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ABSTRACT 

The easy functionalization of dithiocarbamates has offered innovative possibilities to different 

structural moieties which are versatile in both materials and medicinal chemistry. They serve as 

precursors to metal sulphide nanoparticles, thin films and platforms for novel semiconductor 

nanomaterials. This is due to their ability to undergo clean thermal decomposition with little or no 

impurities, resulting into their respective metal sulphides in the nanometric dimension. In medicinal 

chemistry, the synergy exhibited by metals and the dithiocarbamate ligand provides new pathway 

for the discovery of useful therapeutic agents with enhanced activity. This thesis reports a series of 

dithiocarbamate ligands and complexes. Ten different dithiocarbamate ligands have been 

synthesized from primary and- secondary amines, and also secondary amines prepared from the 

condensation reaction involving Schiff base compounds. The ligands were characterized using 

Fourier transform infrared (FTIR), 1H, and 13C nuclear magnetic resonance (NMR) spectroscopic 

techniques. The ligands were used to prepare thirty homoleptic complexes of group 10 metals 

[(Ni(II), Pd(II), Pt(II)]; six Ni(II) adducts of 2,2- bipyridine and 1,10-phenanthroline and six 

heteroleptic complexes containing triphenylphosphine (PPh3) and thiocyanide (Cn) or 

isothiocyanide (SCn) ions. All the compounds were characterized using elemental analysis, FTIR, 

UV-visible, 1H and 13C NMR and thermogravimetric analysis (TOA). Some of the Ni(II) , Pd(II), 

Pt(II) homoleptic and heteroleptic complexes were further characterized by single crystal X-ray 

analysis. The X-ray crystal structure confirmed the adoption of non-centrosymmerical distorted 

square planar geometry by the Ni(II) , Pd(II), Pt(II) complexes with two bidentate dithiocarbamate 

ligands. One of the complexes consists of the expected heteroleptic Ni(II) complex with a 

disordered triphenylphosphine molecule also forming part of the crystal structure. 

The thermal decomposition profiles of the complexes followed a similar pattern, which ranges from 

one step to two step decompositions. The results showed that the introduction of Lewis bases and 

the formation of heteroleptic complexes increased the thermal stability of the parent complexes. All 

the complexes decomposed to their respective pure metal sulphides; hence, the complexes were 

utilized as single source precursors (SSP) for the synthesis of their respective metal sulphide 

nanoparticles . Three cappmg molecules: hexadecylamine (HOA), oleylamine (OLA), 

octadecylamine (ODA) were employed as stabilisers and the precursor compounds were 

thermolysed at varied temperatures and different growth times. The effects of the difference in 

capping molecules, growth temperature and time on the morphology of the different nanoparticles 

were discussed. 
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The structural properties of the nanoparticles were studied using TEM, SEM, EDX and XRD, while 

their optical properties were studied using UV-visible and photoluminescence (PL) spectroscopic 

techniques. Fourier transform infrared spectroscopy was used to explore the surface of the 

nanoparticles in order to establish the respective functional groups responsible for surface 

stabilization. From the UV-visible spectra, Tauc plots were used to estimate the band gap energies 

of the nanoparticles and the results confirmed the quantum confinement effects. An increase in band 

gap energy with growth time, which indicated decrease in size of nanoparticles with reaction time, 

was observed. The TEM/SEM results revealed the different morphologies which also occurred with 

slight widening of the particle size distribution as the thermolysis temperature increased. Different 

nanoparticle shapes such as dots, spheres, pseudo-spheres and triangular prism were observed with 

variation of the substituents on the dithiocarabamate group. The nanoparticles were monodispersed 

with narrow size distribution as confirmed by pa1iicles size distribution histogram and PL spectra. 

The XRD results revealed the formation of different phases of the nanoparticles: NixSy viz. a-NiS 

(hexagonal), a- iS (vaestite), a- iS103, a- iS1 19 heazlewoodite-Ni3S2, Ni9Ss (godlevskite); PdxSy 

phases: PdS (vysotskite), PdS2, Pc4S and Pd crystal; PtxSy : PtS (cooprite), and Pt metal crystal. 

All the synthesized nanoparticles showed good crystal! inity irrespective of the phases. 

The antimicrobial potency of the complexes were screened against some gram positive bacteria 

such as Bacillus cereus and Staphylococcus aureus, gram negative bacteria such as Escherichia 

coli, Klebsiella pneumonia and Pseudomonas aeruginosa, and some fungi (Candida albicans and 

Aspergillus flavus). They exhibited good potential as antimicrobial agents, and in some cases were 

comparable with the standard drugs used as control. To evaluate their anticancer properties, the 

preliminary in vitro cytotoxic activity of the complexes was tested against tumor cell line of human 

cervix carcinoma (HeLa). The results of the ICso value showed very good to moderate activity for 

all tested complexes. These indicate that the complexes could be useful as lead compounds m 

antimicrobial and anticancer studies. 
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CHAPTER ONE 

1.0 Introduction 

1.1 Group 10 metals and their properties 

Transition metals are one of the most resourceful elements in the Periodic Table with respect to 

human progress, conquest, war, and expensive works of art [l] . They have found a wide range of 

applications in all spheres of human endeavour, from electronics, industries to medicine [2]. The 

group 10 triad (Ni, Pd and Pt) offers much diverse chemistry with important therapeutic 

applications, especially in m~dicine. In the massive state, they are not reactive; thus, they are called 

"noble" metals. However, their ions are being studied as they play key roles in the treatment of 

various diseases [3]. The metals have variable oxidation states (Ni: 0,1,2,3 , 4; Pd: 0, 2, 4; Pt: 0, 2, 4, 

5, 6), and this imparts the differences in colours (white to light grey), reactivities, coordination 

complexes and magnetism of the metals. They are highly lustrous, ductile and resistant to 

tarnishing ( oxidation) due to their strong intermetallic bonding, high ionization energies and are 

superconductors. The presence of the valence electrons in the cl-orbitals significantly influences the 

metal ion coordination environment. Hence, the coordination numbers predict the structure of 

complexes and geometries. The different geometries that could be exhibited by the triads are: linear 

(from coordination number 2, not very common for first row transition metal ion complexes); 

tetrahedral or square planar (from coordination number 4); octahedral (from coordination number 6, 

most common geometry found for first row transition metal ions) [4]. The d8 configuration in Pd(II) 

and Pt(II) particularly favours the square planar geometry where the ligand fields result in two 

paired electrons in both the eg and tig energy levels (low spin/strong field). Ni(II) , on the other hand, 

most times prefers the high spin/weak field configuration orbitals of a tetrahedral ligand field. This 

occurs when the metal is coordinated to very large ligands which might prefer the larger 109.5° of 

tetrahedral angles. However, real structures can be distorted most times due to steric effects (bulky 

ligands or stiff chelate rings) [5]. The groupl0 metal complexes are usually centro symmetric with 

the central metal in a distorted square planar structure, the distortion increases down the group in 

the order: Pt>Pd> Ni. 



1.2. Group 10 triad in medicinal chemistry 

The group 10 triad (Ni, Pd and Pt) offer much diverse chemistry with important therapeutic 

applicati ns especially in medicine. They have more benefits compared to the more common 

organic-based drugs. Most of the unique properties are due to their wide range of coordination 

numbers and geometries, accessible redox states, 'tune-ability' of the thermodynamics and kinetics 

of ligand substitution, and wide structural diversity [6). Medicinal inorganic chemistry is a thriving 

area of research. It was initially driven by the chance discovery of the metallo-pharmaceutical 

cisplatin. The cytotoxic activity of noble metal ions and their abil ity to revert tumour cells is higher 

than other metals. Thus, in the past 5000 years, noble metal ions have played significant roles in 

cancer treatment [7). More than 30 years after its approval as a chemotherapeutic agent, cisplatin is

still one of the world's best-selling anticancer drugs. It is mainly used in the treatment of ovarian, 

head and neck, bladder, cervical and lymphomas cancers. However, cisplatin has some undesirable 

side effects which include: limited application to short range of cancers, intrinsic resistance 

acquired by some cancer cells, and severe additional side-effects such as nausea, bone marrow 

suppression, and kidney toxicity. Hence, the development of inorganic anticancer agents with 

reduced toxicity is widening beyond cisplatin [8]. To find an alternative to cisplatin, different metal 

complexes are being developed with wide range of ligands or ligand combinations. 

Palladium forms complexes similar to platinum, but with different kinetics and stability [9). In 

addition, Pd compounds have low cost and higher solubility compared to Pt compounds. But, one of 

its demerits is the greater tendency to exchange the ligands, about 105 times higher than Pt(II), 

which results into rapid hydrolysis of the Pd-based drugs. Furthermore, the ligand dissociation 

generates very active sites that could easily interact with donor species. This could render palladium 

complexes inactive, but sti ll toxic because of their higher reactivity. Besides, palladium compounds 

transform spontaneously into inactive trans derivatives compared to the cis configuration of Pt

drugs which exhibit higher anticancer activity [10). However, these shortcomings of the Pd-based 

complexes could be overcome by incorporating into its backbone a bulky, chelating and a strongly 

coordinating ligand like dithiocarbamate coupled with non-labile leaving group(s) to achieve higher 

stabi lization [ 11). Since dithiocarbamates can coordinate strongly to transition metals, their Pt(II) 

and Pd(II) complexes can block metal interaction with su lphur-containing renal proteins, thus, 

preventing or at least reducing their renal-toxicity. These complexes may have antitumour activities 

similar to cisplatin, but without cross-resistance [1 2). 
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ickel is also an essential element for biological systems and variation in its activities is widely 

reported [13]. i(II) complexes are very relevant in the search for novel compounds against drug 

resistance diseases and development of metal based pharmaceuticals. It is also very useful in the 

preparation of antibacterial and antifungal drugs. The kinetically labile, square-planar, divalent and 

low molecular weight complexes prove to be more beneficial against several diseases as they are 

part of the active centers of enzymes. When combined with monodentate phosphines of the type 

[M(L)2(PPh3)) , i(II) shows more effectiveness against the growth of fungi in various conditions 

[14) . The stability of +2 oxidation state in aqueous solution makes i(II) ions very important in 

biological system. This is a key factor that influences the production of secondary plant metabolites 

for plant resistance to diseases and in several animal. enzyme systems. This is because it interacts 

with iron found in the haemoglobin and helps in oxygen and sugar transport to stimulate their 

metabolism [15]. 

The diverse characteristic properties and the pharmacological activities of the compounds of these 

metals depend also on the type of ligands to which they are bound. Dithiocarbamate ligands are, 

therefore, considered because they are good donors with excellent coordination ability. 

1.3 Dithiocarbamates 

Dithiocarbamates are highly versatile monoanionic chelating ligands which form stable complexes 

with all the transition elements and also the majority of main group, lanthanide and actinide 

elements. They are S and N containing ligands and display rich and varied coordination chemistry 

(Figure 1) [3]. 

(R=Alkyl/phenyl) 

s 
R II R 

"'N~S/ 
I 

R 

Figure 1: Structure of dithiocarbamate derivative as an S and N containing compound 
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The presence of TT-electron on the N makes dithiocarbamates more basic than other structurally 

related anions such as dithiocarboxylates (R-CS2-) and xanthates (ROCS2-) [16]. Dithiocarbamates 

tend to bind as monodentate, bidentate chelating or bidentate bridging ligands due to the diverse 

nature of their ligating character [17]. They are particularly useful for their ability to form 

complexes with all metals; stabilizing both high and low oxidation states. Related ligands such as 

xanthates cannot exhibit such property, because the electronegativity of the oxygen atom in the 

xanthates is too high to form the analogue of the ' thioureide' resonance form. So, it is less able to 

stabilise higher oxidation states [18]. The resonance forms of dithiocarbamate are shown in scheme 

1.1. In the monoanionic form, there is a single bond between the N and S-bearing C atom and the 

delocalization of the negative charge between the C and S atoms. This gives rise to a soft ligand 

which is able to stabilize soft metals at lower oxidation states. In the thioureide form , the lone pair 

on the N atom is delocalised, resulting in double bond character between it and the CS2 carbon, and 

both S atoms possess negative charges. The N here is sp2 hybridized, and the result is a hard ligand 

able to stabilize hard metal centres at higher oxidation states. Dithiocarbamate ligands are, 

therefore, considered as good donors with excellent coordination ability which forms metal 

complexes resulting in different forms as shown in scheme 1.2 [3]. 

""' /,'s - [ ~N-C/,,S,. ""' / s ., ""'N+ c/
8 

l N=c'e - ., N-C ,. 
/ '\s / ' \- / '\s / "' -s 

I II TII 

Scheme 1.1: Main resonance structure of a dithiocarbamate anion [ 18] . 

4 



s " / , ' N=-=C. M "- /,S-M 
/ ' / s N-C 

/ 's-M 
I II III 

IV V 

Scheme 1,2: Binding forms of dithiocarbamate metal complexes [3] 

The extent to which the resonance (thioureide) forms contributes to the structure and their effects on 

the physical and chemical properties of dithio compounds have been the subject of considerable 

study. This contribution to the structure of the dithiocarbamate ligands and complexes has been 

offered as a possible explanation for the varying antifungal activities of these compounds. 

Dithiocarbamates have small bite angle, (- 2.8-2.9 °) whose major advantage on the 

dithiocarbamato moiety is its unique ability to remain intact under a variety of reaction conditions 

[19]. Complexation reaction by dithiocarbamate, thus, occurs either at refluxing (heat), at room 

temperature, or at extremely low temperature (in ice) condition. 

They also have ability to stabilize novel stereochemical configurations, unusual mixed oxidation 

states (e.g., Cu), intermediate spin states (e.g. , Fe(III), S = 3/2), and to form a variety oftris chelated 

complexes of Fe(II) [20]. 

Due to their versatile metal chelating properties, they are used extensively m analytical and 

medicinal chemistry. 

When primary dithiocarbamates are used, the presence of the labile hydrogen atom; -NH a 

hydrophilic group, can easily be deprotonated to increase the rate of D A interaction and thereby 

assist in promoting the lipophilicity of the compound [21]. In the presence of secondary 

dithiocarbamates carrying hydroxyl groups, the solubility of the compounds could be enhanced 

leading to increased hydrophilicity of these compounds with significant biological implications 

[22]. Furthermore, incorporation of these metal complexes to Schiff base backbone shows some 

degree of antibacterial, antifungal, antitumor and anti -inflammatory activities. Adduct and mixed 
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ligand formations allow the increase in coordination number of metal ions in a complex giving rise 

to different physical and chemical properties from the parent complexes, and so can enhance their 

biological activities [23]. 

Dithiocarbamates have also been used extensively in agriculture, polymer and environmental 

chemistry. A derivative of the compound has been used to increase the soil fertility , and is used for 

the prevention of wireworm damage to potatoes. It can be used as a control element in organic 

reactions like epoxidation and epoxide opening as well as in the removal of heavy metal ions from 

aqueous solution. In addition, they serve as modifiers in latex coagulation, rubber-reinforcing agent, 

an accelerator of vulcanization [19]. Other derivatives are applicable of forming highly 

concentrated, stable and porous emulsion materials. Dithiocarbamates are lipophilic and their 

characteristic complexing properties, combined with the poor solubility of the metal complexes in 

aqueous media are responsible for the extensive use of these compounds in various areas of 

environmental importance [15]. 

1.4 Synthesis of dithiocarbamate 

Dithiocarbamates could easily be prepared, from the reaction of carbon disulphide with a primary or 

secondary amine in the presence of a base [24]. At the early stage, the synthesis of dithiocarbamates 

suffered from many drawbacks such as long reaction time, harsh reaction conditions, and the use of 

expensive and toxic reagents [25]. However, due to the wide applications of dithiocarbamates, 

several new, fast, convenient and safe methods with different substituent groups for the synthesis of 

these compounds have been developed. Dithiocarbamates have been prepared from primary and 

secondary amines, and also from the one-pot reduction of amines, and electrophiles such as alkyl 

halides, epoxides, carbonyl compounds and Schiff bases [26]. The presence of multisites on the 

dithiocarbamate moiety gives room for multiple interactions and this enhances their biological 

activities on different proteins and enzymes in medicinal applications. 

The simplest member of the series H2NCSSH was obtained as an unstable crystalline solid by the 

acidification of a concentrated solution of the ammonium salt. Studies involving dithiocarbamate 

ligands obtained from primary amines are rare due to their low stability and difficult synthetic 

procedure. The low stability is ascribed to the presence of acidic hydrogen on the nitrogen atom of 

the dithiocarbamate which facilitates the loss of H2S, and also the formation of isothiocyanate as an 

intermediate during the thermal decomposition [15, 16] according to reaction (1). 
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RNHCS2M+ ~ RNCS + H2S .......... ............ ..... .. .................................................... .. .. (1) 

Although disubstituted dithiocarbamates are more stable, their stabi lity is pH dependent as they 

could also decompose under acidic conditions to give the free amine and carbon disulphide as 

presented in reaction (2) 

1.5 Dithiocarbamate complexes of group 10 metals 

The chemistry of group 10 metal dithiocarbamate complexes has been studied in considerable detail 

[27]. Most of the complexes display distorted square planar and/or tetrahedral arrangement and the 

extent of distortion increases when one of the two dithiocarbamate groups is substituted by other 

bidentate ligands. The effect of the type of substituents on the dithiocarbamate I igand can manifest 

in many ways on the properties of the d 10 complexes produced. These include: the thermal stability, 

optical properties, magnetic susceptibility and electronic properties. The stability of the complexes 

increases with increase in the size of the R-group due to the electronic shifts in the dithiocarbamate 

ligand [28]. The inductive effect (positive or negative) of the substituent on the nitrogen atom, also 

dictates the flow of electrons towards the ligating CS2 group [29]. 

Dithiocarbamate complexes have proven to be efficient single source precursor for the synthesis of 

metal sulphide (MS) nanoparticles. The efficiency of the dithiocarbamate complex in materials 

chemistry depends on the nature of the substituents which could be varied to suit a particular 

purpose [30]. 

1.6 Nanoparticles (Overview) 

Nanoparticles (NPs) are materials with at least one dimension in the nanometer (lxl0-9m) range, 

and this dimension matters for nearly all material properties [34]. They behave as a who le unit with 

respect to their transport and properties. Thus, they allow materials to be used in areas that are too 

small for the bulk to reach and bring with it new capabilities. It is the intermediate size range 

between bulk materials and molecules, and possesses properties distinct from these two species. 
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Particles can be classified by size as coarse (10000 - 2500 nm), fine (2500 -100 nm) and ultrafine 

(1-100 nm). They exist in the natural world and are also created as a result of human activities. Due 

to their sub microscopic size, they have unique material characteristics when compared to their 

larger (bulk) or smaller (single-atom) counterparts [35]. These unique properties are highly required 

for commercialization, with considerable efforts by current researchers on the large scale 

production of smarter and cost effective materials. 

Nanoparticles could be amorphous or crystalline, and in the latter case are sometimes referred to as 

nanocrystals [36]. Dispersions of nanoparticles in liquid media are referred to as colloids and 

themselves possess distinct properties. As a result of their submicroscopic size, nanoparticles offer 

more unique characteristics over their bulk counterparts (minute particles, infinite possibilities). For 

example, they can be used to (a) improve drug solubility and bioactivity and allow multiple drugs to 

be incorporated into the same delivery system, (b) reduce toxicity and can easily be taken up by 

phagocytic cells, and (c) target to particular cell or tissue [37]. They can also contribute to stronger, 

lighter, smarter and cleaner surfaces. Physical and chemical properties that change at the nanoscale 

due to surface area and quantum effects are: colour, melting temperature, crystal structure, chemical 

reactivity, electrical conductivity, magnetism and mechanical strength. Different diversities are also 

exhibited at the nanoscale like chemical composition, form or shape and surface treatments [38]. 

Nanoscience has advanced at an alarming rate and this is mostly driven by consumer demand for 

smaller, speedy and more powerful electronic devices. And so, currently, nanoscience and 

nanotechnology have come to surround particulate science, nanostructured devices and atomic scale 

manipulation of matter [39]. 

The unique properties offered by nanoparticles remain highly desirable for commercialization and 

a great deal of efforts is now focused on the large scale generation of high performance, cost

effective materials. Nanoparticles are of great importance in the areas of medicine, computing, 

energy materials, sensing and detection, water treatment and catalysis [ 40]. It is swiftly gaining 

renovation in a large number of fields such as health care, cosmetics, biomedical , food and feed, 

drug-gene delivery, environment, health, mechanics, optics, chemical industries, electronics, space 

industries, energy science, light emitters, single electron transistors, nonlinear optical devices and 

photo-electrochemical applications. 

Since nanoparticles have more surface area to volume ratio, using the nanoparticle drug delivery 

system can improve their biological applications [ 41]. This is because the compounds in the 

nanometre range will have faster dissolution, greater bioavailability and specific target delivery 

[ 42]. All these can combine to help curb drug resistance and toxicity. 
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1. 7 Historical perspective of nanometer length scale 

The nanometer length scale was been ignored for a certain period of time called the world of 

neglected dimension, when there was no colloid science but replaced with 0.1-1 µm, the scale of 

visible light [43]. Not until in the speech of Dr. Richard Feynman, at the American Chemical 

Society annual meeting in December 1959, 'There is plenty of room at the Bottom', where he 

visualized the technical potential of the very small materials. He predicted a version of the 

Encyclopedia Britannica that could fit on the head of a pin [44]. About 20 years later, there was a 

technological breakthrough when Eric Drexler pioneered molecular manufacturing. He introduced 

the term 'nanotechnology' where he described the act of engineering materials on a very small scale 

[45]. Since then, the production of nanomaterial and nanoparticles has progressed greatly. 

Developments in the field of nanoscience have necessarily accompanied developments in analytical 

techniques and equipment, exemplified in the 1925 obel Prize in Chemistry, awarded to Richard 

Zsigmondy for his work on metal colloids and the ultramicroscopic [ 46]. 

Though the human manipulation of nanoparticles is considered a relatively new technology, 

nanoparticles or ultra-fine particles have existed in our atmosphere in numerous ways such as fires , 

mineral composites, volcanoes, viruses and sea spray [47]. There are also many activities engaged 

by humans that produce nanoscale particles as an unintentional waste product of the process such as 

cooking smoke, sand blasting, diesel exhaust and welding fumes . Nanoparticles were used by 

artisans as far back as 9th century to generate a gl ittering effect on the surfaces of pots by dispersing 

gold and silver nanoparticles on the transparent surface of the ceramic glaze. Size effects on gold 

nanoparticles were famous ly investigated by Michael Faraday in 1857 [ 48]. He, thus, provided the 

first description in scientific terms of the optical properties of nanometre scale metals. 

Nanotechnology has since then found growth in several fields of research such as (i) nanomedicine, 

(ii) solar derived power, (iii) bio-sensors and Nano-electronics, (v) production, processing and food 

packaging [49]. 

1.8. Nanoparticle synthesis 

The end use of the nanoparticle dictates the materials and methods of their synthesis, smce 

nanoparticle syntheses are engineered towards maximizing the performance of the products. 

There are two general approaches to the synthesis of nanoparticles: the top-down (physical 

destruction of larger materials) and bottom-up (build up from molecular precursors, often colloidal) 
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approaches. The bottom-up approach is often used because it allows a stepwise build-up of 

nanoparticles into desired sizes and shapes, while the top-down approach introduces surface 

imperfection on the product [50]. The bottom-up approach includes photochemical, 

electrochemical, chemical reduction and solvothermal (which could either be hot injection or heat

up) methods [51, 52]. One of the mostly used bottom-up approach is the solvothermal method. Thi s 

is a solution based thermal synthesis route, which typically involves the dissolution of the molecular 

precursor in a high boil ing solvent with subsequent decomposition at high temperature. A capping 

agent is used to protect the prepared nanoparticles from agglomeration. The solvothermal synthesis 

has several advantages over the other methods. It is simpler, and occurs at lower temperature and 

pressure. The variables involved include, solvent, precursors, decomposition temperature and 

duration of reaction. The solvent should be a high boiling point compound which is able to 

coordinate to the resulting nanoparticles in order to prevent agglomeration e.g., ethylene glycol, 

hexadecylamine, oleylamine, octadecylamine, dodecylamine, dodecanethiol, oleic acid. [53]. There 

are two main types of solvothermal decomposition which differ by the temperature at which the 

precursors are introduced into the so lvent, namely the 'hot injection ' and 'heat up ' methods. 

In the ' heat up' method, all the reagents are put together at the start of the reaction which proceeds 

through monomer accumulation, nucleation and then to particle growth in order to form 

nanoparticles. The precursors are dissolved in a high boiling point solvent at room temperature, . -·--

often in an oxygen free atmosphere, and heated to the desired temperature. The reactions are 

typically held at this temperature for a specified time, to allow for complete decomposition of the 

precursors [ 54]. 

The 'hot injection' method could involve the use of binary precursors or single source precursor. In 

the former, one of the precursors is heated in a high boiling solvent to a temperature which on 

injection of the other precursor will be high enough to overcome the nucleation barrier and cause 

instantaneous burst nucleation. In the later, a single precursor is used and upon addition of room 

temperature (RT) precursor solution, decomposition and surpersaturation of precursor monomer 

occurred rapidly, producing burst nucleation. External heating is removed prior to injection and the 

addition accompanied by a net temperature drop. This is to prevent multiple nucleations by 

providing a distinct energy barrier between the nucleation and crystal growth phases. Heating is 

then reapplied to the system to allow for particle growth (but not high enough for nucleation), all of 

which will lead to well defined, ' temporally discrete ', nucleation and growth phases, and 

nanoparticles with a low polydispersity (< 5 %) [55]. The 'hot injection' method has advantages 
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over the 'heat up' method, particularly the temporal separation of the nucleation and growth phases 

of particle formation, leading to small particles of low polydispersity. Polydispersity is defined as 

the degree at which particle sizes differ with respect to each other; this is often detrimental to 

nanoparticle properties. Monodispersity is desired as the entire sample will behave in the same way 

to enhance the effectiveness of the nanoparticle [56]. 

Another method of synthesis, termed Biosynthesis/Green synthesis, involves the use of plant 

extracts from the root, shoot, leaves or fruits and microorganisms for the synthesis of nanoparticles. 

Since plant extracts contain various secondary metabolites, they could act as both reducing and 

stabilizing agents for the synthesized nanoparticles. Metals such as cobalt, copper, silver, gold, 

palladium, platinum, and some metal oxides have been reported using this technique. One of the 

benefits of biosynthesis of nanoparticles using plants extracts is that some plants with therapeutic 

benefits are able to transfer those properties to the nanoparticles, hence enhances the potentials of 

the nanoparticles for medicinal applications [57]. 

1.9 Conclusion 

The discovery of the metallopharmaceutical cisplatin has aided the relevance of medicinal 

inorganic chemistry and transition metals in particular have been considered to offer more 

opportunities for therapeutic applications. The role of the central metal is important because of the 

advantage of metals to easily lose the electrons from the metallic state to form positively charged 

ions which is soluble in biological fluids and so have specific DNA interaction and cleavage 

properties under physiological conditions [58]. The group 10 triad (Ni , Pd, Pt) with a high affinity 

for sulphur containing ligands can thus be combined with dithiocarbamates which can efficiently 

coordinate to transition metals to promote ligand exchange reactions . 

In materials chemistry, there are changes in materials ' properties when sizes are reduced. The 

nanoparticles have increased surface to volume ratio as compared to the bulk, and this imparts new 

and unusual properties on the material. As the particle diameter decreases, the surface area per unit 

mass increases extremely, such that their activity towards any processes that occur at their surface 

like catalysis and sensing is greatly increased [59]. Quantum size and quantum confinement effects 

are also important outcome of the nanometre scale. These changes in properties as materials move 

from macro to nano size are very unique and can be used for a variety of applications. 

With the growing interest in biologically relevant molecules, there is the need for efficient synthetic 

methods to prepare compounds with interesting physiological activities. It is hoped that this work 
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could add up to the current drive in the design and development of novel and active metal 

complexes with greater potential for biological activities and production of metal chalcogenides for 

a variety of applications in many fields. 

1.10 Research aim and objectives 

Aim: To synthesize a new class of dithiocarbamate complexes with improved biological properties 

that could also serve as precursor to group 10 chalcogenide nanoparticles. 

To achieve the research aim, the following objectives have been set: 

• synthesis and characterization of different dithiocarbamate ligands from different primary and 

secondary amines, 

• synthesis and characterization of some homoleptic and heteroleptic complexes of Ni(II), Pd(II), 

and Pt(II) dithiocarbamates, 

• synthesis and characterization of nickel sulphide, palladium sulphide and platinum sulphide 

nanoparticles using solvothermal approach, 

• Evaluation of the antibacterial, antifungal and anticancer properties of the complexes. 
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CHAPTER TWO 

2.0 Literature Review 

2.1. The chemistry of dithiocarbamates (DTCS). 

Dithiocarbamate is a su lphur containing compound whose property owns to a certain degree the 

chemistry of the sulphur elements in its structural constituents. Among the most common sulphur 

containing ligands in literature in the past few years are xanthates, dithiocarbamates and other 

similar ligands which form four-membered chelate rings with sulphur as the sole donor atom such 

as dithiocarboxylates, dithiophosphates, and dithiophosphinates. 

Sulphur is one of the most versatile elements in the main group chemistry. It exhibits a remarkable 

property in its capacity to bond to other elements especially those in the d-group. It has a peculiar 

donor property because of its low electronegativ ity. This decreases its ionic character and helps to 

reduce the strength of hydrogen bonding in its compounds, thereby making it stable with various 

types of bonds. [ 1]. 

Dithiocarbamates belong to the 1, 1-dithiolate family, but occupy a special place with quite different 

properties from the other members of the same family with interesting organosulphur chemistry. 

Due to their water insoluble nature, they have become relevant to many app lications; in inorganic 

analysis separation of different metal ions by high-performance liquid chromatography (HPLC) and 

capillary gas chromatography (GC) [2], and are useful as rubber vulcanization accelerators [3] , 

fungicides and pesticides [ 4]. 

Many properties of this class of ligand have brought them to limelight in metal complex formation. 

For example, they are strong electron donors, as an extra n: - electron flow from the N to S through a 

planer delocalised n: - orb ital system. The S atom can, thus, form multiple bonds due to the vacant 

dn: orbitals. They have a small bite angle (ligand-metal-ligand angle) which makes them flexible, 

pulling the ligands together to reduce activation energy and , thus, withstand various reaction 

conditions [5]. They can stabilize both high and low oxidation states in transition metals and 

de localize positive charge from the metal towards the surface of the complex. They have, therefore, 

become a very important class of organometallic compounds, which also possess rich 

electrochemistry. 

Dithiocabarmates are usually prepared when a primary or secondary amine reacts with carbon 

disulphide (CS2) in the presence of a strong base such as sodium/potassium/ammonium hydroxide 

and at very low temperature [ 6] as represented in Scheme 2.1. 
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R--NH2 + XOH + CS2 -------- R--

(a) 

R 

\ 
R/ 

NH + XOH + CS2 ---------

(b) 

Scheme 2.1: Synthetic route for the formation of dithiocarbamate ligands from (a) primary amine 

and (b) secondary amine. X =Na/K/NH4. 

The process could also take place in the absence of a strong base, but with very low yield since in 

this case; the yield of dithiocarbamate corresponds to about half the amount of the consumed amine. 

Indeed, the base catalysed reaction makes an essential contribution to the dithiocarbamate formation 

rate [7]. 

To allow molecular interactions, the solvents involved have important roles to play during 

synthesis. Solvents such as methanol, ethanol, or tetrahydrofuran are mostly used and sodium, 

potassium or ammonium hydroxides typically serve as the base. Some reactions are carried out at 

very low temperature in ice, or at room temperature (under nitrogen atmosphere). Reaction rates are 

fast and in high yield. The sodium and potassium salts can be isolated as white solids, often with 

good solubility in water but rarely soluble in common organic solvents and are stable at room 

temperature. However, the ammonium salts may appear white or faint yellowish ( creamy off

white ), display much better solubility in organic solvents, and are unstable at ambient temperature. 

This might be due to the !ability of the ammonium ion, thereby resulting into an S-S linked thiuram 

molecule. 

The chemistry of transition metal-sulphur compounds has attracted much interest due to their 

importance in the field of metalloenzymes, material precursors, and catalysis [1]. Special interest in 

the study of metal dithiocarbamates was aroused because of the striking structural features 

presented by this class of compounds and also because of its diversified applications. Metal 

dithiocarbamate complexes can generally be prepared through simple ligand displacement reactions 

of the solution of the respective metal salt to an aqueous/ alcoholic solution of the dithiocarbamate 

salt. The oxidation state of the metal remains unchanged all through the reaction process [8]. 
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Various bis(dithiocarbamate) complexes derived from primary amines, have been prepared and 

their chemistry investigated. Thus, different complexes including those derived from simple amines 

[9], amines with hydroxyl groups [ 1 0], benzyl [ 11 ], and from Schiff bases [ 12] exist in literature. In 

the context of this research objective, only the metal dithiocarbamates obtained from the nickel triad 

will be highlighted. 

[a] 

s s s 
R-NH-~ + MCl2 R-NH-C/.1/ ""--M/ "' 

"-s-x 
H20 . "' / "" ,:1/'C-HN-R 

+ 2XCI 

s s 

[b] 

R S R S S R 
".N-~ + MCl2 ".N_C/1/ ""--M/ "' / 2XCI + 

R/ "'s-x H20 ✓ "'-s / "'--s,:::,, c-N"-
R 

Scheme 2.2: Synthetic route of the metal complexes from dithiocarbamate obtained from (a) 

primary and (b) secondary amines (X = a, Kor NH4). 

2.2. Classification of dithiocarbamate based on the amine sources 

Dithiocarbamates could be classified on the basis of the different types of amines used in the 

preparation. The type of amine used in the synthesis plays an important role in influencing the 

properties of the compound. At the early stage, the synthesis of dithiocarbamates suffered from 

many drawbacks such as long reaction time, harsh reaction conditions, the use of expensive and 

toxic reagents [ 13]. The disulphides were first prepared in 1850 when Debus reported the synthesis 

of dithiocarbamic acids [ 14]. Although incorrectly prepared at the initial stage, in 1907 Dele 'pine 

reported the synthesis of a range of aliphatic dithiocarbamates and also the salts of di-iso

butyldithiocarbamate with different transition metals [ 15]. In recent years, significant progress has 

been made leading to several new, fast, convenient and safe methods with different substituent 

groups for the synthesis of these compounds. 
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The structure of dithiocarbamate presents an electronegative nitrogen atom directly bonded to the 

carbon disulphide, with a special ability to conform to variations of the substituents on the N atom. 

Hence, they could be grouped into various categories. 

2.2.1 Dithiocarbamate complexes from primary amines 

Dithiocarbamates prepared from primary amines are not as stable as those from the secondary 

amines; they can decompose to give the corresponding isothiocyanate. The poor stability of the 

former has been ascribed to the presence of the acidic proton on the nitrogen atom of the thioureide 

group [16]. The NH site stimulates the transfer of proton between ligands through the N-H-··S 

hydrogen bonds. This instability can be improved upon by storing the ligands below room 

temperature, in a refrigerator and also by complexation with metal ions. 

The presence of the acidic proton (NH) could be utilized for many beneficial purposes. For 

instance, the NH site promotes the lipophilicity of the compounds. This allows easy inhibition of 

bacteria cells, making them more active as anti - microbial agents than their N, N counterperts [17]. 

They are also capable of providing hydrogen bonding for basic anion N-H deprotonation, which can 

serve as the signal-output of certain anion-receptor interaction [17]. 

Kaul and Pandeya [ 18] reported several substituted aniline derived dithiocarbamate salts, by the 

addition of the aniline to an ice-cold mixture of carbon disulphide and aqueous ammonia. The 

ligand was obtained as white solids, which tend to decolourise and decompose within few days . 

Hence, they are best used as prepared. 

Different group 10 dithiocarbamate complexes derived from primary amines have been reported. 

The synthesis of cyclohexylamine-N-dithiocarbamate, and some mixed-ligand complexes 

containing triphenylphosphine adducts of nickel(II), reported by Mamba et al. , [19], confirmed 

that both dithiocarbamate ligands and the metal complexes exhibit antibacterial activity against 

different bacterial species. 

Yan et al., [20] reported nickel(II) complexes of dithiocarbamate ligands derived from the ortho and 

para isomers of sulforhodamine B fluorophores , and compared their selectivity with nitrogen 

dioxide. Platinum complexes in different oxidation states, obtained using dithiocarbamate from 

different aniline derivatives, have been reported [21]. The cytotoxicity studies showed that the 

complexes bind and denature DNA at extremely low concentration. The synthesis and antitumour 

activity of palladium(II) complexes bearing bulky amine dithiocarbamate ligand from primary 

amine have been studies [22]. The complexes showed similar antitumor activity against HeLa cells 

when compared with the activity of the standard references, cisplatin, carboplatin and oxaliplatin. 
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2.2.2. Dithiocarbamate complexes from primary diammines 

Dithiocarbamates from diammines can afford the formation of dinuclear metal complexes, M2Li. 

They have many benefits over mononuclear complexes such as coordinated reactiveness of 

substrates with the adjoining metal centres, improved catalysis via multi-electron processes, 

reduced oxidation or reduction potentials needed for multiple redox equivalents on the complex and 

the interactions between the metal centres are potentially beneficial to catalysis [23]. These ligands 

may be able to dictate a given metal-metal bond length with controlled electronic interactions 

between the metal centres. In addition, the number and positions of donor atoms can be controlled 

to achieve particular coordination geometry [24]. Spacer units such as benzene and methylene 

groups are necessary between coordinating diammine units in order to provide the required metal

metal bond length. The length and tunability of the spacer unit determines the intermetallic bond 

length and hence the level of interaction between the two metal centres. 

The ligands can be prepared by the reaction of two equivalents of carbon disulphide and the 

diamine at a very low temperature. The dithiocarbamate compound involving 1, 2-diaminoethane 

was reported as early as 1872 [25], and was followed later by longer spacer unit of 1,6-

diaminohexane in an exothermic reaction [26]. 

In the complexation, the metals could be the same to produce homodinuclear complexes or different 

to yield heterodinuclear complexes [27]. Davenport and Tilley utilized 1,8-naphthpyridine 

dithiocarbamate with late first-row transition metals in which the two metal centres are held apart in 

the range 2.7826(5)-3.2410(11) A. Pseudo-octahedral metal centres with one-atom bridging ligands 

which gave "diamond-shaped" dinuclear complexes were obtained [23]. The in situ preparation of 

homodinuclear dithiocarbamates from 2-aminobenzoylhydrazide bis( dithiocarbamate) and first row 

transition metals have been reported by ami et al. , [28]. The Ni(II) was octahedrally bonded to 

dithiocarbamate resulting in a complex that structurally resembles macromolecules and is also a 

non-electrolytes. 

2.2.3. Dithiocarbamate complexes from secondary amines 

Dithiocarbamate ligands derived from secondary amines are more stable than the compounds from 

primary amines. Consequently, more reports on metal complexes of dithiocarbamate derived from 

secondary amines abound in literature. The instability of dithiocarbamate from primary amines is 

mainly due to the absence of the acidic proton which, thus, hinders the easy elimination of sulphide 

(H2S or CS2) via heterolytic desulphurization at slightly elevated temperature [29]. Different 
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approaches have been reported for the synthesis of this class of dithiocarbamate. Due to the stability 

of the ligand, some reports involved the isolation of the ligand prior to complexation while others 

involved direct in situ complexation. For example, a one-pot three-component method of synthesis 

of S-trifluoromethyldithiocarbamates have been described, and a higher rotational barrier in the 

fluorinated dithiocarbamates than in the nonfluorinated analogue was reported [30] . N-butyl-N

phenyldithiocarbamate complexes of platinum and palladium were studied by Onwudiwe et al. , [31). 

The ligands were first isolated as ammonium salts before complexation and the structure showed 

that the two complexes are centrosymmetrical with distorted square planar geometry. 

N-(R) ethanolamine dithiocarbamate ligands and their Ni(II) and Pt(II) complexes were prepared by 

Ramos-Espinosa et al. , - The dithiocarbamate ligands were isolated and characterized; the 

complexation with the metal ions was confirmed to be bidentate and distorted square planar 

geometry around the matal atoms. Evaluation of the in vitro anticancer activity of the derivatives 

showed the Pt(II) complex had a better activity against the studied cell lines [32]. 

2.2. 4. Dithiocarbamate complexes from Schiff base compounds 

Schiff base compounds are formed by the condensation of primary amine with an active carbonyl 

compound [33]. The presence of an azomethine group -RC=NR' is responsible for the lone pair of 

electron in their sp2 hybridised orbital. They play a central role in coordination chemistry, and are 

capable of forming stable complexes with metal ions. They behave as a flexidentate ligand, 

coordinating through the O and N atoms. The chemistry of imino-phosphine compounds originated 

from the discovery of the ligand 2-(diphenylphosphino)benzaldehyde by Rauchfuss et al. , [34]. 

Since then, several works on Schiff base metal dithiocarbamates have been recorded [12]. 

The dithiocarbamate from Schiff base can be prepared by refluxing the primary amine with an 

aldehyde/ketone to afford the imine linkage (C=N) formation through condensation reaction. This is 

then followed by reaction with sodium borohydride (NaBH4) at a very low temperature (in ice) to 

facilitate the imine linkage consumption by reduction process, triethylamine (Et3N) is then added to 

pick up the proton so formed and to create the space for the carbon disulphide (CS2) attachment on 

the N atom. The complexes are prepared by the in-situ addition of the aqueous solution of the metal 

salt to the prepared dithiocarbamate at room temperature [35]. 

The condensation reaction of benzaldehyde with 1, 6-hexamethylenediamine in ethanol, then the 

reduction of the Schiff base with NaBH4 in methanol and subsequent formation of dinuclear 

diorganotin(IV) dithiocarbamate macrocycles was carried out by Reyes-Martinez et al. , [35]. 
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Spectroscopic characterization showed that the ligands are coordinated to the metal atoms in the 

anisobidentate manner, both in solution and the solid state. 

Transition metal complexes of symmetrical and asymmetrical Schiff bases have so far been shown 

to be important class of compounds, such that variation in the substituents can play further 

significant roles in the field of coordination, inorganic and bioinorganic chemistry as models for 

biological, analytical and industrial applications. 

2.2.5 Mixed ligand dithiocarbamate complexes bearing compounds with P and N donor atoms 

Compounds which contain P donor atom (e.g triphenylphosphine) and N donor atom (e.g bipyridine 

and phenanthroline) are able to form complexes with transition metals. They are n- deficient, thus 

are good n-acceptors, with their complexes stabilized by back bonding into the n* orbitals of the P 

or N ring. They are often incorporated into many bridging ligands as classical bidentate chelating 

heterocyclic ligands to impart significant effects on the properties of their metal complexes [36]. 

They can expand the coordination numbers of metal dithiocarbamate complexes in cases where the 

central metal atom is coordinatively unsaturated. On coordination with transition metals, they create 

dissymrnetry in the metal orbitals, which then regulates the reactivity of complexes bearing these 

ligands [37]. They impart better physical properties on parent metal complexes and enhanced 

biological activities because of their resemblance with biomolecules such as amino acids, proteins, 

enzymes, and vitamins. Dithiocarbamates influence adducts formation through the mesomeric effect 

of their-NR2 group [38] . 

