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Abstract 

Metal dithiocarbamate complexes possess many interesting and useful properties which has 

made them ubiquitous in the literature. Their discovery was early in the field of sulfur 

chemistry, with their applications as vulcanisation accelerators and fungicides being explored 

not long after. Nowadays, most published reports focus on their molecular structures, and 

their use as single source precursors to metal sulfide materials. Much of the research in those 

fields omits the relationship between their structure and properties, or their mechanism of 

decomposition to metal sulfide materials. This dissertation presents an investigation into the 

synthesis of metal dithiocarbamate complexes, with an emphasis on the relationship between 

their structure and properties, and how these properties affect their use as potential single 

source precursors to metal sulfide materials. Firstly, investigations into subtle intermolecular 

interactions were conducted using a nickel(II) dithiocarbamate complex. The complex was 

subsequently used as a single source precursor to NiS, and provided insight into the 

mechanisms behind its decomposition. The use of lead(II) dithiocarbamate complexes as 

precursors to PbS materials was investigated in a study that highlighted the relationship 

between the structure of the complex, and the resultant PbS material. Along the way, 

important insights relating to the structure and spectroscopic properties of dithiocarbamate 

complexes were also gained, leading to an uncovering of the mechanisms behind restricted 

rotation in di(isopropyl)dithiocarbamate complexes. The dissertation concludes with a study 

evaluating the mechanisms behind molecular isomerisation in mercury(II) dithiocarbamate 

complexes.  
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Scheme 1: General synthesis for N-alkyl dithiocarbamates 

The increase in stability is achieved due to electron delocalisation within the resultant DTC 

anion (Scheme 2).  
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Scheme 2: Resonance stabilisation of the dithiocarbamate anion. 

The synthesis shown in Scheme 1 proceeds if R1 and R2 are alkyl or electron donating groups, 

as the underlying mechanism is nucleophilic attack by nitrogen at the electron poor carbon in 

carbon disulfide (Scheme 3). 

 

Scheme 3: Mechanism for the formation of alkyl dithiocarbamates. 

In cases where R1 or R2 are electron withdrawing groups or groups that can stabilise a 

positive charge (on the nitrogen atom) through delocalisation (e.g. aryl groups), the reaction 

does not proceed to completion. Resonance effects make the synthesis of DTCs containing 

aromatic amines difficult but they can be overcome with the use of strong bases such as n-

butyllithium. The reaction of the amine with alkyllithium produces lithium amide 

intermediates, which are more reactive towards CS2.
11 

There are instances where S,N-substituted DTCs may be required (which are outside of the 

scope of this dissertation, as their ability to act as ligands is poor). In such cases, the N-

substituted DTC anion is utilised as a nucleophile, which can react with an alkyl halide (Scheme 

4). 

 
H2O

5°C

NaOH



3 
 

R1

R2

N H S SC+
S

SR1

R2

N

H
H2O R3X

S

SR1

R2

N

R3

Scheme 4: A general method for the synthesis of S,N- substituted dithiocarbamates. 

Purification of N-substituted dithiocarbamates is achieved predominately via 

recrystallization. In practice, performing the reaction (between amine, carbon disulfide and 

alkali metal hydroxide) in a minimum volume of appropriate solvent results in the DTC salt 

precipitating from the reaction mixture. From there, filtration followed by recrystallization is 

often sufficient to produce N-dithiocarbamates of high purity.12 

In some cases, e.g. in the realms of biological testing, a higher purity DTC (~99.0 % purity) is 

required. This is achieved by derivatisation of the intermediate dithiocarbamic acid, followed 

by chromatographic purification, and subsequent deprotection. This has been demonstrated 

by Giboreau and Morin, who substituted the metal hydroxide with tributyltin oxide producing 

an intermediate stannyl DTC which was purified by column chromatography, followed by 

deprotection.13 For the purposes of this dissertation, the typical recrystallization method was 

found to be sufficient for the DTC salts to be used in subsequent reactions without further 

purification (e.g. chromatographic separation) being necessary. 

Coordination to metals 
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Figure 2: Four commonly observed N-dithiocarbamate coordination modes. 

