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ARTICLE INFO ABSTRACT

The dithiolene ligands and their complexes are well recognized by researchers. The diverse
bonding behavior and versatility in chemical nature resulting from electronically delocalized
pathway for electrons in the structure of these complexes. These specific features make them very
promising raw molecular compounds synthesis of wide variety of magnetically and electronically
important materials. Several main group, alkali metal and transition metal complexes with
conductive, semi conductive and super conductive properties have been reported. In material
science the applications of metal dithiolates cover the wide spread fields like special magnetic
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behavior (ferromagnetism, ferrimagnetism etc). In this article the semiconductor behavior of
monometallic and homo metallic, hetero bimetallic as well as poly-metallic complexes have been
reviewed. The conventional semiconductor molecular materials are used in semiconductor
industries. They have some limitations regarding temperature resistance, high frequency and high
voltage energy harvesting applications. The metal dithiolates have potency to solve these issues
and they can be used as wide band semiconductor compounds. The wide band gap complexes also
have appreciable importance in defence research, signal systems, vehicle development etc. There
are several biologically important and medicinal complexes have also been reported. The present
paper deals with the chemistry of metal dithiolates including bonding patterns, synthetic strategy
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and multifarious applications in electronics and biomedical fields.
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INTRODUCTION

Dithiolene complexes of transition metal have garnered significant
attention for nearly four decades and have emerged as crucial entities
in diverse scientific disciplines such as material science, analytical
chemistry, catalysis, and biological systems [1]. These complexes
exhibit variable oxidation states, influenced by the kind of ligand
nature, which actively participate in redox processes. The transition
metal itself and its oxidation state dictate the magnetic properties of
these complexes, leading to a variety of magnetic moments.
Consequently, their versatility in oxidation states and magnetic
behaviours have positioned them as preferred building materials with
the development of advanced materials with both magnetic and
conducting functionalities. These structural characteristics facilitate
enhanced solid-state intermolecular interactions. Researchers have
focussed their attention on exploring novel complexes featuring
diverse ligands having multiple oxidation states, as the redox
processes Manuel Almeida et al [2] studied ligand 4,5-
dicyanobenzene-1,2-dithiolate (dcbdt), for which they have reported a
series of complexes [M(dcbdt),]z where M = Au, Pt, Ni, Pd, Cu, Co,
and Fe.

These complexes exhibit a range of (z = 0.4, 1, 2), [2]. This type of
complexes have got attention due to their potential as highly
electrically conductive compounds [3]. Some complexes show
partially oxidized form z = 0.4, exemplified by [n-Bu4N],
[M(dcbdt),]s where (M = Ni, Au, Cu), which exhibit interesting rang
of electrical conductance in solid state [4]. The several other
complexes have also been synthesized using substituted derivatives
of (cbdt) and it’s iron complexes [5]. These complexes hold promise
for optical and electronic applications [6] and as engineered materials
with intriguing specific magnetic features [7]. The substituted
cyanodithio complexes have proven effective in forming chains of
heterometallic compounds via coordination of cyano group with the
other metals [8]. The detail designing and characterization of
[M(cbdt)2] where (M = Cu, Ni, Au, Pd, Co, Zn) with analogs
containing unsubstituted benzene dithiolate (bdt) and (dcbdt) ligands
have been reported (Fig.1).
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Fig 1. Structure of [M(bdt),], [M(cbdt),] and [M(dcbdt),] [M= Ni, Zn, Co,
Cu, Au & Pd]
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Dithio ligands have garnered significant interest in the development
of novel conducting materials for deployment in the semiconductor
industry [9-10]. Exhibiting both mono- and bidentate characteristics,
these ligands feature two donor sulphur atoms [11]. The coordination
capabilities of theses ligands manifest diverse facets of bonding and
structural behaviour. Numerous metal complexes have been
documented with these ligands, encompassing homoleptic and
heterolepticdithio carbamates [12], tri-thiocarbonates [13], xanthates,
thio-xanthates, m-conjugated dithiolenes [14], and ligands
incorporating heterocyclic substitutions in m-conjugated dithiolene
systems. Prominent examples of 1,1-dithio ligands include dithio
carbamates, xanthates, thio xanthates, dithiophosphates,
isomalenonitriledithiolates, 1,1-dithio oxalates, and 1,1-dithio oxalate,
and 1,1-dicarboethoxy-ethylene-2,2-dithiolates,Meanwhile, dmit*
(1,3-dithiole-2-thione-4,5-dithiolate), MNT* (1,2-dicyano ethylene-
1,2- dithiolate or maleonitriledithiolate), and edt* (ethane-1,2-
dithiolate) stand out as widely emplyoyed 1,2-dithio ligands. The
versatile binding affinities of these ligands have facilitated the
expansion of their complexes from main group metals to transition
metal complexes. These complexes exhibit diverse applications in the
realm of material science, encompassing semiconducting industrial
applications [15], non-linear optical fields [16], catalyst chemistry,
the extraction of metal from contaminated samples [17], high-
pressure lubricants, chromophore materials for (DSSC) dye-sensitized
solarand the identification of metals in selected samples. Dithio metal
complexes demonstrate extensive utility in the realms of biology and
medicinal fields [18-19] Particularly, dithio ligands derived from
heterocyclic compounds are prominently featured in antibacterial [20-
21], antifngal, and insecticidal research pertaining to dithio metal
coordination complexes. The bonding characteristics of dithio ligands
and their complexes are of paramount importance, serving as
determinants for their functional response in the context of metal
complexes. In essence, metal dithio ligand compounds encapsulate a
comprehensive spectrum of molecular-level engineering within
metal-ligand chemistry, tailored to diverse application in targeted
fields.