Several dithiocarbamate adducts have been reported in literature. Gerald et al. , [39] studied the 

effect of changing the R groups on the sulphur-metal bonding in dithiocarbamate complexes and the 

subsequent effects on pyridine adduct formation with Ni(II) dithiocarbamate. The results showed 

that complex stability (base donor ability) increased with increase in the size of the R (CH3- < 

C2H5~- <n-C3HT. Ni(II) dithiocarbamate complexes involving triphenylphosphine and 

isothiocynate have been reported . 

The electronic spectral suggest square planar geometry. The presence of triphenylphosphine in the 

nickel complexes increased the C=N double bond character, while the additional coordination of 

the nitrogen donors decreases it. 

Ekennia et al., [ 40] described a series of pyridine adducts of N-methyl-N- phenyl dithiocarbamate 

which showed enhanced biological activities. Different Pd and Pt complexes containing both 

dithiocarbamate and a-diimine moieties have been reported [41]. Subsequently, their mixed ligand 
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complexes containing bipyridine and phenanthroline were synthesized which showed interesting 

biological properties. Ni(II) complexes of two unsymmetrical dithiocarbamate ligands, containing 

furfuryl and 2-thiophenylethyl substituents, and the reactivity of these complexes toward PPh3 have 

been reported by Rani et al. , The nickel was shown to be in a distorted square planar arrangement 

with the NiS2P chromophore [42]. 

Keter et al. , [43] reported N-heterocyclic dithiocarbamate complexes of platinum(IT) prepared from 

diazoles, which form stable platinum complexes. However, in the presence of a phosphine ancillary 

ligand, the obtained diphosphinoplatinum N-heterocycle-dithiocarbamate complexes transformed in 

solution into oxodithiocarbonate. 

Some Ni(II) dithiocarbamate complexes with NiS4, NiS2PN and NiS2PCI coordination spheres have 

been reported by Prakasam et al., [ 44]. A distorted square planar geometry around the Ni(II) metal 

center was confirmed for all the complexes. Two heteroleptic palladium(II) dithiocarbamates 

complexes were studied by Khan et al. , [45]. The Pd exhibited pseudo square planner geometry 

mediated by SS chelate, P and Cl. Some heteroleptic-bis(diphenylphosphino)ferrocene

dithiocarbamate complexes of Ni, Pd and Pt have been described . The studies showed that the 

metal lies at the center of a distorted square planar environment and the distortion varies in the 

order Pd- Pt>Ni [ 46]. 

Different metal dithiocarbamates can, thus, be easily prepared from readily available starting 

materials. They are thermally stable with good decomposition patterns. The side-products are 

volatile and stable which is an added advantage as this makes their removal easy from the desired 

sulphide products [47]. They have continued to be widely explored as single source precursor (SSP) 

for the synthesis of metal sulphide nanoparticles. 

2.3 Dithiocarbamate in Materials chemistry 

Different substituents on the nitrogen atom of dithiocarbamates influence the properties of 

nanoparticles obtained from them as precursor compounds. Therefore, a useful tuning of the 

molecular precursors could be devised to synthesize nanoparticles with different morphologies and 

optical properties. The C-S bonds in dithiocarbamate complexes are relatively easy to break, which 

is important in the decomposition pathway for nanoparticles synthesis since volatility of the by

product is ensured [47]. The formation of undesired impurities (metal oxides) could be avoided (by 

carrying out the reaction under inert atmosphere) because the dithiocarbamate precursors yield 

chemically metal sulphide as residue [48]. Besides, ligands with high steric bulk can prevent 

nanoparticle agglomeration by providing physical barrier between nanoparticles, preventing inter-
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particle interaction and this makes dithiocarbamate an effective precursor for metal sulphide 

nanoparticles. This is particularly useful because nanoscopic properties of nanoparticles are 

maximized when they are monodispersed [ 49]. 

Nanotechnology allows matter to be manoeuvred on an atomic, molecular, and supramolecular 

scale. It involves the design, preparation, characterization and application of different nanoscale 

materials in various areas to provide novel technological advances in many fields of study [50]. 

Nanomaterials find practical applications in a variety of areas such as, engineering, catalysis, 

environmental remediation, optical and electronic fields [51]. They also have great potentials in 

medicine, being able to convert poorly soluble, poorly absorbed and labile biologically active 

substance into promising deliverable substances [52]. Various characteristics and brief applications 

of nanostructured materials are presented in Table 2.1. 

2.4 Classification of nanomaterials 

Nanomaterials are broadly classified into four, based on the number of dimensions which do not 

confine to the nanoscale range ( <100 nm). We have several categories. 

(a) Zero-dimensional (0-D) nanomaterials: These are materials in which all the dimensions are 

measured within the nanoscale. That is, no dimension is larger than 100 nm. Examples are 

nanoparticles and quantum dots. A quantum dot is a semiconductor nanostructure which can restrict 

the motion of conduction band electrons, valence band holes, or excitons in all three spatial 

directions [53]. Each quantum dot acts as a quantum well, where electron-hole activity occurs, and 

all of the dots in the grid are close enough to each other to ensure interactions. Spacing and size of 

the dots can be varied in order to vary the band gap, which determines the wavelength of light it 

emits, with the size, energy and wavelength (colour) inter-dependent, the optical properties of the 

particles can be tuned depending on its size to match the application . 

(b) One dimensional (1-D) nanomaterials: These are materials in which only one of the dimensions 

is outside the nanoscale. They are restricted in only one dimension, resulting in a quantum well or 

plane where the magnitudes of length and width are much greater than the thickness that is only a 

few nanometers in size. This confers needle like-shape on the materials. It utilizes the large surface 

area from the nanoparticles together with the tunability of their optical properties for the various 

successful applications examples are nanotubes, nanorods, and nanowires [54]. 
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(c) Two-dimensional (2-D) nanomaterials: In this type of materials, two of the dimensions do not 

confine to the nanoscale and they exhibit plate-like shapes as metallic or as semiconductors. 

Examples include nanofi lms, nanolayers, and nanocoatings [55] . 

(d) Three-dimensional (3-D) nanomaterials. They are bulk materials in which none of the 

dimension is confined to the nanoscale. Thus, the three dimensions are arbitrarily above 100 run. 

They possess a nanocrystalline structure where they can be composed of a multiple arrangement of 

nanosize crystals in different orientations. They can also contain dispersions of nanoparticles, 

bundles of nanowires, and nanotubes as well as multinanolayers. Their properties are intermediate 

between bulk semiconductors and discrete molecules as they behave as single objects with bound, 

discrete electronic states. 
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Table 2.1 Various characteristics and brief applications of nanostructured [56]. 

Types of 

Nanosystems 

Micelles 

Dendrimer 

Liposome 

Compact polymeric 
(nanospheres, nanocapsules 

Fullerenes 
nanotubes) 

Nanocrystals 

Quantum dots 

Metallic 

nanoparticles 

(Carbon 

Size 
(nm) 

10-100 

<10 

50-100 

10-
1000 

0.5-3, 
20-
1000 

2- 9.5 

<100 

Characteristics 

Block amphiphilic copo lymer 
micelles, high drug entrapment, 
payload, biostabil ity 

Highly branched, nearly 
monodisperse polymer system 
produced by controlled 
polymerization; three main parts 
core, branch and surface 

they are completely biodegradable, 
compatible, non-toxic and non 
immunogenic, versatile, good 
entrapment efficiency, offer easy. 

Biodegradable, biocompatible, 
offer complete drug protection. 
Stealth and surface modified 
nanoparticles 

A rigid icosahedron with 60 carbon 
atoms. In its structure, single 
bounds form pentagons and double 
bounds form Hexagons, unique 
optic, electric and magnetic 
properties (such as 
superconductivity 

Semi conducting material 
synthesized with Il-VI and III-V 
column element; Size between 10 
and I 00 A; Bright fluorescence, 
narrow emission, Broad UV 
excitation and high photo stability 

Gold and si lver colloids, verysmall 
size resulting in hi ghsurface area 
avai lable for functionalization and 
stable. 
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Applications 

Long circu latory, 
target specific active 
and passive drug 
delivery, diagnostic 
value 

Long circu latory, 
controlleddelivery of 
bioactives, targeted 
delivery of bioactives 
to macrophages, liver 
targeting 

Long circu latory, offer 
passive and active 
delivery of gene, 
protein, peptide. 

Excellent carrier for 
controlled and 
sustained delivery of 
drugs used for active 
and passive delivery 
of bioactives. 

medical diagnosis and 
imaging, 
Functionalization 
enhanced so lubili ty, 
penetration to cell 
cytoplasm and to 
nucleus, as carrier for 
gene delivery, peptide 
delivery 

imaging, detection and 
targeting, are 
luminescent 
semiconductor crystal 

Drug 
delivery, 
sensitive 

and gene 
highly 

diagnostic 
thermal 

and 
assays, 
ab lation 
radiotherapy 
enhancement. 



2.5 Synthesis of nanomaterials 

The synthesis of nanomaterials may either be from the break-down of larger molecules 'top-down' 

(physical destruction of larger material), or step-wise build up from atoms 'bottom-up' (to nucleate 

and grow particles from fine molecular distributions in liquid or vapour phase). The 'top-down' 

approach is based mainly on the milling of larger materials including film deposition and growth, 

lithographic, laser beam processing and mechanical (grinding and polishing) techniques. It is vastly 

used in semiconductor technology, as there are very few app lications of nanomaterials prepared by 

these methods because size and morphology cannot be easily contro lled and results are usually non

reproducible [57]. 

The ' bottom-up ' method includes: electrochemical, sonolysis, thermal decomposition, colloidal 

aggregation, co-precipitation and laser ablation. It involves the use of chemical , electrical or 

physical forces to build the nanomaterial atom by atom, molecule by molecule, from their 

constituent materials [58]. Processing steps can be scaled up to synthesize reproducible 

monodispersed nanomaterials. 

In all the methods, monodispersity is preferred to polydispersity where majority of particles are 

within 5% of the mean particles size [ 59]. Within this size distribution, they can behave in uniform 

way to amplify the effectiveness of the nanomaterials properties. This can be achieved if the van der 

Waals interactions between particles are overcome either electrostatically (charge the surface 

leading to Columbic repulsion between particles) or sterically (attach sterically bulky ligands to the 

surface, typically macromolecules). Nucleation and growth govern nanoparticle morphology and 

size, a brief single nucleation period is necessary as different size nuclei growing at the same rate 

will lead to polydispersed products just as same size nuclei growing at different rate lead to 

broadening of the particle size distribution [60]. 

Nucleation invo lves several processes; the precursor monomer can either move to the interfacial 

layer about the particles or add to the surface. The monomer in the particle could also redissolve 

back into the solution. The process that is favourable depends on the radius (r) of the particle as 

presented in the Gibbs free energy (/1G) . The energy difference, 11G, must be negative for the 

growth of the particle, and a supersaturated concentration of the precursor in solution must be 

reached. For 11G to be negative, r >> r* (r= radius of particle and r* = critical radius) . However, if it 

is less, the gamma term of equation (1) prevails, the 11G becomes positive and particle formation 

will not be favoured. 
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This equation assumes a spherical nanoparticle, where r is the particle radius, /:iGv is the change in 

energy per unit volume (of solvent molecules) and y is the surface energy per unit area [60]. 

ucleation can only occur when monomer units are able to assemble into a lattice (a favourable 

process), after all interactions with surrounding solvent molecules have been broken. If formation of 

the lattice is able to overcome the removal of coordinated solvent molecules and the formation of 

dangling bonds on the surface of the new particle, then it is a favourable process and there will be 

nucleation. Otherwise, the monomer units will redissolve back into the solution (an unfavourable 

process). 

LaMer proposed a model for the formation of nanoparticles when he described the nucleation and 

growth of sulphur colloids [61]. The model has three main phases: 

Phase 1- monomer generation as the precursor monomer increases until critical supersaturation is 

reached. 

Phase 2 - rapid nucleation of the particles occur. Nucleation has to be a single event so as to prevent 

nanoparticle growth at different rates. As nanoparticles grow, monomer concentration decreases 

since it is consumed by nucleation and falls below the critical nucleation level. The remaining 

monomers enter into the next phase. 

Phase 3- the particles continue to grow by diffusion onto the surface of others. The criteria for 

monodispersity is instantaneous particle growth called 'burst nucleation', this is the general 

principle of the LaMer model [62] . 

28 



~ 
0 ·-.µ 
~ ,__, _, 
C 
Q) 
u 
~ 
0 
u 
,__, 
0 
~ ,__, 
:::I u 
(1) ,__, 

0... 

................................................................... ~Ci. 

s 

1 2 3 

Figure 2.2 : The LaMer plot showing the three stages of particle formation [60] 

As particles grow, at equillibrium concentration, Ostwald ripening takes place. This is when larger 

particles grow faster than smaller ones which dissolve into the system. The process reduces the 

number of particles in the system and can also decrease polydispersity of a sample. It is a 

thermodynamically more feasible process for small particles to lose monomer and for large particles 

to gain, driven by the favourable reduction of the percentage of surface particles with dangling 

bonds. Therefore, this increases the monomer coordination and reduces particle surface energy [63]. 

2.5.1. Methods of nanomaterials synthesis 

There are diverse methods for the synthesis of nanoparticles. Generally, the process could either 

proceed by the precipitation of the nanoparticles from so lution ( e.g reduction of a metal salt) or the 

decomposition of precursors using heat or other process . 

2.5.1.1. Precipitation methods 

This involves controlled formation of precipitates, where nucleation and growth determine the size 

of the particle produced. The reaction is carried out in the presence of stabilizers to prevent 

agglomeration and growth [64]. Other facto rs that control the particle size are precursor type, 

concentration, reaction temperature, pH of the solution and diffusion and sorption properties of the 

precursors. The right choice of solvent ( effective for low solubility of nanoparticles) and passivating 

29 



agent makes the method an effective one. This method was employed by Faraday in his early 

experiments on gold colloids where he used aqueous solutions of auric chloride reduced with 

phosphorus to yield gold nanoparticles [65]. In that reaction, the formation of a solid interface 

drives the reaction towards the production of the nanocrystals [66]. 

2.5.1.2. Thermal Decomposition Methods 
This method cou ld be carried out in the solid, liquid and gas phases. The solid state synthesis is a 

solventless route which involves the use of a Teflon lined autoclave where the precursor solid is 

heated up in a vessel [67]. No solvent is involved here, so size control is difficult. This problem 

cou ld be solved by the incorporation of capping/ stabi lizing agent into the pr~cursor complex [68]. 

Chemical vapour deposition (CVD) represents the gas or vapour phase synthesis especially for thin --►-~ 

films. It involves the vaporization of the precursor at reduced pressure and when brought in contact ' . Cl:• 
with a heated substrate, it decomposes to form thin fi lm or ultra-fine particles of the precursor. This ~ CC J 

method gives rise to large particle size distributions due to the absence of capping/stabilizing agent. ;,ia a: 
It was first utilized in the decomposition of i(CO)4 for the formation of pure nickel metal [69]. 

2.5.1.3. Solvothermal Synthesis 
It is the liquid phase thermal decomposition method. A so lution based thermal synthesis that 

involves the decomposition of the molecular precursor in a high boiling solvent at high temperature. 

The solvent serves a dual function , as a capping agent in order to control particle size and as a heat 

sink to protect the produced nanoparticles from oxidation. It could fol low the 'heat up' or the ' hot 

injection' route [70]. 

2.5.1.4. Single source precursor method (SSP) 

The singll source precursor (SSP) approach implies that all the constituent elements required in the 

nanomaterial have been incorporated into one compound. The compound is then utilized as a 

precursor for the desired product. It is mostly subjected to thermal decomposition in the presence of 

a coordinating so lvent which are usually long chain, high boiling point amine such as 

hexadecylamine (HDA), octadecylamine (ODA) and oleylamine (OLA). This route is one of the 

most commonly used methods as it affords stable monodispersed colloidal quantum dots whose size 

distribution could be approximately - 5%. Compared to other routes which require exact control 

over stoichiometry, the SSP routes offers mi ldness, safety and the fabrication procedure is very 

simplified [72]. Typical of solvothermal approach, formation of nanoparticle is consistent with the 
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LaMer model for colloid formation and Ostwald ripening for growth of the nuclei [73]. This method 

has been used for the synthesis of many transition metal sulphide nanocrystals. 

In order to obtain a metal sulphide, the single-source precursors must be metal complexes made up 

of sulphur-containing organic ligands such as alkyldithiocarbamates or mercaptobenzothiazol. 

Different metal sulphides and various phases have been prepared using the single source precursors 

(SSPs) synthesis route. Among the group 10 metal complexes, nickel sulphide has been the most 

widely explored. It is more economical and easy to synthesize. Ludolph et al. , prepared good 

quality, highly mono-dispersedtrioctylphosphineoxide (TOPO) capped NiS quantum dots from 

stable, non-air sensitive single molecule precursors of Ni(II) complex [74]. 

Nickel(II) complexes of piperidine and tetrahydroquinoline have been utilized as single source 

precursors which gave nickel sulphide nanoparticles of different phases via solvothermal 

decomposition in oleylamine (OLA), dodecylamine (DDA) and hexadecylamine (HDA) at different 

temperatures. The results showed that i3S4 nanoparticles prepared at 230 °C using DDA were 

ferromagnetic, while the rhombohedral i3S2 obtained at 230 °C using HDA displayed 

paramagnetic property [75]. 

Spherically shaped nickel sulphide nanoparticles have been synthesized usmg bis(N-(pyrrol-2-

ylmethyl)-N-furfuryldithiocarbamato-S,S')nickel(II) as single source precursor in ethylenediamine 

[76] . X-ray diffraction analysis confirmed the formation of cubic-NiS2, cubic-Ni3S4 and 

Rhombohedral- i3S2) phases. 

Abdelhady utilized nickel(II) complexes of 1, 1,5,5-tetra-iso-propyl-2-thiobiuret as single-source 

precursor for the synthesis of nickel sulphide nanoparticles by thermolysis in hot solution of 

different solvents used as capping agents including oleylamine, octadecene, and dodecanethiol. The 

precursor compound gave mostly Ni3S4 in different morphologies (wires, rods, spheres, and 

triangles). However, injection of the oleylamine solution of the precursor compound into hot 

octadecene afforded only nanowires of iS [77]. Beal et al. , reported that metal polysulphide 

complexes are viable single-source precursors for a range of transition metal sulphide nanocrystals. 

Different metal polysulphide complexes were utilized as single-source precursors for the synthesis 

of metal sulphide nanocrystals, and all samples demonstrated high degree of crystallinity and 

excellent phase-purity [78]. The solvothermal conversion of some i(II) complexes as precursors in 

oleylamine at 200°C was studied by Christine Buchmaier et al. , X-ray diffraction measurements 

confirmed that hexagonal NiS and cubic Ni3S4 as secondary phase were produced [79]. 

Platinum and palladium dithiocarbamate and diselenoimidodiphosphinato complexes have been 

synthesized and used as single source precursors for the deposition of platinum and palladium 
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chalcogenide thin film. The corresponding dithiocarbamate complexes gave PdS, whi le only Pt 

films were obtained from the platinum analogue [80]. Bis(n

hexyl(methyl)dithiocarbamato)platinum(II) and bis(n-hexyl(methyl)dithiocarbamato) palladium(II) 

have been utilized to grow nanocrystals of PtS or PdS by thermolysis in trioctylphosphine oxide 

(TOPO) [80]. The tetragonal phases of both PtS and PdS were obtained and the TEM image showed 

well defined, close to monodispersed particles. 

The synthesis of bimetallic Pt-Pd nanoparticles by reduction through a so lvothermal method was 

reported by Yunqi Li et al. , [81]. Their results showed the formation of homogeneous Pt-Pd 

nanoparticles which exh ibited an enhanced electrocatalytic activity and stability compared with 

commercial Pt black. 

Regardless of the achievements of metal dithiocarbamates in materials chemistry and particularly in 

metal sulphides nanoparticles synthesis; and knowing the high level of ligands control on the 

reactivity and properties of transition metal ions, the exploration of other relevant nitrogenous 

molecules as efficient synthetic methods cannot be over emphasized. The ligands provide a 

platform for functional group transformation to give interesting physiological, catalysis, biological 

and other important activities, and also to provide a lot of improvements needed for routine use in 

all these relevant applications. 

2.6. Characterization of Nanoparticles 

To fully understand the potential of the synthesized nanoparticles, a broad and clear insight of their 

properties is required for the correct application, hence their characterization using a variety of 

different techniques. The fo llowing characterization techniques are employed for synthesized 

nanoparticles. 

2.6.1. UV-visible spectroscopy 

This is a technique used to quantify the extinction, which is the sum of absorbed and scattered light 

by a sample. The sample is placed between a light source and a photodetector, and the intensity of a 

beam of UV/visible light is measured before and after passing through the sample. Since 

nanoparticles have optical properties that are sensitive to size, shape, concentration, agglomeration 

state, and refractive index near the nanoparticle surface, the UV/vis spectroscopy is a valuable tool 

for characterizing nanomaterials [82]. 
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2.6.2. Transmission electron microscopy (TEM) 

This is a method that directly measures the particle size, gram size, size distribution, and 

morphology of nanoparticles by imaging the transmission of a beam of electrons through a sample. 

Nanoparticles are dried on a copper grid that is coated with a thin layer of carbon and it uses 

electrons to illuminate the sample for imaging. Variations in the transmitted beam provide imaging 

contrast depending on the thickness and material of the sample [83]. 

2.6.3. Scanning electron microscopy (SEM) 

The interactions between the beam electrons and sample atoms are similar to those described for a 

transmission electron microscope, but the column is shorter and specimen chamber is larger. 

Specimen preparation is simplified as it may not need to be thin since it is not necessary to penetrate 

the specimen. The signal varies with the topography of the sample surface [84]. 

2.6.4. Fourier transform infrared (FTIR) spectroscopy 

FTIR helps to detennine the conformational and structural changes of the coordinating self

assembled functional groups on the nanoparticles surface and the surrounding environment [85]. It 

is a powerful tool used to determine the nature of the chemical surface species as well as the 

reactive sites and also to determine the purity of the prepared nanoparticles. Since the surface 

charge of the nanoparticle can change due to the adsorption of ligands and functional groups, FTIR 

spectroscopy is an analytical tool that can be used effectively for the probing of a functionalized 

nanoparticle surface, and its interface with the surrounding medium [85]. 

2.6.5. Dynamic light scattering (DLS) 

DLS measures light scattered from a laser that passes through a colloidal solution, the scattered 

light intensity is measured as a function of time and provides information on the size of the particle 

in solution. Its analysis is based on Brownian motion where larger particles move more slowly and 

scatter more light than smaller particles. It gives a complementary measurement to TEM as it 

provides information on the aggregation state of nanoparticle solutions [86]. 

2.6.6. Powder X-ray diffraction (XRD) 
XRD is an analytical technique used for phase identification of a crystalline material and gives 

information on unit cell dimensions. The X-ray source provides energy with the correct frequency 

for inter-atomic-scale diffraction. By satisfying Bragg's Law (n"A.=2d sin 0), which is used to explain 
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the interference pattern of X-rays scattered by crystals, the incident rays interact with the sample to 

produce the diffracted ray. This law relates the wavelength of electromagnetic radiation to the 

diffraction angle and the lattice spacing in a crystalline sample. Random orientation of the 

powdered material is attained as the sample is scanned through a range of 28 angles in all possible 

diffraction directions of the lattice. The diffraction peaks are converted to cl-spacings which are then 

compared to that of standard reference patterns for the identification of the unknown compound, 

because each mineral has a unique set of cl-spacings [87]. 
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CHAPTER THREE 

3.0 Synthesis and characterization of Ni(II), Pd(II) and Pt(II) dithiocarbamate complexes 

Chapter Summary 

This chapter presents the synthesis of dithiocarbamate ligands and their Ni(II), Pd(II) and Pt(II) 

complexes; and it has been divided into four sections: 

(i) The synthesis of dithiocarbamate ligands from primary amines and their Ni(II), Pt(II) and 

Pd(Il) complexes, 

(ii) The synthesis of dithiocarbamate ligands from secondary amines.and their Ni(II), Pt(II) and 

Pd(II) complexes, 

(iii) The synthesis of dithiocarbamate ligands from secondary amines derived from Schiff 

base condensation reactions, their Ni(II), Pt(II) and Pd(II) complexes, and 

(iv) The synthesis of adducts/mixed ligand complexes from dithiocarbamate prepared from 

both primary and secondary amines. 

3.1. Materials and instrumentation 

Al l chemicals were used as obtained without further purification. The fo llowing reagents were 

obtained from Sigma Aldrich Co: ani line, p -methylaniline, p-ethylaniline, benzylaniline, 

hexamethelenediamine, 2-(methylamino )ethanol , 2-( ethylamino )ethanol, and benzaldehyde. The 

so lvents were procured from Merck and they include: methanol, ethanol , tetrahydrofuran, 

chloroform, dichloromethane, acetonitrile, toluene, and diethyl ether. Sodium hydroxide and 

ammonia solution were purchased from BDH. The metal salts, nickel chloride hexahydrate, nickel 

acetate, sodium tetrachloropalladate(II), and potassium tetrachloroplatinate(II) were purchased from 

Sigma Aldrich chemicals . 

3.1.1 Physical Measurements 

Elemental analyses were carried out by Elementar, Vario EL Cube, set up fo r CHNS analysis. FTIR 

analyses were obtained using Bruker alpha-P FTIR spectrophotometer between 4000--400 cm-1
• 

NMR spectra analysis was conducted using 600 MHz Bruker Avance III NMR spectrophotometer. 

Thermograv imetric analysis (TOA) was carried out using SDTQ 600 Thermal analyser. UV/visible 
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spectra were measured using a Perkin-Elmer 11,20 UV-vis spectrophotometer. Melting point was 

recorded using the Stuart melting point SMPl 0. 

3.1.2. X-ray crystallography 

The single crystal suitable for X-ray diffraction was obtained for some of the compounds using the 

slow evaporation method in different solvent systems. The X-ray diffraction was performed at 200 

K using a Bruker Kappa Apex II diffractometer with graphite monochromated Mo Ka radiation (A = 

0.71073 A). APEXII was used for data collection and SAINT for cell refinement and data reduction 

[l]. The structures were so lved with SHELXT-20 14 [2] and refined by least-squares procedures 

using SHELXL- 20 17 [3] with SHELXLE [4] as a graphical interface. All non hydrogen atoms 

were refined anisotropically. Carbon and oxygen bound H atoms were placed in calculated positions 

and were included in the refinement in the riding model approximation, with Uiso(H) set to 1.2 

Ueq(C) and 1.5 Ueq(O). The H atoms of the alkyl group were allowed to rotate with a fixed angle 

around the C=C bond to best fit the experimental electron density (HFIX 137 in the SHELX . •

program suite [3], with Uiso(H) set to 1.5 Ueq(C). Data were corrected for absorption effects by the ~ . ~• 

numerical methods usi ng SADABS [l]. :, c(: 
3:a: zm 3.2. Preparation of dithiocarbamate ligands from primary amines 

The ligands were prepared by the reaction of either sodium or ammonium hydroxide with the 

primary or secondary amines and carbon disulph ide under a very cold temperature (in ice) 

fo llowing reported literature procedure [5]. The dithiocarbamate precipitated out of the solution as 

white solids for the sod ium salts and pale yellow so lids fo r the ammonium salts. 

The preparative details fo r the different dithiocarbamates are presented as follows: 

3.2.1. Ammonium N-phenyldithiocarbamate [NH4L1] 
To an equimolar mixture of ammonium hydrox ide (15 mL, 0.05 mo!) and N-phenyl aniline ( 4.6 mL, 

0.05 mol) in an ice bath at 0 °C, carbon disulphide (3.0 mL, 0.05 mo!) was added in small portions. 

After stirring for 3 h, the so lidified mass was filtered under suction, rinsed with very co ld ethanol, 

fo llowed by diethyl ether to give a white precipitate and stored in the refrigerator. 

[NH4L1]: Yield: 6.9 g (75%); Selected IR, v(cm-1
): 1452 (C=N), 1226 (C2- N), 911 (C=S), 3035 

(=CH-H), 2818 (C- H), 3283 (NH); 1H NMR (CDCb) b ppm = 6.89 - 7.88 (m, l0H, C6Hs), 10.12 

(s, 2H, NH); 13C NMR (CDCb) b= 121.96 - 128.23 (Q6Hs), 196.1 (-CS2). 
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3.2.2. Ammonium N-benzyldithiocarbamate [NH4L2] 

Benzylaniline (5.50 mL, 0.05 mol) was stirred with ammonium hydroxide (15 mL, 0.05 mol) for 30 

min in ice bath. To this solution, cold carbon disulphide (3 mL, 0.05 mol) was added in drop wise 

and the mixture was agitated for 3 h while maintaining a temperature of 4 °C. A crude yellowish

white solid substance precipitated out, separated using suction pump and rinsed with very cold 

ethanol , followed by several rinsing with ether. The white solid product was stored under reduced 

temperature. 

[NH4L2]: Yield: 0.62 g (62%); Selected IR, (cm-1
): 1372 (C=N), 1312 (C2-N), 927 (C=S), 3393 (N

H), 3171 (=C-H) and 2962 (- C- H); 1H NMR (CDCh) b (ppm) = 6.89- 7.88 (m, l0H, C6Hs-CH2-

NH), 10.45 (s, 4H, C6Hs-CH2-NH), 4.5-9 (s, 4H, C6Hs-CH2-NH); 13CNMR (CDCh) b (ppm) 

121.96- 128.23 ~ 6Hs), 52.3(,GH2), 196.1 (- CS2). 

3.2.3. Sodium p-methylphenyldithiocarbamate [NaL3] 

p-methylaniline (2 .70 g, 0.025 mol) was dissolved in 20 mL THF and added to a 20 mL THF 

solution of sodium hydroxide (1.00 g, 0.025 mol). Then, carbon disulphide (1.5 mL, 0.025 mol) was 

added and the solution was stirred for 6 h under N2 atmosphere. The yellowish-white precipitate 

obtained was filtered , washed with diethyl ether and reprecipitated in acetone to give white solids 

which were dried in vacuum. 

[NaL3]: Yield: 4.0 g (74%); Selected IR, v (cm-1): 1502 (C=N), 1215 (C2-N), 988 (C=S), 3031 

(=CH-H), 2920 (H2C-H), 3326 (N-H); 1H NMR (CDCh) b (ppm) = 6.96- 7.81 (m, l0H, C6Hs), 

10.10 (s, 2H, NH), 2.34 (s, 6H, CH3); 13C NMR (CDCh) b= 123.5 - 128.9 ~ 6Hs), 21.3 ~H3), 

196.5 (-CS2). 

3.2.4. Sodium p-ethylphenyldithiocarbamate [N aL 4] 

Sodium hydroxide (2.0 g, 0.05 mol) was dissolved in 5 mL of water, and carbon disulphide (3.0 

mL, 0.05 mol) was added in small portions and stirred in ice bath at 0 °C for 30 min. 4-ethylphenyl 

aniline (6.2 mL, 0.05 mol) was then added and further stirred for 3 h. The solidified mass was 

filtered , reprecipitated in acetone and rinsed with diethyl ether to give a white precipitate which was 

dried in vacuum. 

[NaL4]: Yield: 7.10 g (65%); Selected IR, v (cm- 1
): 1507 (C=N), 1225 (C2- ), 1014 (C=S), 3019 

(=CH-H), 2921 (H2C-H), 3201 (N-H); 1H NMR (CDCh) c5 (ppm) = 7.09 - 7.46 (m, l0H, C6Hs), 
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10.10 (s, 2H, NH), 1.19 (t, 6H, CH3), 2.58 (q, 4H, CH2); 13C NMR (CDCb) o (ppm) = 120.50 -

144.0 ~ 6Hs), 15 .73 ~H3), 27.72 ~H2), 179.30 (- CS2). 

3.2.5. Sodium-1,6-hexamethelynediaminedithiocarbamate [N aL5] 

Hexamethylene-1 , 6-diamine, (5.41 g, 0.05 mol) was dissolved in 20 mL THF and added to 8 mL 

aqueous solution of sod ium hydroxide (4.0 g, 0.1 mo!). Carbon disulphide (6.0 mL, 0.1 mo!) was 

added to the solution and stirred for 3 h in ice bath. The yellowish-white precipitate obtained was 

filtered under suction, washed with cold ethanol and diethylether to give a white precipitate which 

was dried under vacuum . 

[NaL5]: Yield: 9.86 g (82%); Selected IR, v(cm-1
): 1508 (C=N), 1305 (C2-N), 941 (C=S), 2920 

ass(CH2), 2815 sy (CH2), 3316 (N-H); 1H NMR (CDCb) o (ppm) 8.80 (s, 2H, NH), 4.70 (t, 4H, 

CH2CH2CH2), 3.50 (m, 4H, CH2CH2CH2), 1.56 (t, 4H, CH2CH2CH2); 13C NMR (CDCb) o = 46.0, 

CH2CH2CH2; 29.1, CH2CH2CH2, 26.4, CH2CH2CH2;200.4, CS2 

3.3. Metal complexation of dithiocarbamate ligands from primary amines 

The dithiocarbamate complexes were prepared through simple ligand displacement reactions, by the 

addition of aqueous so lution of the metal salts to an aqueous solution of the corresponding 

dithiocarbamate salts at room temperature [6]. 

3.3.1. Preparation of M(II) bis-(N-phenyldithiocarbamate) complexes (M = Ni, Pd, Pt) 

About 10 mL aqueous solution of the respective 0.625 mmol of metal salts (NiCh.6H2O: 0.149 g; 

Na2(PdCJ4): 0.184 g; K2(PtCl4): 0.259 g), was added with stirring to 20 mL aqueous solution of 1.25 

mmol [NH4L1] (0.233 g) . The reaction mixture was stirred for 1 h, and the different coloured 

precipitated complexes were filtered off, washed thoroughly with water and dried under vacuum. 

(1) [Ni(L1)2]; Yield: 1.10 g (81%); M.pt: 205 - 207 °C; Selected IR, v (cm-1
): 1468 (C=N), 1292 

(C2- N), 994 (C=S), 3166 (=CH-H), 2953 (- CH2-H), 3166 (NH), 411 (Ni-S); 1H NMR (CDCb) o 
(ppm) = 7.2 - 7.4 (m, l0H, C6Hs), 8.56 (s, 2H, NH); 13CNMR (CDCb) o (ppm)= 129-137 ~Hs), 

196.7 (- CS2); C14H12 2S4 i (395.2 1): Calculated: C, 42.55; H, 3.06 N, 7.08; S, 32.22. Found: C, 

42.05; H, 3.46 N, 7.50; S, 32.62%. 
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(2) [Pd(L1)2]; Yield 0.75g (55%); M.pt: 210 - 215 °C; Selected IR, 1475 (C=N), 1298 (C2- N), 965 

(C=S), 3226 (=CH- H), 2999 (- CH2-H), 3155 (NH), 408 (Pd- S). 1H NMR (CDCb) b (ppm) = 7.3-

7.6 (m, l0H, C6Hs), 9.79 (s, 2H, NH); 13 CNMR (CDC'3) b (ppm) = 134 - 145 (C6Hs), 196.7 (- CS2); 

C14H 12 2S4Pd (442.94): Calculated: C, 37.96; H, 2.73 , N, 6.33; S, 28.95. Found: C, 37.45 ; H, 2.34, 

N, 6.86; S, 28.40%. 

(3) [Pt(L1)2]; Yield : 0.65 g (70%); M.pt: 240 - 243 °C; Selected IR, v (cm-1): 1494 (C=N), 1312 

(C2- N), 977 (C=S), 3154 (=CH-H), 3001 , 3155 (NH), 424 (Pt-S); 1H NMR (CDC'3) b (ppm) = 

7.3- 7.9 (m, l0H, C6Hs), 9.25 (s, 2H, NH). 13CNMR (CDC'3) b (ppm) = 135 - 145 (C6Hs), 196.9 (

CS). C14H 12N2S4Pt (531.60): Calculated: C, 31.63 ; H, 2.28 ; N, 5.27; S, 24.13. Found : C, 32.22; H, 

2.52 ; N, 5.20; S, 24.67%. 

3.3.2. Preparation of M(II) bis(N-benzyldithiocarbamate) complexes (M = Ni, Pd, Pt) 

About 10 mL aqueous solution of the respective 0.625 mmol of metal salts [(NiC'2.6H2O: 0.149 g; 

Na2(PdCl4): 0.184 g; K2(PtCl4): 0.259 g] , was added, with stirring, to 10 mL aqueous solution of 

1.25 mmol ammonium N-benzyldithiocarbamate [NH4L2] . The reaction mixture was stirred for 1 h, 

and the different coloured precipitated complexes were filtered off, washed thoroughly with water 

and dried under vacuum. 

(4) [Ni(L2)2]: Yield, 0.22 g (84%), M.pt. 200-202°C; Selected IR, v (cm-1): 1446 (C=N), 1326 (C2-

N), 923 (C=S), 3056 (=CH-H), 2932 (- CH2-H), 3232 (-NH), 1542 s(-NH), 427 (Ni-S); 1H NMR 

(DMSO) b (ppm) = 7.38-7.26 (m, l0H, C6Hs-CH2-NH), 4.59 (s, 4H, C6Hs-CH2-NH), 9.60 (s, 2H, 

C6Hs-CH2-NH); 13CNMR (DMSO) b (ppm) = 134.68, 129.11 , 128.45, 127.56 ~ 6Hs-CH2- H), 

47.46 (C6Hs-CH2-NH), 211.05 (- ~S2). C16H 16N2S4Ni (423 .26) : Calculated: C, 45.40; H, 3.81 ; N, 

6.61 ; S, 30.30; Found : C, 45.10; H, 3.41; N, 6.55; S, 30.18%. 

(5) [Pd(L2)2]: Yield, 0.25 g, (86 %); M.Pt. 230 - 232 °C; Selected IR, v (cm-1): 1534 (C=N), 1401 

(C2- N), 964 (C=S) 3239 (=CH- H), (-CH2-H) 2924, 3229 (-NH), 452 (Pd-S) ; 1H NMR (DMSO) b 

(ppm) = 7.38-7.26 (m, l0H, C6Hs-CH2-NH), 4.15 (s, 4H, C6Hs-CH2-NH), 8.32 (s, 2H, C6Hs

CH2-NH); 13CNMR (DMSO) b (ppm) = 128.5, 126.5, 137.9 (C6Hs-CH2-NH), 52.3 (C6Hs-CH2-

NH), 209.00 (- CS2). C16H1 6N2S4Pd (470.99), Calculated: C, 40.80; H, 3.42; N, 5.95 ; S, 27.23 . 

Found: C, 40.40; H, 3.12; N, 6.15; S, 27.50%. 
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(6) [Pt(L2)2]: Yield, 0.28 g (80%); M.pt: 234 - 236 °C; Selected IR, v(cm-1): 1539 (C=N), 1404 

(C2- N), 922 (C=S) 3244 (=CH-H), 2926 (H2C-H), 3244 (-NH), 403 (Pt-S); 1HNMR (DMSO) b 

(ppm) = 7.38-7.26 (m, l0H, C6Hs-CH2- H), 4.15 (s, 4H, C6Hs-CH2-NH), 2.50 (t, 2H, C6Hs

CH2-NH). 13CNMR (DMSO) b (ppm)= 128.5, 126.5 , 136.9 ~ 6Hs-CH2-NH), 52.3 (C6Hs-CH2-

NH), 210 (-CS2). 

C16H16N2S4Pt (559.66), Calcu lated: C, 39.34; H, 2.88; , 5.01; S, 22.92. Found : C, 39.96; H, 2.58; 

N, 5.63; S, 23 .35%. 

3.3.3. Preparation of M(II) bis (p-methylphenyldithiocarbamate) complexes (M = Ni, Pd, Pt) 

About 10 mL aqueous so lution of the respective 0.625 mmol of metal salts [(NiCb.6H2O: 0.149 g; 

Na2(PdCl4): 0.184 g; K2(PtCl4): 0.259 g] , was added , with stirring, to 10 mL aqueous so lution of 

1.25 mmol sodium bis(p-methylphenyldithiocarbamate) [NaL3]. The reaction mixture was stirred 

for 1 h, and the different coloured precipitated complexes were fi ltered off, washed thoroughly with 

water and dried under vacuum. 

(7) [Ni(L3)2]: Yield, 0.60g, (44%); M.Pt-215-217 °C; Selected IR, v (cm-1): 1508 (C=N), 1208 

(C2- ), 996 (C=S), 3001 (=CH- H), 29 17 (H2C-H), 3185 (N-H), 411 (Ni-S); 1H NMR (CDCh) b 

(ppm) = 7.0 - 7.4 (m, 1 OH, C6Hs), 7.25 (s, 2H, NH), 2.34 (s, 6H, CH3). 13CNMR (CDCb) b (ppm) = 

123.5 - 128.9 ~ 6Hs), 2 1.3 ~H3), 196.5 (-~S2); C16H1 6 2S4Ni (423 .26) : Calculated: C, 45.18; H, 

4.26; N, 6.59; S, 30.16. Found : C, 45.10; H, 4, 23; N, 6.60; S, 30.20%. 

(8) [Pd(L3)2]: Yield, 0.71 g (51%); M.pt: 230- 233 °C; Selected IR, v (cm-1): 1511 (C=N), 1209 

(C2- N), 979 (C=S), 3032 (=CH-H), 2920 (H2C-H), 3183 (N-H), 405 (Pd-S); 1H MR (CDCh) b 

= 7.0- 7.5 (m, l0H, C6Hs), 9.68 (s, 2H, NH), 2.34 (s, 6H, CH3); 13CNMR (CDCh) b = 123 - 137 

~ 6Hs), 21.2 ~H3), 207.2 (-CS2). C16H16N2S4Pd (470.99): Calculated: C, 40.63 ; H, 3.84; N, 5.92; 

S, 27.11. Found: C, 40.54; H, 3.57; N, 5.90; S, 26.93%. 

(9) [Pt(L3)2]: Yield, 0.64g (5 5%); M.pt: 248 - 250 °C; Selected IR, v(cm-1): 1512 (C=N), 

1210(C2- N), 974 (C=S), 3025 (=CH-H), 2980 (H2C-H), 3180 (N-H), 420 (Pt-S); 1H NMR 

(CDCh) b (ppm) = 7.09 - 7.50 (m, l0H, C6Hs), 9.64 (s, 2H, NH), 2.30 (s, 6H, CH3). 13CNMR 
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3, 03; 4.99; S, 22.52%. C, 

34.2 1; H, 3.23; N, 4.99; S, 2.83. Found : C, 34.03; H, 3.43; N, 5.03; S, 2.75% 

3.3.4. Preparation of M(II) bis(p-ethylphenyldithiocarbamate) complexes (M= Ni, Pd, Pt) 

About 10 mL aqueous so lution of the respective 0.625 mmol of metal salts [(NiCh.6H2O: 0.149 g; 

Na2(PdCl4): 0. 184 g; K2(PtCl4): 0.259 g] , was added, with stirring, to 10 mL aqueous so lution of 

1.25 mmol sod ium bis(p-ethylphenyldithiocarbamate) [NaL4] . The reaction mixture was stirred for 

1 h, and the different co loured precipitated complexes were filtered off, washed thoroug_hly with 

water and dried under vacuum. 

