 1300 cm-1 are due to 

O-H deformation and C-C stretching of the ring. At 1000 cm-1 there is a sharp peak which 

can be attributed to O-C, C-C, and C-O deformations [38]. Around 1100 cm-1 there is a peak 

of C-O-C and C-C stretching. The peak around 2900 cm-1 is small in the starch, but in the 

spectrum of nanocomposites it is prominent because of the coordination of starch with 

nanoparticles [39]. 
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CHAPTER FIVE  

5.0 SUMMARY OF RESULTS, CONCLUSIONS AND RECOMMENDATIONS 

5.1 Summary of results  

In this study, Ni(II) and Pd(II) dithiocarbamate complexes were synthesized and 

characterized by elemental analysis and spectroscopic techniques. The compounds were used 

as single source precursors for the synthesis of NiS and PdS nanoparticles and metal sulfide 

starch nanocomposites. The introduction of the study in chapter one focuses on nanomaterial, 

properties of nanoparticles that make them useful in different areas such as data storage, 

antibacterial agent, and catalysis among others. The chapter also contained a brief 

introduction on methods used to synthesize nanoparticles with emphasis on single source 

precursor method and lastly, dithiocarbamates and metal complexes of dithiocarbamates. 

Chapter two contains detailed experimental procedures, the synthesis of dithiocarbamate 

ligands and their corresponding complexes. Analytical and spectroscopic techniques used to 

characterize all synthesised ligands and complexes. The techniques include: UV-Vis 

spectroscopy (UV), Elemental analysis, Fourier Transform Infrared spectroscopy (FTIR) and 

Nuclear Magnetic Resonance spectroscopy (NMR). The complexes were obtained in powder 

form and are air and moisture stable at room temperature with the yield ranging from 44-

67%.  

 

The physicochemical and spectroscopic studies of the dithiocarbamates ligands and 

corresponding Ni(II) and Pd(II) complexes were presented in Chapter three. Electronic 

spectra studies showed that the complexes are all 4-coordinate square planar geometry. The 

Ni(II) complexes shows d-d transitions confirming the proposed square planar geometry and 

Pd(II) complexes shows strong metal to ligand charge transfer transitions. The FTIR spectra 
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studies confirmed the coordination of the dithiocarbamate ligands with the metal ions. The 

νNi-S stretching vibration was observed in the region 375-543 cm-1 and νPd-S stretching 

vibrations in the range 529-545 cm-1. From the FTIR spectra studies, the ʋ(C-S) stretching 

vibrations that appeared as two peaks in ligands shifted to single sharp bands in the metal 

complexes. This thus confirmed that the dithiocarbamate acted as bidentate chelating ligands 

through the sulfur atoms. The dithiocarbamate ligands and the Pd(II) complexes were further 

characterized using 1H-NMR spectroscopy. The results further confirm the coordination of 

the ligands to the Pd2+ ion.  

 

The metal complexes were used as single source precursors and thermolysed in 

hexadecylamine (HDA) at 220 °C to prepare four HDA-capped NiS and four HDA-capped 

PdS nanoparticles. The as-prepared NiS and PdS nanoparticles were further dispersed in 

potato starch to prepare NiS/potato starch and PdS/potato starch nanocomposites. The optical 

properties of the nanoparticles were studied using electronic absorption and emission 

spectroscopy. Powder X-ray diffraction, transmission electron microscopy, scanning electron 

microscopy and energy dispersive X-ray spectroscopy were used to examine the structural 

properties of the as-prepared nanoparticles. The results showed that the absorption spectra of 

the NiS and PdS nanoparticles are blue shifted compared to their corresponding bulk 

materials indicating that the nanoparticles are quantum confined due to their small crystallite 

sizes while the photoluminescence spectra show narrow emissions that are red-shifted.  

 

The XRD patterns confirmed the formation of cubic and rhombohedral phase for NiS 

nanoparticles and cubic phase for PdS nanoparticles. The TEM images indicates that the 

individual NiS nanoparticles are almost nearly spherical in shape with crystallite sizes of 12-
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38 nm for NiS1, 8-11 nm for NiS2, 9-16 nm for NiS3 and 5.11-11.66 nm for NiS4 

nanoparticles with some agglomeration. TEM images of PdS showed monodisperse 

nanocrystal with average crystallite sizes of 6.94-9.62 nm for PdS1, 4.94-6.52 for PdS2, 7-

10.43 for PdS3 and 10.65-14.20 nm for PdS4 and the individual PdS nanocrystals are well 

separated without any agglomeration. The SEM images showed uniform surface morphology 

of NiS and PdS nanoparticles with different shapes, while EDS confirms the presence of Ni 

and S from the prepared HDA-capped NiS nanoparticles and Pd and S for HDA-capped PdS 

nanoparticles respectively. SEM images and EDS of the NiS/potato starch and PdS/potato 

starch nanocomposites confirmed the dispersion of the nanoparticles in starch matrices and 

their FTIR further confirms the formation of the nanocomposites. 