DTC anions possess strong metal binding properties and generally behave as chelating ligands 

producing coordination complexes as shown in Modes I and II in Figure 2. In Mode I, the DTC 

anion behaves as a symmetric bidentate ligand with an equal charge distribution across the 

RR’-NCS2
- moiety. Mode Ia is a bridging variation of mode I resulting in dimeric, trimeric, 

oligomeric and polymeric structures. Mode II is characterized by an unsymmetrical charge 

distribution and thus unequal M-S bond lengths but still with bidentate coordination. In 

contrast, Mode III shows the formal negative charge localized on one of the sulfur atoms 

leading to a monodentate coordination geometry.  

Examples of complexes containing these bonding modes will be found in Chapters 2-6, but 

generally the coordination modes shown in Figure 2 are independent on R1 and R2, which have 

very little influence on the M-S bond nature.14 There are exceptions, where steric effects of R1 
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and R2 affect the geometry of the resultant complex, and thus exert influence on the 

coordination modes.15 The propensity to favour one form (over another) appears to be linked 

to a combination of the aforementioned steric affects, the nature of the central metal atom, 

and the nature of secondary interactions within the crystal structure.16, 17 Where the metal has 

an affinity for sulfur (e.g. Hg(II)), modes I or II are favoured,18 in contrast to cases where the 

metal has less preference (e.g. Na(I)), where mode III is dominant.19 Beyond these 

generalisations, prediction of the coordination modes is exceptionally difficult,17 for example 

octahedral Sn(IV) DTC complexes can contain forms III and I simultaneously.20  

Applications of dithiocarbamate complexes 

DTC complexes have attracted significant attention due their interesting and useful 

properties.21-23 The combination of various metal centres and the ability to readily alter the 

DTC ligand structure has yielded complexes with biological applications24-32 such as anti-

neoplastic agents,33 rescue agents in cisplatin therapy34 and bioanalytical agents.35 Another 

useful application of metal DTCs is their use as precursors for the synthesis of metal sulfide 

materials.19, 30, 36-53 These materials, prepared via thermolysis of metal DTC complexes, have 

been widely investigated due to their use in the development of new sensors, IR detectors and 

solar cell technologies.54 One of these materials is lead sulfide (PbS), 55 56 which is an important 

IV-VI semiconductor (direct bandgap ~0.41 eV at RT).57 The exciton Bohr radius of PbS58 is ~18 

nm and reducing the size of crystals to less than half of this distance results in nanocrystalline 

PbS with size dependant optoelectronic properties.59, 60 Another class of materials that have 

stimulated a great deal of attention in areas such as catalytic water splitting,61-68 

heterogeneous catalysis,69 supercapacitors,70-73 batteries74-80 and solar cells81-87 are the nickel 

sulfides. Unfortunately, nickel sulfides have a propensity to exist in a range of phases, and 

stoichiometries, such as NiS, NiS2, Ni3S2, Ni3S4, Ni6S5, Ni7S6, Ni9S8.
88-93 From a synthetic 

standpoint, these issues provide challenges when attempting to isolate individual, targeted 

compounds,88, 94 which is of fundamental importance as each phase possesses somewhat 

distinct properties. These cutting-edge applications, and experimental difficulties have aroused 

an impressive level of attention towards manipulation of the morphology and phase of metal 

sulfide materials.68, 95-106 Techniques such as solvo- and hydrothermal,80, 107-112 solid-state,113-115 

microwave-assisted,71, 77 spray pyrolysis116, 117 and solution-based118 exist. In these, separate 

reactants are utilized, and the phase and morphology of the resultant metal sulfide materials is 

adjusted by varying the solvent, capping ligand, precursors, reaction temperature and time.  

An alternative approach for the synthesis of metal sulfides employs single-source precursors 