(10) (Ni(L4)2]: Yield, 0.50 g (83%); M.pt: 209 - 21 2 °C; Selected IR, v(cm-1): 1533 (C=N), 1298 

(C2- N), 995(C=S), 3205 (=CH-H), 2961 (H2C- H), 3205 (N-H), 442 (Ni-S) ; 1HNMR (CDCb) J 

(ppm) = 6.50 - 7.18 (m, l0H, C6Hs), 8.31 (s, 2H, NH), 1.25 (t, 6H, CH3), 2.6 (q, 4H, CH2); 

13CNMR (CDCb) J (ppm) = 115.0 - 129.0 ~ 6Hs), 14.5 ~H3), 28.2 (_GH2), 220.0 (-CS2). 

C1sH22N2S4Ni (453 .33): Calculated: C, 47.70; H, 4 .89; N, 6.19; S, 28.29 . Found : C, 47.20; H, 4. 

45 ; , 6.60; s, 28 .65 

(11) [Pd(L4)2]: Yield , 0.56 g (84%); M.pt: 240 - 243 °C; Selected IR, v (cm-1): 1535 (C=N), 1298 

(C2- N), 965 (C=S), 3206 (=CH-H), 2961 (H2C-H), 3208 (N-H), 419 (Pd-S); 1H NMR J = 6.80 -

7.3 0 (m, l0H, C6Hs), 8.44 (s, 2H, NH), 1.20 (t, 6H, CH3), 2.58(q, 4H, CH2); 13CNMR (CDCb) J 

(ppm) = 120.0 - 145.0 ~ 6Hs), 20.8 ~H3), 45.2 ~H2), 185.0 (-CS2); C1 sH22N2S4Pd (501.06): 

Calculated: C, 43 .15 ; H, 4.43 ; , 5.59; S, 25 .59. Found: C, 41.25; H, 4.80; N, 5.30; S, 25 %; 

(12) [Pt(L4)2]: Yield, 0.45 g, (61 %); M.Pt. 248 - 250 °C; Selected IR, v (cm-1): 1534 (C=N), 1298 

(C2- N), 964 (C=S), 3205 (=CH-H), 2961 (H2C-H) 296 1, 3205 (N-H), 419 (Pt-S); 1HNMR 

(CDC13) 8 (ppm) = 6.96 - 7.78 (m, l0H, C6Hs), 9.80 (s, 2H, NH), 1.25 (t, 6H, CH3), 2.65(q, CH2); 

13CNMR (CDCb) J (ppm) = 120.50 - 144.07 (C6Hs), 15 .73 ~H3), 27.74 ~H2), 179.30 (-CS2); 

C1sH22 2S4Pt (589.72): Calcu lated: C, 36.66; H, 3.16; N, 4.75 ; S, 21.74; Found : C, 36.20; H,3.35; 

N, 4.20; S, 21.20% 
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3.3.5. Preparation of M(II) bis-(N-hexamethylenediaminedithiocarbamate) complexes (M = 
Ni, Pd , Pt) 

About 10 mL aqueous so lution of the respective 2.5 mmol of metal salts [(NiC!i.6H2O: 0.149 g; 

Na2(PdCl4): 0.184 g; K2(PtCl4): 0.259 g] , was added, with stirring, to 10 mL aqueous solution of 

2.5 mmol sodium bis-(N-hexamethylenediaminedithiocarbamate) [NaL5]. The reaction mixture was 

stirred for 1 h, and the different coloured precipitated complexes were filtered off, washed 

thorough ly with water and dri ed under vacuum. 

(13) [Ni(L5)2]: Yield , 1. 15 g (93%); M.pt: 216 - 218 °C; Selected IR, v (cm-1): 1508 (C=N), 1213 

(C2- N), 943 (C=S), 2924 as(CH2), 2851 sy(CH2), 3263 (N-H), 432 (Ni- S); 1HNMR (CDCb) b 

(ppm) = 7.29 (s, 2H, NH), 2.65 (t, 4H, CH2CH2CH2), 1.29 (m, 4H, CH2CH2CH2), 1.55 (t, 4H, 

CH2CH2CH2); 13C NMR (CDCb) b = 45.0, CH2CH2CH2; 28.1 , CH2CH2CH2), 26.0, CH2CH2CH2; 

200.10 (- CS2); C16H2SN4SsNi2 (650.33): Calculated: C, 29.55; H, 4.34; N, 8.62; S, 39.44; Found: C, 

29.15 ; H, 4.14; , 8.02; S, 39.70%. 

(14) [Pd(L5)2]: Yield, 0.77g (81 %); M.pt: 235 - 238 °C; Selected IR, v (cm-1): 1540 (C=N), 1212 

(C2-N), 945 (C=S), 2924 as(CH2), 2855 sy(CH2), 3264 (N-H), 455 (Pd-S); 1HNMR (CDCb) b 

(ppm) = 8.09 (s, 2H, NH), 3.38 (t, 4H, CH2CH2CH2), 2.09 (m, 4H, CH2CH2CH2), 2.50 (t, 4H, 

CH2CH2CH2). 13CNMR (CDCb) b (ppm) = 40.0, CH2CH2CH2, 30.70, CH2CH2CH2, 28.0, 

CH2CH2CH2 206.90 (-CS2). C16H2sN4SsPd2 (745.78) : Calculated: C, 25.77; H, 3.78; N, 7.51 ; S, 

34.40. Found: C 25 .28; H, 3.38; , 6.90; S, 34.10%. 

(15) [Pt(L5)2]: Yield : 0.71g, (70%); M.Pt. 258-260 °C; Selected IR, v (cm-1): 1545 (C=N), 1214 

(C2- N), 949 (C=S), 2979 as(CH2), 2930 sy(CH2), 3266 (N-H), 466 (Pt-S) ; 1HNMR (CDCb) b 

(ppm) = 8.15 (s, 2H, NH), 3.40 (t, 4H, CH2CH2CH2), 2.20 (m, 4H, CH2CH2CH2), 2.50 (t, 4H, 

CH2CH2CH2); 13C NMR (CDCb) b (ppm) = 40.0, CH2CH2CH2, 30.01 , CH2CH2CH2 28.4, 

CH2CH2CH2, 207.20 (-CS2); C16H2sN4SsPti (923.10): Calcu lated: C, 20.82 ; H, 3.06; N, 6.07; S, 

27.79; Found: C, 20.44; H, 3.36; N, 5.75; S, 26.70%. 
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3.4. Discussions on the metal(II) dithiocarbamate complexes from ligands obtained from 
primary amines 

3.4.1. General synthesis of the dithiocarbamate ligands obtained from primary amines and 
their respective metal complexes 

The ligand format ion from the primary amines involved the nucleophilic attack of the amine on the 

carbon disulphide, in an alkaline medium, to generate the dithiocarbamate salt as shown in schemes 

3.1 and 3.2. 

R~NH2 + MOH + CS2 

Scheme 3.1: General synthetic route for the preparation of dithiocarbamate ligands from primary 
amines (R = H, CH3, CH2CH3; M = NH4/Na) . 

Scheme 3.2: The synthetic route for the preparation of dithiocarbamate ligand from pnmary 
diamine. 

The ammonium salts precipitated out as faint ye llow so lids, very unstab le (decompose) at room 

temperature but more stable in a cold environment; wh ile the sodium salts precipitated out as pure 

white so lids and are stable at room temperature. The yie ld for both the ammonium and sodium sa lts 

was high, and they are a ll so luble in water at room temperature. A ll the complexes were prepared 

by the direct reaction of aqueous solutions of metal salts and ligand (1 :2 molar ratio) as presented in 

Schemes 3.3 and 3.4. These reactions were carried out at room temperature because of the high 

aqueous solubi lity of the dithiocarbamate ligands, and the nature of the reactions (simple 

displacement reaction). A ll complexes formed were intensely coloured conformin g to one of the 

properties of d8 metals (formation of coloured ions), with different shades of green for the nickel, 

orange fo r palladium and yellow for platinum complexes . They are all insoluble in water but solu ble 

in different solvents such as chloroform, dichloromethane, methanol, ethanol, acetonitrile with the 
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exception of the hexamethylenediamine DTC complexes which are on ly soluble m the more 

coord inating solvents THF (with heat), DMF and DMSO. 

Scheme 3.3: General synthetic route for the formation of complexes from dithiocarbamate ligands 
obtained from primary am ines (R = H, CH3, CH2CH3; M= Ni , Pd, Pt). 

+ 

H 

Scheme 3.4: Synthetic route for the formation of complexes from dithiocarbamate ligand obtained 

from primary diamine (M= Ni, Pd, Pt). 

3.4.2. Infrared spectral studies of the metal(II) complexes of dithiocarbamate obtained from 
primary amines 

In dithiocarbamate compounds, the major regions of particular interest are: the 1450-1580 cm-1, 

which is the stretching vibration of the thiouriede band (C=N), the 950-1050 cm-1 region associated 

with v(C-S) vibration, and the band between 450 and 550 cm- 1 associated with the metal-sulphur 

vibration [7]. In these studies, a single sharp band of high intensity occurred around 1452, 1453, 

1502, 1507 and 1508 cm-1 for the [NH4L1], [NH4L2], [NaL3], [NaL4], [NaL5] ligands respectively, 

which are ascribed to the thioureide bond. These bands were observed around 1491 - 1545 cm-1 in 

the Ni(II) , Pd(II), Pt(II) complexes on all the li gands respectively. These characteristic 

dithiocarbamate bands generally found around 1500 cm-1 indicate a C- bond order between a (C

N) single bond around 1250 - 1350 cm-1 and a (C=N) double bond around 1640 - 1690 cm-1 [8]. A 

comparison of the absorption bands of the complexes and the uncoordinated free ligand revealed 

higher modes observed in the complexes as a result of an increase in the carbon-nitrogen double 
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bond character due to the mesomeric movements of the electrons from the dithiocarbamate moiety 

towards the central metal; thus confirmed the coordination of the metal ions to the ligands [9]. The 

v(C=N) increases down the triad due to increase in electron accepting abilities from Ni to Pt which 

also implies an increase in Lewis acid properties. The TT donor property also gets weaker down the 

group, thus increasing the C=N vibrations [10]. The effect of the strength of electron donating 

substituents (H, CH3 and CH2CH3) on the para position of the phenyl ring was observed as the 

value of the thiouriede bands were observed in the order L1<L2<L3. 

The v(C- S) band appeared around 1018 - 1040 cm-1 for the ligands, and in the range 983 -1018 

cm- 1 in all the metal complexes without any splitting, thus indicated a symmetrically bidentate 

coordination of the -CS2 group to the metal centre. According to the Bonati and Ugo reports, the 

number of bands detected around 1000±70 cm-1 determines the mode of bonding of the 

dithiocarbamate ligands [11]. The v(C-S) frequencies for the uncoordinated dithiocarbamate ligands 

shift to lower frequencies for the metal complexes which could be ascribed to an increase in the 

double bond character of v(C=S) in the formation of the complexes [ 12]. The trend is an increase in 

the C=S vibrations as the chain length of the substituents on the phenyl group increases. The 

magnitude of the C-S bands were also in the order L1 <L2<L3. 

In the far IR region, the appearances of new bands around 408- 466 cm- 1 (which was absent in all 

the ligands) was due to M-S bond vibrations [13]. In both the ligands and the complexes, the 

(N-H) stretching vibrations occurred around 3283 - 3316 cm-1 and 3166 - 3266 cm-1 respectively, 

a decrease in -H vibration as a result of complexations. 

The vibrations which occurred around 2920 - 2979, 2875 - 2930 cm-1 in both ligands and 

complexes represent as(C-H) and sym(C-H) respectively for the L5 compounds. 

3.4.3. Electronic spectral studies of the metal(II) complexes of dithiocarbamate obtained from 
primary amines 

The electronic spectra gives possible information about electronic transitions of the group l 0 

complexes in the d8 configuration and square planar geometry. This d8 configuration imposes a 3F 

ground term on the spectral which splits into three energy levels and can be treated as an inverted 

A2g___. T2g......,. T1g in the 3F and 3P orbitals. They can have structural adjustments from 4-coordinate 

square planar to tetrahedral or to 6-coordinate octahedral geometry [14]. For the complexes 

[Ni(L1)2] to [Ni(L5)2], the e~ctronic spectra of the complexes gave absorption bands due to 

electronic transitions within the ligands at 300- 390 nm which is assigned to n-. p*, P-+-P* (metal 

to ligand and ligand to metal charge transfer transitions) [15]. The two bands in the range 400-567 
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nm in all the complexes are typical of square planar group 10 dithiocarbamate complexes, and are 

assigned to metal d-d transitions [ 16]. 

3.4.4 NMR spectral studies of the metal(II) dithiocarbamate complexes obtained from 
primary amines 

The phenyl protons of the ligands appeared as multiplets in the range 6.96 - 7.88, 7.24- 7.47, 6.96 

- 7.81 , 7.09 - 7.46 ppm for the ligands L1 , L 2, L 3 and L 4 while that of the complexes appeared 

around 6.50 - 7.18 (Ni(II)), 6.80 - 7.30 (Pd(II)) and 6.96 - 7.78 ppm (Pt(II)) The position of these 

peaks indicated a slight deshielding, and could be attributed to the shift of electron density towards 

the nitrogen of the NRR' thereby enhancing the electron density on the sulphur via the thioureide n:

system [ 17]. The different magnetic environments reflect the different chemical shifts of the metal 

complexes. In the spectrum of LS, a methylene proton appeared at 4.70 ppm, the p and y protons 

appeared at 1.56 and 3.50 ppm respectively. In the complexes, a methylene protons appeared as 

triplets around 2.65 - 3.40 ppm and highly deshielded due to the release of electrons of the nitrogen 

atom which forces a high electron density towards the sulphur via the thioureide n:-system. The p 
protons appeared around 1.29 - 2.20 ppm as multiplets and the y protons at 2.09 - 2. 10 ppm as 

triplets. 

Many signals in the spectra of the complexes were observed to be shifted compared to those in the 

uncoordinated ligands. The coordination shifts (Lil)), which gives the differences between the 

corresponding chemical shifts in the signals of the complexes and the uncoordinated organic 

compounds could be calculated using the relationship: (Lib= bcomplex - 61igand) [ 18]. In these studies, 

Lib for the phenyl protons were obtained as 0.24 - 0.48, 0.34 - 0.48, 0.02 - 0.34 ppm for the Ni(II), 

Pd(II), Pt(II) respectively, and for the methylene protons as 1.30-2.05, 0.27-0.64 and 1 .40-1.41 ppm 

for all the complexes. 

The signals due to the NH protons in the compounds containing the phenyl ring appeared in the 

range 10.10 -10.12 ppm for the uncoordinated ligands, and between 7.25 - 9.60, 8.32 -9.68, 8.31-

9.80 ppm in the spectra of the Ni(II), Pd(II), Pt(II) complexes, with Lib of 2,85 - 0.32 ppm. The 

signals which appeared at 8.80 ppm have been assigned to the N-H protons of the L5 ligand whi le 

these peaks occurred in the range 7.29 - 8.15 ppm in the spectra of the corresponding complexes. 

These differences may be attributed the different distribution of electron densities within the 

aromatic rings as a result of the coordination to the metal ions . The singlet signal at 3 .36 ppm in the 

L2 complexes corresponded to the -CH2 protons on a highly deshielding nitrogen atom. 
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The 13C NMR show the characteristic quaternary carbon peak, but in different environments, in the 

spectra of the uncoordinated ligands at 196.1 , 196.5, 179.3 ppm. These peaks resonated around 

196.7-220.0, 196.7-206.9, 196.9-210 ppm in the spectra of the N i(II), Pd(II) and Pt(II) complexes, 

with f..J in the range 0.60 - 23.90, 0.50 - 10.40, 17.60 - 30.70 respectively. In the L5 complexes, the 

carbon atoms shift displacements were observed with f..J in the range 0.2 - 2.0 ppm and the NCS2 

carbon atoms gave signals at 8 =200.10- 207.20 ppm. An increase in -NCS2 signals is observed 

down the group of each series confirming that heavier atom complexes have higher J values than 

the lighter atoms in the same group [18]. 

3.5. Single crystal X-ray diffraction for paladium(II) bis-(N-phenyldithiocarbamate) [Pd(L1)2] 
and platinum(II) bis-(N-phenyldithiocarbamate) [Pt(L1)2] complexes 

3.5.1. Data collection for [Pd(L1)2] and [Pt(L1)2] 

A clear, pale yellow crystal of [Pd(L1)2] with approximate dimensions of 0.069 x 0.23 1 x 0.287 

mm, and [Pt(L1)2] with dimensions of 0.086 x 0.1 34 x 0.282 mm was selected under oil at ambient 

conditions and attached to the tip of a MiTeGenM icroMount©. Each of the crystal was mounted in 

a stream of cold nitrogen at 100(2) K and centered in the X-ray beam using a video camera. The 

crystal evaluation and data co llection were performed on a Bruker APEXII CCD DUO 

diffractometer with Mo K 01, = 0. 71073 A) radiation and the diffractometer to crystal distance of 

6.00 cm [ l ]. The initial cell constants were obtained fro m three series of scans at different starting 

angles. Each series consisted of 12 frames co llected at intervals of 0.5° in a 6° range about with the 

exposure t ime of 10 seconds per frame. The refl ections were successfu lly indexed by an automated 

indexing routine built in the APEX2 program suite. The fi nal cell constants were calculated fro m a 

set of 6500 strong reflections from the actual data co llection. These highly redundant datasets were 

corrected for Lorentz and polarization effects. The absorption correction was based on fitting a 

function to the empirical transmission surface as sampled by multiple equivalent measurements [2]. 

3.5.1.1 X-ray crystal structures of paladium(II) bis-(N-phenyldithiocarbamate) ([Pd(L1)2] and 
platinum(II) bis-(N-phenyldithiocarbamate) [Pt(L1)2]) 

The crystallograph ic parameters and the interatomic bond angles and distances for both Pd and Pt 

complexes of L1 have been summarized in Table 3 .1 and 3 .2 respectively. In each of the complexes, 

the dithiocarbamate ligands are bonded at opposite ends in a bidentate fashion to the central metal 

as shown in F igures 3.l(a) and 3.2(a). The crysta llographic packing shows that the crystal exists as 

4 monomers per unit cell fo r each of the complexes as presented in Figures 3. 1 (b) and 3.2(6 ). There 

is one symmetry-independent molecule in the asymmetric unit, consisting of one half of the 
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Pd(II)/Pt(II) complex. The N-H···S interactions are also shown as red dashed lines and symmetry 

positions for the two structures are identical at: (i) 3/2-x, ½+y, z, (ii) 1-x, -y, l-z, (iii) -½+x, - ½-y, 

1-z as shown in Figures 3. l(c) and 3.2(c). The metal is in the 2+ oxidation state and charge balance 

comes from the bound dithiocarbamate molecule connected by only two S atoms (SI and S2) where 

the negative charge is localized on S1 and S2 respectively. The other half of the molecule is 

generated by symmetry with the Pd/Pt atom residing on a special position (0.5, 0, 0.5).The final 

least-squares refinement of 101 parameters against 1899 reflections resulted in residuals R (based 

on F for all data) of 0.0233 and 0.0587 respectively. The coordination environment of the Pd(II) 

and Pt(II) complexes shows symmetric bond lengths for Pd-Sas observed from Table 3.2, [Pd(l)

S(l) = 2.3232(5) and Pd(l)- S(2) = 2.3399 (5) A]; · Pt-S bond lengths Ptl-S1 =2.3201(7) and Ptl

S2=2.3313(7). Both complexes have distorted square planar geometry due to the small S-Pd-S bite 

angle S1-Pdl-S2i =75.134 (17)0 and S1-Pt-S2 = 74.75 (3)0
• The C-S and C-N bond lengths of the 

corresponding dithiocarbamate ligands are: S1-Cl=l.724(2), S2-Cl=l.707(2); Nl-C l = l.324(20, 

Nl-C2=1.390(2) for the Pd, and Sl-Cl=l.731(3); S2-Cl=l.704(3); Nl-Cl=l.327(3), Nl

C2=1.426(4) for the Pt complex. The phenyl groups make angles of 86.17(7) and 86.03(7)°; 

87.20(10) and 86.95(10) with their respective dithiocarbamate planes. The bond length for both Pd

S and Pt-S are relatively close, 2.32-2.34; 2.32-2.33, with similar intermolecular hydrogen bonding 

interactions which supports their similar coordination modes and chemical properties. This also 

justifies why they are usually studied as a pair [ 17]. 

Table 3.1: Summary of crystal data and structure refinement for [Pd(L1)2] and [Pt(L1)2] 

Complex [Pd(L 1)2] [Pt(L 1)2] 

Empi rical formula C14H1 2N2PdS4 C14H1 2N2PtS4 

Formula weight 442.90 531.59 

Crystal size (mm) 0.29 X 0.23 X 0.07 0.28 X 0.13 X 0.09 

Crystal system orthorhombic orthorhombic 

Crystal habit Plate, yellow Plate, yellow 

Space group Pbca (no. 61) Pbca (no. 61) 

a(A) 9.5470(8) 9.6947(9) 

b (A) 6.5224(6) 6.4818(6) 

C (A) 24.393(2) 24.299(2) 

Space group Pbca (no. 61) Pbca (no. 61) 

a (o) 90 90 

p C) 95.021(2) 96.111(2) 
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y (0) 90 90 

V [A **3] 1518.9(2) 1527.0(2) 

z 4 4 

Deale (g cm-3) 1.937 2.3 12 

F(OOO) 880 1008 

Dataset -12:12, -8 :8, -32:32 12:12, -8 :8, -32:32 

µ(MoKa) (/mm) 1.763 9.728 

Tot. ,Uniq .Data, R(int) 30730,46 12, 0.0645 21080, 2295, 0.024 

Observed reflections I> 2a(J) 1630 1476 

Nref, par 4612, 209 2295, 110 

Final R, wR2, S 0.0233, 0.0587, 1.09 0.0198, 0.0384, 1.03 

Max.residual density [ e/ A3] 0.00, 0.00 0.00, 0.00 

Min. residual density [e/A3 ] -0.35, 0.49 -0.64, 0.49 

0rangeC) 2.7-28.3 2.7-28.3 

Table 3.2: Selected bond lengths and angles for for [Pd(L1)2] and [Pt(L1)2] 

[Pd(L1)2] [Pt(L 1)2] 

Bond Distances (A) Bond Distances (A) 

Pdl-Sl 2.3232 (5) Ptl-Sl 2.3201 (7) 

Pdl-Sli 2.3232 (5) Ptl-Sl i 2.3202 (7) 

Pdl-S2i 2.3399 (5) Ptl - S2 2.3313 (7) 

Pdl-S2 2.3399 (5) Ptl-S2 i 2.3314 (7) 

Sl -Cl 1.724 (2) SJ-Cl 1.731 (3) 

S2-Cl 1.707 (2) S2-Cl 1.704 (3) 

Nl-Hl 0.80 (2) Nl-Hl 0.80 (4)) 

Nl-Cl 1.324 (2) NI-Cl 1.327 (4) 

Nl-C2 1.420 (2) Nl-C2 1.426 (4) 

C2-C3 1.390 (3) C2-C3 1.389 (4) 

Bond Angle(°) Bond Angle C) 

Sl-Pdl-Sli 180.0 Sl-Ptl-Sli 180.0 

Sl-Pdl-S2i 75.134 (17) S I-Ptl-S2 74.75 (3) 

Sl-Pdl-S2 104.866 ( 17) S I- Ptl-S2 I 05 .24 (3) 

Sl-Pdl-S2i 104.864 (17) Sl-Ptl-S2i 105.25 (3) 

Sl-Pdl-S2 75 .136 (17) Sl-Ptl- S2i 74.76 (3) 

S2-Pdl-S2 180.00 (2) S2-Ptl-S2 180.000 (19) 

Cl-Sl-Pdl 86.17 (7) Cl-Sl-Ptl 86.95 (10) 

Cl-S2-Pdl 86.03 (7) Cl-S2-Ptl 87.20 (10) 

Cl-Nl-Hl 112.5 (17) CJ-Nl-Hl 11 7 (2) 
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c1-N1-C2 
129.33 (18) 

C1-N1-C2 
129.1 (3) 

c2-N1-H1 
117 .9 (17) 

c2-Nl-Hl 
113 (2) 

s2-Cl-S1 
l l l.92 (1 l ) 

S2-Cl-Sl 
l l0.61 (16) 

1-C1-Sl 
120.46 (16) 

1-Cl-S1 
120.s (2) 

l-Cl-S2 
27.58 (16) 

l-C1-S2 
128.9 (2) 

C3-C2- l 
117.43 (19) 

C3-C2-Nl 
117.5 (3) 

(a) 

(b) 
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(c) 

Figure 3. : (a) A molecular drawing of [Pd(L1)2] shown with 50% probability ellipsoids, 

showing the full molecule in the unit cell , (b) molecular structure diagram showing the 

packing of [Pd(L1)2], (c) intermolecular hydrogen bonding contacts. 

(a) 

S1 
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(b) 

(c) 

j 

Figure 3.2: (a) A molecular drawing of [Pt(L1)2] shown with 50% probability ellipso ids, showing 

the full molecule in the unit cell, (b) molecular structure diagram showing the packing of [Pt(L1)2], 

(c) intermolecular hydrogen bonding contacts. 
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3.5.1.2. X-ray crystal structures of nickel(II) bis-(N-benzyldithiocarbamate) [Ni(L2)2] and 

platinum(II) bis-(N-benzyldithiocarbamate) [Pt(L2)2] 

A green crystalline block with approximate dimensions of 0.17 x 0.23 x 0.47 mm for [Ni(L2)2] , and 

a light orange block of [Pt(L2)2] with dimension of 0.03 x 0.16 x 0.20 mm was selected under oil at 

ambient conditions and attached to the tip of a MiTeGenMicroMount©_ 

The systematic absences reported in the diffraction data were found to be consistent for the Pl 

space group which yielded stable results of refinement that are chemically and computationally 

reasonable [1-4]. 

The crystallographic parameters and the interatomic bond angles and distances for both Ni(II) and 

Pt(II) complexes of L2 have been summarized in Table 3.3 and 3.4 respectively. In each of the 

complexes, the dithiocarbamate ligand moiety bonded at opposite end in a bidentate fashion to the 

central metal as shown in Figures 3.3(a) and 3.4(a). The crystallographic packing shows that the 

crystals exist in two monomers per unit cells for each of the complexes as presented in Figures 

3.l(b) and 3.2(b). The structures of both complexes are square planar geometry with two 

dithiocarbamate ligands in each molecule. The complexes both appeared centro symmetrical, with 

P21 /n space group and an inversion point at the metal centre. The resulting structure has a high wR2 

of 0.289. In the non-centrosymmetrical space group P21, the wR2 is more acceptable at 0.076. The 

least square planes formed by the two dithiocarbamate ligands make a dihedral angle of 2.0(8) with 

each other. The minimum and maximum Pt-S bond lengths are 2.276(4) and 2.385(4) A to S22 

and S 12; while for Ni-S, the bond lengths are 2.18 17(10) and 2.2173(10) respectively. This implies 

that the bond lengths increase down the group. The phenyl groups make angles of 89.6(6) and 

86.8(5)°; 85.72(12) and 84.73(12) with their respective dithiocarbamate planes. 

Each dithiocarbamate ligand in [Pt(L2)2] has one intramolecular C---H ... S hydrogen interaction 

with lengths 2.73 and 2.75 to S12 and S22 respectively as seen in Figure 3.5. On either side of the 

complex there are two N-H ... S interactions of length 2.73 and 2.75 to Sl2 and S22.ln the 

structure of [Ni(L2)2], there is a C---H ... S hydrogen interaction with distances of 2.74 and 3.198 A 

to Sl2 and S22. Another hydrogen bonding interaction occurred with N-H ... S with distances of 

2.57 and 3.366 A to Sl2 and S22 respectively, forming infinite chain with base vector [1-4] . The 

Ni-S bond length is shorter at 2.18-2.22 than the Pt-S bond length at 2.28-2.39, this implies a higher 

bond strength in Ni-S than in Pt-S, so more intramolecular interactions are recorded for the 

[Ni(L2)2] complex than the [Pt(L2)2]. , 
~ 
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Table 3 .3 : Summary of crystal data and structure refinement for [Ni(L2)2] and [Pt(L2)2] 

Complex [Ni(L2)2] [Pt(L2)2] 

Empirical form ula C1 6 H16 N2 Ni S4 C16 H16 N2 Pt S4 

Formula weight 423.24 559.63 

Crystal size (mm) 0.19 X 0.27 X 0.35 0.03 X 0.16 X 0.20 

Crystal system Monocl inic monoclinic 

Space group P21/c (No.14) P2l(No.4) 

a(A) 6.34 18(3) 5.3914(2) 

b(A) 5.5322(3 26 .2291(1 1) 

C (A) 26.4224(13) 6.5787(3) 

a (a) 90 90 

~(') 96.055(2) 94.472(2) 

y co) 90 90 

V [A **3] 921.84(8) 927.47(7) 

z 2 2 

Deale (g cm-3) 1.5248(1) 2.004 

F(OOO) 436.0 [437.74] 536 

Dataset -8: 8; -7:7 -34:35 -6:7; -34:35; -8:8 

µ(MoKa) (/mm) 1.504 8.013 

Tot.,Uniq.Data, R(int) l 6894,2304,0.023 30730,4612,0.033 

Observed reflections l> 2o(I) 2083 4248 

Nref, Npar 2304, 110 4612, 209 

Final R, wR2, S 0.0350, 0.0724, 1.27 0.0408, 0.076 1, 1.21 

Max.residual density [e/A3] -0.51 -2.18 

Min. residual density [ e/ A3 ] 0.42 4.50 

0range(') 1.5, 28.3 3.1 , 28.3 

Temperature (K) 200 200 

58 



Table 3.4: Selected bond distances and angles for [Ni(L2)2] and [Pt(L2)2] 

[Ni(L2)z) [Pt(L2)2] 

Bond distances (A) Bond distances (A) 

Nil -SI 2.18 17(10) Ptl-S11 2.312(3) 

Nil-S2 2.2173(10) Pt-S12 2.385(4) 

Nil-Sla 2.18 17(10) Ptl-S21 2.316(3) 
Nil 1-S2a 2.2 173(10) Ptl-S22 2.276(4) 
S1-Cl 1.711 (3) S 11-Cl 1 1.684(16) 
S2-Cl 1.706(3) S12-Cl 1 1.725(16) 
Nl-Cl 1.335(19) S2 1-C2 l 1.729(14) 
Nl -C2 1.301(5) S22-C21 1.714(12) 

N l -Cl 1 1.335(19) 
N l -C12 1.43(2) 

N2-C21 1.289(17) 

N2-C22 1.50(2) 

Bond angles(°) Bond angles(°) 

S 1-Ni 1-S2 79.20(4) S l l-Ptl-S12 73 .60(18) 

S1 -Nil -S l a 100.80(4) S 11 -Pt l-S2 l 175.7(3) 

Sl -Nil -S2a 100.80(4) S 11-Ptl -S22 107.22(19) 

Sla-Nil-S2 100.80(4) S12-Pt l-S21 103.06(15) 

S2-Nil -S2a 180.00 S12-Ptl-S22 177.43(16) 

Sla-Nil-S2a 79.20(4) S21 -Pt 1-S22 76.00(15) 

Nil-S1-Cl 85.72(12) Pt 1-S 11-C 11 89.2(5) 

Nil-S2-Cl 84.73(12) Ptl-S12-Cl 1 85.9(5) 

Cl-Nl-C2 126.7(3) Ptl-S2 l-C2 l 86.0(4) 

S1 -Cl -S2 110.28(18) Pt l -S22-C21 87.6(5) 

S 1-Cl-Nl 123.2(3) Cl l-Nl-Cl2 128.2(13) 

S2-Cl-Nl 126.6(3) C21-N2-C22 125.7(11) 

Nl --H .... Sl 0.83( 4) 2.57(4) 3.366(3) 3.666 

C2 --H2A ... S2 0.9900 2.7400 3.198(4) 109.00. 
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(a) 

(b) 

Fig.3.3: (a) A molecular drawing of [Ni(L2)2], and (b) molecular structure diagram showing the 

packing of [Ni(L2)2] 
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(a) 

(b) 

Figure 3.4. (a) A molecular drawing of [Pt(L2)2] , and (b)Molecular structure diagram showing the 

packing of [Pt(L2)2]. 
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S21
1 

Pl1 I ~ c::= == 
S12 

=====~ Pt1 
S11 S21 

a:===== 

S22 =====" Pl1 II 
s11 11 

Figure 3.5: Ortep diagram for [Pt(L2)2] showing the hydrogen interactions ellipsoids drawn at 50 

% probability. Symmetry element: (i) 1 +x,y,-1 +z; (ii) -1 +x,y, 1 +z. 

3.5.3. X-ray crystal structures of platinum(II) bis-(N-ethylphenyldithiocarbamate) [Pt(L 4)2] 

A yellow crystalline block with approximate dimensions of 0.47 x 0.37 x 0.26 mm of [Pt(L4)2] was 

selected under oil at ambient conditions and attached to the tip of a MiTeGenMicroMount©_ The 

systematic absences reported in the diffraction data were found to be consistent for the P21/n space 

group which yielded stable results of refinement that are chemically, and computationally 

reasonable. 

The crystallographic parameters and the interatomic bond angles and distances for Pt complex of L 4 

are summarized in Tables 3.5 and 3.6 respectively. Figure 3.6(a) show the bonded dithiocarbamate 

ligands at opposite end in a bidentate fashion to the central metal. The crystallographic packing 

shows that the crystal exists as 2 monomers per unit cell of the complex as presented in Figure 

3.6(b). The coordination environment of the Pt(II) complex show symmetric bond lengths for Pt-S 

as observed from Table 3.6, [Pt(l)- S(l) = 2.3163 (6) and Pt(l)- S(2) = 2.3216 (6) A. The complex 
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has distorted square planar geometry due to the small S-Pt-S bite angle Sl-Pt-S2 = 74.93 (2) 0
• The 

C-S and C-N bond lengths of the corresponding dithiocarbamate ligands are: S 1-Cl = 1.726 (3), S2-

Cl =l.716 (2); Nl-Cl = l.327 (3), Nl-C2=1.423 (3) for the Pt complex and the N-H-··S interactions 

are also shown as red dashed lines as presented in Figure 3.6(c) with symmetry positions at: (i) 

3/2-x, ½+y, z, (ii) 1-x, -y, 1-z, (iii) - ½+x, - ½- y, 1-z. 

The phenyl groups make angles of 87.40 (8) and 87.47 (9)° with the dithiocarbamate planes. The 

bond length for Pt-S in the unsubstituted phenyl complex of L1 is 2.3201-2.3202 while Pt-S of the 

ethyl substituted in L4 is 2.3163-2.3216. This revealed that the bond length is slightly reduced by 

the presence of the ethyl group which increases the intramolecular interactions between the atoms. 

This justifies the improved activities over the unsubstituted phenyl complex in most of their 

applications. 

Table 3 .5: Summary of crystal data and structure refinement of [Pt(L 4)2] 

Complex [Pt(L4)2] 

Empirical formula C 18H20N2PtS4 

Formula weight 587.6 

Crystal size (mm) 0.47 X 0.37 X 0.26 

Crystal system Monoclinic 

Temperature (K) 100 

Crystal habit Block, yellow 

Space group P21/n (no. 14) 

a (A) 10.9519 (8) 

b (A) 8.2161 (6) 

C (A) 11.7276 (9) 

a (o) 90 

/JC) 114.009(2) 

y (0) 90 

V [A **3
] 963 .97 (12) 

z 2 

Deale (g cm-3) 2.025 

F(000) 568 

Dataset -1414; -10 0 8;- -15 0 15 
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µ(MoKa) (/mm) 0.71073 

Index range 16217, 2952 

Tot.,Uniq.Data, R(int) 72891, 2086, 0.027 

Observed reflections I> 2cr(I) 2157 

Nref, Npar 2427, 119 

Final R, wR2, S 0.018, 0.043, 1.09 

Max.residual density [ el A 3] 28.4 

Min. residual density [e/A3
] 2.2 

0 range C) 3.1-28.4 

Table 3.6: Selected bond distances and angles of complex [Pt(L 4)2) 

Bonds Distances(A) 

Ptl-S 1 2.3163(6) 

Ptl-S li 2.3163 (6) 

Ptl- S2 2.3216 (6 

Ptl-S2i 2.3216 (6) 

S1-Cl 1.726 (3) 

S2-Cl 1.716 (2) 

Nl-Cl 1.327 (3) 

Nl-C2 1.423 (3) 

Nl-Hl 0.80 (3) 

Bond Angle C) 

S1 - Ptl - Sl 1 180 

S1- ptl - S21 105.07 (2) 

S1-Ptl-S2 74.93 (2) 

Sl-Ptl-S2i 74.93 (2) 

Sl-Ptl-S2i 105.07 (2) 

S2-Ptl-S2 180.0 
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Ptl-S1 -C l 87.40 (8) 

Ptl-S2- Cl 87.47 (9) 

Cl-Nl-Hl 117 (2) 

Cl-Nl-C2 130.4 (2) 

C2-Nl-Hl 113 (2) 

S2-Cl-S1 110.08 (14) 

Nl-Cl-S1 127.61 (19) 

Nl-Cl-S2 122.30 (19) 

C3-C2-Nl 123.6 (2) 

(a) 

65 



(b) 

/ 

Figure 3.6. (a) A molecular drawing of [Pt(L4)2], (b)Molecular structure diagram showing the 

packing of [Pt(L 4)2], and (c) intermolecular hydrogen bonding contacts. 
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3.6. Thermal studies of the Ni(II), Pd(II) and Pt(II) dithiocarbamate complexes derived from 
primary amines 
Dithiocarbamate metal complexes exhibit good thermal stability. The complexes could be classified 

as volatile or non-volatile. It is volatile when the solid compounds sublime at elevated temperature 

or the molten chelates evaporates. This generally depends on the temperature and also the nature of 

the ligands attached to the central metal ion. Delepine reported the thermal analysis of metal DTC. 

In the studies, the reported i(II) and Cu(II) DTCs sublime in vacuum without decomposition [19]. 

Benard and Borel [20] studied the thermal behaviour of some metal dithiocarbamates obtained from 

primary amines, and reported that the compounds decomposed with the evolution of H2S or CS2. 

The decomposition process was · described to either proceed via a two-step pattern through the 

fonnation of thiocyanate as an intennediate, which then proceed to the fonnation of the metal 

sulphide or the complex could decompose directly through one-step decomposition pattern to form 

the metal sulphide. 

Figures 3.7-3 .11 present the overlapped TGA/DTG graphs of the complexes, while the relevant data 

from the decomposition process are presented in Table 3.7. The [ML1] complexes show single step 

decomposition pattern from 163 to 294 °C. The Ni(II) and Pd(II) complexes yielded residues with 

mass 2.78/2.60 and 3.84/4.10 mg (calculated/found) , which corresponded to a metal to sulphur 

molar ratio of 1: 1 (NiS, PdS) . The Pt(II) decomposed to give a residue with mass of 5 .66 mg, 

which agreed with the calculated value of 5.57 mg and corresponded to a molar ratio 1 :2 of the 

metal : sulphur (PtS2) 

The decomposition of [ML3] and [ML 4] complexes followed similar single-step pattern, with the 

onset temperatures around 114 and 174 °C which continued to 295 and 423 °C, respectively. All 

conform to ratio 1: l of metal: sulphur product to give NiS , PdS, PtS with 78, 81 %, 67, 75 % and 60, 

66 % weight loss for the Ni(ID, Pd(II) and Pt(II) complexes respectively. The presence of the 

methyl and ethyl substituents on the phenyl ring decreased the volatility and increased the thermal 

stability of the complexes. 

The [ML2] complexes showed well-defined two step decomposition (Figure 3.8). The first step 

occurred between 169 and 194 °C, with a 35% mass loss which corresponded to the loss of the 

benzyl group, and the fonnation of thiocyanate intermediate. The second step started 

instantaneously after the first with a 73% loss in the range 194 - 255 °C to yield NiS2 (46%) as 

residue [21], [22] (mass: found 3 .03 ; calculated, 3 .22). 

In the thermal graph of [ML5] complexes, two distinct decomposition patterns were also observed 

for the Ni(II), the first step started around 176 °C and continued to 226 °C with 23% decomposition 
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(a) 

100 

60 

40 

of the organic portion of the ligand to give the metal thiocyanate. The second step decomposition 

occurred in the range 261 - 535 °C, with about 66% mass loss which corresponded to the formation 

of Ni2S3 However, the graphs of Pd(II) and Pt(II) complexes of L5 showed a single-step 

decomposition which occurred between 181 and 254 °C, resulting into the formation of the metal 

sulphides Pd4S and Pt2S4 respectively. 

To show the variation in the temperature of maximum rate of decomposition within the complexes 

of similar ligand moiety, their respective DTG graphs were overlapped. Figures 3.6b - 3.1 Ob present 

the overlapped DTG graphs which conspicuously show the changes in their decomposition peaks as 

a function of both the types of central metal ions and also the ligand type. 

All of the complexes studied showed good thermal stability, and gave the respective metal 

sulphides. Hence, could be used as single source precursors (SSP) for the preparation of their 

respective metal sulphide nanoparticles [23] 
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Figure 3.7: (a) TG and (b) DTG of Ni (green), Pd (purple), and Pt (red) complexes of V 
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Table 3.7: Thermal stabili ty data for the prepared complexes 

Compound Decomposition Peak Temp Weight Product Mass change (mg) 

range (0 C) (oC) Loss(%) obtained 
( calc/Found) 

[Ni(L 1)2] 163 - 215 192 75 NiS 2.78/2.60 

[Pd(L 1)2] 269 - 290 232 68 PdS 3.84/4.10 

[Pt(L 1)2) 199 - 300 250 54 PtS2 5.65/5.57 

[Ni(L2)2] 174 - 209 187 78 N iS 2.39/2.23 

[Pd(L2)2] 171 - 305 234 67 PdS 3.40/3.24 

[Pt(L2)2] 213 - 380 252 60 PtS 4.95/4.59 

[Ni(L3)2] 127-170 165 81 NiS 0.64/0.67 

[Pd(L3)2] 144 - 274 200 75 PdS 3.30/3.60 

[Pt(L3)2] 138 - 450 191 66 PtS 4.40/4.70 

[Ni(L4)2] 169 -194 187 25 HNCS2Ni 3.03/2.50 

194-255 74 NiS2 

[Pd(L 4)2) 168 - 306 234 62 PdS2 4.48/4.23 

[Pt(L 4)2) 228 - 309 248 50 PtS2 5.81/5.34 

[Ni(L5)2] 176-226 207 23 2NCS2Ni 15.89/14.90 

261-535 321 66 NiiS3 7.07/6.83 

[Pd(L5)2] 181 -248 333 50 P~S 7.27/6.46 

[Pt(L5)2] 191 -254 335 30 Pt2S4 l .97 / 1.56 
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3. 7. Preparation of dithiocarbamate ligands from secondary amines 

A one-pot, three-component synthetic route to dithiocarbamates [24]was employed for the synthesis 

of the ligands from two secondary amines. 