LITERATURE REVIEW

The chemistry of metal complexes is very rich. Voluminous literature
related to the synthesis, characterization and application study have
been collected. The keep interest of the scientist in this field is due to
multifarious applications of various metal ligand complexes including
monometallic [22], homo-bimetallic[23], hetero-bimetallic [24] and
even poly-metallic [25] complexes, complex salts, polymers etc.
several research groups have reported the molecular semi-
conductors, superconductors, non- linear optical materials, photo-cell
sensitizers, catalysts, sensors, biologically and medicinally as well as
agricultural field related (insecticide, pesticides etc) important
compounds. The metal dithiolene ligands e.g- MNT* (maleo-nitrile
dithiolate [26]) and dmit* (1,3-dithiole-2-thione-4,5-dithiolate [27])
have undergone a wide expansion in their chemistry for about three to
four decades. The charge transfer salts of BEDT (Bis ethylene dithio)
—TTF [28] (tetra-thia-fulvalene) and TTF (tetra thio fulvalene) show
different conducting behaviour like metallic, semiconducting and
superconducting features. The sulphur based dithio ligand complexes
have also recognized to exhibit luminescent properties, NLO
behaviours, unusual magnetism. Work on organic charge transfer
complexes involving TCQD [29], chloranil [30] and p- phenyl di-
amine [31] with semiconducting and superconducting properties are
also reported. The Fig.2 show the structure of ligand TCQD,
Chloranil, TTF and p-phenyl diamine.
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Fig. 2. (a). Tetracyanoquinodimehane (TCQD) (b).Chloranil (c).p-
phenylene diamine (d). Tetra-thio-fulvalene

The complex of (TTF),Br{32] is reported to show superconductivity
property below 4.2K temperature and at 25K bar pressure. The 1,1-
dithio and 1,2-dithio ligand have ability to form transition metal
complexes in various oxidation states of the metal ion.
Documentation of various co-ordination modes are available in
literature. Like asymmetric and symmetric chelating, bridging and in
few cases monodentate mode. The co-ordination polymeric
compounds, bimetallic salt and mono as well as bi/poly-metallic
complexes [33].