(SSPs) that provide control of reactant stoichiometry and the potential to tune their thermal 
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properties through ligand design. An ability to adjust both the stoichiometry and thermal 

properties by manipulation of the SSP structure can at times allow for control of the phase and 

morphology of the resultant materials. Typically, the precursors are designed to have a MS4 

geometry. Of the most applicable types are the xanthates 89, 114, 119-122 123-125 and 

dithiocarbamates. 25-27, 126, 127 88, 126, 128-138 In the case of DTC complexes, modification of the 

substituents in the ligand structure gives rise to a range of electronic and steric effects across 

associated complexes, which influences the thermal properties of the resultant metal complex, 

thus ultimately affect the formation of nanoparticles from these SSPs.139 Therefore, by 

adjusting the structure of the DTC ligands the phase and morphology of resultant metal sulfide 

materials can be easily tuned, whilst avoiding complexities associated with systems containing 

separate reactants. In the context of the thermal synthesis of PbS crystals, the influence of DTC 

ligands bearing aliphatic and aromatic substituents has been examined, whilst for nickel 

sulfides, the role of amines in the solution-state thermolysis of nickel DTC complexes has been 

investigated.129, 131, 134 
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Aims and Objectives 

The aims of this dissertation are to: 

1. Synthesise a library of metal dithiocarbamate complexes  

A library of metal dithiocarbamate complexes are to be synthesised to investigate their 

properties and determine their possible applications.  

 

2.  Investigate the properties of metal dithiocarbamate complexes   

Dithiocarbamate complexes which are synthesised will be thoroughly characterised, to 

investigate their spectroscopic and crystallographic properties, and how they relate to 

the structure.  

 

3. Examine applications of metal dithiocarbamate complexes  

Dithiocarbamate complexes will be investigated in the context of possible applications. 

These investigations will focus specifically on their use as precursors to metal sulfide 

materials, or the use of dithiocarbamate structures as models for complex electronic 

interactions. 
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Thesis Overview 

The articles within this dissertation are best described as discrete sub-studies focussing on 

different DTC complexes, with the distinction being the nature of the metal centre. The 

publications are further divided on the basis of article themes, namely the use of DTCs as 

single source precursors to metal sulfide materials, or the investigation of the structures of the 

DTC complexes. Thus, each of the project aims and objectives are addressed within each 

publication. The articles are presented in chronological order (with respect to the sequence of 

experimental studies) as findings within each publication generally form the basis of 

investigations in subsequent publications.  

The data presented in Chapters 2, 3 and 4 show that metal DTC complexes are useful as 

single source precursors to the synthesis of metal sulfide microstructures. Chapter 2 addresses 

the molecular structure of bis(κ2S,S′-di(isopropyl)dithiocarbamato)nickel(II) examined by 

single-crystal X-ray diffraction to reveal an unusual anagostic C-H ··· Ni interaction. Thermal 

analysis data provided a preliminary indication that the nickel(II) DTC complex is useful as a 

single source precursor to nickel sulfide materials.  

Chapter 3 expands on the findings presented in Chapter 2. In situ synchrotron powder 

diffraction was used to investigate the transformation of bis(κ2S,S′-di(isopropyl)-dithio-

carbamato) nickel(II) into a novel nickel sulfide (NiS) nanostructure containing exclusively the 

high temperature α-NiS phase. Insights into the mechanisms of decomposition were obtained. 

Chapter 4 examines the formation of PbS by thermolysis of two different lead(II) DTC 

complexes. The data show how manipulation of the DTC ligand structure influences the 

resultant morphology of PbS crystals. Selected PbS crystals were used to create a novel PbS 

based thermistor with excellent sensitivity and an ultrarapid thermal response time.  

Not only do DTC complexes possess intrinsic properties that make them useful as precursors 

to metal sulfide materials, they also possess a rich range of coordination geometries. The 

ability to produce an almost limitless range of structures by varying the central metal atom in 

addition to the ligand substituents provides a convenient substrate for investigation of 

coordination chemistry and subtle crystallographic phenomena. Thus, not only are the 

complexes useful as single source precursors to metal sulfide materials, the structures they 

form are also important for the observation of unique coordination geometries in the solid 

state.  

The latter is best manifested in the realm of noncovalent interactions in the solid state, which 

are of importance as they can exert significant influence on the geometry of molecules and 

their associated crystal structures.140 Hydrogen bonding is one such important noncovalent 
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interaction where the focus has traditionally been on strong acceptors such as O and N.141-146 

In contrast, sulfur is considered a weak acceptor, and the influence of H···S hydrogen bonds on 

molecular structure has received considerably less attention.147-150 Such interactions are 

important as they influence side chain geometries and secondary structure in biological 

systems (such as those involving the amino acid cysteine).151-155 Thus, an understanding of the 

nature of H···S interactions is of fundamental importance.  