3.7.1. Synthesis of ammonium N-methyl-N-ethanoldithiocarbamate (L6) 

N-methyl-N-ethano lamine (0.8 mL, 0.01 mol) was added to CS2 (0.6 mL, 0.01 mo!) and the 

solution was stirred in ice. After 30 min, NH4OH (3.0 mL, 0.0lmol) was added and stirred for 3 h 

resulting into faint yellowish solution of ammonium N-methyl-N-ethanoldithiocarbamate. 

3.7.2 Synthesis of M(II) bis-(N-methyl-N-ethanoldithiocarbamate) complex (M = Ni, Pd, and 
Pt) 
To the aqueous solution of ammon ium N-methyl-N-ethanoldithiocarbamate (L7), 15 mL aqueous 

so lution of 0.005 mo! of the respective metal salts (NiC'2·6H2O, 1.19 g; Na2PdC]4, 1.48 g; K2PtCl4, 

2.08g), was added and the solution was stirred for 40 min to give different coloured precipitates. 

The product was filtered , rinsed thoroughly with water and dried under vacuum. 

(16) [Ni(L6)2]: Yield, 1.66 g (92%); M.pt: 215 - 217 °C; Selected IR, o(cm- 1): 1470 (C=N), 1237 

(C2- ), 980 (C=S), 2996 (H2C-H), 412 (Ni -S), 3132 (O-H); 1HNMR (CDCb) J (ppm)= 3.1 (s, 6H, 

CH3), 2.5 (t, 4H, CH2CH2OH), 3.5 (t, 4H, CH2CH2OH), 5.0 (s, 2H, OH). 13C MR (CDCb) J 

(ppm) = 57.7 (CH2CH2OH), 54.4 (CH2CH2OH), 40.0 (_QH3), 205.2 (-CS2); CsH16N2O2S4Ni 

(359.18): Calculated: C, 26.75 ; H,4.49, , 7.80; S, 35.75 . Found: C, 26.50; H, 4.20, N, 7.43 ; S, 

35.55%. 

(17) [Pd(L6)2]: Yield, 1.93 g (95%); M.pt: 220 - 223 °C; Selected IR, o(cm-1): 146l(C=N), 1253 

(C2-N), 974 (C=S), 2867 (H2C-H), 413 (Pd-S), 3206 (O-H); 1H NMR (DMSO) J = 3.5 (s, 6H, 

CH3), 2.0 (t, 4H, CH2CH2OH), 2.6 (t, 4H, CH2CH2OH), 5.0 (s, 2H, OH). 13C MR (DMSO) J 

(ppm)=57.l (CH2CH2OH), 54.1 (QH2CH2OH), 30.8 (NCH3), 206.9 (-CS2); CsH16N2O2S4Pd 

(406.90): Calculated: C, 23.61 ; H,3 .96, N, 6.88; S, 31.52. Found: C, 23.67; H, 3.40, N, 6.44; S, 

31.80%. 

(18) [Pt(L6)2]: Yield, 2.11 g (85.1 %); M.pt: 240- 242 °C; Selected IR, o(cm- 1): 1473 (C=N), 1254 

(C2- ), 974 (C=S), 2867 (H2C-H), 417 (Pt-S), 3239 (O-H); 1H NMR (DMSO) 6 (ppm)= 3.7 (t, 

6H, CH3), 2.5 (t, 4H, CH2CH2OH), 2.7 (t, 4H, CH2CH2OH), 5.0 (t, 2H, OH); 13C NMR(DMSO) fJ 

(ppm) = 31.2 (CH3), 58.4 (CH2CH2OH), 53.9 (QH2CH2OH), 207.3 (-CS2); Calculated:

CsH16 2O2S4Pt (495.57): C, 19.39; H,3.25; , 5.65; S, 25.88. Found: C, 19.80; H, 3.45; N, 5.20; S, 

25.40%. 
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3.7.3. Synthesis of ammonium N-ethyl-N-ethanoldithiocarbamate (L7) 

N-ethyl-N-ethanolamine, (0.98 mL, 0.01 mo!) was reacted with CS2 (0.6 mL, 0.01 mo!) in ice for 30 

min. To this mixture, NH4QH (3.0 mL, 0.01 mo!) was added and the solution was stirred for 3 h to 

afford a yellowish white solution. 

3.7.4 Preparation of M(II) bis-(N-ethyl-N-ethanoldithiocarbamate) complexes (M = Ni, Pd, Pt) 

A water-ethanol (1: 1) solution of 0.005 mo! of the respective metal salts (NiCb.6H2O, 1.19 g; 

Na2PdCl4, 1.48 g; K2PtCl4, 2.08 g) was added to the aqueous solution of ammonium-N-ethyl-N

ethanoldithiocarbamate (L 7) in separate reaction systems and stirred for 1 h. The respective 

complex was·filtered , rinsed with ethanol: water solution and dried in vacuum. 

(19) [Ni(L7)2]: Yield, 1.83 g (94%); M.pt: 220 - 222 °C; Selected IR, a(cm-1): 1461 (C=N), 1256 

(C2-N), 989 (C=S), 2871 (H2C=H), 413 (Ni-S), 3318 (O-H); 1HNMR (DMSO) 6 (ppm)= 1.15 (t, 

6H, CH2Cfu), 3.36 (q, 4H, CH2CH3), 2.50 (t, 4H, CH2CH2OH), 3.60 (t, 4H, CH2CH2OH), 5.0 (s, 

2H, CH2CH2OH); 13C NMR (DMSO) 6 (ppm) = 12.3 (CH2CH3), 45.5 (QH2CH3), 51.0 

(QH2CH2OH), 58.1 (CH2CH2OH), 204.7 (-CS2); Calculated : (C10H20N2O2S4Ni (387.32): C, 31.02; 

H, 5.10; N, 7.23 ; S, 33 .12; Found: C, 31.63 ; H, 5.40; , 7.12; S, 32.72%. Single crystals suitable for 

X-ray analysis was obtained for the Pd(II) by the slow evaporation of two solvent systems, 

methanol: acetonitrile (4:1). 

(20) [Pd(L7)2]: Yield: 1.84 g (84.7%); M.pt: 230 - 233 °C; Selected IR, a(cm-1): 1490 (C=N), 1267 

(C2-N), 984 (C=S), 2869 (H2C=H), 442 (Pd-S), 3326 (O-H) ; 1HNMR (DMSO) 6 (ppm) = 1.18 (t, 

6H, CH2CH3), 3.36 (q, 4H, CH2CH3), 2.50 (t, 4H, CH2CH2OH), 3.74 (t, 4H, CH2CH2OH), 5.0 (s, 

2H, CH2CH2OH); 13C NMR (DMSO) 6 (ppm)=12.3 (CH2QH3), 46.1 (QH2CH3), 51.0 

(QH2CH2OH), 60.0 (CH2CH2OH), 208.4 (-CS2). Calculated: C 10H20 2O2S4Pd (434.96): C, 27.60; 

H, 4.63 ; , 6.44; S, 29.49. Found: C, 27.20; H, 4.20; N, 6.65 ; S, 29.80%. 

(21) [Pt(L7)2]: Yield: 1.55 g (59.2%); M.pt: 245 -247 °C; Selected IR, a(cm-1): 1506 (C=N), 1290 

(C2- ), 983 (C-S), 2869 (H2C=H), 443 (Pt-S), 3327 (O-H); 1HNMR (DMSO) 6 (ppm) = 1.2 (t, 6H, 

CH2Cfu), 3.3 (q, 4H, CH2CH3), 2.5 (t, 4H, CH2CH2OH), 3.6 (t, 4H, CH2CH2OH), 5.0 (s, 2H, 

CH2CH2OH).13CNMR (DMSO) 6 (ppm)= 11.7 (CH2CH3), 45.5 (QH2CH3), 51.2 (NCH2CH2OH), 

57.8 (NCH2CH2OH), 208.9 (-CS2). Calculated: C10H20 2O2S4Pt (523.62): C, 22.94; H, 3.85 ; N, 

4.70; S, 24.50. Found: C, 22.56; H, 3.50; , 5.35; S, 24.75%. 

73 



3.8. Results and discussion of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate prepared 
from secondary amines 

3.8.1. General synthesis of dithiocarbamate complexes from ligands obtained from secondary 
amines 

The ligands were produced by one-pot, three-component route as presented in Scheme 3.5 a by 

stirring the amine, CS2 and the base in ice for 3 h. After the formation of the li gands, aqueous 

solutions of the respective metal salts were added in-situ to afford the different coloured 

precipitates. The complexes were prepared with differing ligand chain length (R = CH3, CH2CH3) 

(Scheme 3.5 b) and different shades of green colour for the nickel, orange for the palladium and 

yellow for the platinum complexes were generated immediately the solution of the metal salts were 

added to the dithiocarbamate so lutions . Good yields ranging from 60 to 95% were obtained 

compared to the yields when primary amines were used. They were soluble in different organic 

solvents such as chloroform, dichloromethane, methanol , ethanol, acetonitrile. 

(a) ~ 
~NH 

HO 

(b) 

iCl2·6H2O/ 

~ ~s 
N-C 

_____,,/" "s-N H + 
HO/ 4 

------
Na2PdCl4 I 

K2PtCl4 

Scheme 3.5: General synthetic route for the preparation of (a) dithiocarbamate ligands (L6 and L7) 
and (b) complexes from secondary amines (R= CH3, CH2CH3; M= Ni, Pd, Pt). 

3.8.2. Infrared spectral studies of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
btained from secondary amines sources 

The thioureide bands were observed in the range 1433 - 1473 and 1470 - 1518 cm-1 in the spectra 

of the complexes of L9 and L 10 respectively. These bands define the carbon-nitrogen bond order 

between a single bond in the range 1250 - 1350 cm-1 and a double bond in the range 1640 - 1690 

cm- 1 [25]. The peak due to the (C-S) stretching vibration occurred in the range 974 - 980 cm-1 and 

983 - 996 cm- 1 for the L6 and L 7 complexes, indicating a bidentate chelating form of the ligand 

towards the metal ion through the two sulphur atoms [26]. The O-H stretch ing vibration, which 
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occurred as a broad band around 3300 cm-1
, increased down the group from the nickel to the 

platinum of the L 6 and L 7 complexes. The bands which appeared at the far IR region around 412-

443 cm-1 represent the metal-su lphur bands. The results observed revealed increase in the vibrations 

for all the peaks as a resu lt of increase in chain length of the substituent on the nitrogen atom. 

3.8.3. Electronic spectral studies of the metal(II) complexes of dithiocarbamate obtained from 
primary ammine 

For the complexes [ i(L6)2] to [Ni(L10)2], the electronic spectra of the complexes gave absorption 

bands due to electronic transitions within the ligands at 320- 390 nm which are ass igned to n-.p*, 

p-.p* ( metal to ligands and ligand to metal charge transfer transitions) [27] . The two bands in the 

range 400-540 nm in all the complexes are typical of square planar group IO dithiocarbamate 

complexes, and are assigned to metal d-d transition. 

3.8.4. NMR Spectral studies of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
prepared from secondary amines 

In the H NMR spectra of the complexes, the signals of the methyl protons (-CH3) appeared in the 

range 2.5 - 3.7 ppm for the L 6 and at 1.15-1.20 ppm for the L 7 complexes. The signals around 2.50 -

3.36 ppm, which appeared as a quartet in L7 complexes, correspond to the protons of the -CH2 

attached to the nitrogen atom. The triplet signals around 2.5 - 3.5 ppm and at 3.60 - 3.74 ppm 

correspond to the proton of the CH2 bearing the hydroxyl group in the complexes . The proton of the 

hydroxyl group appeared around 5.0 ppm as a singlet in all the complexes. The presence of the 

highly electronegative oxygen confers a higher resonant value due to deshielding effect. 

The 13C NMR spectra of the complexes showed three signals ascribed to the aliphatic carbons in the 

range 27.7- 58.4 for the L 6 complexes, while fo ur signals were observed for the L 7 complexes in the 

range 12.0 - 58.1 ppm. The most important signal is the low field -CS2 resonance, which in all the 

complexes, was observed in the range 205 -207 ppm and 204 - 208.9 for the complexes of L6 and 

L7 respectively. A gradual increase down the triad was observed. This shows that apart from 

complexation, ionic radii have some effect on the chemical shifts of the complexes as heavier atom 

complexes have higher resonant values than their lighter atom complexes. 

3.8.5. Description of crystal structure of Pd(II) bis-(N-ethyl-N-ethanoldithiocarbamate) 

[Pd(L7)2] complex 

Crystallographic data for [Pd(L7)2] are given in Table 3.9, and selected bond lengths and angles are 

presented in Table 3.10 . Figure 3.14a presents the molecular drawing of [Pd(L7)2] with 50% 

probability ellipsoids, wh ile Figure 3.14b presents the packing diagram. The structure is a square 
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planar centrosymmetrical complex of Pd with two bidentate dithiocarbamate li gands. The Pd-S 

bond lengths are 2.3 156(5) and 2.3208(6) A, and the Cl-N l and C4-N l bond lengths are 1.319(3) 

and 1.48(2) A respectively. The distances are comparable to the normal bond distances fo r C=N and 

C- (1.28 and 1.47 A). The ethano l gro up of the ligand has positional disorder in a 0.68:0.32 rat io. 

There are intermolecular hydrogen bonds between adjacent ethanol groups of distance 1.64 A 

between major di sordered components and 2.10 A between the major and minor di sordered 

components. These O-H ... O interactions form two infi nite chains in the structure. There are two 

intramolecular C-H .... S interactions of length 2.57 and 2.65 A (C4-H4 .... S2 and C2-H2 ... S 1 

respectively), and three longer intermolecular interactions of 2.94, 3.00 and 2.99 A (C3-H3B ... S l , 

C2-H2A ... S2 and C5-H5A ... S2 respectively) . 

Each complex has two C-H ... n ring interactions with the rings fo rmed by Pdl , Sl , Cl and S2. The 

hydrogen to centroid distance is 2.8 1 and 2.74 A with the major C5-H5A component and minor C7-

H7B component respectively. 

Table 3.8 : Summary of crystal data and structure refinement of [Pd(L7)2] 

Complex [Pd(L7)2] 

Empirical form ula C10 H20 N2 0 2 Pd S4 

Formula weight 434.92 

Crystal size (mm) 0 .13 X 0 .1 3 X 0 .44 

Crystal system Tetragonal 

Temperature (K) 200 

Crystal habit green blocks 

Space group P42/n(No. 86) 

a (A) 16.465(5) 

b (A) 16.465(5) 

C (A) 6.177(3) 

a (o) 90 

/JC) 95.021(2) 

y (0) 90 

V [A **3] 2843.9(3) 

z 4 

Deale (g cm-3) 1.725 

F(000) 880 

76 



Dataset -21 :21;-21 :21;-8:8 

µ(MoKa) (/mm) 1.605 

Index range 16217, 2952 

Tot. ,Uniq.Data, R(int) 72891, 2086,0.023 

Observed reflections I> 2cr(I) 1901 

Nref, Npar 2086, 100 

Final R, wR2, S 0.0242,0.0676, 1.07 

Max.residual density [ el A 3] 1.00 

Min. residual density [e/A3
] -0.45 

8 range(°) 1.2- 28.3 

Table 3.9: Selected bond distances and angles of complex [Pd(L7)2] 

[Pd(L7)2] 

Bonds Distances (A) 

Pdl-S1 2.3156(5) 

Pdl- S2 2.3208(6) 

S1-Cl 1.724(2) 

S2- Cl 1.720(2) 

Nl-Cl 1.319(3) 

Nl-C4 1.48(2) 

Bond Angle(°) 

S1 - Pdl - S1 1 180 

S1- pdl - S2 1 104.32(2) 

Pdl-S1 -C l 86.48(8) 

Pdl-S2- Cl 86.42(8) 

Cl-NI -C4 121.3(19) 
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(a) 

S2 

' Pd~ 

S1 

(b) 

Fi g.3. 14: (a) A molecular drawing of [Pd (L 7)2 J shown with 5 0% probabi I ity ellipsoids, showing the 
major disorder component of the molecule of the asymmetric unit, and (b) The packing diagram 
with hydrogen bonding interactions. Only major disorder components are shown. 
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3.8.6. Thermal studies of of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate prepared 
from secondary amines 

The relevant data from the thermal decomposition process are presented in Table 3 .11. The thermal 

graphs of the Ni(II), Pd(II) and Pt(II) complexes of L6 and L7 are presented in Figures 3.15-3.16, 

and they showed decomposition occurred in the range (195-275, 224 - 256 and 217 - 285), (212-

258, 225-302 and 203-690) °C, with 75 , 59 and 48; 76, 61 and 50.0% loss respectively. In all the 

complexes, the onset of decomposition temperature was about 200 °C, and this indicated there was 

no loss of so lvent molecu les. The ligand components have close temperatures of desorption; so, 

they underwent a simultaneous decomposition, yielding the metal sulphides directly in a single step. 

The calculated mass of nickel, palladium and platinum su lphides left as residue from the complexes 

after decomposition were 25% (2 .77 mg), 31 % (5 .27 mg), 42% (5.97 mg) for the L6 complexes; 

24% (3.10 mg), 41% (4.60 mg), and 50% (5.61 mg) for the L7 complexes. These values were in 

good agreement with the weight of iS, PdS2, PtS2 for all the complexes. 

The thermogravimetric data revealed that the complexes from secondary amine dithiocarbamates 

are thermally more stable than those from the primary amines, with decomposition occurring in the 

range 195-690 °C and 138-450 °C respectively. A ll the complexes have good thermal stability and 

decomposed to their respective metal sulphides on heating. They can therefore serve as single 

source precursors (SSP) for metal sulphide nanoparticle synthesis. 

Table 3.10: Thermal data for the complexes prepared from secondary amines 

Compounds Decomposition Peak Weight Product Residual mass 
Range (0 c) temp (0 c) loss(%) obtained Found/cald (mg) 

[Ni(L6)2] 195 -275 221 75 NiS 2.77/2.79 

[Pd(L6)2] 224 - 256 232 59 PdS2 5.27/5.28 

[Pt(L6)2] 217 - 285 254 48 PtS2 5.97/5.91 

[Ni(L7)2] 212-258 222 76 NiS 3.10/2.97 

[Pd(L7)2] 225 - 325 240 61 PdS2 4.60/4.59 

[Pt(L 7)2] 203 - 690 234 50 PtS2 5.61 /5.59 
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complexes. 
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3.9. Preparation of dithiocarbamate ligands from secondary amines derived from Schiff base 
via condensation reactions. 

The dithiocarbamate ligands from Schiff bases were synthesized in three stages: 

(i) Conversion of the primary amine via Schiff base condensation reaction with an aldehyde 

(reflux) to form an imine. A few drops of acetic acid were added as acid buffer to activate 

the C=O and also facilitate the dehydration process, but without inhibiting the nucleophile. 

(ii) Reduction of the imine by the addition of NaBH4 [(l: 3) (in ice)] to give the secondary 

amme. 

(iii) Dithiocarbamate formation through the reaction of the secondary amine with CS2 (1: 1) and 

Et3N (1 :3), to trap H2 and other impurities. 

3.9.1. Preparation of carboxyl-4- naphty-1-amine 

About 20 mL ethanol solution of naphtyl-1-aniline (1.43 g, 0.01 mo!) was refluxed with 20 mL 

ethanol so lution of carboxyl-4- formaldehyde (1.5 g, 0.01 mo!) for 2 h, with the addition of few 

drops of acetic acid as shown in Scheme 3.5. A yellow precipitate of carboxyl-4- naphty-1-imine 

was formed which was filtered , rinsed and dried. Selected IR- v(cm- 1
) : 3045 (-C=H), 3323 (OH), 

1606 (C=N), 760 (naphthalene ring), 1674 (C=O) 

1H MR (CDCb) b = 7.02 - 7.30 (m, 1 OH, C6Hs), 7.50-8.62 (m, naphthalene ring), 3.75 (s, lH, 

CH), 10.15 (COOH); 13CNMR (CDCb) b= 129.80 - 131.09 (_G6Hs), 120.00-126.05 (naphthalene 

ring), 46.50 (.GH), 162.40 (.GOOH), 

CHO 

COOH 

Scheme 3.6: General synthetic route for the preparation of carboxyl-4- naphty-1-imine). 

The reduction process was carried out by reacting 20 mL methanol so lution of carboxyl-4-naphtyl

l- imine (1.619 g; 0.006 mo!) with 5 mL methanol solution ofNaBH4 (0.68 g, 0.018 mo!) which 

was added in small portions as shown in Scheme 3.7. After the reaction, the solution was cooled to 

0°C, and the stirring was continued overnight. A yellow solution was produced and the solvent was 
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removed under vacuum, the resulting viscous liquid was washed with water and dichloromethane 

was added in order to extract the product. The organic layer was removed and the solvent was 

evaporated in air. 

Selected IR- v (cm-1): 3340 (N-H), 3047 (-C=H), 3323 (OH), 760(naphthalene ring), 1685(C=O) 

1H MR (CDCb) o = 6. 11 - 7.07 (m, l0H, C6Hs), 7.25-7.86 (m, naphthalene ring), 4.10 (s, 2H, 

CH2), 9.50 (COOH), 8.60(NH); 13CNMR (CDCb) o= 129.50 - 130.00 ~ 6Hs), 120.05-126.05 

(naphthalene ring), 49.50 ~H2), 160.40 ~OOH). 

Na8H4 N-C2 \ j COOH co-. H H-o-
Scheme 3.7: General synthetic route for the preparation of carboxyl-4- naphty-1-amine. 

3.9.2. Preparation of M(II) bis(N-naphtyl-1-carboxyl-N-phenyldithiocarbamate) complexes 
(M = Ni, Pd, Pt) 

The synthesis of the dithiocarbamate complexes was carried out as fo llows: About 5 mL methanol 

solution of carboxyl-4-naphtyl-1-amine (1.385 g, 0.005 mol) was added to CS2 (0.3 mL, 0.005 mo l). 

To the stirred so lution, Et3N (1.01 mL, 0.01 mol) was added and the solution was stirred in ice as 

shown in Scheme 3.8. After 2 h, about 10 mL aqueous so lution of 0.0025 mol of the respective 

metal salts (NiC'2 .6H2O, 0.519 g; Na2PdCl4, 0.74 g; K2PtCl4, 1.04 g) was added. The solution 

yielded some precipitates which was stirred for 1 h, fi ltered and rinsed thoroughly with water. 

(22) [Ni(L8)2]: Yield- 1.27 g (35%); M.pt: > 300°C; Selected FTIR- v(cm-1): 3601 (OH), 3047 (H

C=H), 1541 (C=N), 760 (naphthalene ring) , 1215 (C2-N), 976 (CS2), 1675(C=O), 414 (N i-S); 

1HNMR (CDCb) o = 5.8- 7.2 (m, l0H, C6Hs), 7.25-8.82 (m, naphthalene ring) , 2.65 (s, 4H, CH2), 

9.ll(s, 2H, COOH). 13CNMR (CDCb) o= 128.50 - 130.09 ~ 6Hs), 118-126.05 (naphthalene ring), 

48.50 ~H2), 159.40 ~OOH), 204.50 (- CS2); Anal calc. C3sH2sN2O4S4N i (763.59): C, 59.77; H, 

3.70; N, 3.67; S, 16.81; Found : C, 59.27; H, 3.40; N, 3.25; S, 16.35%. 
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(23) [Pd(L8)2]: Yield- 0.43 g (43%); M.pt:> 300°C; Selected FTIR- v (cm-1): 3602 (OH), 3047 

(H-C=H), 1545 (C=N), 760 (naphthalene ring), 1218 (C2-N), 1000 (CS2), l 678(C=O) 466 (Pd-S); 

1H NMR (CDC'3) b = 6.98 - 7.07 (m, l 0H, C6Hs), 7.25-8.07 (m, naphthalene ring), 4.0 (s, 4H, 

CH2), 9.10 (COOH). 13CNMR (CDC'3) b = 108.50 - 130.09 (C6Hs), 118.04 -126 .05 (naphthalene 

ring), 46.40 (CH2), 160.05 (COOH), 205.90 (-CS2); Anal calc. C3sH2sN2O4S4Pd (811.32): C, 56,25; 

H, 3.48; ,3.45; S, 15 .81. Found: C, 56.77; H, 3.75; N, 4.05; S, 16.20 

(24) [Pt(L8)2]: Yield- 0.49 g (44%); M. pt: > 300°C. Selected IR- v (cm-1): 3601 (OH), 3047 (H

C=H), 1548 (C=N), 760 (naphthalene ring), 1210 (C2-N), 1003 (CS2), 1678 (C=O), 466 (Pt-S); 

1HNMR (CDC'3) b = 6.30 - 7.24 (m, l0H, C6Hs), 7.40 - 8.12 (m, naphthalene ring), 2.90 (s, 4H, 

CH2), 9.80 (s, 2H, COOH). 13 CNMR (CDCb) b= 129.30 - 131.50 (C6Hs), 113.70-1 26.60 

(naphthalene ring), 48.50 (CH2), 161.40 (COOH), 207.50 (-CS2). Anal calc. C3sH2SN2O4S4Pt 

(899.98): C, 50.71 ; H, 3.14 N, 3.11 ; S, 14.25. Found: C, 50.25; H, 3.50 N, 3.65; S, 14.60%. 

~ H H2-o-vV N- C \_ ,f COCH 

M= Ni, Pd , Pt 

Scheme 3.8: General synthetic route for the preparation of M(II) bis-(N-naphtyl-1-carboxyl-N

phenyldithiocarbamate) (M =Ni , Pd, Pt). 

3.9.3. Preparation of carboxyl-4- nitro-4-amine 

About 20 mL ethanol solution of nitro-4- amine (1.38 g, 0.01 mol) was refluxed for 2 h with 20 mL 

ethanol solution of carboxyl-4- formaldehyde (1.5 g, 0.01 mol) with 3 drops of acetic acid as shown 

in Scheme 3.9. A brownish- yellow prec ipitate was formed which was filtered , and the filtrate was 

reprecipitated to give a yellow product. This was filtered , rinsed with co ld ethanol and dried . 

Selected IR- v(cm-1): 3044 (-C=H), 1682 (C= ), 1573 , 1505 (-C=C-), 1328 (NO2), 1684 (C=O) 

1H NMR (CDC'3) b = 6.76 - 7.40 (m, l0H, C6Hs), 3.70 (s, lH, CH), 10.07 (COOH); 13CNMR 

(CDC'3) b= 99.70 - 120.50 ~ 6Hs), 60.20 ~H), 160 .90 ~OOH), 

83 



CHO 

+ 

COOH 

(Y'=a ( ) coo, 
y 

N0 2 

Scheme 3.9: General synthetic route for the preparation of carboxyl-4- nitro-4-imine. 

The reduction process: The precip itate, carboxyl-4- nitro-4-imine (0.673 g, 0.605 mmol) was 

dissolved in 5 mL methanol and coo led to 0 °C in ice. A solution of aBH4 (0.069 g, 1.815 mmol) 

was added in small portions and stirred overnight (Scheme 3.10). A yellow so lution was produced 

and the solvent removed under vacuum. The resulting viscous liquid was washed with water, and 

dichloromethane was added in order to extract the product. The organic layer was removed and 

dried in air. Selected IR- v(cm-1
): 3357 (OH), 3247 (N-H), 3046 (-C=H-), 1588, 1542 (-C=C-), 

1328 (NO2), 760 (naphthalene ring). 1691(C=O). 1H NMR (CDCh) b = 6.24 - 7.60 (m, l0H, C6Hs), 

3.50 (s, 2H, CH2), 9.40 (COOH), 8.72 (NH); 13CNMR (CDCh) b= 98.90 - 120.20 ~ 6Hs), 60.04 

~H2), 160 .40 ~OOH), 

(Y'=a-0-coo, 

y 
N02 

NaBH4 

Scheme 3.10: General synthetic route for the formation of of carboxyl-4- nitro-4-amine 

3.9.4. Preparation of M(II) bis-(N-nitro-4-carboxyl-N-phenyldithiocarbamate) complexes (M 
= Ni, Pd, Pt) 
The secondary amine (0.34 g, 1.25 mmol) was added to a solution of CS2 (0. 1 mL, 1.25 mmol) and 

Et3N (0.5 mL, 2.50 mmol) and stirred in ice. After 2 h, about 0.625 mot water: ethanol solution of 

the respective metal salts: (NiCb, 0. 149 g; Na2PdCl4, 0.184 g; K2PtCl4, 0.259 g) was added to the 

solution to afford precipitates with different colours which were stirred for I h, filtered, rinsed with 

water: ethanol so lution and dried in vacuum (Scheme 3.11). 
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(25) [Ni(L9)2]: Yield : 0.56 g (30%); M.pt: > 300 °C; Selected IR- v(cm- 1
): 3371 (OH), 1502 (C= ), 

1637 (C=O), 1304 (C2-N), 1057 (CS2), 1588, 1542 (-C=C-), 1349 (NO2), 470 (Ni-S); 1H NMR 

(CDCb) b = 6.19 - 7.24 (m, l0H, C6Hs), 3.64 (s, 4H, CH2), 2.20 (s, 2H, COOH). 13CNMR (CDCb) 

b= 98.70 - 11 9.50 (G6Hs), 59.00 (GH2), 158.90 (COOH), 205 .90 (-~S2). Anal calc. 

C30H22N4O4S4Ni (753.14): C, 47.82; H, 2.94; , 7.44; S, 17.02. Found: C, 47.42; H, 2.50; N, 7.82; 

s, 17.60%. 

(26) [Pd(L9)2]: Yield: 0.71 g (35%); M.pt> 300°C. Selected IR- v(cm-1
): 3327 (OH), 1503 (C= ), 

1637(C=O), 1243 (C2-N), 1057 (CS2), 1588, 1542 (-C=C-), 1349 (NO2), 760 v(COOH), 473 (Pd-S); 

1H NMR (CDC13) b = 6. 19 - 7.24 (m, l0H, C6Hs), 3.64 (s, 4H, CH2), 2.20 (s, 2H, COOH). 

13CNMR (CDCb) b = 98.70 - 119.50 (C6Hs), 59.00 (CH2), 158.90 (COOH), 205.90 (-CS2). Anal 

calc. C30H22 4O4S4Pd (801.20): C, 44.97; H, 2.77; N, 6.99; S, 16.01. Found: C, 44.30; H, 2.45; , 

6.51 ; S, 15 .30%. 

(27) [Pt(L9)2]: Yield: 0.83 g (3 7%); M.pt: > 300°C Selected FTIR v(cm-1
): 3326 (OH), 1503 

(C= ), 1638(C=O), 1245(C2- ), 1057 (CS2), 1588, 1542 (-C=C-), 1349 (NO2), 760 v(COOH), 475 

(Pt-S); 1H NMR (CDC13) b = 6.80 - 7.38 (m, l0H, C6Hs), 7.50 - 8.90 (m, C6Hs,ring), 3.80 (s, 4H, 

CH2), 6.60 (s, 2H, COOH). 13CNMR (CDCb) b = 83.70 - 11 9.50 (C6Hs), 59.00 (CH2), 168.00 

(COOH), 200.40 (-CS2). Anal calc. C30H22 4O4S4Pt (889.86): C, 40.49; H, 2.49; , 6.30; S, 14.41. 

Found: C, 40.80; H, 2.70; N, 5.80; S, 14.88%. 
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Scheme 3.11: General synthetic route for the preparation of M(II) bis(N-nitro-4-carboxyl-N

phenyldithiocarbamate) (M = i, Pd, Pt) 

3.9.5. Preparation of N-3, 4-dihydro:xylbenzyl-N- hexamethylene-1 , 6-diamine. 

Dihydroxyl-3,4-benzaldehyde (6.90 g, 0.05 mol) was dissolved in 25 mL ethanol and added to a 40 

mL ethanol so lution of hexamethylene-1 ,6-diamine (2. 70 g, 0.025 mo!) and stirred. To this solution, 

3 drops of acetic acid was added and refluxed for 2 h (Scheme 3.11). A yellow so lution was 

produced and the solvent was removed under vacuum. The resulting viscous liquid was washed 

with water, and dichloromethane was added in order to extract the product. The organic layer was 

removed and dried in air. 

Selected IR- v(cm-1): 33376 (OH), 3047 (-C=H), 2924 ass(-CH2), 2640 sy(CH2), 1689 (C=N), 1589, 

1542 (C=C) 1HNMR (CDC'3) b (ppm) = 1.15 (t, 4H, CH2CH2CH2), 1.75 (m, 4H, CH2CH2CH2), 3.45 

(t, 4H, CH2CH2CH2); 7.32 - 7.63 (m, C6Hs,ring), 13C NMR (CDCb) b = 47.80, CH2CH2CH2; 29.2, 

CH2CH2CH2), 32.20, CH2CH2CH2; 135.80, 126.30(C6Hs). 
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Scheme 3.12: General synthetic route for the preparation of N-3,4-dihydroxylbenzyl--N
hexamethylene-1 ,6-diimine. 

The reddish- yellow so lid of N-3 , 4- dihydroxylbenzyl-N- hexamethylene-1 , 6-diimine (6.36 g, 

0.027 mol) was disso lved in 40 mL methanol and a so lution of aBH4 (3.02 g, 0.08 mo!) was 

added. The solution was first stirred in ice for 2 h and then at room temperature overnight (Scheme 

3.13). A reddish-yellow so lution was obtained, and the so lvent was removed under vacuum. The 

resulting viscous liquid was washed with water, and dichloromethane was added in order to extract 

the product. The organic layer was removed which was kept for the solvent to evaporate given a red 

yellowish oil.Selected IR- v(cm-1
): 3383 (OH), 3159 (N-H), 3047 (-C=H), 2924 ass(-CH2), 2640 

sy(CH2), 1638(C=N), 1589,1542 v(C=C), 1HNMR (CDC'3) 6 (ppm) = 1.13 (t, 4H, CH2CH2CH2), 

1.45 (m, 4H, CH2CH2CH2), 2.70 (t, 4H, CH2CH2CH2); 7.22 - 7.55 (m, C6Hs,ring), 13C NMR 

(CDCb) 6 = 46.40, CH2CH2CH2; 28.60, CH2CH2CH2), 30.20, CH2CH2CH2; 132.80, 124.30(C6Hs) 
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OH 

Scheme 3.13: General synthetic route for the preparation of N-3 , 4- dihydroxylbenzyl-N

hexamethylene-1- 6-diamine. 
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3.9.6. Preparation of M(II) bis-(N-3,4-dihydroxylbenzyl-N-hexamethylene-1,6-diamine 
dithiocarbamate) complexes (M = Ni, Pd , Pt) 

Carbon disulphide (1.52 mL, 0.04 mol) and EbN (5.0 mL, 0.12 mol) were added to 20 mL 

methanol so lution of N, N '- dihydroxylbenzylhexamethylene- 1, 6 - di ami ne (9.56 g, 0.04 mo!) in a 

round bottom flask placed in ice. After stirring the solution for 2 h, abo ut 20 mL aqueous solution 

of 0.0025 mol of the respective metal salts (NiCli.6H2O, 0.59 g; Na2PdCl4, 0.74 g; K2PtCl4, 1.04 g) 

was added to the solution and stirred for another 1 h (Scheme 3.14). The different coloured 

precipitates produced was filtered , washed with water and dried under vacuum. 

(28) [Ni(L10)2]: Yield: 1.30 g (45%); M.pt: > 300 °C; Selected FTIR v (cm- 1
): 3644 (OH), 3066 (

C=H), 2938 ass(-CH2), 2358 sy(CH2), 1500 (C=N), 1214 (C2N), 965 (CS2), 1456, 1020 (C=C), 47 1 

(Ni-S); 1HNMR (CDCb) J (ppm) = 1.10 (t, 4H, CH2CH2CH2), 1.35 (m, 4H, CH2CH2CH2), 2.05 (t, 

4H, CH2CH2CH2); 7.02 - 7.63 (m, C6Hs,ring), 13C NMR (CDCb) J = 45.80, CH2CH2CH2; 28.2, 

CH2CH2CH2), 30.20, CH2CH2CH2; 131.80, 124.30 (C6Hs), 202.10 (- CS2). C44Hs6N4SsOs a2 

(1071.43): Calculated: C, 49.32; H, 5.27; N , 5.23; S, 23 .97. Found : C, 49.63; H, 5.52; N , 5.10; S, 

23 .60%. 

(29) [Pd(L10)2]: Yield : 1.28 g (41 %); MPt. > 300 °C; Selected FTIR v (cm-1
): 3642 (OH), 3067 (

C=H), 2938 ass(-CH2), 2357 sy(CH2), 1500 (C=N), 1203 (C2N), 965 (CS2), 1456, 1019 (C=C), 473 

(Pd-S); 1HNMR (CDCb) J (ppm) = 1.10 (t, 4H, CH2CH2CH2), 1.35 (m, 4H, CH2CH2CH2), 2.09 (t, 

4H, CH2CH2CH2); 7.26 - 7.65 (m, C6Hs, ring),13C NMR (CDCb) J = 46.00 (CH2CH2CH2); 28.2 

CH2CH2CH2), 30.20 (CH2CH2CH2); 13 l.80,124.30(C6Hs), 202.5 0 (-CS2). C44Hs6N4SsOsPd2 

(1238 .02): Calculated: C, 42.68; H, 4.56; N , 4.52; S, 20.72. Found : C, 43 .20; H, 4.15 ; N, 4.90; S, 

21.20% 

(30) [Pt(L10)2]: Yield, 1.40 g (40%); M.pt. > 300 °C; Selected FTIR- v (cm-1
): 3642 (OH), 3075 (

C=H), 2937 ass(-CH2), 2853 sy(CH2), 1502 (C=N), 1200 (C2N), 962 (CS2), 1456, 1043 (C=C), 473 

(Ni -S); 1HNMR (CDCb) J (ppm) = 1.10 (t, 4H, CH2CH2CH2), 1.35 (m, 4H, CH2CH2CH2), 2.05 (t, 

4H, CH2CH2CH2); 7.02 - 7.63 (m, C6Hs,ring), 13C NMR (CDCb) J = 45 .80 (CH2CH2CH2); 28 .2 

(CH2CH2CH2), 30.20 (CH2CH2CH2); 13 l.80,124.30(C6Hs), 202.10(- CS2). 

C44Hs6N4SsOsPt2(1415.6 1). Calculated: C, 37.33; H, 3.99; N , 3.96; S, 18.12. Found : C, 37.20; H, 

3.60; , 3.70; s, 18.42% 
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Scheme 3.14: General synthetic route for the preparation of of M(II) bis-(N-3 , 4-

dihydroxylbenzyl-N-hexamethylene-1 , 6-diamine dithiocarbamate) (M = Ni, Pd , Pt) complexes. 

3.10. Results and discussion of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamates derived 
from Schiff bases 

3.10.1 General synthesis of M(II) dithiocarbamate complexes prepared from amines derived 
from Schiff bases 

The ligands were obtained as yellow so lids and upon complexation with the metal ions, they yielded 

precipitates of different shades of co lour: green, orange and yellow for the N i(II) , Pd(II) and Pt(II) 

complexes respectively. The yields were low compared to the complexes obtained from other 

dithiocarbamates. The low yield might be due to the absence of a strong base wh ich could catalyse 

the reaction and increase the rate of DTC format ion [28]. The complexes were insoluble in water 

and were only soluble in coordinating high boiling point organic solvents, DMF and DMSO. The 

insolubil ity of the complexes in low boiling solvents also made the crystal growth of the complexes 

very difficult, and all efforts to grow the crystals were futile. 

3.10.2. Infrared spectral studies of Ni(II) , Pd(II) and Pt(II) complexes of dithiocarbamates 
derived from Schiff bases 

In the infrared spectra of the immine compounds, the band due to the characteristic azomethine 

appeared as a sharp peak around 1682 cm- 1• The absence of a band due to the carbonyl group 

(around 1700 cm-1) indicated the fo1mation of the Schiff base. The imine linkage was consumed 

during condensation reaction, and so disappeared upon the formation of the amino gro up through 
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the reduction reaction. This subsequently resulted into the formation of the N-H bond. The C=N 

bond reappeared as thiouriede bond but now sh ifted to lower vibrations after complexation reaction. 

The band appeared around 1541-1548, 1637-1641 , 1500-1502 cm- 1 with decreased intensity to 

indicate the coord ination of N to the metal ions. This suggested partial double bond character and 

delocalization of pi-electron dens ity within the dithiocarbamate functions . This confirmed the 

formation of the dithiocarbamates and the coordination to the metal ions. 

The aromatic C-H vibrations around 3045 cm- 1 and the strong deformation bands of COOH around 

1674- 1691 cm- 1 were common to the imino, amino and the complexes of L 8 and L 9 . The aromatic 

NO2 asymmetric vibrations appear at 1328 and 1329 cm-1 in ligand L9 and the complexes. The -H 

stretching vibrations which appeared around 3200 cm- 1 were observed for the amino compounds. 

This functional group was used up upon dithiocarbamate formation and the protons released were 

removed upon the addition of triethylamine (Et3N). The vibrations in the range 1200-1300 cm-1 

were ascribed to C2-N, while the single band within 962 - 1003 cm- 1 was due to the CS2 vibration. 

The band found in the far IR region in the range 414-475 cm-1 were M-S vibrations, and appeared 

only in the spectra of the complexes. The single peak of the v(CS2) confirmed bidentate mode of 

coordination of the central metal to the two sulphur atoms. 

3.10.3. NMR spectral studies of Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamates 
derived from Schiff bases 

The proton 1 H NMR spectrum of the carboxyl-4- naphty- 1-amine ligand showed multiplets in the 

range 6.11 -7.07 and 7.50-8.62 for the aromatic carboxyl and naphthalene ring system respectively; 

they are shifted to higher delta values in the range 6.30-8.07 and 7.25-8.82 in the complexes. The -

CS2 values show an upward shifts from 204-207 ppm from the Ni(II) - Pt(II) complexes. 

In the 1H NMR spectrum of carboxyl-4- nitro-4-amine, the resonantfrequency values appeared 

around 6.24 - 7.60 and 7.65-8.60 ppm; wh ile the values for the complexes appeared in the 

downfield shift at 6.19 - 7.24 and 7.10 - 8.20 ppm. Thi s could be ascribed to the presence of the 

electron withdrawing and deshielding nature of NO2 in the compounds. The -CS2 values were 

observed around 200.40-205.90 ppm for all the complexes, showing an increasing delta value down 

the group . 

For the N-3,4-dihydroxylbenzyl-N-hexamethylene-1 ,6-diamine, there is a sign ificant shift 

displacement to lower fie lds from the amine to the complexes produced as observed in the 1H NMR 

spectrum, from 1.13- 2.70 ppm of the methylene hydrogen atoms in the diamine to 1.1 0-2.09 ppm 

of the methylene hydrogen atoms in the complexes. The same direction of shifts disp lacement was 

also observed for the carbon atoms. Thi s confirmed the formation of dithiocarbamate complexes. 
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3.10.4. Thermal decomposition studies of Ni(II), Pd(II) and Pt(II) complexes of 

dithiocarbamates derived from Schiff bases 

From the observed thennal decomposition graphs presented in Figure 3.11 -3. 13, all the compounds 

displayed different decomposition patterns. The [Ni(L8)2] complex decomposed with 68% weight 

loss and residue of about 2.67 mg. The direct one-step decomposition indicated nickel sulphide of 

3:4 molar ratios. The [Pd(L8)2] complex went through a three step decomposition pattern with the 

first step between 80 - 180 °C, and involved about 19% weight loss to give 5.58 mg of residue 

corresponding to the loss of the carboxylic component. The second decomposition occurred in the 

range 193 - 244 °C, with the loss of the naphthalene component and the formation of thiocyanate 

intermediate giving 5.07 mg residual mass. The last stage occurred in the range 259 - 650 °C, w ith 

51 % decomposition and 3.40 mg residual mass. This corresponded to the formation of Pd4S. The 

[Pt(L8)2] complex decomposed in two stages w ith the fonnation of the thiocyanate intermediate. 