Bonding behaviour of 1,1-dithio ligands: In this chemical class [34],
the two sulfur atoms are covalently bound to a common carbon atom
within the ligand structure. These ligands exhibit a propensity for
establishing stable complexes with transition metal species.
Predominantly, they manifest in the formation of square planar
coordination geometries in resulting complexes. The structures of 1,1-
dithiolates are shown in Fig. 3.
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Fig. 3. Structure of 1,1-dithiolate ligand

Bonding behaviour of 1,2-dithio ligands: In this ligand category, the
two sulfur atoms are covalently bonded to adjacent carbon atoms
within the ligand molecule. The structure details of 1,2-dithiolates are
represented in Fig. 4.
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Fig. 4. Structure of 1,2-dithiolate ligand

Bonding behaviour of 1,3-dithiolate ligands [35]: In this category of
ligands, the minimum carbons separating the two sulfur atoms in the
dithio ligands. Bonding behaviour of dithioacetylacetonato complexes
are shown in Fig.5.

|M(SacSac)l HsC

[Fe(Cl),(SacSac),]

Fig. 5. Structure of 1,3-dithiolate ligand (sacsac - Dithioacetylacetonato)

Synthesis of 1,1-dithio ligands: 1,1-Dithiolates are typically
synthesized as alkali metal salts. The synthetic pathways for several
prevalent 1,1-dithiolate ligands are outlined as follows:
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Dithio-carbamate: The synthesis of most dithiocarbamate salts is
quite straightforward [36]. A variety of secondary and primary
amines can react with carbon disulphide in water, using a base, to
produce highly water-soluble dithiocarbamate salts. While many
different bases can be employed, alkali-metal hydroxides are usually
sufficient. The reactions typically occur quickly (within minutes) and
can be quite exothermic, so it's advisable to perform them in an ice
bath, particularly if the amine is volatile.

RNH + 0 &+ MO R;NCS,M

Xanthate: Alkoxy salt of alkali metal on reaction with carbon
disulphide give alkoxy derivatives of 1,1-dithiolate named xanthate.

oM 25 4
R/ + CS, ——— > RO—C% o M
S
Thio-xanthate: Thio-alkoxy salt of alkali metal on reaction with
carbon disulphide give thio-alkoxy derivatives of 1,1-dithiolate
named thio-xanthate.
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Synthesis of 1,2-dithio ligands

Preparation of MNT: Cyanodithioformate-3-dimethylformamide
NaS,.C.CN.3DMF was synthesized trough the reaction of a
suspension containing finely powdered dried sodium cyanide, carbon
disulfide, and dimethylformamide following the procedure described
by Bahr and Schleitzer [37].

Preparation of 1,2-dithiolane [38]: The scheme for preparation of
1,2-dithiolane is represented as follow.

H3C\%\:H3

CH, KMnO,/CuSO;
5—d HS™"sH ——— §_
I DCM S

Prepration of Ethane-1,2-dithol [39]: Ethane-1,2-dithiol is generally
synthesized on commercial scale by the reaction of dichloroethane
and sodium bisulfide solution in water. In lab method synthesis
involve reaction of thiourea and dibromo ethane and the product is
hydrolysed to get the ethane-1,2-dithiol.

Synthesis of Metal Complexes: Richard Eisenberg et al. introduce
three new platinum diiminedithiolate complexes, labeledI-III (Fig.6).

,‘../.\\; o
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Fig. 6. Structure of Pt(diamine) complexes I, II & I1I

The ligands involved in designing of these complexes are 1,1-
dithiolates created by reacting active methylene compounds and
carbon disulfide in basic medium. The structure of these platinum
complexes with diamine and thio ligand have been reported. The
dithiolate ligand in complex-1 was has been studied with gold and
thallium(I)[40]. In his work the synthesis of mono-, di-, and
tetranuclear complexes of platinum(Il), palladium(II), and silver(I)
using the same ligand has also been reported[41].The dithiolate
groups in complexes I-III offer exciting possibilities for connecting to
donor components in devices designed for photoinduced charge
separation. Several new platinum (II) complexes with di-tert-
butylbipyridine (dbbpy) and 1,1-dithiolates have been created and
studied (Fig.7). The 1,1-dithiolates include:2,2-diacetylethylene-1,1-
dithiolate, 2-cyano-2-p-bromophenylethylene-1,1-dithiolate,p-
bromophenyl-2-cyano-3,3-dithiolatoacrylate[42-43].
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Fig. 7. Scheme for the preparation of Platinum (II) complexes
Application of Metal Complexes of Dithio-Ligands