In Chapter 5 the crystal structure of sodium di(isopropyl)dithiocarbamate pentahydrate was 

redetermined156 for the examination of networks of C–H⋯S interactions. These interactions 

were shown to affect the symmetry of electron density within the ligand in the solid state. The 

asymmetry of the electron density was manifested as temperature dependent restricted 

rotation of the isopropyl groups in the solution and the solid state. We also show that these C-

H···S interactions are ubiquitous throughout metal dipdtc complexes for which structural 

determinations have been deposited.  

Another example of coordination effects studied using DTC complexes is the ability of DTC 

complexes to be present as a range of unique complexes, including coordination polymers. For 

example, the reaction of HgCl2 with diethyldithiocarbamate will produce three distinct 

molecular complexes.157-160 This is unsurprising, as reactions of HgCl2 with S-donor ligands have 

a propensity to form coordination polymers by interaction with sulfur-containing species,161-163 

although detailed studies of the formation of mercury coordination polymers are scarce, 

especially in the case of DTC complexes.159,164,165-169 In Chapter 6, a new polymeric mercury(II) 

di(isopropyl)dithiocarbamate complex was synthesised, and used to investigate the causation 

of the large range of molecular architectures and isomers within mercury(II) DTCs.37 Solid- and 

solution-state techniques were employed to track the formation of monomeric, dimeric and 

polymeric mercury(II) di(isopropyl)dithiocarbamate complexes. These studies provided insights 

into the mechanism for isomerisation within mercury(II) DTC’s. 
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Chapter 7: Discussion  

DTC anions have proven to be excellent ligands in the realm of coordination chemistry. The 

resultant metal DTC complexes have stimulated a great deal of interest due to their ease of 

synthesis, the ability to coordinate to a range of transition and main block elements, and their 

interesting and useful properties.21-23 Clearly there is great scope for the synthesis of many 

new structures due to the ability to manipulate both the central metal and DTC ligand. In this 

work, the synthesis, properties and applications of a range of metal DTC complexes (where the 

metal = Hg, Pb, Ni, Na) have been investigated. During the course of the research the metal 

DTC structures were carefully selected with the intention of investigating the complexes as 

single source precursors to metal sulfide materials. Thus, complexes containing Pb, Hg and Ni 

were synthesised to investigate their capability to produce industrially and academically 

relevant PbS, HgS and NiS. 

The di(isopropyl)dithiocarbamate ligand was chosen for many of the target complexes on the 

basis of ease of synthesis and favourable properties such as solubility in a range of organic 

solvents. There also exist a number of studies investigating metal di(isopropyl)dithiocarbamate 

complexes within the literature which provide useful comparisons with the current work. 170-177 

Characterisation of bis(κ2S,S′-di(isopropyl)dithiocarbamato) nickel(II) using XRD analysis of 

single-crystals revealed a previously undescribed polymorph (Chapter 2, page 10). Importantly, 

the single-crystal X-ray structure revealed the presence of a seldom discussed class of 

intermolecular interactions known as anagostic interactions.178, 179 Anagostic (and agostic) 

interactions belong to a class of C-H···M interactions (where M is often a d6 or d8 metal) and 

are characterised by short H···M distances (~ 1.8 to 2.2 Å) with C-H ···M angles of 90-130° (for 

agostic), or long H···M (~2.3 to 3.0 Å) with C-H ···M angles of 110-170° for anagostic 

interactions.180, 181 Whilst these interactions are known for nickel(II) complexes, including 

another nickel(II) DTC, the current work is unique in that it revealed the influence of the Ni···H 

interaction on the vibrational frequencies of methyl groups involved in the interaction. The 

complex was subsequently used to generate nickel(II) sulfide by solid-state decomposition of 

the complex, which provided the basis for further investigation into the mechanisms involved 

during thermal decomposition of metal DTC complexes. Importantly, this work provided the 

initial indication that metal DTC complexes utilising di(isopropyl)dithiocarbamate ligands are 

suitable as SSPs to metal sulfide materials. 