The first step was about 15% weight loss, wh ich further broke down to a residue of 8.82 mg 

equivalent to the mass of PtiS4. 

In the carboxylnitro compounds, both the [Ni(L9)2] and [Pd(L9)2 complexes went through two 

stage decomposition patterns via the formation of thiocyanate intermediate. The final 

decomposition resulted into the respective sulphides with 50 and 58% weight loss, and residue of 

6.60 and 10.10 mg in the i and Pd complexes respectively. The [Pt(L9)2 complex decomposed in 

just one-step with 64% loss and 4.40 mg residual mass to form PtS2. 

The [Ni(L 10)2] complex decomposed via the formation of the thiocyanate intermediate with 21 % 

weight loss which further broke down to nickel sulphide of composition Ni3S4 The [Pd(L10)2 

complex decomposed with 44% loss to form palladium sulphide Pd4S, while the [Pt(L1°)2 complex 

exhibited three steps pattern with initial 15% loss which corresponded to the loss of the dihydroxyl 

group. The first step decomposition was fo ll owed by a 28% weight loss of the hexamethylene 

segment and the formatio n of the thiocyanate intermed iate. F inal decomposition occurred with 57% 

weight loss, leaving residue of 6.08 mg and subsequent formation of Pt2S4. The entire 

decomposition temperatures ranged between 176 and 434 °C. 

All the complexes were thermally stable, with the final decomposition temperatures above 500 °C, 

and all gave their respective metal sulph ides . Tab le 3.8 presents the TGA data. 
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Figure.3.11: (a) TG, and (b) DTG graph of [Ni(L8)2] (green), [Pd(L8)2] purple), [Pt(L8)2] (red) 
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complexes. 

92 



(a) 

120,---- - - --- -------~ 

60 

40+--~~-~-----~~-------< 0 200 400 

T el11'erature ('C) 

600 800 
l.hwna! V-4.5ATA 

(b) 

200 400 

Temperarure ('C) 

600 800 
U-W.S. Vt>I TI 
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(red) complexes 

Table 3.11: Showing Thermal stability data for the complexes prepared from Schiff base secondary 

amines. 

Compounds Decompositi Peak Weigh Product Obtained Residual 
on Temp t Loss Mass (mg) 
Range (°C) (°C) (%) Found/Cale 

[Ni(L8)2] 320 -652 391 68 Ni3S4 2.60/2.70 

80 - 180 147 19 RNCS2Pd 5.58/5.87 

[Pd(L8)2] 193 -244 217 26 NCS2Pd 5.07/4.96 

259 - 650 274 51 P~S 3.40/3.88 

120- 200 183 15 RNCS2Pt 14.30/14.80 

[Pt(L8)2] 209-670 235 53 P12S4 8.82/9.40 

240 - 397 364 29 RNCS2Ni 9.34/8.74 

[Ni(L9)2] 400 - 676 428 50 Ni3S4 6.60/6.20 

52 - 160 125 10 RNCS2Pd 21.70/ 

[Pd(L9)2] 187 -520 262 58 Pd4S 10.10110.20 

[Pt(L9)2] 170 - 520 262 64 PtS2 4.40/3.60 

176-240 21 8 21 RNCS2Ni 23.23/22.36 

[Ni(L10)2] 271 -437 314 43 NbS4 16.50/15 .81 
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[Pd(L 10)2] 

[Pt(L10)2] 

28 1 - 502 

228-266 

300-35 1 

358 - 434 

325 

234 

323 

390 

44 

15 

28 

57 

Pc4S 8.70/8.84 

RNH(CH2)6CS2Pt 11.99/ 11.33 

RNCS2Pt 10.05/10.85 

PtiS4 6.08/5 .18 

3.11. Adducts and mixed ligands complexes of Ni(II) dithiocarbamate complexes 

3.11.1. Syntheses of adducts and mixed ligands complexes 

The ability of metal complexes to form adducts differs and is closely related to the geometry of the 

compounds. It is also dependent on the ability of the Lewis base to accept rr-electrons and also the 

ionic size of the central metal ion [29]. In order to incease the number of functional groups around 

the nickel and also to study the effect of coordinating flexibility and easy kinetic tuning on the 

properties of metal complexes, N donor molecules (2, 2-bypiridine and 1, 1O-phenanthroline) were 

incorporated into the complexes. The preparative detai ls are presented below: 

3.11.1.1. Synthesis of Ni(II) (2,2'-bipyridyl) (N-phenyldithiocarbamate) complex [Ni(L1)2bpy] 

About 15 mL hot chlorofotm solution of the complex [Ni(L1)2], (0.187 g, 0.5 mmol) and a 15 mL 

hot chloroform solution of 2, 2-bypyridine (0.156 g, 0.1 mmol) were added together and the 

solution was refluxed for 2 h. The dark purple solution produced was cooled, filtered and the filtrate 

was left to form precipitate. 

(31) [Ni(L1)2bpy]: Yield: 0.13 g (48%); M.pt: 118 - 120 °C; Selected FTIR, (cm-1): 1472 (C=N), 

1267 (C2- N), 986 (C=S), 3112 (=CH-H), 2953 (H2C-H), 3130 (NH), 453 (Ni-S) ; Anal calc

C24H30N4S4Ni (561.40): C, 51.34; H, 5.39; N, 9.98; S, 22.84. Found: C, 51.20; H, 5.20; N, 10.1 0; S, 

22.50%. 

3.11.1.2. Synthesis of Ni(II) (1, 10-phenantroline) (N-phenyldithiocarbamate) complex 

[Ni(L1)2ph] 

About 15 mL hot chloroform solution of the complex [Ni(L 1)2], (0.187 g, 0.5 mmol) and a 15 mL 

hot chloroform so lution of 1, 10 phenanthroline (0.180 g, 0.1 mmol) were added together and the 

solution was refluxed for 2 h. The dark purple solution produced was cooled, filtered and the 

filterate was left to form precipitate. 
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(32) [Ni(L1)2ph]: Yield, 0.13 g (46%); M.pt: 115 - 118 °C; Selected FTIR, (cm- 1
): 1519 (C=N), 

1277 (C2-N), 988 (C=S), 3133 (=CH-H), 2953 (H2C-H), 3133 (NH), 442 (Ni-S) ; Anal calc

C26H20N4S4Ni (575.42): C, 56.58; H, 3.50; N , 7.44; S, 17.02. Found: C, 56.20; H, 3.10; N, 7.04; S, 

16.95%. 

3.11.1.3. Synthesis of Ni(II) (2,2'-bipyridyl) (p-methylphenyldithiocarbamate) complex 
[Ni(L3)2 bpy] 

About 15 mL hot chloroform so lution of the complex [Ni(L3)2], (0.22 g, 0.5 mmol) and a 15 mL hot 

chloroform solution of 2, 2 bipyridine (0.156 g, 0.1 mmol) were added together and the solution 

was refluxed for 2 h. The dark purple solution produced was cooled, filtered and the filterate was 

left to form precipitate. 

(33) [Ni(L3)2bpy]: Yield, 0.15 g (52%); M.pt: 114 - 116 °C; 

Selected FTIR, (cm-1) : 151 3 (C=N), 1209 (C2-N), 987 (C=S), 3001 (=CH-H), 29 17 (H2C-H), 

3165 (NH), 451 (Ni-S); C2sH33N4S4Ni (576.51): Calculated: C, 52.68; H, 5.77; , 9.72; S, 22.25. 

Found: C, 53.39; H, 5.45; N, 8.77; S, 22.10%. 

3.11.1.4. Synthesis of Ni(II) (1, 10-phenantroline) (p-methylphenyldithiocarbamate) complex 

[Ni(L3)2ph] 

About 15 mL hot chloroform solution of the complex [Ni(L3)2], (0.22 g, 0.5 mmol) and a 15 mL hot 

chloroform so lution of 1, IO phenanthroline (0.180 g, 0.1 mmol) were added together, and the 

solution was refluxed for 2 h. The dark purple solution produced was cooled, filtered and the 

filterate was left to form precipitate. 

(34) [Ni(L3)2ph]: Yield, 0.17 g (57%); M.pt. 100 - 103 °C; Selected FTIR, (cm- 1
) : 1543 (C=N), 

1238 (C2-N), 988 (C=S), 3024 (=CH-H), 2920 (H2C- H), 3155 (NH), 425 (Ni-S). C27H23N4S4Ni 

(590.45) : Calculated: C, 54.92; H, 3.93; N , 9.49; S, 21.72. Found: C, 54.20; H, 3.65; N, 9. 04; S, 

21.95%. 

3.11.1.5. Synthesis of Ni(II) (1, 10-phenantroline) (p-ethylphenyldithiocarbamate) complex 
[Ni(L 4)2bpy] 

About 15 mL hot chloroform solution of the complex [Ni(L 4)2], (0.57 g, 1.25 mmol) and a 15 mL 

hot chloroform solution of 2,2 bipyridine (0.39 g, 2.5 mmol) were added together and the solution 
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was refluxed for 2 h. The dark purp le solution produced was cooled, filtered and the fi lterate was 

left to form precip itate. 

(35) [Ni(L 4)2bpy]: Yield, 0.35 g (52%), M.pt: 97 100 °C 

Selected FTIR, (cm- 1): 1510 (C=N), 1226 (C2- N), 977 asy(C=S), 730 sy(C=S), 3100 (=CH-H), 

2960 (H2C-H), 3204 (NH), 437 (Ni-S); C2sH33N4S4Ni (576.51): Calculated: C, 52.08; H, 5.77; N, 

9.72; S, 22.25. Found: C, 52.00; H, 5.45; , 10.40; S, 22.10%. 

3.11.1.6. Synthesis of Ni(II) (1, 10-phenantroline) (p-ethylphenyldithiocarbamato) complex 
[Ni(L 4)2ph] 

About 15 mL hot chloroform solution of the complex [Ni(L 4)2], (0.57 g, 1.25 mmol) and a 15 mL 

hot chloroform so lution of 1, 10 phenanthroline (0.45 g, 2.50 mmol) were added together and the 

solution was refluxed for 2 h. The dark purple so lution produced was coo led, filtered and the 

filterate was left to form precipitate. 

(36)[Ni(L 4)2ph]: Yield, 0.43 g (54%); M.pt: 95 98 °C; 

Selected FTIR, (cm-1): 1508 (C=N), 1225 (C2- N), 984 (C=S), 3011 (=CH-H), 2924 (H2C-H), 

3 193 (NH), 420 (M-S); C30H2s 4S4Ni (631.52): Calculated: C, 57.06; H, 4.47; N , 8.87; S, 20.31; 

Found: C, 56.20; H, 4.20; , 8.04; S, 20.95%. 

3.12. Results and discussion of the adducts and mixed ligands complexes of the Ni(II) 
dithiocarbamate complexes 

3.12.1. General synthesis of the adducts and mixed ligands complexes of the Ni(II) 
dithiocarbamate complexes 

The observed properties of the resulting adducts, represented in Scheme 3.15 , are quite different 

from their parent complexes. The adduct formation influenced the properties of the metal 

complexes. In add ition to the M-S bond, two add itional M-N bonds have been created by the Lewis 

base from its two coord inate bonds. Thus, charge compensation comes from the two OTC atoms 

through the S atoms but the N donor atoms direct the framework pattern [30]. These adducts were 

brownish- purple in colour and were soluble in solvents such as ch lorofonn and dichloromethane. 

The geometry and coordination properties of the central metal ions a lso changed from fo ur

coordinate to six coordinate octahedral. Since Ni(II) in an octahedral geometry is paramagnetic, the 

NMR measurements were not done. 
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Scheme 3 .15: Synthetic route for the preparation of 2,2-bpy and 1, 10 phen adducts of the Ni(II) 

dithiocarbamate complexes. 

3.12.2. Infrared spectral studies of the adduct and mixed ligand complexes of the synthesized 
Ni(II) dithiocarbamate complexes 

In the FTIR spectra of the adducts, the v(C=N) which was observed around 1468, 1508 and 151 1 

cm- 1 in the parent complexes of L1, L3 and L 4 respectively, shifted to higher frequencies above 1510 

cm- 1 for the bypiridine and phenanthroline adducts. These revealed the effect of the additional 

bypiridine and phenantroline rings due to the shift of electrons density to the carbon-n itrogen bond 

in the -CSS group towards the nickel centre. The v(C=N) vibrat ions increased with increase in 

chain length of the substituents. The v(C-S) vibrations also shifted to lower values for the adducts 

compared to the parent complexes, which is due to the effect of increase in coordination number of 

the central metal ion from four to six and change in geometry from fo ur to six coordinate. 

Consequently, this led to an increase in the double bond character of v(C=S) in the complexes. The 

presence of a single bond without splitting in each compound indicated bidentate mode of bonding. 

The N-H vibrations were observed in the range 3130 - 3204 cm-1 in all the adducts. The new band 

not observed in the spectra of the ligands but in the far IR region around 420 - 453 cm- 1 in all the 

complexes represented the Ni-S vibrations. These vibrations shifted to higher frequencies compared 
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to those of the parent complexes at 411-442 cm-1 and increased as the chain length of the 

substituents increased. 

3.12.3 Thermal decomposition studies of the adducts and mixed ligand complexes of the 
synthesized Ni(II) dithiocarbamate complexes 

Single step decomposition patterns were observed in all the bpy adducts of Ni dithiocarbamate 

complexes. The temperature ranges of the decomposition were 138-610, 131-350 and 170-475 °C 

for the [Ni(L1)2bpy], [Ni(L3)2bpy], [Ni(L 4)2bpy] complexes respectively, as presented in Table 

3.11 and Figures 3.17 - 3. 19 . The residual masses obtained after the decomposition of each 

compound were 2.80, 2.0 and 2.52 mg respectively, and these corresponded to about 80, 83 and 

84% mass loss. The calculation based on stoichiometry was NiS in all the complexes. This 

suggested that the bipyridine and the dithiocarbamate molecules decomposed collectively in a 

single step. 

The phenanthroline complexes have onset of decomposition around 240 °C, which continued up till 

502 °C; the decomposition peak was at 298 up to 475 °C with two step decomposition patterns for 

the L1 and L4 complexes. The removal of the Lewis base (phenanthroline) occurred with about 64 

and 67% loss which preceded the decomposition of the DTC The masses of the residues left after 

this step were 3.21/2.70 mg and 4.55/4.32 mg (calculated/found), resulting into the formation of 

isothiocyanate intermediate. The second step occurred in the range 385-502 °C with about 84 and 

86% decomposition, resu lting in residua l masses of l.39/1.35 and 1.96/ 1.95 mg (calculated/found). 

Only the L3 exhibited single step decomposition in the range 223-335 °C with 83% weight loss 

leaving residual masses of 2.14/1.89 mg, which corresponded to the mass ofNiS . 

All the complexes indicated the format ion of N iS as final product. Introduction of the adducts into 

the parent complexes led to increase in decomposition temperatures compared to the parent 

complexes, which imp lies that introduction of the adducts increases the thermal stabi lity of the 

parent compounds. 
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Table 3.12: Thermal stability data fo r the bpy and phen adducts of [Ni(L1)2], [Ni(L3)2] and 

[Ni(L4)2] 

Compound Decomposition Peak Weight 

Range (0 c) temp (oc) loss(%) 

[Ni(L 1)2bpy] 138-6 10 223 80 

[Ni(L 1)2ph] 240-317 298 64 

385-492 594 84 

[Ni(L3)2bpy] 13 1-350 191 83 

[Ni(L3)2ph] 223-335 298 83 

[Ni(L 4)2bpy] 170-475 230 84 

[Ni(L 4)2ph] 267-341 296 67 

440-502 471 86 
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3.13. Mixed ligand complexes of the synthesized Ni(II) dithiocarbamate complexes 

Nickel(II) dithiocarbamate complexes in four coordinate geometry have mononuclear structure, and 

their reactions with Lewis bases having P and N donor atoms show interesting variation [31]. The 

reaction of dithiocarbamate with the nitrogenous and phosphines ligand is significantly influenced 

by the steric and electronic nature of the dithiocarbamato ligands [32]. To obtain new functionalized 

complexes with the aim of improving the biological profi le of the parent compounds, P and N donor 

atoms: triphenylphosphine (PPh3), isothiocyanate (SCN) and isocyanate (CN) were incorporated 

into the backbone of the parent complexes. The preparative methods are as detailed below: 

3.13.1. Synthesis of (N-benzyldithiocarbamato-S,S ')(isothiocyanato )(triphenylphosphine) 
nickel(II) [NiL2(NCS)PPh3] . 

A mixture of bis(N-benzyldithiocarbamato-S,S')nickel(II) (NiL2) (0.06 g, 0.13 mmol), 

triphenylphosphine (0.065 g, 0.25 mmol), nickel(II) chloride hexahydrate (0.03 g, 0.13 mrnol), 

ammonium thiocyanate (0 .02 g, 0.25 mmol) was refluxed for 3 h in acetonitrile - methanol mixture 

(2:1 , 35 mL). A dark purple-red mixture was obtained which was filtered after cooling to room 

temp. Single crystals appropriate for X-ray structural analysis were obtained by slow evaporation of 

the solvent. 

(37) [NiL2(NCS)PPh3): Yield, 0.12 g (85 %); M.pt: 203 - 205 °C: Selected FTIR v (cm- 1): 1486 

(C= ), 1386(C2- ), 97 1 (C=S), 3102(=CH-H), 2981 (H2C-H), 3378(- H), 1521 (-NH), 468(Ni

S), 2139 (CN), 862 (CS) of - CS ; 1HNMR (DMSO) o (ppm)= 7.43-7.24 (m, l0H, C6Hs-CH2-

NH), 4.50 (s, 4H, C6Hs-CH2-NH), 8.40 (s, 2H, C6Hs-CH2-NH); 13CNMR (DMSO) o (ppm) = 

136.91 , 136.15, 133.59, 129.49 ~ 6Hs-CH2-NH), 129.31, 129.04, 128.40, 128.13 ~ 6Hs-P), 46.76 

(C6Hs-CH2-NH), 144.30 (SCN), 206.67 (-~S2). C21H23 2S3NiP (561.33): Calculated: C, 57.77; H, 

4.13 ; N, 4.99; S, 17.14; Found: C, 57.27; H, 4.40; N, 4.60; S, 17.75% 

3.13.2. Synthesis of (N-benzyldithiocarbamato-S,S')(isocyano-N)(triphenylphosphine) 
nickel(II) [NiL2(NC)(PPh3)]. 

A mixture of bis(N-benzyldithiocarbamato-S,S')nickel(II) (NiL2) (0.21 g, 0.5 mmol), 

triphenylphosph ine (0.26 g, 1 mmol), nickel(II) chloride hexahydrate (0.03 g, 0.13 mmol), 

potassium cyanide (0.07 g, 1 mmol) was refluxed for 3 h in dichloromethane - methanol mixture 

(1: 1, 50 mL). The dark purple-red solution obtained was filtered after cooling down, and the filtrate 

was left to evaporate. After a few days, the product separated as a precipitate which was filtered off, 

rinsed with ethanol and dried in desiccator. 
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(38) (NiL2(NC)(PPhJ)]: Yield, 0.20 g (74 %); M.pt 123 - 125 °C; Selected FTIR, v (cm-1 ): 1457 

(C=N), 1351 (C2-N), 966 (C=S), 3060; (=CH-H), 2983(H2C-H), 3380 (-NH), 1557 s(-NH), 477 

(Ni-S), 2188 (CN); 1HNMR (DMSO) b (ppm)= 7.47-7.24 (m, l0H, C6Hs-CH2-NH), 4.52 (s, 4H, 

C6Hs-CH2-NH), 8.55 (t, 2H, C6Hs-CH2-NH).13CNMR (DMSO) b (ppm) = 136.1 4, 133.86, 133.64, 

130.44 ~ 6Hs-CH2-NH), 129.36, 129.07, 128.36, 128.10 (C6Hs-P), 46.79 (C6Hs~H2-NH), 133.20 

~N) 206.84 (-QS2); C21H23N2S2NiP (529.20): Calculated: C, 61.27; H, 4.38; N, 4.99; S, 12.12. 

Found: C, 61.73 ; H, 4.50; N, 4.78; S, 11.75%. 

3.13.3. Synthesis of (N-alkyl-N-ethanoldithiocarbamato S,S ')(isothiocyanato) 

(triphenylphosphine) nickel(II), [NiL(NCS)(PPhJ)] (L= L6, L7 and alkyl= CHJ, CH2Clli). 

A mixture of bis(N-alkyl-N-ethanoldithiocarbamate) Ni(II), (0.09 g, CH3; 0.097 g, CH2CH3, 0.25 

mmol); triphenylphosphine (0.1 3 g, 0.5 mmol), nickel(II) chloride hexahydrate (0.06 g, 0.25 mmol), 

ammonium th iocyanate (0.04 g, 0.5 mmol) was refluxed in aceton itrile-methanol mixture (2: 1, 30 

mL) for 4 h. The solution obtained was dark purple-red which was all owed to cool down, filtered, 

and left for slow evaporation of the solvent. 

(41) (NiL6(NCS)(PPhJ)]: Yield, 0.12 g (85 %); M.pt: 193 - 195 °C; Selected IR, v(cm-1
): 1431 

(C=N), 1200 (C2- N), 1067 (C=S), 3366 (OH), 2894 (-H2C-H), 2920(CN) and 74l (CS) of - CS, 

432 (Ni-S); 1H NMR (CDCh) b 3.1 (s, 3H, CH3), 3.5 (t, 2H, CH2CH2OH), 5.0(t, 2H, CH2CH2 OH), 

2.90 (s, 1 H, OH) b 7.41- 7.5 (m, l0H, C6Hs), 7.40-7.60 (m, 6H, C6Hs), 2.50 (s, l H, OH). 13CNMR 

(CDCb) b (ppm) = 132,127.0 (C6Hs), 40.5 (-CH3), 77.0(CH2CH2OH), 134.8(SC ), 198.6 (- CS2). 

C23H23N2S3ONiP (529.30) : Calculated: C, 52. 19; H, 4.38; N, 5.29; S, 18.17. Found: C, 52.27; H, 

4.52; N, 5.60; S, 17.75% 

(42) [NiL7(NCS)(PPhJ)]: Yield, 1.05 g (69.5%); M.pt: 207 - 210 °C; Selected IR, v(cm-1
): 1518 

(C=N), 1278 (C2-N), 987 (C=S), 2920 (H2C-H), 424 (Ni-S), 3321 (O-H); 1HNMR (DMSO) b (ppm) 

= 2.2 (t, 3H, CH2CH3), 3.4 (q, 2H, CH2CH3), 3.6(t, 2H, CH2CH2OH), 5.0 (t, 4H, CH2CH2OH), 2.9 

(s, lH, CH2CH2OH), 7.0-7.6 (m, PPh3). 13CNMR (DMSO) d (ppm) =77.1 (CH2OH), 11.3 

(CH2CH3),59.4 (CH2OH), 50.8 (NCH2), 134.2 (NCS), 204.6 (-CS2); C24H2sN2OS3NiP (543.33): 

Calcu lated: C, 53.05 ; H, 4.64; , 5. 16; S, 17.70% Found: C, 53.45 ; H, 4.30; N, 5.50; S, 17.25%. 
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3.13.4. Synthesis of (N-alkyl-N-ethanoldithiocarbamatoS,S)(isocyano) (triphenylphosphine) 

nickel(II), [NiL(NC)(PPh3)] (L= L6, L7 and alkyl= CHJ, CH2Clli). 

Bis(N-alkyl-N-ethanoldithiocarbamate )Ni(II), (0.18 g, CH3; 0.194 g, CH2CH3; 0.5 mmol) was 

mixed with triphenylphosphine (0.26 g, 1.0 mmol), nickel(II) chloride hexahydrate (0.12 g, 0.5 

mmol), and potassium cyanide (0 .065 g, 1.0 mmol), and refluxed in methanol-dichloromethane 

mixture (1: 1, 40 mL) for 4 h. The solution obtained which was dark purple-red in colour was 

cooled, filtered , and left to slowly evaporate the solvent at room temperature to afford single 

crystals suitable for X-ray analysis. 

(43) [NiL6(NC)(PPh3)]: Yield , 0.20 g (74%); M.pt: 137-139 °C; Selected IR, v(cm-1): 1432 (C= ), 

1282 (C2-N), 1094 (C=S), 3285 (OH), 2932 (-H2C-H), 2867(CN) and 743(CN) of-N=C, 420 (Ni

S); 1HNMR (DMSO) b (ppm) = 3.0 (s, 3H, CH3), 3.5(t, 2H, CH2CH2OH), 4.l(t, 2H, CH2CH2 OH), 

2.90 (s, lH, OH), 7.42 (m, I0H, C6Hs), 7.38-7.26 (t, 6H, C6Hs), 13CNMR (DMSO) b (ppm) = 

129.1 , 129.5, 133.8 (C6Hs), 39.4(CH3), 49.4 (-NCH2), 54.4 (-CH2OH), 207.8 (-CS2), 134.8 (CN); 

C23H23N2S2ONiP (497.24): Calculated: C, 55.56; H, 4.66; N, 5.63 ; S, 12.90. Found: C, 55.12; H, 

4.26; , 5.78; S, 11.75%. 

(44) [NiL7{NC)(PPh3)]: Yield , 1.02 g (53.2%); M.pt. 128 - 130 °C; Selected JR, v(cm-1): 1515 

(C=N), 1280 (C2-N), 996 (C=S), 3318 (O-H), 2850 (H2C-H), 422 (Ni-S). 1HNMR (DMSO) b =1.1 

(t, 3H, CH2Cfu), 3.4 (q, 2H, CH2CH3), 3.6 (t, CH2CH2OH), 2.9 (s, lH, CH2CH2OH), 7.2-7.4 and 

7.5-7.7 (m, PPh3). 13CNMR (DMSO) 77.0 (NCH2OH), 12.2 (NCH3), 61.0 (CH2OH), 51.3 (NCH2), 

128-134 (PPh3), 135 (CN), 205 (-CS2). C23H2sN2OS3NiP (531.32): Calculated: C, 51.99; H, 4.74; 

N, 5.27; S, 18.10%; Found: C, 51.45; H, 4.35; N, 5.50; S, 18.25%. 
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3.14. Results and discussion of the mixed ligand complexes of the synthesized Ni(II) 
dithiocarbamate complexes 

3.14.1. General synthesis of the mixed ligand complexes of the synthesized Ni(II) 

dithiocarbamate complexes 

The presence of the P and N donor atoms (to afford NiS2P and N iS2PC) on the parent complexes, 

created an imbalance in the metal orbital s due to the additional donor atoms provided [33]. The new 

complexes responded by regulating their reactivities by a change in geometry and coordination 

properties. Schemes 3.16 and 3.17 present the synthetic routes to the preparation of the different 

adducts of the nickel(II) complexes of benzyldithiocarbamate and N-alkyl-N-ethanol 

dithiocarbamate respectively. 

Scheme 3.16: Synthetic route for the heteroleptic complexes [NiL2(NCS)(PPhJ)] 

and [NiL2(NC)(PPh3)] 
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Scheme 3.17: Synthetic route for the hetero leptic [NiL(NC)(PPh3)) and [NiL(NCS)(PPhJ)] 

complexes [R = CH3 , CH2CH3]. 

3.14.2 Infrared studies of the mixed ligand Ni(II) dithiocarbamate complexes 

The IR bands due to v(CN) in complexes [NiL2(NCS)(PPh3)] and [NiL2(NC)(PPh3)] appeared 

around 1486 and 1457 cm- 1 respectively, and are higher than that of the parent dithiocarbamate 

(1446 cm- 1
). This is indicative of an increase in the strength of the thioureide bond as a result of the 

presence of the pi-accepting phosphine, and also the red istribution of electron density from the P 

toward the N i due to the bonding of the triphenylphosphine to the nickel [5]. The v(C-S) band 

which appeared around 966 and 97 1 cm-1 without any splitting in a ll the complexes, indicated a 

symmetrically bidentate coordination of the -CS2 group to the metal centre. It also shows higher 

values than that of the parent at 923 cm-1
• The number of bands detected around 1000±70 cm-1 is 

indicative of the mode of bonding of the metal to the dithiocarbamate ligands [34]. In the far IR 

region, the appearances of new bands around 468 and 4 77 cm-1 due to the Ni-S vibration has higher 

values in the mixed ligands than the parent complex which may be as a resu lt of higher coordination 
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number around the central metal ion [35]. The (N-H) stretching vibration occurred around 3232 

cm-1 for the parent complex but at higher values around 3378 and 3380 cm-1 in the mixed ligands. 

In the spectra of [NiL5(NCS)(PPhJ)] and [NiL5(NC)(PPhJ)] complexes, the v(CN) peaks were 

observed around 1621 and 1543 cm-1
• These were higher than the parent which appeared around 

1508 cm-1• The v(C-S) peaks around 995 and 996 cm-1 are slightly higher than the parent (923 cm-

1). The v(Ni-S) found around 413 and 420 cm-1 are comparable to 528 cm-1 in the parent, the 

(N-H) stretching vibrations around 3392 and 3378 cm-1 were slightly below the value for the 

parent at 3439 cm-1. The difference has been ascribed to the increase in the strength of the 

thioureide bond due . to the presence of the pi-accepting phosphine, and the effect of the 

triphenylphosphine on the complex. 

The presence of bands in the range 980 - 990 cm-1, without any splitting, in the spectra of 

[NiL(SNC)(PPhJ)] and [NiL(NC)(PPhJ)] complexes, correspond to v(C-S) vibrations. This was 

indicative of bidentate coordination mode of the dithiocarbamate moiety through the two sulphur 

donor atoms. The thioureide bands in these complexes were observed in the range 1433 to 1432 cm-

1 for the CH3; and 1518 to 1515 cm- 1 for CH2CH3 containing compounds respectively. These were 

larger than that of the parent dithiocarbamate (1431 and 1470 cm-1) and indicated the partial double 

bond character due to the electron releasing ability of the nitrogen atom toward the sulphur atoms 

via the thioureide rr-system [5]. The higher vibrational frequency observed for the heteroleptic 

complexes compared to the parent complex indicate a mesomeric drift of electron density from the 

dithiocarbamate moiety towards the nickel(II) centre [33]. In addition, the broad bands around 

3132-3366 cm- 1 in all the complexes are assigned to O-H of the ethanol group. The bands at the far 

IR region of 424-432 cm- 1 are due to the Ni-S bond. Finally, the bands which appeared around 2900 

cm-1 and 742 cm-1 for the heteroleptic complexes are attributed to the N-coordinated isocyanate and 

isothiocyanate anions respectively. 

3.14.3 Electronic studies of the mixed ligand Ni(II) dithiocarbamate complexes 

The electronic spectra of the [Ni(L)2bpy], and [Ni(L)2ph] complexes were the octahedral nickel(II) 

complexes with three low intensity bands. The bands at 220-233 nm, 307-313 nm which represent 

the 3 A2g -+ 3T1 g(F), 3 A2g-+ 3T1 g(P) transitions, and 340-350 nm could be assigned to n-n* 

transition of the C=N in the bi pyridine and phenanthroline ligands [36]. 
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In the [NiL(PPh3)(NCS)] and [NiL(PPh3)(NC)](PPh3) complexes, electronic transitions with 

incomplete electrons in the cl-orbitals were observed. This gave absorption bands due to metal d-d 

transition and charge transfer transitions (n---+rr*, rr---+rr* ). As expected for square planar complexes, 

the diamagnetic nickel(ll) complex displayed a weak d-d transition. In this study, the bands at 320-

390 nm is ascribed to the li gand to metal charge transfer transitions which supports the bonding of 

the ligand to the metal ion through sulphur atoms, while the bands at 420- 480 nm arise due to the 

transfer of electrons from the incompletely filled d-orbital of the metal ions to the I igand ( drr---+prr). 

Other absorption bands at 460-540 nm are due to the nickel d-d transitions which could be assigned 

to dyz-dxy, dxz-dxy and dx2-y2-dxy transitions [37]. 

3.14.4 NMR spectra studies of the mixed ligand Ni(II) dithiocarbamate complexes 

The 1H NMR of complexes [NiL2(NCS)(PPhJ)] and [NiL2(CN)(PPh3)] showed a set of similar 

signals between 7.40 and 7.43 ppm due to asymmetric NiS2PN and NiS2PC moieties. The protons 

due to the methylene (-CH2) and amine (- H) groups appeared as singlets at 4.50 and 4.52 ppm; 

8.40 and 8.55 ppm respectively. The fast isothiocyanate and isocyanide ligand exchange is 

responsible for the broadening of the aliphatic protons. The signals observed in the downfield 

region, 7.25-7.41 ppm, are due to aromatic protons in the dithiocarbamate and triphenylphosphine 

[38]. 

In 13C NMR spectra, the chemical shifts of the characteristic thioureide carbon (N-13CS2) of 

dithiocarbamate were observed at 206.6 and 206.8 ppm respectively. There is a significant up-field 

shift of 3.2 ppm in the thioureide carbon peak, relative to the parent [Ni(L2)2], 210 ppm. This was 

supported by the higher vibrational frequency of C-N observed in the FTIR [NiL2(NCS)(PPhJ)] 

and [NiL2(NC)(PPhJ)], and confirmed the presence of a Jr-accepting group [39]. The N-13CS and 

- 13C carbon signals were at 136.4 and 130.5 ppm respectively. The observed signal (at 

130.5 cm- 1
) in the CN complex indicated coordination of the cyanide via the electronegative 

nitrogen. The position of the peak corroborates the observed IR vibrational frequency for v(NC) and 

indicated the presence of a N-coordinated cyanide. 

In the spectra of the heteroleptic complexes [NiL(NCS)(PPhJ)] and [NiL(NC)(PPhJ)] , the 

methylene proton (-CH2) of the ethyl group resonated around 1.1 - 2.2 ppm, an up-field shift of 1.0 

ppm compared to the parent complex. For the methyl proton of the- N-methyl-N

ethanoldithiocarbamato group appeared as broad singlets around 3.0 and 3.1 ppm. They appeared as 

quatiet at 3.40 ppm in the V 0 complexes. A slight up field shift was observed from the positions of 

their appearance in the parent complex at 3.36 ppm. The fast ligand exchange process in the 

heteroleptic complexes resulted in more broadening of the proton signals . Similarly, the signal due 
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to the proton of the -OH group appeared around 2.9 ppm, which was an up-field shift of 0.4 ppm 

from their positions in the parent complexes. The set of multiplets in the range 7.0 - 7.7 ppm are due 

to the phenyl protons of the triphenyl phosphine in the asymmetric NiS2PN and NiS2PC. The -CS2 

peaks appeared in the range 207.2 - 207.8 ppm for all the complexes, with an up-field shift of 2.6 

ppm compared to the parent. The shift is a consequence of the attachment of n--accepting 

triphenylphosphine group [40]. The peaks due to the carbon of the NCS and NC appeared around 

134.0 - 135.0 ppm for the [NiL(NCS)(PPh3)] and [NiL(CN)(PPh3)] respectively. Thus, these 

established the attachment of the isocyanide and cyanide groups to the parent complex via the 

electronegative nitrogen atom. Besides these signals, the heteroleptic complexes displayed 

additional four peaks between 128.00 - 134.00. ppm, due to the carbons of the triphenylphosphine 

molecule. 

3.14.5. X-ray crystallography of the [NiL2(NCS)(PPh3)] and [NiL7(NC)(PPh3)] 

3.14.5.1. Description of crystal structures of [NiL2(NCS)(PPh3)] 
The systematic absences reported in the diffraction data for [NiL2(NCS)(PPh3)] were found to be 

consistent for the Pl space group which yielded stable results of refinement that are chemically and 

computationally reasonable [1-4]. The crystal and structure refinement data for complex 

[ iL2(NSC)(PPh3)] are presented in Table 3.13. The ORTEP diagram is shown in Figure 3.20, 

while the selected bond length and angles are summarised in Table 3 .14 There is one symmetry

independent molecule in the asymmetric unit, consisting of the entire i(II) complex. The nickel is 

in the +2 oxidation state and charge balance comes from the one bound isothiocyanate and one 

dithiocarbamate molecule where the negative charge is spread over both S atoms in the 

dithiocarbamate. Around the nickel atom, the cis angles: NI-Nil-Pl = 97.62(4)0
, SI-Nil-Pl 

= 93.482 (17)0
, Nl-Nil-S2 = 91.26(4)0 and Sl-Nil-S2 = 78.68(2)0 and trans angles 

Nl-Nil-Sl = 167.85(5) and Pl-Nil-S2 = 166.80(2)0 make the molecule to adopt a non

centrosymmetrical distorted square planar. Due to the bidentate chelation of the nickel atom by two 

sulphur atoms from the dithiocarbamate, one of the cis angles S 1-Ni l-S2 = 78.68(2)0 is 

significantly small compared to the 90° expected for a square planar geometry [41]. A portion of the 

molecule in the asymmetric unit exhibits positional disorder (Figure 3.21a). The atoms involved are 

Nil , SI , S2, Cl , C2, C3 , C4 and N2 and they are disordered over two positions. The major 

component is present 93.876(3) % of the time as was refined anisotropically. The minor component 

was also successfully refined anisotropically. The above-mentioned atoms had thermal 

displacement parameter constraints applied to them. Within the NCS2 moiety, the characteristic 

delocalisation of p-electron of dithiocarbamate anion is observed in the bond lengths of the C-N 
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and C-S [C-S = l.725(2)A and C-N = 1.304(2) A] which are very short compared to the single 

C- bond length (1.47 A) and C-S (1.81 A) [35]. The il-Sl and N il-S2 bond lengths are very 

close at 2.1947(5) and 2.2 167(5) A. However, the Nil- N l bond length 1.850(4) is significantly 

shorter than the Nil-Pl bond length 2.2298(4). The difference is ascribed to the good p-acceptor 

property of triphenylphosphine, and supports a good interaction between the nitrogen and the 

phosphorus in the complex [39] . There is evidence of intermolecular hydrogen bonding interactions 

and no intramolecular hydrogen bonding in the crystal structure, as shown in Figure 3.2 1 (a) The 

intermolecular 2-H2 · · · S3 hydrogen bonds involved the hydrogen on the nitrogen atom and the 

S3 atom of the isocyanate group. An:- n: ring interactions was absent in the system. The molecular 

structure diagram showing the packing of the complex, viewed down the crystallographic a-axis 

and b-ax is are presented in Figures 3.2 1 band c respectively. 

3.14.5.2 Description of crystal structures of [NiL7(NC)(PPh3)] 
Crystallographic data for [NiL7(NC)(PPh3)] are given in Table 3.13 and selected bond lengths and 

angles are presented in Table 3.1 4. Figure 3.22 presents the molecular drawing of 

[NiL7(NC)(PPh3)] . The systematic absences in the diffract ion data were uniquely consistent for the 

space group C2/c that yielded chemically reasonable and computationally stable results of 

refinement [1-6]. There are two symmetry-independent molecules in the asymmetric unit, one 

cons isting of the entire Ni(II) complex and the second is a disordered triphenylphosphine moiety. 

The nickel is in the +2 oxidation state and charge balance comes from the one bound cyano ligand 

and one dithiocarbamate molecule where the negative charge is spread over both S atoms in the 

dithiocarbamate. The expected heteroleptic Ni(II) complex was obtained with a triphenylphosphine 

molecule also forming part of the crystal structure. Both symmetry independent molecules in the 

asymmetric unit exhibits extensive positional disorder. The triphenylphosphine molecule is 

di sordered over two positions with the major component of the disorder being present 54.778(2)% 

of the time, and all atoms were refined ani sotropically. The minor component was also successfu lly 

refined anisotropically. The Ni(II) complex exhibited positional disorder in the ethyl/hydroxyethyl 

groups. The major component of the disorder is present 74.728(6)% of the time and all atoms 

involved were successfu lly refined anisotropically. 

The asymmetric unit of the complex contains one Ni(II) atom which is bound to one isocyanate and 

one dithiocarbamate molecule. The angles surrounding the nickel atom, are the cis: Cl-Ni l-S2= 

170.87 (11)0
, Cl - Nil-Pl=91.05 (11 )0

, Cl-Nil-Sl =91.71 (11)0
, S2-Nil-Sl = 79.22 (3)0

; 

whi le the trans angles: SJ-Nil-Pl= 176.67 (4) 0
, and C2-S2- il = 85.75 (11)0

, confers on 

the molecule a monoclinic structure. The Ni-S bond lengths are 2.20 13(9) and 2.2079(9) A and 
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the C2-N2 and C 1-N l bond lengths are 1.309(12) and 1.153(5) A, respectively. The short 

C2- N2 distance, as compared to the normal bond distances for C- N and C=N (1.47 and 1.28 A) 

indicates that then e lectron density is de localized over the S2CN segment [ 42]. 

Table 3.13: Summary of crysta l data and structure refinement for [NiL2(NSC)(PPh3)] and 

[NiL7(NC)(PPh3)]. 

Complex 

Empirical formu la 

Formula weight 

Crystal size (mm) 

Crystal system 

Temperature (K) 

Crystal habit 

Space group 

a(A) 

b (A) 

C (A) 

a (o) 

/J C) 
y (0) 

V [A **3
] 

z 
Deale (g cm-3) 

F(000) 

Dataset 

µ(MoKa) (/mm) 

Tot. ,Uniq.Data, 

R(int) 

Observed reflections l> 2a(I) 

Nref, Npar 

Final R, wR2, S 

Max.residual density [e/A3] 

Min. residual density ( e/ A3] 

e range C) 

[NiL2(NSC)(PPhJ)] 

C21H23N2NiPS3 

561.33 

0.13 X 0.13 X 0.44 

Triclinic 

100 

Plank, dark red 

p 

9.3486(6) 

9.881 1(6) 

13.7004(8)90 

9.3486(6) 

84.5700(1)90 

85.0720(1) 

1255 .13(13) 

2 

1.485 

580 

12:12; -13 :13; -18:18 

1.11 

36245, 6370, 0.031 , 

0.029 

5808 

6370,331 

0.029, 0.072, 1.02 

0.43 

-0.45 

-0 .21 

110 

[NiL7(NC)(PPh3)] 

C42H40N2NiOP2S2 

773.53 

0:38 X 0.25 X 0.22 

Monoclinic, C2/c 

100 

light orange blocks 

C2/c (no. 15) 

36.798(4) 

10.3589(10) 

20 .233(2) 

90 

95.485(2) 

90 

7677 .1(13) 

8 

1.339 

3232 

-49:49, -13 :13, 
27 :27 

0.733 

9598 , 7189 

0.073 

7913 

9598, 682 

0.068,0.173, 1.14 

2.38 

-0.41 

2.0-28.4 



Table 3.14: Selected bond distances and angles 

[NiL 2(NCS)(PPh3)] [NiL 7(NC)(PPh3)]. 