Application as Superconductors Compounds: The well-known
ligand BEDT-TTF [bis-(ethylene dithio) tetra-thiofulvalene] forms
complexes with thiocyanato ligands that exhibit a range of interesting
properties [44]. For example, H. Urayama et al. reported [45] the
synthesis of K-(BEDT-TTF):[Cu(NCS):], while M. Oshima et al. and
H. Mori et al [46]. synthesized and characterized complexes of the
form (BEDT-TTF).X[M(NCS).], where X = NHa4*, TI*, or an alkali
metal, and M = Co(Il), Cd(II), or Hg(Il). Additionally, complexes
such as (BEDT-TTF):[Cr(NCS)s«(NHs).] have been prepared and
reported to display metallic to superconducting behaviour.
Superconductivity has also been observed in complexes with the
general formula [M(dmit)2]*", where M = Ni or Pd, and 0 <n <2,
with examples like [Ni(dmit).] [TTF] demonstrating superconducting
properties [47-51].

Application as semiconductor compounds: A lot of research has
been done on the semiconducting properties of dithio metal
complexes, bi-metallic salts, and coordination polymer compounds,
using both 1,1- and 1,2-dithio ligands. N. Singh [52] and colleagues
have published extensive work on synthesis of various compounds
such as carbamates, xanthates, dithiophosphonates, trithiocarbonates,
and several heterocyclic derivatives of dithiolate compounds,
including i-MNT?, MNT?", DED?*, and ecda*. These complexes
have been shown to exhibit semiconducting properties. Nitrogen and
sulfur-containing ligands, such as 1,10-phenanthroline,
ethylenediamine, and iso-thiocyanates, are commonly used to create
mixed-ligand mono- and poly-metallic complexes with different
coordination structures. One example includesheterometallic complex
and complex salts derived from bis-(1-ethoxy carbonyl-1-
cyanoethylene-2,2-dithiolate) malonate(Il) ions, with general
formulas like VO[M(ecda):] and [n-PrsN]2[M(ecda):] where M can be
Cu(Il), Ni(I), Zn(I), or Cd(Il). These complexes show
paramagnetism, with quenching at room temperature suggesting
strong antiferromagnetism. All of these compounds display
semiconducting behaviour, with conductivity values (ox) ranging
from 1072 to 107" S/cm.Li Qu et al[53]. described a straightforward
Ni-bis(dithiolene) complex that serves as an outstanding n-type
semiconductor molecular material for FETs (field-effect
transistors).R. Ghosh et al. reported[54] the electrical conductivity in
solid state as well as the designing and structural characterization of
bis-(1,2-diphenyl ethylene-1,2-dithiolate) nickel(I). Similarly, C.
Paulmann et al [55]. Studied metal complexes with dithiolats ligands
such as 5,6-dihydro-1,4-dithiin-2,3-dithiolate (dddt*) and dihydro-
1,4,6-trithio-2,3-dithiolate.N. Robertson [56] and his team studied
crystalline materials to explore their conducting and magnetic
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behaviour, focusing on metal-based complexes with 1,2-dithiolene
ligands. Many compounds have been created using dithiolene ligands,
with their main structures extended by units like TTF or heterocyclic
groups to understand how these changes affect conductivity and
magnetic behaviour in solid form. E.A.M. Geary [57] and his group
developed platinum dithiolate-based dyes for DSSC applications.