SSPs provide all of the necessary atoms to generate the resultant materials within a single 

compound.182 In the case of metal sulfides, these precursors generally contain a metal-sulfur 

bond. The presence of the required atoms within the same molecule is important because it 
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allows for the intimate control of reactant stoichiometry and the potential to tune the 

precursors thermal properties through ligand design, and thus control the resultant metal 

sulfide phase and morphology. There has been considerable interest in the development of 

single source precursors, such as DTCs25-27, 88, 126-133, 135 and xanthates89, 106, 114, 119, 122-124, 183 for 

the synthesis of metal sulfides such as NixSy and PbS. 

An understanding of the mechanism for thermal decomposition of an SSP is quite important 

as this will guide the SSP design to achieve suitable properties such as low decomposition 

temperatures and/or selective metal sulfide generation. Mechanistic studies on the role of 

solution-state decomposition of nickel(II) DTC complexes are extant,129, 131, 134 however studies 

focussing on the processes involved in the solid state decomposition of nickel(II) DTC 

complexes were absent from the literature. The current work (Chapter 3, page 18) addressed 

this gap in knowledge. The sophisticated capabilities of the Australian Synchrotron were 

especially useful together with specialised instruments available within UTS (commercial and 

self-assembled). A plethora of in-situ techniques provided detailed data throughout the solid-

state thermal decomposition of single-crystals of bis(κ2S,S′-di(isopropyl)dithiocarbamato)-

nickel(II). Variable temperature powder X-ray diffraction experiments performed at the 

Australian Synchrotron (Proposal M12485) provided powder diffraction patterns at 30 second 

intervals during the decomposition process. These data showed that decomposition occurred 

with no intermediate phases and produced phase-pure nickel(II) sulfide. These insights could 

not have been obtained using regular laboratory X-ray equipment, which are incapable of 

providing the necessary time-resolved data for such studies due to low source intensity (and 

thus integration times longer than the time-scale of decomposition processes).  

Having established that decomposition occurred in a single event, attention was given to the 

volatile species produced during decomposition, which were examined using 

thermogravimetric analysis coupled to gas chromatography mass spectrometry (TGA-GC-MS). 

The precursor complex was heated at a known rate whilst measuring the change in mass. A 

significant difference between the current work and thermogravimetry experiments typically 

reported in the literature is the use of a furnace directly coupled to a gas chromatography 

mass spectrometer, allowing for the real-time detection and identification of volatile species 

emitted during mass loss. This technique is extremely powerful and was the first study to 

examine the decomposition of metal DTC complexes. The major volatile by-products were 

fragments associated with the cleavage of the di-isopropyl N-C and dithiocarbamato C=N 

bonds. Time-resolved evolved gas analysis showed that the species co-existed in the gas phase 

with no temporal dispersion of the fragments (i.e. the dithiocarbamato backbone decomposed 
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in a single step), in accordance with the synchrotron data. Synchrotron and TGA-GC-MS 

experiments indicated that decomposition occurred in a single step, but there was no direct 

observation of decomposition proceeding directly from the solid state or via an intermediate 

solution state. It could be inferred by inspection of the synchrotron data that no such solution 

state existed (i.e. precursor diffraction peaks remained until observation of product peaks) 

however a great deal of care must be applied as retention of diffraction peaks does 

unambiguously exclude the existence of a non diffracting state. To address this, a home-built 

variable-temperature optical microscope was constructed to obtain direct visual observation 

of the decomposition process. The experiment showed that decomposition occurred in the 

solid state, as no melting of the SSP was observed.  

Thus, a combination of three in situ experimental techniques produced the first detailed 

observation and description of solid-state decomposition of a DTC SSP in the literature. Not 

only are these findings novel, they also have widespread applications in the study of SSP 

decomposition because the complex can be utilised as a readily accessible SSP that generates 

only volatile by-products with no intermediate liquid phase, to synthesize a single phase of 

nickel sulfide without the need for solvents.  

Lead(II) dithiocarbamate complexes were found to be useful SSPs to PbS materials. Two 

lead(II) DTC complexes were synthesised and their thermal decomposition properties were 

compared (Chapter 4, page 26). One complex utilised the di(isopropyl)dithiocarbamate ligand 

and the other had oxygen-containing ligands. N-methyl-D-glucamine was chosen as the 

precursor amine for the synthesis of the ‘oxygenated’ lead(II) dithiocarbamate complex, as the 

ligand (sodium N-methyl-D-glucamine dithiocarbamate) was known, thus providing a 

convenient synthetic route.12 

Oxygen can affect thermolysis regimes; thermal decomposition of lead(II) DTC complexes in a 

partial atmosphere of oxygen is detrimental to the formation of metal sulfides but the effect of 

oxygen within the SPP was unknown prior to the work presented in this dissertation.  