Bond distances (A) Bond distances (A) 

Ni l- SI 2.1947(5) Nil-Cl 1.860 (4) 

Ni l-S2 2.2167 (5) Nil-Pl 2.1862 (9) 

Ni l-Pl 166.80 (2) Nil -S2 2.2079 (9) 

Ni l-NI 2.2298 (5) Nil-S1 2.2079 (9) 

Sl-Cl 1.8501 (14) S1-C2 1.719 (3) 

S2-Cl 1.725 (2) S2-C2 1.732 (3) 

S3-C2 1.7092 (19) Pl-C19 1.813 (3) 

Pl-ClO 1.6292 (16) Pl-Cl3 1.822 (3) 

Pl-Cl6 1.8197 (15) Pl-C7 1.827 (3) 

Pl-C22 1.8252 (15) Nl-Cl 1.153 (5) 

Pl-NilA 1.8238 (15) C2-N2A 1.309 (12) 

Nl-C2 2.074 (7) 

Nl-NilA 1.162 (2) Bond Angle(°) 

Cl-N2 2. 169(6) Cl-Nil-Pl 91.05 (11) 
CJ-Ni l-S2 170.87 (11) 

Bond angles (0
) Cl-Nil-SI 91.71 (11 

Sl-Nil-S2 78.68 (2) S2-Nil-Sl 79.22 (3) 

Sl-Nil-Pl 93.482 (17) Pl-Nil-Sl 176.67 (4) 

S2-Nil-Pl 167.88 (5) C2-S2-Nil 85.75 (11) 
Sl-C2-S2 109.10 (18) 

Nl-Nil-S l 91.26 (4) N2A-C2-Sl 125.5 (5) 

Nl-Nil-S2 97.62 (4) Cl9-Pl-Cl3 106.7 1 (16) 

Nl-Nil-Pl 86.27 (6) Cl3-Pl-Nil 109.85(11) 

Cl-SI-Nil 85.96 (6) C7-Pl-Nil 11 7.26(11) 

C1-S2-Ni l 112.44 (5) NI-Cl-Nil 177.2 (3) 

Cl0-Pl-Nil 106.61 (7) 

Cl0-Pl-Cl6 102.51 (7) 

C10-P1-C22 104.40 (18) 

ClO-Pl-Nil 104.40 (18) 

C16-Pl-Ni1 106.07 (5) 

I l WU ~ fiJIB)' 
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(a) 

(b) 

Figure 3.20: (a) Molecular structure and (b) packing diagram of [NiL2(NCS)(PPh3)] 
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(c) 

Figure 3.2 l (a): Molecular structure diagram showing the hydrogen bonding contacts (yellow 
dashed lines) for the complex 2. (Symmetry code: (i) -x+2, -y, -z+ 1) 

• 

Figure 3.21: Molecular structure diagram showing the packing of complex 2 viewed down the 

crystallographic (b) a-axis and (c) b-axis. Ye llow dashed lines show the H-bond contacts 
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(a) 

(b) 

Figure 3.22: A molecular drawing shown with 50% probability ellipsoids, showing (a) only the 

major disorder component of the molecule of the asymmetric unit, and (b) packing diagram of 

[NiL7(NSC)(PPh3)]viewed down the b-axis 
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3.14.5. Thermal decomposition studies of the mixed ligand complexes of Ni(II) 
dithiocarbamate complexes 

Figures 3.22 - 3.25 present the overlapped TGA/DTG graphs of the complexes. The relevant data 

from the thermal decomposition are presented in Table 3.15 . The parent complex [Ni(L2)2) showed 

a well -defined two steps decomposition (Figures 3.22). The first step appeared between 169 - 194 

°C, with a 35% mass loss which corresponded to the loss of the benzyl group, and the formation of 

thiocyanate intermediate. The second step started instantaneously after the first with a 73% loss in 

the range 194 - 255 °C to yield NiS2 as residue [43][44] (mass: found 3.03; calculated, 3.22 mg). 

The heteroleptic complex, [NiL2(NSC)(PPh3)] also gave a two-step decomposition. The first step 

occurred between 187 and 206 °C, and with a 70% loss due to the decomposition of the ligand 

molecules and the formation of thiocyanate (found, 4.50; calculated, 4.00). The second step 

decomposition in the range 207 - 300 °C with a 93% loss yielded the NiS residue (found, 1.920; 

calculated, 2.430) [ 45]. 

The decomposition profile of [NiL2(NC)(PPh3)] is presented in Figure 3.22. It showed that the 

complex decomposed in one step in the range 194-347 °C with 77% loss and yielded nickel 

sulphide (NiS2) directly in the single step (mass: found , 4.01; calculated, 3.90). The overlapped 

graphs showed that the substitution of the su lphur atoms in the NiS4 chromophore of complex 

[Ni(L2)2) by the P and N atoms in complexes [NiL2(NSC)(PPh3)) and [NiL2(NC)(PPh3)) resulted 

in an increase in the decomposition temperature of the mixed ligand complexes. This indicates that 

the mixed ligand complexes have higher thermal stability than the parent complex. This is contrary 

to the earlier reported studies [ 46] where the replacement of the sulphur atoms in the NiS4 

chromophore resulted in a reduction in the temperature of decomposition of the mixed ligand 

complexes. This difference in thermal behaviour could be due to the changes in substituents at the 

nitrogen of dithiocarbamate which could affect the properties of the complexes. 

In the TGA of [NiL6(NCS)(PPh3)) and [NiL6(NC)(PPh3)) complexes, the first decomposition step 

occurred in the temperature range 189 - 239°C and 191 - 244°C with a 29 and 31% loss 

respectively. This corresponded to the decomposition of the organic molecules and the formation of 

thiocyanate. The second step decomposition in the range 250 - 310 and 254 -310 °C with a 76 and 

75% loss yielded the NiS residue respectively. The final products of the thermolysis of the 

complexes were consistent with 1: 1 nickel: su lphide phases. The replacement of the sulphur atoms 

in the iS4 chromophore of the parent complexes with P and N atoms resulted in an increase in the 

decomposition temperatures, showing a higher thermal stability. 

[NiL7(NCS)(PPh3)) complex presented a two-step decomposition profile. The first step of 

decomposition occurred in the range 204-274 °C with 32% loss of the organic molecule. After this 
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step, the residual mass obtained (found: 10.30, cald: 11.09) indicated isothiocyanate as intermediate 

product. The second step of decomposition occurred in the range 280-341 °C with 83% weight loss, 

and the weight of the residual product found/cald: 2.60/2.57 mg corresponded to iS. Complex 

[NiL7(NC)(PPh3)] gave a single step decomposition in the range 266-35 1 °C with 82% loss, the 

mass of the residue (found/cald: 2.87/2.56 mg) corresponded to iS2 . After this step, the 

decomposition profile maintained a plateau up to 700 °C indicating no further change. For the 

[NiL5(NCS)(PPh3)] and [NiL5(NC)(PPh3)] complexes, a single step decomposition pattern was 

followed, with the loss of all the methylene and the PPh3/SCN/CN groups resulting in 84 and 91 % 

loss, and yielding iS residue with mass of 1.09 and 1.01 mg respectively. 

From the results presented in Table 3.15 , higher decomposition temperatures were .observed in all 

the heteroleptic complexes. This showed that the heteroleptic complexes have higher thermal 

stab ility than the parent compounds, and could be due to the new addition of PPh3, CN and NCS 

to dithiocarbamates 

All of the complexes showed almost the same pattern of TG profiles with similar weight loss and 

decomposition stages. The complexes decomposed to their corresponding nickel sulphide and, so 

are potential single source precursors for nickel sulphide nanoparticle 
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Figure 3.22: Overlapped TG/DTG curves of the compounds: [Ni(L2)2] (green), [NiL2 

(NCS)(PPh3)] ( Purple) and [NiL2 (CN)(PPh3)] (red). 
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Figure 3.23: Overlapped (a) TG and (b) DTG curves of the compound : [Ni(L6)2] (green), [NiL6 

(NSC)(PPh3)] ( purple) and [NiL6 (CN)(PPh3)] (red). 

(a) (b) 
120~-------------~ 40~--------------~ 

100 
30 

80 

20 

o-1---------------- -10-1-----~---------- --1 o 200 600 800 0 200 400 600 800 

Temperallre i C) I.A'IMnllll V4.SATA TemperaturetC) univerAIV4.SA.TAI 

Figure 3.24: Overlapped (a) TG (b) DTG curves of the compound: [Ni(L7)2] (green), [NiL7 

(NSC)(PPh3)] ( Purple) and [NiL7(CN)(PPh3)] (red). 
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Table 3.15: Thermal stabi lity data for the mixed ligand complexes of [Ni(L2)2] , [Ni(L6)2] and 

[Ni(L7)2] 

Compoud Decomposition Peak Weight loss Product Residualmass: 
Range (0 c) temp (%) obtained found/cald 

(oc) 
[Ni(L2)2] 169 -194 187 73 NiS2 3.027/3.221 

194-255 

[NiL 2(NSC)(PPh3)] 187-206 285 93 NiS 1.920/2.430 

207-300 

[NiL 2(CN)(PPh3)] 194-347 327 77 NiS2 4.011 /3.904 

[Ni(L6)2] 195 -275 22 1 75 NiS 2.77/2.79 

[NiL 6 (NSC)(PPh3)] 189-239 225 29 CS2NiPPh3 11.30/1 1.94 

250-310 302 76 NiS 2.75/2.70 

[NiL 6(CN)(PPh3)] 191 - 244 31 CS2NiPPh3 11.00/10.90 

254-310 315 75 NiS 2.81/2.79 

[Ni(L7)2] 212-258 222 76 NiS 3.10/2.97 

[NiL7(NSC)(PPh3)] 204 - 274 247 32 RNCS2Ni 10.30/1 1.09 

280-341 322 83 NiS 2.60/2.57 

[NiL 7(CN)(PPh3)] 266 - 351 337 82 NiS2 2.87/2.56 

3.15 Conclusion 

Four different series of group 10 metal complexes have been synthesized using dithiocarabamate 

ligands prepared from primary and secondary amine, and represented as L1 - L5 ; and also 

dithiocarabamte ligands prepared from secondary amines derived from Schiff base compounds and 

represented as, L6 - L1°. Further functionalization with P and N donor atoms afforded the 

formation of adducts and mixed ligand complexes comprising of 2, 2-bipyridine, 1, 10-

phenanthroline, triphenylphosphine, isothiocyanate and thiocyanate. The complexes were 

characterized by elemental analysis, FTIR and NMR analys is. Some of the complexes were further 

characterized by s ingle crystal X-ray analysis which confirmed that the geometry around the metal 

ions is distorted square planar geometry. The studies a lso revealed that M -S bond lengths increased 

down the group from Ni to Pt as confirmed from the crystal structure and also in the increase in 

FTIR vibration of the C= and the 13C MR signal of NCS2. Thermal decomposition studies 

revealed that all the complexes were thermally stable and the stability increased down the group. 

The introduction of the new groups increased the thermal stability of the parent complexes. All the 
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compounds decomposed into their respective metal sulphides making them suitable as single source 

precursors for metal sulphide nanoparticles. 
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CHAPTER FOUR 

4.0. Synthesis of group 10 metal sulphide nanoparticles 

Chapter Summary 

This chapter presents the synthesis and characterization of nanoparticles obtained using some of the 

Ni(II) , Pd(II) and Pt(II) dithiocarbamate complexes synthesized in chapter 3 as single source 

precursor compounds. The chapter has been divided into -three sections: 

(i) The synthesis and characterization of nickel sulphide, palladium sulphide and platinum sulphide 

nanoparticles obtained using Ni(II), Pd(II), Pt(II) complexes of dithiocarbamate obtained from 

pnmary ammes. 

(ii) The synthesis and characterization of nickel sulphide, palladium sulphide and platinum sulphide 

nanoparticles obtained using Ni(II), Pd(II), Pt(II) complexes of dithiocarbamate obtained from 

secondary amines. 

(iii) A study of the effect of different synthetic conditions such as temperatures, various growth time 

and different capping molecules on the optical and structural properties of nickel suphide 

nanoparticles. 

• Representative Ni(II) complexes of dithiocarbamate obtained from a primary amme 

[Ni(L2)2], and a secondary amine [Ni(L6)2], were utilized as precursor compounds. 

• Nickel dithiocarbamate was chosen for this study based on the following: (a) cost 

effectiveness, and (b) its ability to exhibit nanoparticles which has a wide array of phases. 
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4.1. Introduction 

Metal sulphides are important class of compounds with a very rich properties and exhibit different 

crystalline phases. Many occur naturally in the earth crust; thus, they are abundant and cheap. They 

also have applications in different fields such as in medicine, environment, agriculture, and 

electronics [l]. However, these applications are limited when in the bulk stage and can be enhanced 

by their size dependant properties when in the nanometre dimension. 

Different methods can be employed for the conversion of materials from their respective precursor 

complexes.to the nanoscale dimension. 

Solvothermal decompositions of precursors are generally preferred for nanoparticle synthesis. Jn 

this process, the solvents serve the duo purpose of acting as both the heat sink and capping agents. 

The solvothermal single source precursor approach involves the use of a single complex which 

bears both the metal and the anion of interest [2]. This method has many advantages over others: the 

presence of the bridging and chelating organic li gands can give rise to monodispersed nanoparticles 

which acquire some important structural properties from the precursor compounds. It allows 

intimate interactions between the molecules leading to homogenous distribution of the metal ion, 

thereby preventing molecular aggregation. The reaction occurs under relatively mild reaction 

conditions and the organic molecules are very volatile giving rise to pure and metastable phases (3]. 

Many metal dithiocarbamate compounds have been utilized as single source precursors for the 

preparation of metal sulphides due to their direct M-S bond. As a result of the special and unique 

physicochemical properties of transitional metal sulphides, they have found great and important 

applications in a variety of areas such as catalysis and in nanomaterial. Different phases of NixSy 

nanoparticles have been successfully prepared by solvothermal synthesis using the metal 

dithiocarbamates as the single source precursor. The plethora of binary nickel sulphide system 

comprises of the naturally occurring phases such as NiS2 (vaesite), Ni3S2 (heazlewoodite), i3S4 

(polydymite), Ni9Ss(godlevskite), P-NiS (millerite) and a-NiS (hexagonal) [4] and the synthesized 

and sulfur-rich phase Ni?S6 [5]. Phase displayed by NixSy nanoparticles depends on the synthetic 

route adopted, capping agents employed and the temperature of preparation [ 6]. Revaprasadu et al., 

have reported the synthesis of different mineral phases of nickel sulphide nanoparticles with various 

capping agents [5]. 
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Noble metal nanoparticles, including those of palladium (Pd) and platinum (Pt), display strong 

catalytic activities and stabili ty with unique properties for specific scientific and technological 

applications. They have found relevance in many fields including catalysis, fuel cells, in electronic 

industries as semiconductors due to their ease of formation of active sites. They have gained 

increasing attention as more promising catalysts for hydrogenation and aromatic amine reduction 

than the other transitional metals [7]. A lot of crystalline phases of palladium sulphide and platinum 

sulph ides are also known such as PdS (vysotskite), PdS2, Pd3S, Pd4S, Pd1 6S1 [8] ; PtS (cooprite), 

PtS2, Pt2S4 [9] , and even mixture of phases; (Pt-Pd)S, and (Pt-Pd-Ni)S (Braggite) [l O]. Phases 

displayed are also dependent on the conditions of reactions including, synthetic route, capping 

agents and the temperature of preparation. Musetha et al. , have deposited PdS2 and Pt films using 

palladium and platinum dithiocarbamates as single source precursors [11]. 

Since the size and morphology of the prepared nanoparticles are determined by the temperature of 

synthesis, the type of precursor compounds, the capping agent and reaction time, these variables 

have been considered in these studies in order to have an insight into their effects on the 

nanoparticles obtained. Long chain amine coordinating so lvents including hexadecylamine (I-IDA), 

oleylamine (OLA), and octadecylamine (ODA) have been explored as capping agents. The function 

of the capping agents is to separate the nucleation and growth process, in order to aid the formation 

of small sized monodispersed nanoparticles with desirable properties, which is governed by the 

structures and properties of the capping materials. Other properties such as morphology, photo

catalytic activities, mechanical stab ility and toxicity of the nanoparticles can also be varied by the 

choice of the capping agents. For example, HDA (with chemical formula C1 6H3sN) and ODA (with 

formu la C1sH39N) behave similarly as both are long chain saturated primary aliphatic amines, whi le 

OLA (C 1sH31) with an unsaturation at 9-10 position in its chain often behave differently from the 

other two [12]. However, all can act as good crystallization contro l agents in the nanoparticle 

crystal growth stage, to inh ibit nanocrystal overgrowth [13]. 

4.2. Chemicals 

All chemicals; hexadecylamine (I-IDA), oleylamine (OLA), octadecylamine (ODA), 

trioctylphosphine(TOP), toluene, methanol, ethanol were purchased from Sigma Aldrich and used 

as obtained without further purification. 
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4.3. Instrumentation 

anoparticles synthesized were characterized by X-ray diffraction (XRD) measurement recorded 

over a 20 range of 20-90° using a Bruker D8 Advanced, equ ipped with a proportional counter with 

Cu Ka radiation (k = 1.5405 A, nickel filter). Transmittance electron microscopy (TEM) performed 

on a TECNAI 02 (ACI) instrument operated at an accelerating voltage of 200 kV. Fourier 

transform infrared (FTIR) were obtained using Bruker alpha-P FTIR spectrophotometer, measured 

in the range of 4000-400 cm- 1 UV/visible spectra were measured using a Perkin-Elmer U0 UV-v is 

spectrophotometer, and photoluminescence studies (PL) were obtained using Perkin-Elmer LS 45 

Fluorescence spectrophotometer. 

4.4 Synthesis of nanoparticles 

In a typical procedure, about 0.25 g of each complex was dispersed in trioctylphosphine (TOP) and 

injected into a nitrogen degassed 4 g of preheated hexadecylamine (HDA) at 120 °C in a 250 mL 

round bottom three neck flask. A sudden drop in temperature of about 15 °C was fo llowed by a 

sharp change in co louration depending on the type of precursor compounds used. The reaction 

temperature was maintained for 1 hand subsequently terminated. Thereafter, the temperature of the 

mixture was reduced to about 70 °C and excess methano l was added to flocculate the HDA capped 

metal sulphide nanoparticles. The nanoparticles were isolated by centrifuging three times at 6000 

rpm for 15 min each, rinsed 3 times with ethanol and allowed to dry. 

4.5. Results and discussion on the nanoparticles prepared using Ni(II), Pd(II) and Pt(II) 
complexes of dithiocarbamate obtained from primary amine 

The Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate synthesized using primary amine were 

employed for the synthesis of nanoparticle due to their good decomposition profile into their 

respective sulphides. The precursor complexes were thermolyzed in the temperature range 160 -

190 °C. Hexadecylamine was employed as the capping molecule because of its high electron

donating abi lity and capping density, which helps to control the structural characteristics of the 

resultant nanoparticles. In addition, it helps in particle stab ilization as it binds well to the surfaces of 

the particles thereby causing repulsion between them [14]. It, thus, functions as a high boiling point 

solvent, as reducing and also as capping agents. 
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4.5.1.1 Characterization of nickel sulphide nanoparticles obtained using [Ni(L 1)2], [Ni(L3)2], 
and [Ni(L 4)2], as single source precursors 

For convenience and easy discussion, the nickel sulphide nanoparticles obtained by using [Ni(L1)2], 

[Ni(L3)2], [Ni(L 4)2], and [Ni(L5)2], as single source precursors have been represented as NiS 1, 

NiS2, NiS3 and N iS4 respectively. 

4.5.1.1.2. X-ray diffraction studies of NiSl, NiS2, NiS3 and NiS4 

The powder X-ray diffraction pattern of NiSl, NiS2, NiS3 and NiS4 nanoparticles obtained in the 

temperature range 160-190 °C, gave different phases of nickel sulphide nanoparticles . 

Representative diffraction patterns are presented in Figure 4.1. The diffraction pattern of NiS 1 is 

shown in Figure 4. la. The peaks of NiS 1 with mill er indices of (100), (10 1), (102), (110), which 

cou ld be indexed to the hexagonal a -NiS phase (JCPDS card no. 00-002-1277)[15]. NiS2 and NiS3 

gave similar pattern which are shown in Figure 4. 1 b with the same phase of a-NiS (JCPDS card no. 

00-002-1 280)[1 6], with indices at (00 1), (110), (101), (300), (021), (2 11 ), (13 1), (410), (401 ), (321), 

(330) and (02 1). NiS4 yielded NiSO4 ·6H2O, Nickelhexahydrite (JCPDS card no. 00-026-1288) with 

indices at (110), ( 112), (202), (114 ), (204 ), (3 11 ), ( 402), (136), (138), (131 ), (311) [ 17] as presented 

in Figure 4.1 c. The observed phase in NiS4 might be as a result of the oxidation of the N iS to the 

sulphate, perhaps due to the presence of trapped air/oxygen during the synthesis process in the 

solvothermal reaction system. 

The crystall ite sizes have been calculated using Sche1Ter's equation: D = KJJbcos8. Where, b = 

FWHM (Full-width at half-maximum of diffraction peak), calculated from the diffraction angle 

broadening, l is the wavelength of X-ray (1.5406 A) Cu Ka radiation, k is the position of the 

maximum of the diffraction peak, usually takes a value of about 0.9 and is the so-called shape 

factor. The most intense peaks with miller indices of (1 0 2), (0 2 1), (2 0 2) for NiS 1, N iS2, iS3 

and NiS4 respectively were used for the calculation. The estimated crystallite sizes from this 

re lation were 10.4, 9.11, 9.11 and 7.36 nm respecti vely. 

All the diffraction peaks were clearly sharp and intense which is an indication that the particles 

were crystalline. The diffraction patterns showed that little variation in the substituents on the 

precursor compounds could cause slight changes in the phases of the nanoparticles produced. 
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4.5.1.1.3. TEM studies of NiSl, iS2, NiS3 and NiS4. 

The TEM micrograph of the HDA capped of NiSl, NiS2, NiS3 and NiS4 nanoparticles are 

represented in Figure 4.2. The TEM images showed that all the nanoparticles have well-defined 

monodispersed dot-like/speherical shaped morphology. The monodispersity of the nanoparticles 

appeared to increase with increase in chain length. The nanoparticles have various sizes apart from 

differences in their shapes. The NiS 1 (Fig. 4.2a) displayed a size range of 3.2 to 14.7 nm, with the 

average size of 8.3 run; NiS2 (Fig. 4.2b) has average size of 6.1 nm, with minimum size of2.8 and a 

maximum size of 10.1 nm, while N iS3 (Fig. 4.2c) has average size of 5.5 nm and the size variation 

in the range 2.7 to 8.7 nm. This showed that as the chain length of the alkyl substituents increased, 

the size of the nanoparticles produced decreased. Variations in size distribution of the nanoparticles 

are also a noticeable dissimilarity; NiS3 with the smallest size displayed the widest size distribution. 

All the particles are well dispersed, which implies the absence of agglomeration. 

The particle size of NiS4 ranges between 2.70 -7.91 nm, and the TEM image showed that the 

smaller particles aggregated into secondary particles due to high surface energy as represented in 

Figure 2d. This perhaps is the effect of the aliphatic diamine which distinguished it from the other 

ligands; they appeared to be of spherical shape [18] . The energy dispersive X-ray (EDX) gives the 

elemental composition of the prepared nanoparticles. The result showed the peaks corresponding to 

the nickel and sulphur constituents as represented in Figure 4.3. 
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4.6.1.1.4. Optical studies of NiSl, NiS2, NiS3 and NiS4. 

15 

4.6.1.1.4.1 UV-vis spectroscopic studies ofNiS 1, NiS2, NiS3 and NiS4. 

l<:eV 

UV-vis absorption spectra were used to study the optical properties of the nickel sulphide 

nanoparticles. The band gap energy was determined using the Jan Tauc relation (Figure 4.4 inset). 

This function is based on the relationship between absorption coefficient (a) and photon energy (hv) 

[19] 

Ahv =a (hv-Eg) n 

where hv represent the photon energy, Eg is the optical band gap which corresponds to transitions 

indicated by the value of n, and n is ½ (0.5) or 2 for indirect allowed and forbidden transitions, and 

direct allowed and forbidden transitions respectively. In this study n= 1/2. Theo. factor is a constant 

and it has separate values for different transitions. 

By plotting (ahv)05 versus hv and extrapolating the linear portion of the graph to zero, the intercept 

of the hv axis gives the optical band gap (Eg) [20]. 

The UV-vis absorption spectra of the NiSl , NiS2, NiS3 and NiS4 are shown in Figure 4.4. The 

respective band gap energies of the nanoparticles were calculated from the absorption spectra [21] 

and the obtained values were: 2.70 eV (459 nm), 2.80 eV (443 nm), 2.90 eV (427 nm) and 2.50 eV 

(496 nm), a blue shift of about 0.60, 0.70, 0.80 and 0.40 eV relative to the bulk value of 2.1 eV 

(590 nm) for NiS 1, NiS2, N iS3 and NiS4 respectively. The trend of increase in band gap energy 

which implies decrease in particle size as the chain length of the substituents increases was also 

observed. This corroborates the observation made from the histogram of the TEM images discussed 
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in section 4.5.3. The NiS4, which consists of the aliphatic methylene chains, did not follow the 

same trend with the rest precursors which are aromatic phenyls with alkyl substituents. The diverse 

structural properties illustrate the different morphological behaviours observed, as optical properties 

and morphology of nanoparticles are dependent on the structure of precursor compounds. 
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Figure 4.4: UV-vis of HOA capped (a) NiSl , (b) NiS2, (c) NiS3 and (d) NiS4 nanoparticles. 

4.5.1.1.4.2. Photoluminescence studies of NiSl, NiS2, and NiS3 
Photoluminescence spectroscopy is used to assess the charge migration, transfer and recombination 

processes in photo-excited nanoparticles [22]. The N iS 1, NiS2, NiS3 nano particles showed similar 

photoluminescence spectra. Hence, representative PL spectrum for the four samples is shown in 

Figure 4.5. From the spectra, three emission peaks, recorded at the excitation wavelength of 260 nm 

were observed. The first one observed around 332 nm can be assigned to the electron hole 
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recombination of iS nanoparticles, while the other peaks around 410 and 522 nm could be 

ass igned to the intra-band transitions in the structure of the nanoparticles . 

The high intensity of the peaks indicated the small size of the nanoparticles formed , the broadness 

indicate large size di stribution and confirmed the effective surface pass ivation by the capping agent, 

which supports the size dependent quantum confinement effect of the nanoparticles. 
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Figure 4.5: Representative PL spectra of the iSl , N iS2, N iS3 nanoparticles 

4.5.1.1.5. Infrared spectral studies of the NiSl, NiS2, NiS3 and NiS4 nanoparticles 

The presence of HDA as the capping molecule on the surface of the iS 1, NiS2, iS3 and iS4 

nanoparticles was confirmed using FTIR. The spectrum of the pure HDA was compared with that of 

the capped nanoparticles. Resu lt of the analysis indicated that the most important peaks were 

observed at 3334 which could be ascribed to v(N-H), and the band around, 2851 and, 2922 cm-

1are the asymmetrical and symmetrical v(C-H) vibrations in the HDA respectively. Similar peaks 

were also fo und within the same environment in the spectra of the HDA capped iSl , NiS2, NiS3 

and iS4 nanoparticles. The peak at 510 cm-1 is assigned to the stretching vibration due to i-S 

bond [23], which was not observed in the spectra of the pure HDA as shown in Figure 4.6. The 

similarities in the positions of appearance in the spectra of the pure HDA and their capped N iS 

nanoparticles revealed that the amine is involved as capping molecules for the nanoparticles. The 

results also confirmed the purity of the synthesized NPs because aside the vibrational modes of the 
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HDA ligands and the Ni-S, the absence of the aromatic C-H and N-CS2 stretching vi brations in the 

spectrum of nanoparticles confirmed the decomposition of dithiocarbamate molecule through the 

thermolysis process and subsequent formation of nickel sulphide nanoparticles. The EDX spectrum 

ofNiS presented in Figure 4.66 showed the elemental composition to be Ni and S atoms 
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Figure 4.66: A representative EDX spectra for HDA-capped nickel su lphide nanoparticles 
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Table 4.0: The band gap energies, particle phases and the estimated sizes of the N iS 1, N iS2, iS3 

and iS4 nanoparticles 

Particle size Particle size Band gap 

Nanoparticle from XRD (nm) from TEM (nm) 
energy (eV) 

Particle Phase 

iSl 10.40 8.30 2.70 a.-NiS (hexagonal) 

iS2 9.11 6.10 2.80 a.-NiS 

NiS3 9.11 5.50 2.90 a.-NiS 

NiS4 7.36 7.29 2.50 NiS04 

4.5.1.2 Characterization of nanoparticles obtained using [Pd(L1)2], [Pd(L2)2], [Pd(L3)2], and 
[Pd(L 4)2] and [Pd(L5)2]) as single source precursors 

4.5.1.2.1 X-diffraction studies of nanoparticles obtained using [Pd(L1)2], [Pd(L2)2], [Pd(L3)2], 
[Pd(L4)2], and [Pd(L5)2]) 

Two different X-ray diffraction patterns were observed for the nanoparticles obtained from this set 

of complexes. The nanoparticles obtained from [Pd(L1)2] and [Pd(L2)2], have peaks corresponding 

to the (111 ), (200), (220), and (31 1) lattice planes of Pd crystals and are consistent with a face 

centered cubic (fee) structure. Pd nanoparticles as a product of the thermolysis of Pd(II) 

dithiocarabamate has been reported in literature [24] . Lattice plane of (11 1) is a characteristic or 

diagnostic reflection peak for pure metallic Pd phase [25], which could be indexed to ( card no. 00-

046-1 043). The diffraction patterns are presented in Figure 4.7a. The crystallite size has been 

calculated using the (1 1 1) diffraction peak at 38.8° using Scherrer's equation. The estimated 

crystallite size from this relation was 13.0 nm. 

The nanoparticles obtained from [Pd(L3)2] and [Pd(L 4)2] gave vysotskite (PdS) phase [26] as 

shown in the diffractogram presented in Figure 4. 7b. The patterns at 20 values of 21. l 0°, 29 .30°, 

36.30°, 46.50°, 51.31 °, 60.50°, 76.20° and 83.82° were indexed to (111), (002), (200), (102), (201), 

(112), (121), (202) and with the crystallite size of 2.78 nm . 

The narrowing of the peak widths in the patterns of (a) compared to (b) could be as a result of 

increase in crystallite size and phase uniform ity of the particles [27]. 
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[Pd(L5)2] also gave a different phase of PdS2 cubic plane, represented by the diffractogram in 

Figure 4.6c. The diffrac tion peaks are indexed to miller indices (021), (210), (211), (113), and (023) 

with crystallite size obtained from the (021) diffraction peak to be 2.79 nm. The diffraction peaks 

were nearly sharp and intense wh ich was an indication that the particles are crystalline and the 

narrowing of the peak w idths could be as a result of increase in crystallite size and phase uniformity 

of the particles [11]. 
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Figure 4.7: Representative X-ray diffractogram of nanoparticles obtained from (a) [Pd(L1)2], and 

[Pd(L2)2], (b) [Pd(L3)2] and [Pd(L4)2], and (c) and [Pd(L5)2. 

4.5.1.2.2 TEM Studies of nano particles obtained using Pd(L1)2], [Pd(L2)2], [Pd(L3)2], [Pd(L 4)2], 
and [Pd(L5)2] 

The TEM images of the palladium nanoparticles obtained from [Pd(L1)2], and [Pd(L2)2], are 

presented in Figures 4.9 (a, and b) respectively. Figure 4.10 (a,b and c) is the TEM image of the 

palladium sulphide nanoparticles synthesized from [Pd(L3)2], [Pd(L 4)2], and [Pd(L5)2] respectively. 

The nanoparticles are monodispersed, and of fairly spherical morphology with particle sizes in the 

range of 1.27 - 5 .14 nm and the mean sizes range from 1.88-2.62 nm which is fairly a wide particle 

size distribution. The particles obtained from [Pd(L2)2] appeared to be a mixture of oval and 

spherical shapes with particle sizes in the range of 1.80 - 6.87 nm, as shown in Figure 4.9b. The 

nanoparticles are homogenously distributed and no large dense of floes observed, which confirmed 

that the particles were well dispersed in solution. The selected area electron diffraction (SAED) of 

the particles obtained from [Pd(L2)2](Fig. 4.9b inset) showed clear diffraction rings which 

confirmed the crystallinity of the nanoparticles. The pallad ium sulphide nanoparticles are visibly 

smaller than the nickel sulphide nanoparticles, with well aligned and uniformly separated inter

particle distances. The EDX spectrum shown in Figure 4.8 confirmed the palladium and sulphur 

constituents of the nanoparticles . The presence of phosphorus might be from the TOPO in which the 

precursor complex was dispersed prior to injection into hot HDA, while the strong carbon peak is 

likely to have come from the carbon grid of the sample holder or from the HDA of the capping 

molecule. 
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4.5.1.2.3. Optical studies of the palladium sulphide nanoparticles obtained from [Pd(L1)2], 
[Pd(L3)2], and [Pd(L4)2] as precursor complexes 

4.5.1.2.3.1 UV-vis spectroscopic studies of the nanoparticles obtained from [Pd(L1)2], 
[Pd(L3)2], and [Pd(L4)2] 
The UV-vis absorption spectra of the paladium sulphide prepared from [Pd(L3)2], and [Pd(L4)2] are 

shown in Figure 4.11. The respective band gap energies of the nanoparticles were calculated using 

Tauc plots fro m the absorption spectra [29]. The calculated band gap energies were 3.40 eV (365), 

and 2.70 eV (459 nm) fo r the samples obtained from [Pd(L3)2], and [Pd(L4)2] respectively. These 

were blue shift of about 1 .40, and 0.70 eV relative to the bulk band gap value of 2.0 eV (620 nm) 

[28]. The trend of increase in band gap energy was observed fo r PdS3, and PdS4 which implies a 

decrease in particle size as the chain length of the substituents on the precursor increased. Thi s was 

in line with the observation from the histogram of the TEM images di scussed earlier. 
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Figure 4.11 : UV-v is of HDA-capped palladium sulphide nanoparti cles prepared from [Pd(L3) 2] and 

[Pd(L 4)2] 
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4.5.1.2.3.2 Photoluminescence studies of the palladium sulphide nanoparticles obtained from 
[Pd(L3)2], and [Pd(L4)2] 
The photoluminescence spectrum of representative PL spectra of palladium sulphide nanoparticles 

obtained from [Pd(L3)2], and [Pd(L 4)2] are shown in Figure 4.12. 

The emissions at 330 nm indicated that the PdS nanocrystals were in the quantum confinement 

regime. The multiple emissions at 430, 480 and 520 nm suggested intermolecular exciton 

interactions which are higher in palladium complexes due to larger 4d orbitals than 3d orbitals in 

nickel [29], and also due to band-edge emission as a result of quantum size effect. The emissions at 

the higher wavelength region at 595 and 645 nm could be due to the de-excitations from either 5S 

or Pd( 4d) levels down to the Pd-S hybridization levels. The high intensity of the peaks showed the 

smaller size of the nanoparticles fonned and the broad spectrum indicates large size distribution and 

confinns the effective surface passivation by the capping agent which supported the size dependent 

quantum confinement effect of the nanoparticles. 
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Figure 4.12: Representative PL spectra of PdS nanoparticle obtained from [Pd(L3)2], and [Pd(L 4)2] 

142 



4.5.1.3. Characterization of nanoparticles obtained from [Pt(L1)2], [Pt(L2)2], [Pt(L3)2], 
[Pt(L4)2], and [Pt(L5)2] 

4.5.1.3.1 X-ray diffraction studies of the nanoparticles obtained from [Pt(L 1)2], [Pt(L2)2], 
[Pt(L3)2], [Pt(L4)2], and [Pt(L5)2] 

Two different X-ray diffraction patterns were observed for the samples obtained using the 5 

complexes as single source precursors. The product of the thermolysis of [Pt(L1)2] yielded 

nanoparticles whose peaks at 28 values of28.27, 47.31 and 56.19° could be assigned to (100), (101) 

and (110) lattice planes of PtS nanoparticles, and matched with cooprite phase PtS as presented in 

Figure 4.13a [26). The crystallite size has been calculated by applying Scherrer's equation as 3.10 

nm using the 28 value of the (1 0 0) diffraction peak. The samples prepared from the other four 

precursor compounds:· [Pt(L2)2], [Pt(L3)2], [Pt(L 4)2], and [Pt(L5)2 gave crystalline phase of the 

face-centered cubic platinum. This phase was consistent with the standard powder diffraction data 

for metallic polycrystalline Pt which could be indexed to JCPDS No 04-0802 diffraction patterns 

[11] , as presented in Figure 4.136. The solvothermal synthesis of nanoparticles involving Pt(II) 

dithiocarabamate complexes have been reported to usually result into metallic platinum or a mixture 

of PtS and Pt [11). 
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Figure 4.13: X-ray diffractogram of nanoparticles prepared from (a) [Pt(L1)2], (b) [Pt(L2)2], 

[Pt(L3)2], [Pt(L 4)2], and [Pt(L5)2 as precursor compounds. 

4.5.1.3.2. TEM studies of the platinum sulphide nanoparticles obtained from [Pt(L1)2] 

The TEM image in Fig.4.14 presents the platinum sulphide obtained from complex [Pt(L1)2], whi le 

Fig.4.15 presents the TEM images for platinum nanoparticles obtained from [Pt(L2)2], [Pt(L3)2], 

[Pt(L 4)2], and [Pt(L5)2]. The nanoparticles were averagely spherical in shape, monodispersed with 

size ranges from 1.31-10.42, 1.58-6.62, 1.31-10.42, and 1.16-5.14 nm for [Pt(L1)2], [Pt(L3)2], 

[Pt(L 4)2], and [Pt(L5)2] respectively, which suggests a wide particle size distribution. The average 

particle size ranges from 2.82-3.79 nm and with visible inter particle size separation which 

confirmed good passivation of the capping molecules on the nanoparticles' surfaces. 

In the nanoparticles obtained from [Pt(L 2)2], ellipsoidal nano particles with size range of 6.15-1 5 .94 

nm were obta ined. TEM micrograph revealed that approximately more than half of the particles 

were in form of a cluster, which suggests some degree of agglomeration . The selected area electron 

diffraction (SAED) pattern as inset showed that the nanoparticles obtained are crystalline as 

revealed by the rings. The EDX spectrum showed in Figure 4.16 represents the spectrum for the 
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platinum su lphide nanoparticles . The constituents are platinum and sulphur while the appearance of 

carbon atom could have been from the HDA capping agent. 
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Figure 4.14: TEM micrographs of HDA-capped platinum sulphide nanoparticles obtained from 

[Pt(L1)2], with its particle size distribution histogram 
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Figure 4.15: TEM micrographs of HDA-capped Pt nanoparticles obtained from [Pt(L2)2], [Pt(L3)2], 

[Pt(L4)2] and [Pt(L5)2], with their particle size di stribution hi stogram . 
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Figure 4.16: EDX of platinum sulphide nanoparticles 
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4.5.1.3.3. Optical studies of the platinum sulphide nanoparticles obtained from [Pt(L1)2] 
4.5.1.3.3.1 UV-vis spectroscopic studies of PtS nano particles 
The UV-vis absorption spectra of the PtS prepared from [Pt(L1)2] as precursor molecule is shown in 

Figure 4.17. The band gap energy of the nanoparticles was calculated on the basis of TAUC plots 

from the absorption spectra. The calculated band gap energies was 3.40 eV (365 run), a blue shift 

of about 1.40e V (620 nm). The increase in the band gap energy with respect to the bulk is a 

consequence of quantum confinement. 
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Figure 4.17: UV-vis of HDA capped PtS nanoparticles synthesized form from [Pt(O)2]. Inset is the 

Tauc plot. 
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4.5.1.3.3.2 Photoluminescence studies of PtS nanoparticles 

The photoluminescence spectrum of of platinum sulphide nanoparticles obtained from [Pt(L1)2] is 

shown in Figure 4.18. 

The emissions at 330 nm indicated that the PtS nanocrystals are in the quantum confinement 

regime. The larger 5d orbitals of the platinum transition metal gave rise to multiple emissions at 

slightly higher wavelengths than that of palladium at 434, 483 and 519 nm suggesting 

intermolecular exciton interactions due to larger 5d orbitals than both 4d and 3d orbitals in 

palladium and nickel , respectively [29] , and also due to band-edge emission as a result of quantum 

size effect. The broad emission at the near IR region are separated into two peaks at 593 and 640 

nm and is due to electronic transitions in the interfacial region respectively [30] ,[3 l ], which could 

be ascribed to the de-excitations from either 6S or Pt(5d) levels down to the Pt- S hybridization 

levels. The high intensity of the peaks show the smaller size of the nanoparticles formed and the 

broad spectrum indicates large size distribution and confirms the effective surface pass ivation by 

the capping agent which supports the size dependent quantum confinement effect of the 

nanoparticles. 
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Figure 4.18: Representative PL spectra of PtS nanoparticle from primary amines 

4.5.2. Results and discussion of the nanoparticles prepared using Ni(II), Pd(II) and Pt(II) 
complexes of dithiocarbamate obtained from secondary amine 

The Ni(II) , Pd(II) and Pt(II) complexes of dithiocarbamate derived from secondary amine were 

utilized for the synthesis of nanoparticles. TGA studies of these compounds revealed their good 
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thermal stability and the decomposition into their pure respective metal su lphides with little or no 

impurities. The precursor complexes were thermolyzed in the temperature range of 160-220 °C, 

based on their TGA decomposition profile. The products of thermolysis of these complexes gave an 

insight into various structural and morphological changes on the nanoparticles produced as a resu lt 

of sl ight variation in the substituents on dithiocarbamate. It is noteworthy, that the structure of the 

precursor compounds influences the optical properties and morphologies of the synthesized 

nanoparticles [32]. HDA was employed as the capping molecule because of its high electron

donating ability and capping density, which aids the control of the structural characteristics of the 

resultant nanoparticles in a precise manner as it blocks the active site of the growing surfaces [33]. 

It, thus, plays the role of a high boiling point solvent as well as both reducing and capping agent. 

4.5.2.1 Characterization of nickel sulphide nanoparticles obtained using [Ni(L 7)2] - [Ni(L10)2] 
as precursor compounds 

The nickel sulphide nanoparticles obtained from [Ni(L7)2] - [Ni(L10)2] were characterised to 

determine their optical and morphological properties. 

4.5.2.1.2 X-ray diffraction studies of nickel sulphide nanoparticles obtained from [Ni(L 7)2] -
[Ni(L 10)2] 

The nanoparticles synthesized from these compounds gave the diffraction pattern which showed 

different phases of nickel sulphide nanoparticles. Representative diffraction patterns are presented 

in Figures 4. l 9a-c. The diffractogram in Figure 4.15a shows peaks that can be indexed to the 

hexagonal phase of NiS, and a-NiS1 19. The reflection patterns identified as (100), (101), (102) 

and (110) correspond with the JCPDS card no. 00-002-1277. Simi lar phase has been reported with 

a peak that matches with (220) plane ofNiS 197 [34]. The crystallite size has been calculated from 20 

of the (1 0 2) diffraction peak using Scherrer's equation and the estimated crystallite size of NiS 

from the equation is 10.4 nm. 