Application inBio-medicinal Fields: Dithiolate metal complexes,
also find extensive applications in biological fields. V. Milacic et
al[58] reported that pyrrolidine dithiocarbamates of Zn(II) and
Cu(II).they have potency to inhibit proteasomal functioning in tumor
cells. Mansouri-Torshizi et al [59] studied anticancer activity of
diiminePt(IT) and Pd(IT) dithiocarbamates. Dithiocarbamate-organotin
complexes have also been explored for their biological activities.
Sharon J. N. Burgmayer [60] highlighted the role of metal dithiolene
systems in catalysis. M.K. Singh [61] and his team synthesized
transition metal dithiolates, showing their luminescent and antifungal
properties. Oliveira et al [62] investigated dithiocarbamates as
potential drugs against trypanosomatid infections, emphasizing their
applications in controlling Chagas disease, leishmaniasis, and African
trypanosomiasis. Olsen and his group [63] demonstrated hydrogen
activation using biomimetic diiron dithiolates. A. Das and his team
explored[64] the reactivity and catalytic processes of these systems in
biological contexts.The various dithio carbamates have multifarious
properties in biological studies, the pyrrolidine derivative of
carbamates are popular[65], while the piperidine derivative offers
more flexibility for adjusting steric and electronic properties due to
the availability of many substituted versions. The 2-hydroxyethyl
derivative is commonly used to improve the water solubility of
transition metal complexes, while the unsymmetrical is widely used
in technetium radiopharmaceuticals [66]. Compounds with extra
amine groups, are valuable for adjusting organic and aqueous
solubility based on pH [67]. Sulfonyl-substituted derivatives, have
been tested for their ability to induce cancer cell apoptosis [68]. Other
innovative derivatives, such as and are useful in radiopharmaceutical
applications [69]. [Auw(BPYH)(CI),]Cl, and [Au
(BPYH)(DMDTC)]Cl,; BPYH= Bis(pyridine) ligand, DMDTC = S-
methyl-N,N-dimethyldithiocarbamate are reported as active
compounds against prostate cancer[70]. The mechanism of action
gold complexes are reported by Benoit Bertrand [71].
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Fig. 8. Structure of some dithio carbamates having important role
in radiopharmaceuticals

Application in Agriculture: Dithio carbamates are employed in
combating diseases in plants and livestock. These compounds serve
as pesticides, helping to prevent or eliminate plant diseases. They also
aid in controlling unwanted plant growth. This section discusses
several dithio carbamate compounds utilized for these purposes.

Application as Herbicides: Dithiocarbamate-based herbicides include
compounds like propylenebis (dithiocarbamates), ethylenebis
(dithiocarbamate) and dimethyldithiocarbamate. Some common
examples includes Zineb, Thiram, Metiram, Disulfiram, Dazomet,
Maneb and Propineb [72].

Among these few members also exhibit pesticidal behaviour. These
herbicides [73] affect the growth of weeds, grasses (eg.Crabgrass,
foxtail, bromegrass and cheatgrass etc)[74]. Dithiocarbamate based
herbicides have also been successful in eliminating plants that
produce oxidants [75] (active oxygen species). Modifying
thehydrophilic and lipophilic behaviour of dithiocarbamatesusing
some chemical substitutions like- ethyl, butyl, hexyl and ethoxy etc.
This modification improves the herbicide's ability to penetrate plant
cuticles, outperforming the wuse of regular sodium
diethyldithiocarbamate. Other well-known dithiocarbamate-based
herbicides include Diallate, Sulfallate, Dazomet, and Triallate.
Diallate [S-(2,3-dichloroallyl-)diisopropylthiocarbamate] is very
active to control weeds of monocot category [76]. (Fig.9).
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Fig. 9. Some dithiolate based herbicides

Application as pesticides: Dithiocarbamatebased pesticidesfungicides
activity for diffent crops in there shipping, cultivation and storage
[77]. In Fig-9 the structural details are summarised. Triphenyltin N-n-
butyldithiocarbamate and tricyclohexyltindithiocarbamate have been
utilized as larvicides against the larvae of Anopheles stephensi
mosquitoes and Aedes aegypti, [18] proving effective in controlling
these mosquito species. Additionally, dithiocarbamates derived from
chitin oligosaccharides have been successful in eradicating
Meloidogyne incognita, a nematode-related disease [79]. This derived
pesticide demonstrates strong activity against the nematodes and also
inhibits egg hatching, which helps reduce the nematode population.