Variable temperature powder X-ray diffraction at the Australian Synchrotron, and variable 

temperature optical microscopy were utilised to examine the key differences in the thermal 

behaviours of the two complexes. The complex containing intramolecular oxygen decomposed 

in the solid state, whilst the complex lacking intramolecular oxygen decomposed from an 

intermediate non-diffracting state. The loss of X-ray diffraction peaks, in isolation, is 

insufficient evidence to conclude whether decomposition occurs within the solution state or 

via an amorphous material. Variable-temperature optical microscopy showed that the alkyl 

precursor melted, followed by decomposition some time later from the solution. Investigations 
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of the resultant metal sulfide materials revealed differences in the morphology of the resultant 

materials, as alluded to in similar studies.123, 184, 185 Electron microscope data showed significant 

differences in the resultant lead sulfide materials. Decomposition from the solid state gave 

smaller PbS crystals than those obtained by decomposition from the molten state. The 

resultant PbS (from the oxygen containing precursor) was utilised without need for any further 

purification or treatment, to manufacture a positive-temperature coefficient thermal resistor. 

The device had thermal-response properties superior to current industry standard materials. 

Thus, this study has widespread implications in areas that utilize PbS as the active material for 

sensing applications, as it shows the ease of which high purity PbS can be easily produced in a 

single step, with no processing required for use in electronic devices. 

This work also showed that metal DTC complexes are useful materials for investigation of 

solid-state phenomena. Whilst characterising sodium di(isopropyl)dithiocarbamate, unusually 

broad proton nuclear magnetic resonance (NMR) signals were noticed, prompting 

investigations to determine the reasons for this broadening (Chapter 5, page 37). At the time 

of the work, a disruption of the symmetry of some di(isopropyl)dithiocarbamate complexes 

was reported in the literature. The nature of this disruption was described as arising from the 

orientation of the methine hydrogens in different directions relative to the C2NCS2 plane, 

determined using variable temperature NMR spectroscopy.186-190 However, the origin of this 

reduction in symmetry was not presented. In the work presented in this dissertation, a study 

of restricted rotation within di(isopropyl)dithiocarbamate compounds began with a 

redetermined single-crystal X-ray structure of sodium di(isopropyl)dithiocarbamate, variable 

temperature NMR spectroscopy, and examination of the Cambridge structural database.  

Single-crystal X-ray data revealed an intramolecular C-H⋯S hydrogen bond, which is 

significant in its own right as the influence of H⋯S hydrogen bonds on molecular structure is 

scarce.147-150 Variable temperature NMR experiments were used to probe the broad NMR 

signals and to determine kinetic parameters for the restricted rotation. An energy barrier for 

the restricted rotation of 30 kJ mol−1 was obtained. Two sets of signals for each hydrogen 

environment indicated an inequivalence of the two isopropyl groups in the solution state. 

However, the role of C-H⋯S hydrogen bonding could not be elucidated as the experiment was 

performed in the solution state, making comparisons to the single-crystal structure not 

straightforward. This shortcoming was addressed using solid-state 1H NMR spectroscopy, 

which was in agreement with the solution state spectroscopy, and showed inequivalent 

isopropyl groups. As the isopropyl groups are inequivalent in both the solution and solid state, 

this work provided direct experimental evidence that the restricted rotation within sodium 
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di(isopropyl)dithiocarbamate is attributable to an intramolecular C-H⋯S hydrogen bond. The 

study was the first to provide the origin of peak broadening, and restricted rotation, in 

di(isopropyl)dithiocarbamate complexes.  