Figure 4.19b is a representative of the diffractogram of nickel sulphide nanoparticles obtained from 

[Ni(L8)2] and [Ni(L9)2]. Both have patterns that are comparable to the planes of a - N iS103 [35]. 

The reflection planes are in good agreement with JCPDS card no. 00-002-1273 , with miller indices 

of (101), (110), (202) and (210). N ickel sulphide obtained using [Ni(L1 °)2] as precursor complex 

has base-centered orthorhombic Godlevskite phase, Ni9Ss, [36] , which matches with JCPDS card no 

00-022-1 193 as presented in Figure 4.19c. The crystallite size has been calculated from 20 of the (l 

0 1) diffraction peak for a-NiS prepared from [Ni(L8)2] and [Ni(L9)2] and (2 0 2) diffraction peak 
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was used for i9Ss, using Scherrer's equation. Estimated crystallite sizes from this relation were 

found to be 3.0 and 6.0 nm respectively. Al l the diffraction peaks were intense and clearly sharp, 

which is an indication that the particles were crystalline. Since no other peaks were observed in the 

diffraction patterns, it was a confirmation of the purity of the nanoparticles. The diffraction patterns 

showed that, variations on the phenyl substituents could have slight changes in the phases of the 

nanoparticles produced, as the different phases observed reflect the structure of the different 

ligands. 
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Figure 4.19: X-ray diffraction pattern of (a) a-NiS 11 9, (b) a- NiS 103 and (c) N i9Ss obtained from 

[Ni(L7)2] - [Ni(L1°)2] 

4.5.2.1.3. TEM studies of nickel sulphide nanoparticles obtained from Ni(L7)2] - [Ni(L10)2] 

Figures 4.20 a-d depict the TEM micrograph of nickel sulphide nanoparticles obtained from 

[Ni(L7)2] - [Ni(L1°2]. The nanoparticles synthesized from [Ni(L7)2], a-NiS11 9 showed triangular 

morphology, whi le a -N iS103 (prepared from [Ni(L8)2]) showed we ll dispersed dot-like shape. On 

the other hand, the nanoparticles synthesized from [Ni(L9)2] displayed oval shaped nanostructures 

and the Ni9Ss, [Ni(L10)2] presented a mixture of spherical and triangular shape morphologies. All the 

samples were monodispersed. Average particle sizes were estimated to be 6.01 , 7.53 , 4.70 and 8.20 

nm for the samples prepared using [Ni(L7)2], [Ni(L8)2], [Ni(L9)2] and [Ni(L1 °2] respective ly. 

Particle size distribution of all the nickel su lphide nanoparticles are apparently narrow as revealed 

by the particle size histogram shown in Figure 4.16. The particles are almost uniformly distributed. 

These nanoparticles have identifiable boundaries which confirmed that the capping molecule is well 

absorbed on the surfaces of the particles to prevent aggregation. 
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Figure 4.20: TEM micro graphs of HD A-capped nickel sulphide nanoparticles synthesized using (a) 

Ni(L7)2], (b) Ni(L8) 2], (c) [Ni(L9)2] and (d) [Ni(L102] with their respective particle size di stribution 

histogram. 

152 



4.5.2.1.4. Optical studies of nickel sulphide nanoparticles obtained from Ni(L7)2] - [Ni(L1°)2] 

4.5.2.1.4.1 UV-vis spectroscopic studies of a-NiS1.19, a-NiS and Ni9Ss 
The UV-vis absorption spectra of the nickel su lphide nanoparticles prepared from Ni(L7)2] -

[Ni(L 10)2] complexes as precursor molecule are shown in Figures 4.21 (a-d). The respective band 

gap energies of the nanoparticles were calculated from the absorption spectra. The calcu lated band 

gap energies were: 3.36 eV (369 nm), 2.60 eV (477 nm), 2.50 eV (496 nm) and 2.30 eV (539 nm) 

for samples obtained from Ni(L7)2], Ni(L8)2], [Ni(L9)2] and [Ni(L1°2] respectively. The values of 

the band gap energies indicated blue shift of about 1.26, 0.50, 0.40 and 0.20 eV respectively, 

relative to 2.1 e V (590 nm) of bulk nickel sulph ide. The different structural properties reflect the 

change in morphologies observed, as optical properties and morphology of nanoparticles are 

dependent on the structure of precursor compounds. The complex, Ni(L7)2] contains the aliphatic 

methylethanol group. Complexes Ni(L8)2] , [Ni(L9)2] and [Ni(L 102] contain both bridging and 

chelating ligands as a result of the combination of the carboxylformaldehyde, naphthalene and 

nitroaniline rings from the Schiff base compounds, which impart on the structural properties of the 

nanoparticles produced. The band gap energies were about 2.3-2.6 eV lower than the bulk. 
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Figure 4.21: UV-vis of HDA capped nickel sulphide nanoparticles synthesized using (a) Ni(L7)2], 

(b) Ni(L8)2], (c) [Ni(L9)2] and (d) [Ni(L1°2], with their respective Tauc plots. 
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4.5.2.1.4.2 Photoluminescence studies of nickel sulphide nanoparticles obtained from Ni(L7)2] 
- [Ni(V0)2] 
The photoluminescence spectrum shown in Figure 4.18 is the representative PL spectra of the 

nickel sulphide nanoparticle prepared using nickel complexes of dithiocarbamate obtained from the 

secondary amines. The photoluminescence study was conducted at room temperature and at an 

excitation wavelength of 260 run. An emission peak centered on 330 run, which is assigned to the 

electron hole recombination of nickel sulphide nanoparticles, was observed. The other peaks at 

higher wavelength around 408, 520 and 645 nm could be assigned to the intra-band transitions 

within the structure of the nickel sulphide nanoparticles during excitation. 

The high intensity of the peaks is an indication of small size of the nanoparticles formed which 

could be the consequence of the effective surface passivation by the capping agent. Hence, this 

supports the size dependent quantum confinement effect of the nanoparticles. 

4.5.2.1.5. Infrared spectral studies of nickel sulphide nanoparticles obtained from Ni(L 7)2) -
[Ni(V0)2] 
The capping function of the HDA molecules on the NiS nanoparticles was confirmed with FTIR. 

The spectrum of the pure amine was compared with that of the capped nanoparticles. Based on the 

analysis of the capping agents, the most important peaks were observed at 3334 cm- 1 ascribed to 

v(N-H); the peak around 2851 cm-1 was due to asymmetrical v(C-H), and at 2922 cm-1 was 

ascribed to symmetrical v(C-H) vibrations. Comparable peaks could be found around 3330, 2917, 

and 2849 cm- 1 in the spectra of the HDA-capped nickel su lphide nanoparticles. The similarities in 

the positions of appearance of the peaks in the spectrum of the pure HDA capping molecules and 

the nanoparticles, with slight shift to higher frequencies revealed that the capping agents are integral 

parts of the capped nanoparticles. The bending vibration due to the Ni-S bond was found in the 

range 502-508 cm-1 and only on the spectra of the nanoparticles. 

The summary of the characterization of nickel sulphide nanoparticles obtained from [Ni(L7)2] -

[Ni(L10)2] is presented in Table 4.3 
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Table 4.3: Summary of data of nickel sulphide nanoparticles obtained from N i(L7)2] - [Ni(L10) 2] 

Nanoparticle/precursor Pa1iicle size Particle size Band gap Particle Phase 

complex From XRD (run) From TEM (run) energy(eV) 

a- iS u9, [Ni(L7)2] 10.40 6.01 3.36 a- iS(hexagonal 

a- iS 103, [Ni(L8)2] 3.00 7.53 2.60 NiS 103 

a-NiS103, [Ni(L9)2] 3.00 4.70 2.50 NiS 103 

Ni9Ss, [Ni(L 10)2) 6.00 8.20 2.30 Ni9Ss 

4.5.2.2. Characterization of palladium sulphide nanoparticles obtained from [Pd(L6)2] and 
[Pd(L7)2] as precursor compounds 

Palladium sulphide nanoparticles, in the series of nanoparticles obtained from dithiocarbamate from 

secondary amine, were only prepared from complexes [Pd(L6)2] and [Pd(L7)2], and used as 

representative samples for this series. This is because the yields obtained from other complexes 

(Schiff base) were not suffic ient for thermolysis reaction that could yield reasonable products. 

4.5.2.2.1 X-ray diffraction studies of palladium sulphide nanoparticles obtained from Pd(L6)2] 
and [Pd(L7)2] 
The nanoparticles synthesized from Pd(L6)2] and [Pd(L7)2] gave diffraction patterns of the same 

phase of palladium sulphide. A representative diffraction pattern is presented in Figure 4.22. The 

pattern has peaks at 20 values of 21.5, 29.6, 36.3, 46.3 , 56.5 , 61.4, 71.9 and 76.7 degrees, which 

could be associated with Pd4S phase with miller indices of (002), (202), (212), (222) and (111) 

which matches with JCPDS card no 00-010-0335 [8]. The crystallite size has been calcu lated from 

the (0 0 2) diffraction peak using Scherrer's equation. Estimated crystallite size from this relation 

was 2.3 run. The intense and sharp diffraction peaks are indication that the particles were crystalline 

and the broad peaks confirmed the small size of the nanopa1iicles. 
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Figure 4.22: Representative X-ray diffraction pattern fo r PdS obtained from Pd(L6)2] and [Pd(L7)2] 

complexes. 

4.6.2.2.2. TEM studies of palladium sulphide nanoparticles obtained from [Pd(L6)2] and 
[Pd(L7)2] 

The TEM image for the palladium sulphide nanoparticles revealed dot shaped and spherical 

morphology with unifo rm inter-particle separation, as represented by Figure 4.23. The sizes are in 

the range 1.47 - 8.67 nm, and 1.44-3.91 nm, w ith average particle size of 3.45 and 2.40 nm. This 

showed a fai rly wide particle size distribution with size decreasing with increase in chain length of 

substituents. 
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Figure 4.23: TEM image of PdS obtained from Pd(L6)2] and Pd(L7)2]. 

4.5.2.2.3. Optical properties of palladium sulphide nanoparticles obtained from Pd(L6)2] and 
Pd(L7)2] and L7)] 
4.5.2.2.3.1 UV-vis studies of PdS obtained from Pd(L6 and L7)] 

The UV-vis absorption spectra of PdS nanoparticles prepared from Pd(L6)2] and Pd(L7)2] are 

shown in Figures 4.24. The respective band gap energies of the nanoparticles were calculated from 

the absorption spectra [29]. The band gap energies were 3.8 1 eV (326 run) and 3.63 eV (350 nm), 

which implied a blue shift of about 1.81 and 1.63 eV relative to the bulk value of2.0 eV (590 nm) 

for PdS obtained using Pd(L6)2] and Pd(L7)2] as precursor compounds respectively. 

The observed trend was a decrease in band gap energy as the chain length of the nanoparticles 

increased, and since increase in band gap energies is synonymous with the reduction in particle size, 

this revealed that particle size increased with increase in chain length of precursor complexes. 
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Figure 4.24: UV-vis of HDA-capped PdS nanoparticles synthesized using (a) [Pd(L6)2] and (b) 

[Pd(L7)2], with their respective Tauc plots. 

4.5.2.2.4. Infrared spectral studies of palladium sulphide nanoparticles obtained from 
[Pd(L6)2] and [Pd(L7)2], 

The FTIR spectra revealed the capping function of the HDA amine molecule on the PdS 

nanoparticles. The spectrum of the pure capping agent was compared wi th that of the capped 

nanoparticles. The most important peaks were observed at 3334 cm-1
, ascribed to v(N-H), at 285 1 

and 2922 cm- 1 cm-1 due to asymmetrica l and symmetrical v(C-H) vibrations repectively in the 

spectrum of the HDA. Comparable peaks could be found around 3048, 2925, and 2853 in the HDA

capped PdS nanoparticles. The similarity in the positions of appearance in both spectra confirmed 

the presence of the capping molecule on the surface of the nanoparticles. The slight shift of these 

peaks in the spectra of the nanoparticles indicated coord ination, which was expected to result in 

weakening of the bonds around the coordination site. The peak at the far IR region of 533 cm-1 was 

assigned to the stretching vibration due to Pd-S bond [23] , which was not observed in the spectra of 

the pure HDA. The results also confirmed the purity of the synthesized NPs because apart from the 

vibrational modes of the HDA ligands and the Pd-S, the absence of the thioureide C=N, C-S or N

CS2 peaks from the functional groups present in the precursor dithiocarbamate complexes 

confirmed the decomposition of dithiocarbamate complexes through the thermolysis process and 

subsequent formation of pallad ium sulphide nanoparticles. 
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4.5.2.3. Characterization of nanoparticles obtained from [Pt(L6)2] and [Pt(L7)2] as precursor 
compounds 

The PtS nanopartic les obtained from [Pt(L6)2] and [Pt(L7)2] as single source precursor were also 

used as representative fo r the platinum sulphide synthes ized from the series of platinum complexes 

used as precursor compounds. 

4.5.2.3.1 X-ray diffraction studies of nanoparticles obtained from [Pt(L6)2] and [Pt(L7)2] 

The platinum sulphide nanoparticles obtained fro m both compounds gave similar diffractio n 

patterns, with peaks assoc iated to the face-centered cubic platinum which is consistent with the 

standard powder diffraction data fo r metallic crystalline Pt. This could be indexed to JCPDS 04-

0802 di ffraction pattern s [11 ], as presented in F igure 4.25 . The particle s ize has been calculated 

from 20 of the (1 1 1) diffraction peak us ing Scherrer's equation and crystallite s ize from this 

relation is estimated to be approximately 3.2 nm. The diffraction peaks are also sharp and intense 

due to increase in crysta llini ty, phase uniformity and small size of the particles. 
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Figure 4.25: X-ray di ffraction pattern fo r Pt nanoparticles obtained fro m [Pt(L6)2] and [Pt(L7)2] 

4.5.2.3.2. TEM studies of nanoparticles obtained from [Pt(L6)2] and [Pt(L7)2] 

Figure 4.26 shows the TEM images of nanoparticles obtained from [Pt(L6)2] and [Pt(L7)2]. The 

particles appear spherical in shape with sizes in the range 2.51-10.42 nm and 1.47-4. 15 nm and 

average particle s ize of 4.80 and 2 .82 nm respectively. The particle size also decreases with increase 
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in chain length of substituent and nanoparticles obtained from [Pt(L6)2] were distinctl y 

monodi spersed compared to the nanoparticles obtained from [Pt(L7)2]. 
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Figure 4.26: TEM images of Pt nanoparticles obtained from Pt(L6)2] and Pt(L7)2]. 

Table 4.4: Summary of characterization data of Pall adium sulph ide and platinium nanoparticles 

obtained from [M(L6)2] and (b) [M(L7)2], M = Pd and Pt 

Nanoparticle/precursor Particle size Particle size Band gap energy 

compounds fro m XRD (nm) from TEM (nm) (eV) Particle Phase 

Pd4S / [Pt(L6
) 2] 2.30 3.45 3.81 Pd4S 

2.30 2.40 

Pd4S / [Pt(L7)z] 3.63 Pd4S 

3.20 4.80 

Pt/[Pt(L6)z] Pt metal 

3.20 2.82 

Pt/[Pt(L7)z] Pt metal 
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4.6. A study of the effect of change in synthesis conditions: temperatures, growth time and 
capping molecules on the properties of nanoparticles using nickel suphide as representative. 

To study the effects of the difference in temperature, capping agents and reaction t ime on the 

nanoparticles prepared, [Ni(L2)2] and [Ni(L6)2] obtained from dithiocarbamate derived from 

primary and secondary amines respectively were employed as precursor compounds. The same 

procedure described in section 4.4 was adopted for the two compounds. For the study of the effect 

of temperature variation, thermolysis was carried out at 150, 160, 190 and 220 °C using HDA as 

capping agent. For the study of the effect of different capping agents, hexadecylamine (HDA), 

oleylamine (OLA) and octadecylamine (ODA) were used and the reaction was conducted at 180 

and 190 °C. For the study of the effect of change in growth time, aliqouts were taken after 15 , 30, 

45 and 60 min of reaction time. 

4.6.1. X-ray diffraction studies of (NiL2) and (NiL6) nanoparticles 

Nickel sulphide nanoparticles cou ld appear in different phases. Hence, XRD analysis is an 

important technique used to ascertain the different possible crystalline phases of the synthesized 

nanoparticles. The powder X-ray diffraction patterns of the nanoparticles synthesized from 

[Ni(L2)2] and [Ni(L6)2] (as precursor compounds) thermolysed at 120, 150 and 180 °C yielded 

similar crystalline phase of nickel sulphide nanoparticles. Representative diffraction patterns are 

presented in Figure 4.27. The diffraction patterns in Figure 4.27a revealed pure phase of 

heazlewoodite Ni3S2 with 20 values that could be assigned to (101 ), (110), (003), (202), (113), 

(122), (303), (014), (401), (105), and (134) which match with the JCPDS No: 00-044-1418 [37). 

The crystallite size determined using the (110) diffraction peak and Debye Scherrer' s equation 

estimated the diameters to be 4.58 nm for the samples prepared at 120, 150, and 180 °C 

respectively. The XRD pattern obtained using the same concentration of the samples and different 

capping agents including HDA, OLA and ODA, is presented in Figure 4.27b, and showed no phase 

variation. The diffraction pattern cou ld be indexed to (202), (104),( 401) of the pure phase of 

heazlewoodite Ni3S2. The sizes of the nanoparticles obtained from OLA and ODA capped Ni3S2 

nanoparticles were also estimated using Scherrer's relation and were about 3.50 nm. The diffraction 

pattern showed that, by using the complex [Ni(L2)2] as precursor molecule, the temperature of 

decomposition and capping molecules had no effect in altering the phases of the as-prepared nickel 

sulphide nanoparticles. 
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For [Ni(L6)2], which was synthesized using dithiocarbamate obtained from secondary amine, the 

thermolysis of the compound at 160, 190 and 200 °C using HDA as capping agent also gave the 

same phase of nickel su lphide nanoparticles represented by the diffraction pattern in Figure 4.23a. 

The diffraction patterns obtained when OLA was used as capping agent and thermolysis at 190 °C 

are presented in Figure 4.27c. The sharp and intense peaks clearly indicate that the particles were 

crystalline; and the peaks could be indexed to pure alpha phase, NiS103, which matches with JCPDS 

No : 00-002-1273 [32]. The absence of other observable peaks in the diffraction pattern is a 

confirmation of the purity of the nanoparticles. The diffraction pattern showed that, when complex 

[Ni(L6)2] was utilized as precursor, the temperature of decomposition had no effect on the 

crystalline phases of the nickel sulphide nanoparticles prepared. However, the use of OLA as 

capping molecules gave nickel sulphides of different phases, probably due to the effect of the 

unsaturation in the ligand chain on the morphology of the nanoparticles. 
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Figure 4.27: XRD of (a) NbS2 nanoparticles obtained at thermolysis temperature of 120, 150 and . 

180 °C, (b) OLA-capped Ni3S2 nanoparticles prepared at 150 °C using [Ni(L2)2] complex, (c) OLA

capped NiS 1.03 nanoparticles obtained at 190 °C using [Ni(L6)2]. 

4.6.2. TEM studies of the nanoparticles obtained from [Ni(L2)2] and [Ni(L6)2] 

The TEM micrograph of the HDA capped Ni3S2 nano particles obtained from [Ni(L 2)2] revealed a 

combination of dot-like and irregular shaped particles, while the ODA capped Ni3S2 nanoparticles 

gave a well-defined monodispersed dot-like morphology. Both the ODA and HDA-capped Ni3S2 

displayed similar morphology as shown in Figures 4.28a and b. The OLA-capped Ni3S2 exhibited 

clearly irregular shapes which are distinctly different from the other samples obtained using ODA 

and HDA as capping molecules, as shown in Figure 4.28c. OLA has been reported to exhibit cis 

configuration, which promotes the formation of rods with low regularity and less opportunity for 

long range organization [39]. This might be responsible for the irregular morphology of the OLA

capped Ni3S2. Beside the differences in morphologies of the three different amine capped NhS2 

nanoparticles, the size variation and size distribution of the nanoparticles are also noticeably 

dissimilar. The OLA-capped Ni3S2 has mean size of 7.51 nm, which is the largest, and are 

associated with the widest size distribution (3.20-13.90 nm) as revealed by the histogram obtained 

from the TEM micrograph. 
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Figure 4.28 : TEM micrographs of (a) HDA (b) ODA, and (c) OLA-capped Ni3S2 nanoparticles 

obtained using [Ni(L2)2] as precursor complex at 180 °C, with their respective particle size 

histogram. 
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Figures 4.29 a and b present the TEM micrograph of the HDA capped Ni3S2 nanoparticles prepared 

from [Ni(L2)2] complex at 120 and 150 °C respectively. The nanoparticles prepared at 120 °C, 

showed very small size and well defined dot shaped particles (Figure 4.29a).The corresponding 

particle size distribution histogram revealed an average particle size of 2.47 nm. The samples 

prepared at 150 °C and shown in Figure 4.29b presents uniformly distributed nanoparticles with 

average particle size of 3.01 nm. The TEM images showed that nanoparticles were effectively 

capped by the organic molecules as they have uniform inter-particle separation confirming that they 

are well separated from each other [ 40]. Figure 4.28a presents HD A-capped NbS2 nanoparticles 

obtained at 180 °C, and which has estimated average particle size of 3.32 nm. A slight widening of 

size distribution as the thermolysis temperature increased from 120 - 180 °C is noticeable, with 

significant difference in morphology occurring at 180 °C. The nanoparticles at this temperature 

appeared pseudo-spherical compared to the nanoparticles at lower temperature which are dot 

shaped. This observation confirmed that nanoparticles' size increases with increase in temperature 

of thermolysis [ 4 1] . 

The TEM micrograghs which showed the effect of different capping molecules on the morphology 

and size of the nanoparticles are presented in Figures 4.30(a-c). In contrast to the shape observation 

in the i3S2 nanoparticles obtained from [Ni(L2)2], the N i3S2 obtained using [Ni(L6)2] complex as 

precursor revealed TEM micrograph that exhibited a combination of irregular shaped platelets of 

HDA capped N i3S2 with mean size of 5.34 nm. The ODA capped NbS2 showed monodispersed dot

shaped morphology with mean size of 5.72 nm. The OLA capped NiS has a wider particle size 

distribution with monodispersed irregular rectangular shaped nanoparticles with mean size of 11.4 

nm. It has the largest particle size compared to the nanoparticles obtained from the other two 

capping molecules [14]. 

The HDA-capped Ni3S2 nanoparticles prepared using [Ni(L6)2] as precursor complex at 160, 190 

and 220 °C growth temperatures is presented in Figures 4.3 la, b and c respectively. Difference in 

particle morphology with variation in temperature is very conspicuous. A slight broadening of 

particle size distribution was also detected as the thermolysis temperature increased from 160 to 220 

°C (3.55 - 13.90 nm). The mean particle sizes also increased from 3.55 to 5.34 nm, indicating the 

growth of nanoparticle as a direct function of temperature. All the nanoparticles are distinctly 

monodispersed with narrow size distributions. 
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Figure 4.29: TEM micrographs of HOA-capped Ni3S2 obtained using [Ni(L2)2] as precursor at (a) 

120, (b) at 150 ° C, with their respective particle size distribution histogram 
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Figure 4.30: TEM micrographs of (a) HDA, (b) ODA, and (c) OLA - capped nickel sulphide 

nanoparticles obtained using [Ni(L6)2] as precursor at 190 ° C, with their respective particle size 

distribution histogram . 

167 



1.5 2.0 2.5 3.0 3.5 4.0 

Particle Sizes (nm) 

70 

60 

\ 50 
\ 

>, 

g 40 
~ 
0 
!J' 

~ 30 

20 

10 

0 
0 10 15 

Particle sizes (nm) 

10 12 

Particle sizes (nm) 

Figure 4.31: TEM micro graphs of HD A-capped Ni3S2 obtained using [Ni(L 6)2] as precursor at (a) 
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4.6.3. Optical properties of the nanoparticles obtained from [Ni(L2)2] and [Ni(L6)2] 

4.6.3.1 UV-vis spectroscopic studies of the nanoparticles obtained from [Ni(L2)2] and [Ni(L6)2] 
The optical excitation of electrons in materials whose sizes are in the nano dimension produces an 

abrupt increase in absorption at the wavelength which corresponds to its band gap energy. This 

process, which occurs across the band gap, is a llowed and it is known as the optical absorption edge 

[ 42]. Both the position of the band edge and shape of the absorption shoulder depend on properties 

of the reaction system such as the type of surfactants used, temperature and time. It also depends on 

some properties of the nanoparticles such as size and size distribution [33]. 

The overlapped UV-vis absorption spectra of the Ni3S2 prepared using [Ni(L2)2] and [Ni(L6)2]- as 

precursor compounds, and HDA as capping molecule at 160, 190, and 220 °C are shown in Figure 

4.28. The obtained absorption spectra were employed to calculate the respective band gap energies 

from their absorption onset [43] . In the nanoparticles synthesized using [Ni(L2)2] (Figure 4.32a), 

the calculated band gap energies were: 3.77, 3.51, and 3.08 eV which corresponded to 329,353, and 

402 nm for the samples obtained at 160, 190, and 220 °C respectively. In the spectra of the 

nanoparticles obtained using [Ni(L 6)2] (F igure 4.32b ), fo llowing the same respective sequence, the 

band gap energies were estimated as 3.50, 3.55, and 3.77 eV, which corresponded to 354, 349 and 

329 nm (354 nm), 3.55 (349 nm), 3.77 eV (329 nm). A blue shift relative to the bulk nickel sulphide 

(2.1 eV, 590 nm) [44] were observed for the samples obtained using both [Ni(L2)2] and [Ni(L6)2] at 

all studied temperature. The nanoparticles exhibited quantum confinement effect even w ith increase 

in temperature of thermolysis. It is noteworthy that the wavelength of the maximum excitonic 

absorption increased with temperature rise and this lead to increase in the size of the nanoparticles 

[45]. 
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Figure 4.32: UV-vis spectra of the nanoparticles obtained from [Ni(L2)2] and [Ni(L6)2] 

4.6.3.2. Photoluminescence studies of the representative NiS nanoparticles. 
Figure 4.33 presents the representative photoluminescence spectra of nickel sulphide nanoparticles 

obtained at an excitation wavelength of 260 nm (A-260). The emission peak centred on 330 nm was 

observed in all reactions, which could be assigned to the electron hole recombination in nickel 
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sulphide nanoparticles [4]. Other peaks appear at higher wavelengths. These emissions could be 

assigned to the intra-band transitions within the structure of the nickel sulphide nanoparticles during 

excitation. Emissions around 400 and 420 nm could be as a result of the de-excitation between S 

(3p) levels and Ni (3d) levels, while emissions between 500 - 800 nm is attributable to the de

excitations from either S (3s, 3p) or Ni (3d) levels down to the Ni-S hybridization levels [48]. The 

high intensity of the peaks affirmed the small size of the nanoparticles formed with increase in 

reaction time. 
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Figure 4.33: PL spectra of nickel sulphide nanoparticle obtained using (a) [Ni(L2)2] and (b) 

[Ni(L6
) 2] as precursor compound 

4.6.5. Infrared spectral studies of representative nickel sulphide nanoparticles 
Qualitative details of the interaction between the three capping molecules: HDA, OLA and ODA, 

and the nickel sulphide nanoparticles could be explored using FTIR. The infrared spectra of the 

pure capping agents were compared with that of the capped nanoparticles as represented in Figure 

34. Based on the analysis of the capping agents, peaks were observed around 3334 cm-1 , which 

could be ascribed to v(N-H) vibration, and the peaks due to asymmetrical and symmetrical 

v(C-H) vibrations were identified around 2920 and 2850 cm- 1• Similar peaks were also identified 

in the same environment in the spectra of the nanoparticles. The similarities in the positions of 
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appearance m the spectrum of the pure capping molecules (HDA, ODA and OLA) and their 

respective capped Ni3S2 nanoparticles is an indication that all the capping agents are integral part of 

the capped nanoparticles. Similar results have been reported for the interactions of HDA [20] , ODA 

[37] and OLA [ 49] with capped metal sulphide nanoparticles. 

The strong peak around 510 cm- 1 in the spectra nanoparticles, which was not observed in the spectra 

of the pure HDA/ODA/OLA, is assigned to the stretching vibration due to Ni-S bond. Apart from 

the vibrational modes of the capping molecules- HDA/ODA/OLA, and the Ni-S, the absence of the 

aromatic C-H and N-CS2 stretching vibrations in the spectra of the nanoparticles confirmed the 

decomposition of dithiocarbamate compound; thus, the results also confirmed the purity of the 

synthesized .NPs from the contamination by the incomplete decomposition of the starting precursor 

compounds. 
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Figure 4.34: Overlapped FTIR spectra of pure HDA (blue), OLA (Green), ODA (red) and nickel 

sulphide (purple) nanoparticles. 
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4. 7 Conclusion 

Group 10 metal dithiocarbamate derivatives have been utilised as single source precursors to 

prepare metal su lphides nanoparticles with various optical and structural properties. The variations 

of the alkyl substituents on the nitrogen of the dithiocarbamate have pronounced effect on the 

structure of the complexes, which in turn influences the properties of the prepared nanoparticles. 

The good yield of the nickel dithiocarbamate was utili sed in the study of the effect of the synthesis 

conditions such as temperature, variation of capping agents and growth time on the optical and 

morphology of the synthesized nanoparticles. The three capping agents chosen for the study were 

hexadecyl ami ne (HAD), octadecylamine (ODA) and oleylamine (OLA). The ligands were chosen 

based on their chain length, good thermal stability and reported stabili sing properties associated 

with nanoparticles. The X-ray diffraction patterns revealed that the use of HDA and ODA as 

capping molecules gave the same phase while different phases were observed with OLA as capping 

agent. Six different phases were observed for the nickel sulphide nanoparticles viz: hexagonal a

NiS phase, a- iS , NiSO4·6H2O, Nickelhexahydrite, a-NiS, 19, base-centered orthorhombic 

Godlevskite phase, Ni9Ss and (heazlewoodite), Ni3S2. There were four different phases obtained for 

the palladium nanoparticles; crystalline metallic Pd, vysotskite PdS, cubic plane PdS2 and Pd4S 

and two phases for the platinum nanoparticles; cooprite PtS and polycrystalline metallic Pt. The 

results of the TEM analysis showed that the ODA and HDA-capped nanoparticles were well

defined monodispersed dot-like and irregular shaped particles. The OLA-capped nanoparticles 

showed clearly irregu lar shapes distinct from the other two capping molecules. A ll the nanoparticles 

gave well-defined monodispersed nanostructures with the monodispersity increasing with increase 

in chain length of the substituents and with decrease in the size of the nanoparticles produced. All 

the nanoparticles exhibited quantum confinement even at higher temperature of thermolysis, with 

increase in band gap energy wh ich implies decrease in particle size as the chain length of the 

substituents increases. The FTIR analysi s, used to probe the functional groups on the surface of the 

nanoparticles, showed that the capping agents were integral part of the capped nanoparticles and the 

absence of the aromatic C-H and N-CS2 stretching vibrations confirmed the purity of the 

nanoparticles formed. 

The metal chalcogenide is practically a vast and an infinite area of research, because of the versatile 

technological applications, with structure and properties that could easily be manipulated to su it 
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several and different purposes [50]. Many derivatives have been synthesized from the numerous 

structural functionalization and modifications employed; morphological elucidation of the new 

forms has also become an easy task because of modern characterization tools that are available and 

easily accessible. 
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CHAPTER FIVE 

5.0 biological studies of the synthesized complexes 

5.1. Introduction 

Metal-based drugs have given remedies to many diseases since ancient times, for instance, the 

Greek physicians administer silver in the treatment of wounds and ulcers, while the Egyptians 

sterilized water with copper because of its antimicrobial properties [}].Transition metals have 

become very versatile in all spheres of life , but most importantly in medicine, after the coincidental 

discovery of cisplatin (diamminedichloroplatinum(II) as a very powerful chemotherapeutic agent 

for the treatment of various forms of cancer [2]. Cisplatin has been reported to exhibit cellular 

division, making it the most powerful drug, with very high antitumor activ ities. The potency has 

been attributed to the consequence of its interaction with DNA, which impedes their replication. 

The major setback of this Pt based drug is bioavailability and selectivity between diseased and 

healthy cells. Therefore, derivatizations of the Pt-drug with appropriate substitution within a wide 

range of ligand or ligand combinations are continuously being investigated to improve the 

performance of cisplatin. Since the central metal ion of the complexes plays an important role in 

biological processes, the exploration of other transition metals in biological applications becomes 

imperative. The presence of metal ions in complexes facilitates the coordination to important 

residual structures at the active site of the substrate. They also help to catalyse the generation of 

reactive oxygen species (ROS) due to their high affinity for small molecules, which play an 

important role in modulating drug-induced cytotoxic responses and affect cell pathogenesis [3] . The 

nature of metal ions, as electron deficient, makes them bind and interact effectively with important 

biological molecules which are electron rich. Thus, provides the opportunity for biological 

modulation [ 4]. 

Organic ligands also p lay an important role in determining favourable interactions and activities 

between metal complexes and DNA. So, when dithiocarbamate ligands are utilized they can block 

metal interaction with sulphur-containing renal proteins, which can efficiently form transition metal 

dithiocarbamate complexes; with wide spectrum of biological activities and resistance. 

Furthermore, the enzyme mimics of organo-sulphur compounds have made them to be particularly 

useful in biological systems. Their high proto lytic dissoc iation makes them more useful under 

phys iological condition.Thus, heteroaromatic, nitrogen bases with M-N bonds form complexes with 

metal ions which may be considered as models for substrate-metal ion-enzyme interactions [5]. 

179 



The increase in the outbreak of new infectious di seases coupled with the increase in drug resistance 

pathogens have also aroused the interest of chemists in the quest for new and effective compounds 

with improved pharmacological potentials. Interest in transition metal complexes has increased 

because of their biological properties as a result of their simple ligand exchange mechanism. The 

group l 0 metal complexes have been explored in a number of biological areas due to their 

antimicrobial and anticancer properties. This has opened the way to new medical research involving 

heavy metals and group 10 metals in particular as excellent therapeutic agents against numerous 

diseases. Their actions have been suggested to be based mainly on the strong interactions between 

metals and DNA of certain target cells through both covalent and non-covalent interactions, such as 

electrostatic interactions, intercalation as well as direct coordination bond formation [6]. 

Since the coordination chemistry of Pd(II) and Pt(ll) are similar, coupled w ith the higher solubility, 

greater cytotoxity of Pd over Pt based drugs, and with reduced cross resistance, Pd-based drugs 

have become an excellent choice for the search for a successor to cisplain [6]. Similarly, 

interacts with iron found in the haemoglobin and is also involved in the transmission of genetic 

code (DNA, RNA). It is one of the elements containing bio-essential metal ions [7] , and so, can add 

to the current generation of antibiotics as antibacterial and antifungi agents. The group 10 triad (Ni, 

Pd , Pt), with all the important therapeutic applications stated above, when combined with 

dithiocarbamate ligands to form group 10 dithiocarbamate complexes help in the recognition of 

target sites and are therefore explored for enhanced biological activities. They might hold the 

potential as good alternative to cisplatin, thus contribute to the generations of future drugs which 

could minimise or overcome some of the drawbacks that are associated with the use of cisplatin and 

other resistant and toxic antibiotics. 

5.2 Experimental 

5.2.1 Antimicrobial studies 

Agar well diffusion method was used to determine the antibacterial activities of the complexes. The 

bacteria strains used were the Gram positive S. aureus and B. cerues and Gram negative K. 

pneumonia, P. aeruginosa and E. coli, wh ile the fungi strains were C. albican and A. flavus. 

The base plates were prepared using autoclaved Muller-Hinton agar (MHA), after drying for 24 h, 

0.5 McFarland cu lture were carefu lly swabbed on the surface of the solidified media and allowed 

for about LS min to dry. Then, the agar plate surface was inoculated with the microbial inoculum by 

using a sterilized cotton swab over the entire agar surface to make a layer of growth, and air dried 
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for about 10 min. A sterile cork borer was then used to bore a hole on the solidified agar surface and 

about 5 µL of 12.5, 25.0, and 50.0 µg/mL of each complex was introduced into the well. The agar 

plates were air dried for about 10 min and then incubated at 37 °C for 24 h. Zones of inhibition were 

recorded by measuring the diameter of inhibitory zones on the agar surface around the disks which 

relates directly to the sensitivities of the microorganism species to the samples tested. 

The minimum inhibitory concentration (MIC) was determined by broth dilution method. Different 

concentrations of the compounds: 1, 2, 3, 4 and 5 mg/mL were prepared by dilution method from a 

stock solution. Each well of the microtiter plate (96 wells) was filled with 100 µL of nutrient broth, 

20 µL of the test organism (106 CFU/mL) and 80 µL of different concentrations of the compounds. 

The control wells contained broth only or broth and test organisms. About 20 µL of 1.25 mg/mL of 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (Sigma-Aldrich) was introduced into 

each well and incubated for 30 min. The observation or non-observation of a purple coloration 

indicates microbial growth and MIC, respectively [8] . 

5.2.2 Anti- cancer studies 

Human cervical carcinoma (HeLa) cells were obtained from the A TCC, Manasas, USA, and 

cultured in 25 cm2 tissue culture flasks in EMEM (Lonza BioWhittaker, Verviers, Belgium) 

containing 10% fetal bovine serum, 100 U mL- 1 penicillin, and 100 µgmL-1 streptomycin. Cell 

viability was investigated in the HeLa cell line using the MTT assay in a 96-well plate containing 

2.5 x 102 cells/well in 100 µL EMEM. Cells were incubated overnight at 37 QC. The medium was, 

thereafter, replaced and the samples were added at various concentrations (25, 50, 100, and 1500 

µg/mL). Cells were then incubated for 48 hat 37 QC, followed by the MTT assay. A positive control 

with untreated cells was included, together with 5-Fluorouracil as a standard. For the assay, the 

medium was replaced with fresh medium containing l 0% MTT reagent (5 mg/mL in PBS), and 

incubated for 4 h at 3 7 QC. This was then removed, and the insoluble formazan crystals were 

dissolved in I 00 µL of DMSO, followed by reading of the absorbance at 570 nm in a Mindray 

MR-96A microplate reader (Vacutec, Hamburg, Germany) using DMSO as the blank. Assays 

were done in triplicate [9]. 
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5.3 Results and discussion 

5.3.1 Antimicrobial studies 

5.3.1.1 Antimicrobial studies of the Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
prepared from primary amines 

All the compounds were screened at three different concentrations of 10, 25 and 50 µg/mL. 

However, significant zones of inhibition were obtained at 50 µg/mL and were taken as the 

minimum inhibitory concentration of the metal complexes against the microbes: Gram positive S. 

aureus and B. cerues), Gram negative (K. pneumonia, P. aeruginosa and E. coli) and two fungi 

organisms (C. albican and A. flavus). 

The metal complexes gave varied antimicrobial activities ranging from moderate to very active. The 

presence of -NH, a hydrophilic group, on the complexes of dithiocarbamate prepared from primary 

amines promotes the lipophilicity of the compounds through the lipid cell membrane of the 

microorganisms. This facilitates the inhibition of the bacteria by the complexes. The obtained data 

are presented in Table 5.1 and summarized as histogram in Figures 5.1 - 5.3. Complexes [Ni(L1)2], 

[Pd(L1)2], [Pt(L1)2], [Ni(L2)2], [Pd(L2)2], and [Pt(L2)2] (1-6) consist of the unsusbtituted 

phenyldithiocarbamates. The moderate activities observed, as presented in Figure 5.1, indicated the 

sole contribution of the aromatic ring from the phenyl group. E. coli was susceptible to all the 

complexes, while P. aeruginosa and K. pneumonia were susceptible to all the complexes except for 

[Pd(L1)2] and [Ni(L2)2] complexes respectively. 

Complexes [Ni(L3)2], [Pd(L3)2], [Pt(L3)2], [Ni(L 4)2] , [Pd(L 4)2] and [Pt(L 4)2] (7 - 12) comprised of 

the methyl and ethyl substituted phenyldithiocarbamates . The antimicrobial results of these 

compounds, presented as histogram in Figure 5.2, indicated that they exhibited better antimicrobial 

activities than were observed in the unsusbtituted compounds. The presence of the methyl and ethyl 

substituents imparted greater stabilization of an adjacent charge on the phenyl rings . This decreased 

the polarity of the central metal ions by directing the positive charge towards the donor groups into 

the chelate formed during the coordination. This further strengthens the metal ligand bond thereby 

increasing the lipophilic nature of the metal which favours their effective infusion over the cell 

membrane of the microorganism, for more v iolent inhibition [8]. 

Compounds [Ni(L5)2], [Pd(L5)2] and[Pt(L5)2] (13-15), obtained from dithiocarbamate prepared from 

the aliphatic hexamethylenediamine, exhibited low activity. Perhaps, the absence of the aromatic 

ring denies the compounds the expected collaborative effect which existed in other compounds with 
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aromatic group. As reflected in Figure 5.3 , the metal complexes of the dithiocarbamate obtained 

from Schiff bases, [Ni(L 10)2], [Pd(L 10)2] and [Pt(L 10)2] (27-29), showed improved activities against 

both bacteria and fungi organisms. The presence of the aromatic hydroxyl benzaldehyde on the 

hexamethylenediamine dithiocarbamate complexes help to promote their activ iti es. These resu lts 

indicated that complexes with aromatic rings have better antimicrobial activities than those with 

aliphatic chains. 

On a general note, the Gram negative bacteria organisms were more susceptible to the complexes 

compared to the Gram positive bacteria organi sms. Th is was probably due to the presence of an 

outer protective lipopolysaccharide membrane in Gram pos itive bacteria strains, which does not 

permit lipophobic materials into the cell , making penetration of the complexes intricate [1 O]. 

However, complexes [N i(L 4)2], [Pd(L 4)2] and [Pt(L 4)2] , which contain ethyl substituted phenyl were 

very active against both Gram positive and Gram negative bacterial strains . They were the most 

active of the metal complexes screened against the microbes. The complexes exh ibited better 

antibacterial activity compared to their antifungal activity. Of all the metal complexes, [Pt(L3)2] 

which contains the phenyl group bearing ethyl substituent exhibited the best antifungal activity 

against C. albican and A. flavus. However, Ketoconazo le had better antifungal activity compared to 

the metal complexes. Similarly, Sulfamethoxazo le had the best antibacterial activity against all the 

bacteria strains compared to the metal complexes except for [Pt(L3)2] against S.aureus. 1n addition, 

complex [Pt(L3)2] exhibited 89, 82 and 77% of the antibacterial activity of Sulfamethoxazole 

against B. cereus, P. aeruginosa and S. aureus respectively. The antimicrobial results of the 

compound [Pt(L3)2] were better than the results reported for similar platinum dithiocarbamate 

complexes [10, 11], making the complex a probable lead compound in antimicrobial research. 