 

5.2 Conclusions for the study 

Four dithiocarbamate ligands were successfully synthesized and characterized by UV-Vis, 

FTIR, NMR and elemental analysis. Their corresponding N(II) and Pd(II) complexes were 

synthesised and characterized by analytical and spectroscopic techniques. The complexes 

were formulated as four coordinate square planar in which the dithiocarbamate act as 

bidentate chelating ligands. Electronic spectra studies confirm the proposed geometry. FTIR 

indicates the dithiocarbamate ligand act as chelating ligands. The splitting signals of 1H-

NMR for both ligands and palladium(II) complexes corresponded with the proposed 

structures, it can then be concluded that all compounds were truly synthesised. 

 

Four NiS and four PdS nanoparticles have been successfully synthesised using the individual 

metal complexes as single source precursors at 220 °C. Absorption spectra showed that all 

prepared metal sulfide nanoparticles were blue shifted relative to the bulk with small sizes 
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and exhibit quantum confinement effects. PL spectra showed that metal sulfide nanoparticles 

were red shifted compared to the absorption band edges. XRD patterns reveal the crystallinity 

of particles varies. SEM showed close to spherical shape and EDS confirmed the presence of 

the metal sulfide nanoparticles. TEM images showed spherical and close to spherical shapes 

with uniform and narrow size distributions. SEM images and EDS of polymer 

nanocomposites showed that there were small NiS and PdS nanoparticles dispersed in the 

matrices of the potato starch. 

 

5.3 Recommendations and suggestions for future studies 

In this study, several attempts to grow single crystals suitable for X-ray crystallography have 

been unsuccessful. There is the need to grow crystals of the metal complexes to ultimately 

confirm their coordination geometry. The future direction of this research work is to be able 

to use the metal sulfide nanoparticles and polymer nanocomposites in catalysis. There is need 

to study the effect of temperature, effect of precursor concentrations, effect of time and the 

effect of capping agents on the crystallite sizes of the nanoparticles. This will enable the 

researcher to determine the optimum condition necessary for the synthesis of the 

nanoparticles to give monodisperse nanoparticles with small crystallite sizes or quantum dots 

that might lead to better catalysts that can be used in catalysis reactions for industrial 

transformation.  

 

This is necessary because it has been established that changing the reaction condition in the 

course of nanoparticles synthesis using single source precursor methods occurred through 

two possible mechanisms. It could be a growth dominated route or a nucleation driven 

process that produces nanoparticles whose sizes are temperature dependent. Thus, there is a 
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need to carry out thermolysis in at least three different temperatures. Even though the 

thermolysis is carried out for one hour, there is a need to monitor the growth of the 

nanoparticles every 15 minutes by taken samples and checking their electronic absorption and 

emission in order to establish the optimum time necessary to get the required crystallite size 

for the nanoparticles. 

 

It is also necessary to explore the use of other carriers for the nanoparticles such as 

dendrimers. This might result in getting nanoparticles that have large surface area with small 

particle sizes which can be used in hydrogenation catalysis or alkene polymerization.  In the 

synthesis of polymer nanocomposites, different polymers from synthetic to natural polymers 

should be consider for further studies. This might give insights into the best polymer for the 

potential catalytic applications. The %w of nanoparticles to be impregnated on the matrix of 

polymer should vary at 0-5 intervals to prevent agglomeration and to give better results of 

SEM/EDS.  
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APPENDIX 

 

AC1                   FTIR spectrum of NiS1/potato starch nanocomposites 

AC2                   FTIR spectrum of NiS2/potato starch nanocomposites 

AC3                   FTIR spectrum of NiS3/potato starch nanocomposites 

AC4                   FTIR spectrum of NiS4/potato starch nanocomposites 

AC5                   FTIR spectrum of PdS1/potato starch nanocomposites 

AC6                  FTIR spectrum of PdS2/potato starch nanocomposites 

AC7                  FTIR spectrum of PdS3/potato starch nanocomposites 

AC8                  FTIR spectrum of Pd4/potato starch nanocomposites 

AC9                  FTIR spectrum of potato starch  

L1                      NMR spectrum of anisidine dithiocarbamate  

L2                      NMR spectrum of dibenzyl dithiocarbamate 

L3                      NMR spectrum of butyl dithiocarbamate 

L4                      NMR spectrum of imidazolyl dithiocarbamate 

[Pd(L1)2]          NMR spectrum of Pd(II) anisidine dithiocarbamate complex 

[Pd(L2)2]          NMR spectrum of Pd(II) dibenzyl dithiocarbamate complex 

[Pd(L3)2]          NMR spectrum of Pd(II) butyl dithiocarbamate complex 

[Pd(L4)2]          NMR spectrum of Pd(II) imidazolyl dithiocarbamate complex 



 

116 

 

L1 

N C

SK

C

OCH3

 

 

 

 



 

117 

 

L2 

N
C

S

SK

 

 

 



 

118 

 

L3 

CH3 N

H

S

SK

 

 

 

 



 

119 

 

L4 

N
N C

SK

S

 

 

 

 

 



 

120 

 

[Pd(L1)2] 

 

Pd

SS

S
S

C N

OCH3

CN

H

OCH3

H

 

 



 

121 

 

[Pd(L2)2] 

 

Pd
S S

S S

C CN N

 

 



 

122 

 

[Pd(L3)2] 

 

CH3

N

H

S

S

Ni

S

S

N

H

CH3

 

 

 



 

123 

 

[Pd(L4)2] 

 

 

 

 

 

 

 

N
N

S

S

Pd

S

S

N
N