Further insights towards the structural chemistry of DTC’s were provided by the detailed 

study of mercury(II) di(isopropyl)dithiocarbamate complexes (Chapter 6, page 47). Whilst 

obtaining crystals suitable for single-crystal X-ray analysis, three morphologically distinct 

single-crystals were obtained, which yielded three unique structures (two of which were 

previously reported).171, 191 It became evident that further investigation into the cause of this 

phenomenon was warranted. Examination of the literature revealed that whilst uncommon, 

mercury(II) DTC complexes can produce a diverse range of molecular architectures and 

isomers.37 Further, it is known that reaction of HgCl2 with sodium diethyldithiocarbamate 

produces three unique crystals during crystal growth of the product.159, 160, 192, 193 Despite this, 

no studies focussing on the cause of isomerisation within mercury(II) DTC structures were 

extant.  

Careful examination of the processes before, during, and after crystal growth using solid 

state 199Hg NMR spectroscopy was critical to providing an understanding of these processes. 

During the initial stages of investigation, concerns were raised due to the inability to reproduce 

crystal growth experiments, which were addressed by resynthesis of the complex. Crystals 

obtained from the new material were isolated as a single form, and reproducible across many 

batches.  

The metal to ligand ratio in the initial reaction was found to affect the reaction outcome. 

Standard 199Hg NMR spectra (of the individual isomers) obtained from isolated single-crystals 

was used to track the formation of mercury complexes. Material obtained from reactions 

deficient in mercury showed different proportions of the isomers when compared to products 

obtained from reactions with an excess of mercury. This provided evidence that the initial 

reaction between ligand and metal ions determined the form of the resultant mercury(II) DTC 

complexes, and is dependent on the relative stoichiometry of the starting materials.  
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Chapter 8: Conclusions and Future Directions 

Conclusions 

The studies within this dissertation focussed on the synthesis, properties and applications for a 

range of metal DTC complexes. The research aims as stated in Chapter 1 have been addressed, 

and in doing so, some areas for future study have become apparent. In addition to the 

individual conclusions shown within Chapters 2-6, some more general insights are presented. 

Through investigation of the spectroscopic properties of the complexes synthesised, all of the 

di-(isopropyl)dithiocarbamate complexes contain intramolecular C-H···S interactions. 

Investigation of the thermal decomposition behaviours of these DTC complexes revealed that 

all (with the exception of the mercury(II) complexes) were suitable as SSPs for the synthesis of 

metal sulfide materials. The relative ease of decomposition to metal sulfides show that DTCs 

can be used in settings requiring high purity metal sulfide materials for fabrication of electronic 

devices (as shown in Chapter 4). The ability to reach these conclusions was greatly enhanced 

through the use of sophisticated in-situ techniques.   

Future Directions 

The studies in this dissertation clearly show the conversion of metal DTC complexes to their 

respective metal sulfides. A natural progression of this, and thus an area for future study, 

would be to investigate the possibility of forming mixed metal sulfide species, which have 

interesting semiconductor properties with possible applications in new sensor technologies. 

For example, an intimate mixture of two metal DTC complexes may be thermalised to yield 

bimetallic sulfide species. Keeping with this theme, another avenue for future study might 

investigate the synthesis of mixed metal DTCs for use as SSPs. An example of a mixed metal 

DTC SSP could be a bis DTC with a 1:1 ratio of metals X and Y, or even co-crystals of more than 

one metal complex. Studies such as these are scarce in the literature, and would be somewhat 

difficult to achieve due to the complexity involved with understanding the relationship 

between formation of the resultant metal sulfide material from the precursor structure.  

An alternative area of future study concerns the manipulation of the DTC structure for 

molecular sensor applications. For example, it is known that di-(isopropyl)dithiocarbamate 

complexes exhibit a temperature-dependent restricted rotation about the N-C bond within the 

ligand; it may be possible to tune the structure in such a way that a macroscopic observation 

of this rotation (e.g. a change in absorbance) is possible.  

For the spectroscopically inclined, there is opportunity and potential for detailed 

investigations on the relationship between molecular structure and spectroscopic properties. 
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Such studies might focus on the relationship between crystallographic orientation and UV-VIS-

NIR absorbance, synthesis of DTCs with fluorophores for fluorescence applications, or if a 

significant challenge is required, the synthesis of chiral DTC’s for access to the properties of 

non-centrosymmetic crystals. All of these would require an investment in the development 

and/or modification of R groups within the DTC ligand structures.   
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Appendices: 

A1: Supporting information associated with Chapter 3 
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