Application in dye-sensitized solar cell: Among variousdye-
sensitized solar cell sensitizers, metal based complex compounds
of(dmit) 1,3-dithiole-2-thione-4,5-dithiolate ligands represent a very
special category of functional materials with remarkable physical as
well as chemical features[80]. In this study, the nickel complexes
with this ligand have been reported with multiple electrical and
molecular characteristics. The study of TD-DFT (time dependent
density functional theory) based calculations reveals that the lowest
energy transitions in the ultraviolet-visible-near-infrared (UV—Vis-
NIR) region primarily involve the nn* excitation between the HOMO
to LUMO level. When adsorbed on thesurface of TiO,, [81] the
absorption spectrum of the nickel complex experiences a minor shift
towards red.In recent years, many dye sensitizers, including a variety
of transition metal complexes, have been designed and tested [82-85].
Among these, Ru(Il)-based sensitizers on TiO2 semiconductors are
the most efficient [86-88]. However, as noted by Linfoot et al., their
use has drawbacks, such as limited metal availability and potential
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toxicity [89]. To address these concerns, researchers have explored
complexes with more abundant and less toxic metals, such as
platinum. A significant focus has been on enhancing the light-
absorbing feature of Platinum based complexes. For example, Du et
al and Singh et al.developed variety of Platinum based complexes
having square planar spatial orientation geometry with
diphosphine/diamine  and  dithiolate  ligands,  includingl-
ethoxycarbonyl-1-cyanoethylene-2,2-dithiolate (ecda®) and
dithiocarbimate®. These studies show that these complexes possess
promising photophysical and electrochemical properties [90-91].

Application as Catalyst: Phosphane ligand complex are reported to
play a vital role in several catalysis reactions. Thechemistry
ofthioligands has been widely studied, showing a variety of structures
with different transition metals in various oxidation states. Although
the sulfur based ligand and their complexes are less explored in
catalysis reactions. The metal-catalysed reactions that involve S-
donor auxiliary ligands.Therefore, reactions using sulfur-containing
substrates, even though they may form intermediates with M-S bonds,
are not included. For instance, HDS and reactions involving
thioethers, thiols, sulfoxides, disulfides, or H,S as reagents are not
discussed. Metalloenzymes with sulfur ligands are also excluded. The
work on hydrogenation, hydrosilylation, hydrogen transfer,
hydroformylation, isomerization, carbonylation, immobilized, catalyst
reaction, polymerization, etc. have been reported.

CONCLUSION

The present paper throw light on the chemistry, structural details,
synthetic routes and wide spread application of thiolate metal based
complexes. The variety of ligation behaviour of thiolate ligands insist
to coordination with various metals in different mode like- bridging,
non-bridging, mono-dentate, bi-dentate etc.1,1-dithio, 1,2-dithio, 1,3-
dithio ligand show variety of bonding behaviour resulting different
type of coordination complexes, coordination polymers and complex
salts. The synthetic methods for these ligands and their metal
complexes have also been reviewed. The thiolate metal complexes
have multifarious applications in material science and biological
fields including semiconductors, industrial applications, as
superconductor, as sensor, in catalysis, in dye sensitized solar
technology, as pesticides, removal of toxic metals from biological
systems, as anticancer agents etc. The versatile application of these
complexes attract the researchers to investigate the chemistry of these
complexes and corelate the structure and activity of these compounds
in different fields. There are several application for use of these metal
complexes.The deep and sincere research will open new dimensions
in these fields like- novel semiconductor raw advanced molecular
inaterials for variety of electronic applications, better chromophoric
compounds for DSSC, good catalysts, better sensor compounds,
potential anticancer, antimicrobials and pesticides etc.

Disclaimer (Artificial Intelligence): Author’s hereby declare that NO
generative Al technologies such as Large Language Models
(ChatGPT, Quillbot, COPILOT,etc) and text-to-image generators
have been used during writing or editing of manuscripts.

Acknowledgement: Mr. Brijesh is greatfull to Council of Scientific
and Industrial Research (CSIR)- University Grant Commission
(UGC), New Delhi for Junior Research Fellowship. We also thank
full to MJP Rohilkhand University Bareilly-243006 (U. P.), India.

Conflict of Interests: Author declare that there is no conflict of
interest.

REFERENCES

A.C. Cerdeira, D. Simdo, Santos IC, et al. (n-Bu4N)[Fe(cbdt)2]:
Synthesis, crystal structure and magnetic characterisation of a
new Felllbisdithiolene complex. Inorganica Chimica Acta. 2008;

361(14-15):3836-3841. doi:
j.ica.2008.02.068

Abdollah  Neshat, Mahdavi A, Yousefshahi MR, et al.
Homobimetallic Au(I)-Au(I) and Heterotrimetallic Au(I)-Fe(II)—-
Au(I) Complexes with Dialkyldithiophosphates and Phosphine
Ligands: Structural Characterization, DFT Analysis, and
Tyrosinase Inhibitory and Biological Effects. ACS Omega.
2023;8(23):20423-20439.
doi:https://doi.org/10.1021/acsomega.3c00645