Table 5.1 Summary of the antimicrobial screening of complexes 1-15 

Compounds S. aureus K. B. cereus E. coli P. C. A. 

pneumonia aeruginosa flavus 
(mm) (mm) (mm) (mm) (mm) albican (mm) (mm) 

[Ni(L1)z] (I) - 11 ±0.4 - IO ±0.4 11 ±0.7 - -

[Pd(L1)z] (2) 10 ±0.0 - 08 ± 1.4 17 ±0.0 1 I ±0.0 13 ±0.0 -
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[Pt(L I )2] (3) 08 ± 1.4 16 ±1.4 - 11 ±0.7 14 ±0.0 07 ± 1.4 -

[Ni(L2)z] ( 4) 10 ± 1.4 - - 11 ±0.0 10 ± 1.4 07 ± 1.4 -

[Pd(L2)z] (5) - 14 ±0.7 - 17 ±0.0 11 ±0.7 - -

[Pt(L2)2] ( 6) - 13 ±0.0 - 12 ±0.7 14 ±0.0 - -

[Ni(L3)2] (7) 14 ±0.7 11 ±0.7 - 12 ±0.7 - - -

[Pd(L3)z] (8) - 13 ±0.0 - 15 ±0.7 11 ±0.0 11 ± 1.4 -

[Pt(L3)2] (9) - 11 ± 1.4 09 ±1.4 10 ± 1.4 II ±0.7 07 ± 1.4 14 ±0.7 

[Ni(L 4)2] ( 10) 18 ± 1.2 17 ±0.7 20 ±0.7 18 ±04 15 ±0.7 12 ±0.7 -

[Pd(L 4)2] ( 11) 19 ±0.7 19 ±0.7 2 1 ±0.7 16 ±0.7 14 ±0.0 08 ± 1.4 10 ±0.7 

[Pt(L 4)2] (12) 26 ±0.0 20 ±0.7 23 ±0.7 20 ±0.4 23 ±0.7 15 ±0.4 12 ±1.4 

[Ni(L5)2] (13) 12±0.7 14±0.6 - 10±0.4 12±0.0 - -

[Pd(L5)2] (14) 05±0.0 05±0.0 04±0.4 - 06±0.6 - 06±0.4 

[Pt(L5)z] ( 15) 06±0.7 07±0.4 08±0.2 
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Figure 5.1: Histogram showing the antimicrobial activities of complexes 1 - 6 
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Figure 5.2: Histogram showing the antimicrobial activities of complexes 7 - 12 
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Figure 5.3: Histogram showing the antimicrobial activities of complexes 13 - 15 , and 27-29 

5.3.1.2 Antimicrobial studies of the Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
prepared from secondary amines 

The first set of the metal complexes of dithiocarbamate prepared from secondary amines [Ni(L 6)2] -

[Pd(L7)2], (16-20) were the - OH containing substituents, summarised in Table 5.2 and presented in 

Figure 5.4. Their metal complexes showed better antimicrobial activities than the complexes of 

dithiocarbamate prepared from primary amines. This may be ascribed to the increased 

hydrophilicity of these compounds over compounds bearing no hydroxyl groups, which has 

imparted significant antim icrobial activities. The compounds were significantly active against both 

Gram negative and Gram positive bacteria organisms. They were also more active against Candida 

albican than the Aspergillus jlavus. The presence of heteroatoms such as oxygen and nitrogen 

enhanced the activities of the compounds [9]. 

The second set of the compounds [Ni(L 8)2] - [Pt(L9)2] (21 -26), which were complexes of 

dithiocarbamate prepared from Schiff bases combined the hydrophilicity of the -OH group and the 

aromaticity of the extra ring on the compounds. The results are presented in Table 5.2 and Figure 

5.5 . They also gave significant antimicrobial activities against both Gram negative and Gram 

positive bacteria organisms. The presence of the heteroatoms (nitrogen) from the Schiff bases 

enhanced the activities and all the complexes showed high degree of antibacterial and antifungal 

activ ities. 
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Table 5.2: Summary of the antimicrobial screening of complexes 16-29 

Compounds s. K. B. E. P. C. A. 

pneumonia aeruginosa 
aureus cereus coli albican flavus 

[Ni(L 6)2) ( 16) 17 ± 1.4 15 ±0.0 19 ±0.7 12 ±1.4 16 ±0.7 11 ±0.7 

[Pd(L 6)z] ( 17) 23 ±0.7 21 ±0.4 20 ± 1.4 19 ±0.7 19 ±0.7 11 ±0.0 12 ±0.4 

[Pt(L 6)2) (I 8) 28 ±0.4 20 ±0.0 26 ±0.7 16 ±0-.7 22 ± 1.4 12 ±0.7 11 ±0.7 

[Ni(L7)z] ( 19) 22 ±0.0 16 ±0.7 25 ±0.7 12 ±0.7 18 ± 1.4 11 ±0.7 

[Pd(L7)z] (20) 20 ±0.7 23 ±0.0 23 ±0.7 19 ±0.0 20 ±0.7 17 ±0.4 

[Ni(L 8)2) (21) 18 ±0.7 20 ±0.7 17 ±0.4 15 ±0.7 14 ±0.4 II ±0.7 

[Pd(L8)z) (22) 21 ±1.4 19 ±0.0 24 ±0.4 13 ±1.4 17 ±0.7 12 ±0.0 07 ±0.7 

[Pt(L 8)2) (23) 20 ±0.4 19 ± 1.4 21 ±0.7 19 ±0.7 21 ±0.7 13 ±0.7 12 ±0.7 

[Ni(L9)z) (24) 19 ±0.7 17 ±0.7 20 ±0.0 21 ±0.7 17 ±0.7 13 ±1.4 10±± 14 

[Pd(L9)2] (25) 23 ±0.0 21 ±0.0 24 ±0.7 21 ±0.4 23 ±0.7 13 ± 1.4 14 ±0.7 

[Pt(L9)2] (26) 14±0.7 12±0.0 

[Ni(L1°)z] (27) 10±0.4 14± 1.4 09 ±0.0 10±0.4 12±0.4 04±0.4 06±0.0 

[Pd(L10)z] (28) 12±1.4 14±0.0 10 ±0.0 5±0.5 

[Pt(L 10)z] (29) 08±0.7 10 ±0.7 8±0.6 8±0.7 8±0.0 
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Figure 5.4: Histogram showing the antimicrobial activities of complexes 16- 20 
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Figure 5.5: Histogram showing the antimicrobial activities of complexes 21 - 26 

5.3.1.3 Antimicrobial studies of the adducts and mixed ligand complexes 

The presence of aromatic and hetero-aromatic nucleus in compounds enhances their biological 

activities . In addition, when an active nucleus is linked to another nucleus, the resulting molecule 
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might possess greater potential for biological activities [ 1 O]. itrogen and sulphur containing 

heterocyclic compounds are known to show marked microbial activities [11]. All these properties 

have been confirmed by the observed activities recorded by the adducts and mi xed ligands of the 

prepared complexes. The combined effects of the aromatic rings from the bipyridi ne, 

phenanthroline, triphenylphosphine and the nitrogen carrying isothiocyanate groups has yielded 

good antimicrobial activ ities. The results, as presented in Table 5.3, show that the adduct and mixed 

ligand compounds have more significant act ivities against the Gram negative B. cereus and S. 

aureus microorganisms than the Gram positive microorgani sms. The adducts exhibited better 

antibacterial properties except for P. aeruginosa where very insignificant activity was recorded fo r 

some .of the complexes. In general, the adducts have better activities than the mixed ligands 

complexes of triphenylphosphine and isothiocyanates. 

Table5.3. Summary of the antimicrobial screening of complexes 30-35 

COMPD s. K. B. E. P. C. A. 

pneumonia aeruginosa albican flavus 
aureus cereus coli 

[Ni(L1)2bpy] (30) 15±0.7 12±0.7 10±0.0 09 ±0.7 10±0.4 

[Ni(L1)2ph] (31) 11±0.0 04±0.4 10±0.4 08±0.4 04±0.6 14 ±0.0 16 ±0.4 

[Ni(L3)2ph] (32) 22±0.7 18±1.4 10±0.6 16 ±0.7 19 ±0.7 

(Ni(L3)2bpy] (33) 26± 1.4 28±0.6 28±0.6 30±0.7 04±0.0 18 ±0.7 05±0.0 

i(L4)2bpy] (34) 12±0.4 12±0.6 05±0.4 15 ±0.4 06±0.7 

[Ni(L 4)2ph] (35) 14±0.6 18±0.7 12±0.4 14 ±0.7 04±0.0 
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Figure 5.6: Histogram showing the antimicrobial activities of complexes 30- 35 

Table 5.4 Summary of the antimicrobial screening of complexes 36-41 

COMPOUND s. K. B. cereus E.coli P. C. 

aureus pneumonia aeruginosa albican 

iL 2(NCS)PPh3) (36) 04±0.7 10±0.4 12±0.6 05 ±0.7 

[NiL2(NC)(PPh3)) (37) 07±0.6 10±0.4 10±0.6 08±0.6 08 ±0.0 

[NiL6 CS)(PPh3)(3 8) 05±0.6 15±1.4 2 1±0.6 26±0.6 06±0.6 10 ±0.7 

[NiL6( C)(PPh3)) (39) 08±0.4 10±0.6 19±0.6 26±0.6 10±0.6 08 ±0.7 

[NiL7 CS)(PPh3)( 40) 06±0.4 08±0.6 12±0.6 18±0.6 06 ±0.4 

[NiL7 C)(PPh3)) (41 ) 08±0.6 10±0.6 14±0.6 23±0.6 08±0.6 10 ±0.7 
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Figure 5.7: Histogram showing the antimicrobial screening of complexes 37--42 

5.3.2 Anti-cancer studies of the complexes 

The progress of new metal-based anticancer agents with alternative mechanisms of action from that 

of established compounds has been the centre of new drug development recently. This encompasses 

the development of organometallic complexes, as ' metals in medicine' where the metal can act as 

scaffo ld for functionalization and for more targeted , cancer cell-specific approach [15]. This trend 

involved the use of different metals for different targets, and also the inclusion of different bioactive 

ligands with varied substituents to help control the kinetic reactivity of the metal ions to target 

specific types of cancer cells [16]. To explore the development of new inorganic anti-cancer agents, 

which utilize the metal ion-base interaction, group 10 metal dithiocarbamate complexes were 

considered. 

Several mechanisms have been proposed on the action of anticancer drugs [13] , since it is possible 

to vary or modify the ligands around the metal centre, thereby changing the solubility, reactivity, 

electronic and steric properties . However, the lipophilicity of this drug plays a crucial role in the 

drug interaction with the cells. Thus, the presence of the phenyl group and the -NH groups of the 

primary amine can influence lipophilicity of the compounds and induce a 7t-7t interaction with 

biomolecular cells. Interaction of dithiocarbamate nitrogenous bases with cancerous cell can inhibit 

cell proliferation thereby interfering with the DNA replication and transcription [ 17]. HeLa cell is 

an immortal cell line often used for research, and it is obtained from a common human cervical 

cancer [ 16]. 
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5.3.2.1 Anti-cancer studies of the Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
prepared from primary amines 

The ICso levels of the complexes in the HeLa cell line obtained have been summarized in Tab les 

5.5-5.8. Most of the complexes synthesized fro m dithiocarbamate derived from primary amines 

have ICso values in a range which showed better properties than the contro l, 5-Fluorouracil (5FU). 

Only [Pt(L1)2] and Pd [Pd(L 4)2] complexes showed ICso values greater than the standard. The 

dinuclear complexes, [Ni(L5)2] [Pd(L5)2], [Pt(L5)2], showed ICso values below the standard with the 

platinum complex exhibiting the best cytotoxic activity with ICso value of 0.013. The enhanced 

higher cytotoxic activities could be ascribed to the coordinated and cooperative reactiveness of the 

two metal centres to give a significant drug-i nduced cytotoxic responses more than the mononuclear 

complexes. This is in agreement with the reports of Zhao et al., [17] who reported the activities of 

dinuclear palladium complexes with ICso values slightly lower than those recorded for cisplatin. 

The results are summarised in Table 5.5 and Figure 5.5. 

Table 5.5: Viabilities(%) of the HeLa cell lines at different concentration fo r complexes I - 13 

Complex 
25 µg 1nL•l 50 µg mL·1 100 µg mL·l 150 µg mL·l ICso µM 

100.00±0.79 100.00±0.79 100.00±0.79 100.00±0.79 

Contro l 1 Cell on ly 

l 04.09±2.43 I 04.09±2.43 I 04.09±2.43 I 04.09±2.43 
Cell + 10 µl 

Contro l 2 DMSO 

5-
5FU Fluorouracil 36.57±4.15 27.47±6. 14 23.54±2.90 17.72±4.34 40 

9.62±6.10 14.39±10.33 51.99±4.88 1.41 

[Ni(L1)2] 45 .76±5.93 

58.084±6.21 8 51 .044±3.820 3 1.230± 14.5 10 15. 11 2± 16.924 41 

2 [Pd(L 1)z] 

3 85 .2 15± 15.8 14 87.830± 11.811 85.44 1± 11.014 13.704± 10.103 112 
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[Pt(L'h] 

60.09±8.59 53 .77±7.75 55.33± 10.54 66.13±11.93 74 

4 [Ni(L2)2] 

[Ni(L3)2] 9.34±7.67 l l .86±4.44 8.44± 10.39 19.07±11.70 0.013 

5 

4.92± 16.69 3.76± 16.81 12 .64± 1.35 0.59± 11 .69 14.12 

6 [Pd(L3)2] 

37.365± 15 .647 82.726±8.289 81.921 ±7.506 76.088±11.620 25 

7 [Pt(L3)2] 

50.817±7.472 34.121± 7.680 33.719 ±6.494 27 .030± 14.34 7 20 

8 [Ni(L 4)2) 

30.10±11.497 90.18±4.278 89.50±2.558 80.38±8.588 288 

9 [Pd(L 4)2) 

175 .08±0.31 216.06±7.65 216 .3 1±7.29 210.33±5.31 l.25Xl0 10 

10 [Pt(L 4)2) 

35.88±7.62 35.18±7.30 31.33±2. 12 25 .20±6.17 28.84 

II [Ni(L5)2] 

51.38±14.28 46.56± 12.62 43.98± 10.77 12.74±11.13 35.48 

12 [Pd(L5h] 

27.94±10.80 26.80±18.48 23.96±23.00 24.93±10.53 0.013 

13 [Pt(L5)2] 
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Figure 5.5: H istogram showing the MTT Assay of complexes 1 - 13. 

5.3.2.2 Anti-cancer studies of the Ni(II), Pd(II) and Pt(II) complexes of dithiocarbamate 
prepared from secondary amines 

The results of the cytotoxic studies of the i(II) , Pd(II) and Pt(II) complexes of dith iocarbamate 

prepared from secondary amines (14- 20) are summarised in Table 5.6 and presented in Figure 5.6. 

Complexes [N i(L8)2], [Ni(L9)2], [Ni(L7)2] and [Ni(L6)2] showed the highest anti-cancer activities 

with ICso values of 6 x l0-13
, 0.0056, 9.55 and 39.8 µM respectively, and below that of the standard. 

While the other complexes have ICso values higher than those recorded for the standard. 
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Table 5.6: Viabil ities(%) of the HeLa cell lines at different concentration for complexes 14 -20 

Complexes 25 µg mL·1 50 µg mL·1 100 µg mL·1 150 µg mL·1 ICso µM 

100.00±0.79 I00 .00±0.79 l00.00±0.79 

Control Cell on ly I00.00±0.79 

[Ni(L6)2] 30.0± 17.02 45 .8±10.54 33.0±5.31 62.0±2.84 

14 39.81 

[Pd(L6)2] 20.4±7.84 23.2±7.25 28.5±10.52 10.3± 14.73 

15 61.7 

[Pt(L6)z] 55.91± 1.77 71.68±4.66 64.03±10.94 41.9 1±20.48 

16 131.8 

[Ni(L7)2] 39.15±15.70 31.32±8.02 38.33±2.60 37.44±7.76 

17 9.55 

[Pd(L7)2] 91.57±8.34 78.51±3.91 78.48±2.30 79.53±1.59 

18 1584 

[Ni(L8)2] 5.67±6.27 5.32±21.08 5.40±4.52 4.85±28.22 

19 6xl0-l3 

[Ni(L9)z] 12.10± 17.15 7.14±8.87 5.75± 14.96 6.96±5.17 

20 0.0056 
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Figure 5.6: Histogram showing the MTT Assay for complexes 14 -20 

5.3.2.3 Anti-cancer studies of the adducts and mixed ligand complexes 

The adducts, [Ni(L4)2bpy], [Ni(L4)2ph] and [Ni(L3)2bpy] , which contain dithiocarbamate with ethyl 

substituents on the phenyl ring exhibi ted the highest anti-cancer activities in both series of the 

bipyridine and the phenanthroline adducts. They showed anti-cancer activities higher than the 

standard, while the remaining compounds have ICso sl ightly higher than the standard. Complexes 

[NiL6(NC)(PPh3)] and [NiL7(NC)(PPh3)] , of the series containing triphenylphosphine and cyanide, 

have lower ICso values than the standard, and the values were also lower than that of the adducts of 

bipyridine and phenathroline. Thus, giving them higher anti-cancer activities. The presence of the -

OH group, an active hydrophilic nucleus on complexes [NiL6(NC)(PPh3)] and [NiL7(NC)(PPh3)] 

linked with the chelating and bridging effect of the triphenylphosphine nucleus may have imparted 

higher anti-cancer activities. It is known that a chelate ring system reduces the polarity of the 

central metal atom as a result of the sharing of its positive charge with the ligand. This facilitates 

the infusion of the compounds efficiently over the lipid layer of the cell membrane leading to cell 

inhibition and termination [20-23]. The other complexes of the series have anti-cancer activities 

lower than that of the standard. The results are summarised in Tab les 5.7 and Figures 5.8. 
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Table 5.7: Viabilities(%) of the HeLa cell lines at different concentration for complexes 21 - 26 

Complexes 
25 µg mL-1 50µg mL-1 100 µg mL-1 150 µg mL- 1 ICso µM 

21 [Ni(L1 )zbpy] 43 .110±9.18 52.685±4. l 0 51.469±20.70 22.442±4.19 51.3 

22 [Ni(U)zph] 157.497±3 .80 136.424±3.73 64.590±5.28 16.059±12.32 64.6 

23 [Ni(L3)zph] 13.427±7.579 43.374±16.368 48.906±11.908 21.323± I 0.008 100 

24 [Ni(L3)2bpy] 132.47±5.35 87.34±3.06 35 .31±3.89 4.81±14.66 44.67 

25 [Ni(L 4)2bpy] 38.82± 1.75 31.21 ±14.99 100.47±5.97 109 .40±4.65 9.12 

Table 5.8: Viabilities(%) of the HeLa cell lines at different concentration for complexes 27 - 31. 

Complex 
25 µg mL-1 50 µg mL-1 100 µg mL-1 150 µg mL- 1 ICso µM 

27 [NiL 2(NCS)PPh3] 19.00±7.33 53.69±4.27 85.84±2.62 73 .74± 1.40 166 

28 [NiL 2(NC)(PPh3)] 79 .20±8.47 78.50±2.50 96.41 ±7.50 93.68±11.02 97723 

29 [NiL6(NCS)(PPh3)] 10.85±11.32 37.13±4.42 50.53±4.20 48.82±16.38 56.23 

30 [ iL6(NC)(PPh3)] 7.59±5.45 11.01±9.50 9.85±14.84 14.92±15.88 2X l0-9 

31 [NiL7(NC)(PPh3)] 35.00±7.22 22.99±2.75 22.70±4.97 22.57±3.48 1.57 
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Figure 5.7: Histogram showing the MTT Assay of complexes 2 I - 2 
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Figure 5.8: Histogram showing the MTT Assay of complexes 27 - 3 1. 

5.4 Conclusion 

Metal complexes which contain S chelat ing ligands such as dithiocarbamate are known to display 

pronounced biological activities. The results in this chapter of the thesis revealed that most of the 

complexes have moderate to good antibacterial, and anti fungi properties. The N

ethylphenyldithiocarbamate complexes, [Ni(L 4)2], [Pd(L 4)2] and [Pt(L 4)2], exhibited the best activity 

than the other complexes in the same series. The presence of the -OH group on the N-alkyl-N

ethanol dithiocarbamate complexes, [Ni(L6)2] - [Pd(L7)2], increased the hydrophi licity of the 
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compounds. Hence, significant antimicrobial activities were observed over the other compounds not 

bearing hydroxyl group. An improved antimicrobial activity was observed for the adducts and 

mixed ligands complexes due to the contribution of N and S atoms on the activities of the 

complexes. In general, the adducts showed better activities than the mixed ligands with higher 

activities on the Gram negative B. cereus and S. aureus organisms than the Gram positive 

orgamsms. 

The dinuclear complexes, [Ni(L5)2] [Pd(L5)2] and [Pt(L5)2], derived from dithiocarbamate ligands 

prepared from primary amine gave the best anti-cancer activities than the other complexes of the 

dithiocarbamate ligands prepared from primary amine. Complexes [Ni(L8)2], [Ni(L9)2] which are 

the N-alkyl-N-phenyl dithiocarbamate compounds showed the highest anti-cancer activity towards 

HeLa cell with ICso values of 6 x 10-13 and 0.0056 µM compared to 40 µM of the standard. The 

presence of the -OH group, an active hydrophilic group and the chelating effect of the 

triphenylphosphine on complexes [NiL6(NC)(PPh3)] and [NiL7(NC)(PPh3)] imparted higher anti

cancer activities with ICso values of 2 x 10-9 and 1.57 µM, which implies better anti tumour activities 

than the standard. 

In general, the results obtained showed that most of the complexes displayed a concentration 

dependent profile with some good activities toward the HeLa cell line; with some of the complexes 

showing cyto-selectivity against this cell line. Some of the ICso values obtained were much better 

than the standard drug, 5-Fluorouracil (5FU), with an ICso value of 40 µM, while some of the 

complexes displayed high ICso values which are comparable to the used standard drug due to 

selectivity or low cytotoxic activity as the case may be. This study and the results obtained have 

confirmed that little variations in molecular structure could enhance the biological activities of 

compounds and make them more effective as antimicrobial and anti cancer agents. 
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CHAPTER SIX 

6.0 Summary, conclusion and future studies 

6.1 Summary 

The results obtained have shown the importance of group 10 metals in therapeutic applications . As 

transition metals, they possess many properties that give them advantages over the more common 

organic-based drugs. Since the reactivity of transition metal complexes are controlled by both the 

metal and the ligands, combining dithiocarbamate; a bulky chelating ligand with the metal ions 

provides an added advantage of higher stabilization with improved biological activities for the 

complexes. The use of single source precursor for the synthesis of metal sulphide nanoparticles can 

give rise to high quality, crystalline and monodispersed nanoparticles. This study therefore, reports 

the synthesis and characterization of group IO metal dithiocarbamate complexes, their biological 

activities and their use as single source precursor for metal sulphide nanoparticles . 

The work comprised of six chapters. Chapter one contained the introduction to group 10 metals, 

dithiocarbamate ligand and their properties, and nanoparticles overview. It ended with the aim, 

objectives and significance of the study. 

Chapter two dealt with the detailed literature review of previous works on the synthesis of 

dithiocarbamate metal complexes and their biological relevance. It also presented the different 

synthetic routes to metal sulphide nanoparticles using different capping molecules. 

In chapter three, the detailed synthesis and characterization of the dithiocarbamate ligands from 

primary, secondary and Schiff bases were reported. The use of these ligands in the synthesis of 

group 10 metal dithiocarbamate complexes and their characterization using various techniques such 

as elemental analysis, FTIR, UV-vis spectroscopic, 1H MR, 13C NMR and some of the complexes 

by single crystal X-ray analysis were also highlighted. TGA analyses confirmed the thermal 

stability of the synthesized compounds. Some of the complexes were further functionalised into 

adducts and mixed ligand complexes by the introduction of P and N containing Lewis bases unto 

the parent complexes to improve the properties of the complexes for various applications. 

The single source precursor synthetic routes to the formation of the metal sulphide nanoparticles 

from the metal complexes were described in chapter four. Different long chain amine molecules 

(HDA, ODA and OLA) were utilized as capping agents at different reaction times and thermolysed 

at varied temperatures as dictated by the results from the TGA analyses. The optical properties of 
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the as-prepared nanoparticles were studi ed using UV-vis and PL spectroscopies, while the structura l 

morphology and phases were determined with TEM, EDX and X-ray diffraction analyses. 

The biological activities of the synthesized complexes were reported in chapter five. Th is involved 

the use of Gram positive and Gram negative bacteria and fungi organisms in the antmicrobial 

studies and the use of human cervical HELA cell s in the anti-cancer studies. The antimicrobial 

activit ies were recorded as % inhibition at minimum concentration te1med as minimum inhibition 

concentration (MIC) while the anti -cancer studies were recorded as inhibitor concentration, where 

the response is reduced by half, that is, concentration at half inhibition (IC50) . 

6.2 Conclusion 

Forty two complexes of group 10 dithiocarbamate have been prepared in all ; fifteen complexes 

were synthes ized utilizing the dithiocarbamate obtained primary amine li gands, six complexes were 

prepared from dithiocarbamate obtained using the secondary amine and nine complexes were 

prepared from the dithiocarbamate obtained from Schiff base condensation reactions. 

Functionalization of the parent complexes further yielded six adducts and six mixed ligand 

complexes. All the complexes were characterized by different techniques. Elemental analys is 

confirmed the degree of purity of the complexes as the experimental results were comparable to the 

calculated values. The results from FTIR revealed the bidentate mode of bonding within the 

complexes and the presence of the thiouriede bands (C=N), v(C-S) and M-S vibrations confirmed 

the complexation reaction between the dithiocarbamate ligands and the metal ions, with v(C= ) 

vibrations increasing down the triad from Ni to Pt. The v(C-S) vibrations indicated a symmetrically 

bidentate coordination of the -CS2 group to the metal centre and the vibrations increased as the 

chain length of the substituents on the phenyl group increased. The UV-vis spectroscopic results 

gave the d-d transitions at the near IR region, while the ligand-metal- ligand transitions were 

observed at the far IR absorption peaks to confirm d8 configuration and square planar geometry. 1H 

and 13C NMR signals support the formation of complexes as many signals in the spectra of the 

complexes were observed to be shifted compared to those in the uncoord inated ligands with the -

CS2 signals increasing down the heavier atom complexes of each series . X-ray crystal structures 

of some of the complexes confirmed the distorted square planar geometry and bidentate bonding 

fashion of the dithiocarbamate ligands to the central metal. It was also observed that bond length 

increases down the group from Ni-S to Pt-S, which implies hi gher bond strength in Ni-S than Pt-S , 

while the bond length for both Pd-S and Pt-S are relatively close supporting their similar 

coord ination modes and chemical properties. The decomposition patterns from the TGA occurred 
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via single step for some complexes or two step patterns for other complexes. The vo latility 

decreased while the thermal stab ility increased down the group and also with the presence of the 

methyl and ethyl substituents on the phenyl ring. A ll the complexes decomposed into their 

respective metal sulphides, hence, were utilized as single source precursors (SSP) for the 

preparation of the ir respective metal sulphide nanoparticles. The precursor complexes were 

thermolyzed in the temperature range 160 - 220 °C. hexadecyl am ine (HDA) was employed as the 

capp ing molecule for all the Ni(II) complexes obtained from dithiocarbamate prepared using the 

primary and secondary amines. To study the effect of different temperatures, growth time and 

capping molecules on the optical and structural properties of nickel suphide nanoparticles, [Ni(L2)2] 

and [Ni(L6)2] which are representative of complexes prepared using dithiocarbamate obtained from 

primary and secondary amines respectively were util ised. Different capping agents ODA and OLA 

were used, and thermolysis was carried out at different temperatures and time. The Pd(II) and Pt(II) 

complexes synthesized using dithiocarbamate obtained from the secondary amines were represented 

as [Pd(L 6)2] and [Pd(L 7)2] for the nanoparticle synthesis. X-ray diffraction (XRD) analysis gave six 

different phases for the nickel sulph ide nanopartic les: hexagonal a -NiS phase, a- iS 103, 

NiSO4· 6H2O, nickelhexahydrate, a-NiS11 9, base-centered orthorhombic Godlevskite phase, N i9Ss 

and (heazlewoodite) , Ni3S2. Four different phases for the palladium su lphide nanoparticles were 

observed; crystalline metallic Pd, vysotskite PdS, cubic plane PdS2 and Pd4S and two phases for 

the platinum nanoparticles; cooprite PtS and polycrystalline metallic Pt. The diffract ion patterns 

also revealed that the use of HDA and ODA capping molecules gave the same phase whi le different 

phases were observed w ith OLA capping agent and the use of varied precursor complexes . The 

ODA and HDA-capped nanoparticles gave similar morphology from the TEM images, formation of 

well-defined monodispersed dot-l ike and triangular shaped particles were observed. In contrast, the 

OLA-capped nanoparticles showed clearly irregular shapes distinct from the other two capping 

molecules. However, all the nanoparticles gave well-defined monodispersed nanostructures with the 

monodispersity increasing w ith increase in chain length of the substituents and with decrease in the 

size of the nanoparticles produced. The capped nanoparticles were adequately passivated by the 

capping agents as FTIR spectra confirmed the purity of the nanoparticles formed. The band gap 

energies increased with decrease in particle size as the chain length of the substituents increased, 

and al l the nanoparticles displayed quantum confinement effect. 

The biological studies revealed that most of the complexes have moderate to good antibacterial 

and antifungi properties with the N-ethylphenyldithiocarbamate complexes, [Ni(L4)2], [Pd(L4)2] 

and [Pt(L4)2], exhibiting the best activity. The presence of the -OH group on the N-alkyl-N

ehtylethanol dithiocarbamate complexes, [Ni(L6)2] - [Pd(L7)2] also enhanced their antimicrobial 
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activities. Most of the complexes showed a concentration dependent profile with cyto-se lectivity 

and some good activities toward the HeLa cell line. The dinuclear dithiocarbamate complexes, 

[Ni(L5)2] [Pd(L5)2] and [Pt(L5)2] exhibited the best anti-cancer activities and the presence of the -

OH group, and the chelating effect of the triphenylphosphine on complexes [NiL6(NC)(PPh3)] and 

[NiL7(NC)(PPh3)] also imparted higher anti -cancer activities. 

Finally, the results from the studies have proven that novel group 10 metal dithiocarbamate 

complexes have been synthesized with quality properties, because according to George S. 

Hammond, 'the most fundamental and lasting objective of synthesis is not just the production of 

new compounds, but production of properties' [I] . The biological properties of these compounds 

have shown they can be incorporated into new classes of platinum group metals (PGM) for the 

development of new antibiotics and anti-cancer agents. Their metal sulphide nanoparticles could 

also improve the biological activities based on the nanoparticle drug del ivery system to reduce 

toxicity and curb drug resistance. The small size and quantum confinement of the nanoparticles 

prepared can also afford their usefulness in catalysis , electronics and environmental contaminants 

degradation. 

6.3 Recommendation for future studies 

The following suggestions can be made for future works 

(i) The catalytic properties of the synthesized complexes could be determined since nickel or 

supported nickel catalysts play an important ro le in chemical industry 

(ii) The biological activities of the prepared nanoparticles can be studied to determine the improved 

activities over the bulk complexes based on the small size dimensions and nanoparticle drug 

delivery system. 

(iii) Application of the nanoparticles in photocatalytic degradation of dyes can be determined for 

effective use in water and environmental remediation. 

(iv) The formation of ternary and quartenary nanoparticles ts an emerging fie ld of research in 

nanoparticles synthesis, the prepared group 10 metals could be integrated together to form (Ni

Pd)S, (Ni-Pt)S ,(Pd-Pt)S and (Ni-Pd-Pt)S nanoparticles for improved activities . 

(v) The prepared nanoparticles can be incorporated as nanosize particles in the matrices of some 

polymer materials as nanocomposites to improve their strength for electronic properties. 

(vi) Adducts of Pd(II) and Pt(II) dithiocarbamate could also be synthesised, using some N and P 

donor Lewis bases, in order to study the effects of the mixed ligands on their bio logical and 

nanoparticle properties. 
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Figure S7: FTIR of [Pd(L7)2] 

C) 
0, 

a:, 
a:, 

co a:, 

N a:, 

C) 
a:, 

a:, 
r--

1)j 

~ 
;:,; 

3500 

::; 
:Ji 
~ 

,._ 
"' "' ... 

~ 
N 

~ 

3000 

Page 1/1 

N :5l ~ "' 
~ ~ ~ N 

2500 2000 
Wavenumber cm-1 

1500 1000 

Instrument type and I or accessory 

I I I I I I I 1 1 
;,; "' o,._ 

0, - N "' ... -N Na, _,., 
g i ~~ ~~ ; ~~ 

1500 1000 

C :\Users\28169166\Desktop\lR GRAHHS\FELICIAIH3.0 H3 Instrument type and / or accessory 

Page 1/1 

Figure S8: FTIR of [Pd(L8)2] 

210 

500 

2016/09/13 

I I I I 
M 0 ~ N "' 0 

~ ~ ~ <O 
~ 

500 

2017/06/02 



'T
j 

'T
j 

oo·
 

0
0

 
0 

10
0 

C
 

10
6 

10
8 

11
0 

11
2 

11
4 

11
6 

11
8 

C
 

80
 

85
 

90
 

95
 

.... 
0 

.... 
~ 

(1
) 

~ 
(1

) 
. 

r:
/)

 
• 

r:
/)

 
ii
 

.....
. 

ii
 

\0
 

,:; 
,:;

 
a,

 

0 
a,

 
m

 
'" 

'" 
'T

j 
"' 

"' 

~ 
~ 

'T
j 

I 
....,

 
....,

 
3

7
4

2
0

2
--

;;i;3
 

ii' 
;;i;3

 
. " 

3
6

4
2

6
6

--
0 

0 

I 
0 

'!.<
 

"' 
0 

~
 

"' 
....,

 
;ii

 
01

 
....,

 
01

 
0 

;u
 

0 
z 

G
) 

0 

z 
G

) 
0 

~
 

~ 
1

3
3

7
0

.5
1

--
;u

 
)>

 
,.-

-..
 

I 
,.-

-.
. 

I 
L

' 
I 

I 
~
 

L
' 

(/
) 

32
29

.9
8
-
-

"' 
;ii

 
'-

-'
 

0 
;ii

 
~
 

"' 
'-

-
' 

~
 

,; 

"' 
.,, 

I 
"' 

.....
... 

6 
"' 

3
0

6
5

.8
0

--
~ 

0 

"' 
0 

0 
~
 

0 
)>

 
0 

1
2

9
2

4
.7

4
--

t_ 
0 

2
9

3
8

.2
0

--
i:,

 

'"' ~ i:,
 

>
 

" 
:. 

" 
01

 
01

 
::': 

8 
::': 

8 
5"

 
,, 

. 
Ill

 
,, 

Ill
 

" 
2 

~ 
1

2
3

2
3

.4
1

--
" 

[ 
~ 

2
3

5
7

.8
1

--
IQ

 
3 

::,
 

IQ
 

::,
 

CD
 

• 
C

 

N
 

.. 
2 

C
 

~
 

a 
3 

_.
 

~
 

3 
3 

2
1

8
8

.3
6

--
~
 

j 
2° 

~
21

62
8

4
-

_.
 

~
 

~ 
~ 

2
1

2
9

.8
9

--
, 

2
1

0
0

.9
6

--
. 

n 
" 

~
 

n 
" 

, 
!. 

8 
19

79
.8

6 
-
-

" 
~ 

8 
0

. 

• . 
~
 

0 
Q

 
, 

. 
0

. 
n n 

Q
 

ffi 
. 

1
6

9
2

0
2

--
n 

0 
n 

'< 
ffi 

1
6

3
7

.6
2

--
1

5
9

8
.2

4
--

0 

~
 

1
5

5
5

.0
9

--
~
 

1
5

3
1

.B
B

--
'< 

0 
15

01
.6

5 
_

,,
-

0 
1

4
9

9
.9

0
--

0 
0 

1
4

5
5

.9
0

--
1

3
8

9
.1

7
--

13
58

.5
4 
-
-

1~
~-

-
1

2
1

3
.9

1
--

1
1

8
3

.1
2

--

1
1

2
0

.7
3

--
1

1
1

1
.3

5
--

~
 

0 
~ 1

01
9.

90
 -
-

0 
10

16
.2

9 
-
-

0 
8 

96
4.

80
 
-
-

0 
99

8.
21

 

88
3.

86
 

85
4.

10
 
-
-

83
2.

71
 

77
1.

78
 
-
-

8
0

0
.4

3
-:

;;
;;

. 
76

5.
85

 
-:J

;_
 

65
8.

77
 
-
-

"' 
75

2.
80

 
L

 
0 

69
4.

n 
~
 

~ 
01

 
62

4.
60

 
~
 1

55
0.

76
 

0 
59

6.
26

 
O

 
47

0.
54

 
~ 

0 
46

2.
81

 



N
 _.
 

N
 

"1
'j 

cjq
" 

C
 .... (l
) 

r:
/)

 
.....

. 
N

 

"1
'j >-J
 
~
 

0 >-
+,

 z F
 

-.
.J

 z 0 '-
' 

~
 

'"O
 

::r
 

w
 ::::
:: 

11
 .. "' .. ... ... 

C)
 "' 

w
 "' 0 0 

33
18

.6
8 
-
-

~
 

I 3
05

0.
14

 -
-

0 0 "' "' 

2
8

5
0

.1
2

--

:E 
8 

" $ :,
 

C
 3 ~ ('
) 

"' 
~ 

8 0 "' 0 0 

15
15
.3

7
-
-

14
32

24
-
-

13
53

.0
8 

-
-

12
70

.8
3 
-
-

8 
79

96
.2

1 
-
-

0 "' 
mi

~~
 

8 
~4

34
17

 
'-

--
--

50
 

55
 

60
 

65
 

70
 

75
 

80
 

85
 

"1
'j 

cjq
" 

C
 .... (l
) 

r:
/)

 
.....

. 

"1
'j >-J
 

~
 

0 >-
+,

 z ;:::
:..:

 
r-

' .... 
'-

' 
Iv

 
-0

 
::r

 
(l

) 
:i

 
'-

-
' 

w
 "' 0 0 

75
 

37
50

.61
 -

-

31
91

.4
2
-
-

~ 
.j 

30
09

. 48
 _

__
__

 
8 

12
96

0.
29

 _
r
 

29
24

.1
9 
~
 

28
62

.65
 

"' "' 
11

 
:E 

8 
.. 

" 
~ 

~ 
_

. 
C

 

0 
3 

.. 
~
 

(
')

"
' 

~ 
8 

23
60

.1
5

--

21
16

.44
 ::

:::
\ 

19
92

.7
6

~ 

i~:i~
~t\-

..
. 

0 
15

36
.65

 
15

07
.7

5 
14

55
.7

1 

15
89

.31
 i mrni
 

-1 
13

37
.97

 
~ 

11
30

6.
30

 =t
 

0 
12

55
.8

6 
12

26
.2

0
~ 

11
39

.4
8
\
c
 

10
97

.6
7
\
\
_

 
10

19
.4

3 
-,s

= 
98

3.
38

 
--

,,_
\_

 
8 

-1 
83

7 
01

 
~
 'C

. 
o 

17
68

.34
 
~

\_
 

n1
15

 
~

t 
68

8.
43

 
,'t

:: 
63

1.
88

 
~
 

60
2.

78
 
~
 

I 5
74

.9
7 

==
==

 
~ 

1
53

1.
60

 
0 

80
 

85
 

90
 

0 c "' CD ii1 ~ a
, ~
 

a
, ~
 

CJ
 

CD
 "' ~ 0 'g
. ;ii
 

G
) ~ I I !!! C
) '" i:, >J
 ~
 ~ 0 ~ 0 !'! "' ~ 0 0 11
 

;:
 



~ 
I 

____ )L__, _ __Jc_____ ____ ____,,,.,___~---"j-__,'-..../U_.,,.l.-v Av ~~---'~~l 

9 .0 7.0 6 .5 5 .0 ◄ .S ◄ .0 3.5 3.0 2 .5 
fl (ppm) 

0 ss:--.. -0' /" I--~ 
NH- C M : C-HN 

":_, / " ,;/ s s -

u 

2.0 1.0 0.5 

L .I I 

210 200 190 180 170 160 150 110 130 120 110 100 90 80 70 60 so 40 30 20 10 
fl (ppm) 

213 

I I 

0.0 

~ 

'f 



"T
j 

cic
i. 

C
 .... (1
) 

r/
1 .....
.. 

.i:
::,

. 

u~
 v
J
 

("
) ~ ~ ';a
 

0
..

 
,..

-..
. 

c-<
 

IV
 

,.__
., 

N
 

.....
.....

 

ij
 

0 u
, 

0 .... 0 0 (I
I 

0 ,;
 

"V
 a 

-
... ~ 

. - ...
: 

:'E
-

• 
- -

=
 4

93
1 

• 
' 

-
' 

.o
.o 

... U
I - 0 0 

I 
I 

I 
I 

0
.6

 
1

.0
 

1.
5 

2.
0 

[r
el

] 
0 

2 
4 

6 
8 

10
 

12
 

[r
e

l]
 



~ • ~"i:rj~p1pq,q ;tj:!;q ~..__, ~ 

-0- s s~ -0-\\ /,- " I --~ ~ NH-C M : C- HN ~- / ",;/ s s -

:;::;::;:~,..,.,.,ll!;l!i; -

10. 0 9.5 9 .o e . 5 e .o 7 .5 7 .o 6 .5 6 .0 5 . 5 5.o 4 . 5 4 .0 3 . 5 3 .o 2.s 2.0 1 .5 1. 0 
n cs,_pm) 

i i I I 

210 200 190 180 170 160 150 140 13 0 120 110 10 0 90 80 7 0 60 50 40 30 20 10 0 
fl (ppm) 

Figure S15 : 1H, 13C NMR [Pd(L3)2] 

215 



I 

16 15 14 13 12 11 

.. 

10 6 
fl (ppm) 

I 

- 1 -2 

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 
fl (ppm) 

216 

-3 



16 :;: 
I 

:;;:;;:;;:;::;: 

~ II r 

l I 
9.0 8.5 8.0 7.5 7.0 6.5 6 .0 5.5 5.0 4.5 4 .0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 a.a 

fl (ppm) 

230 220 210 200 190 180 170 160 150 L ◄O 130 120 11 0 100 90 80 70 60 SO ◄O 30 20 10 
rt (ppm ) 

Figure S 17: 1 H, 13C NMR [Ni(L 6) 2] 

217 



19 :aJ;G:O:&:&~ 

~T 

l 
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 ◄ .5 ◄ .0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 

fl (ppm) 

230 220 210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 so 40 30 20 10 
fl (ppm) 

Figure Sl8: 1H, 13C NMR [Ni(L7) 2] 

218 



H3 

i 
g:~:::ga:;~R'.~~;'~ 

:_;__,0>/2¥-'~ 

_ __,.____J ' 

H3 

9.5 9 .0 8. 5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4 .5 4. 0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 
fl ( ppm) 

I I I I 

230 220 2 10 200 190 180 17 0 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 
fl (ppm) 

219 



CCDCNUMBER 

CRYSTAL CCDC 
(Pd(L)2] 1849649 

[Pt(L)2] 1848912. 

[P t(L3)z] 1875081 

[ i(L2)z] 

[Pt(L2)2] 

Pd(L7)z] 1551524 

[NiL2(NCS)PPbJ] 1566642. 

NiL7(NC)(PPbJ)] 1573114 
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