Abulnaja KO, Harwood JL. Thiocarbamate herbicides inhibit fatty
acid elongation in a variety of monocotyledons. Phytochemistry.
1991; 30(5):1445-1447. doi:https://doi.org/10.1016/0031-9422
(91)84182-r

Adeyemi JO, Onwudiwe DC. Chemistry and Some Biological
Potential of Bismuth and Antimony Dithiocarbamate Complexes.
Molecules.  2020;25(2):305.  doi:  https://doi.org/10.3390/
molecules25020305

Ajiboye TO, Ajiboye TT, Marzouki R, Onwudiwe DC. The
Versatility in the Applications of Dithiocarbamates. International
Journal of Molecular Sciences. 2022;23(3):1317. doi:
https://doi.org/10.3390/ijms23031317

Aliakbar Dehno Khalaji, Gholamhossein Grivani, Samaneh Jalali
Akerdi, Kazuma Gotoh, Ishida H, Hossein Mighani. Synthesis,
spectroscopic characterization, crystal structures, and theoretical
studies of (E)-2-(2,4-dimethoxybenzylidene)thiosemicarbazone
and (E)-2-(2,5-dimethoxybenzylidene)thiosemicarbazone.
Structural Chemistry. 2010;21(5):995-1003. doi: https://doi.org/
10.1007/s11224-010-9637-3

Alias M, Huda Kassum, Shakir C. Synthesis, spectral, thermal and
antibacterial studies of Cd(Il), Mn(Il) and Fe(IIl) complexes
containing trithiocarbonate 1,3,4-thiadiazole moiety. Journal of
King Saud University - Science. 2012;25(2):157-166. doi:
https://doi.org/10.1016/j.jksus.2012.11.002

Aucott SM, Duerden D, Li Y, Slawin AMZ, J Derek Woollins. The
Preparation and Characterisation of Hetero- and Homobimetallic
Complexes Containing Bridging Naphthalene-1,8-dithiolato
Ligands. Chemistry - A European Journal. 2006; 12(21):5495-
5504. doi:https://doi.org/10.1002/chem.200600205

Basu P, Colston KJ, Mogesa B. Dithione, the antipodal redox partner
of ene-1,2-dithiol ligands and their metal complexes.
Coordination Chemistry Reviews. 2020;409:213211-213211. doi:
https://doi.org/10.1016/j.ccr.2020.213211

Belo D, Almeida M. Transition metal complexes based on thiophene-
dithiolene ligands. Coordination Chemistry Reviews. 2010;
254(13-14):1479-1492. doi: https://doi.org/10.1016/j.ccr.2009.
12.011

Bertrand B, Williams M, Bochmann M. Gold(IIl) Complexes for
Antitumor Applications: An Overview. Chemistry: A European
Journal. 2018; 24(46):11840-11851. doi: https://doi.org/10.1002/
chem.201800981

Bevilacqua JM, Zuleta JA, Eisenberg R. Luminescent
diphosphinedithiolate complexes of platinum (II): synthesis,
characterization, and structure. [norganic Chemistry. 1994;
33(2):258-266. doi:https://doi.org/10.1021/ic00080a013

Bevilacqua JM, Zuleta JA, Eisenberg R. Synthesis, structure, and
emission spectroscopy of luminescent platinum(Il) Pt(COD)
(dithiolate) complexes. Inorganic Chemistry. 1993;32(17):3689-
3693. doi:https://doi.org/10.1021/ic00069a024

Bousseau M, Valade L, Jean Pierre. Legros, Cassoux P, Garbauskas
M, Interrante LV. Highly conducting charge-transfer compounds
of tetrathiafulvalene and transition metal-“dmit” complexes.
Journal of the American Chemical Society. 1986;108(8):1908-
1916. doi:https://doi.org/10.1021/ja00268a032

Buravov LI, Zvereva GI, Kaminskii VF, et al. New organic “metals”:
naphthaceno[5,6-cd:11,12-c'd"]bis[1,2]dithiolium iodides. Journal
of the Chemical Society Chemical Communications.
1976;0(18):720-721. doi:https://doi.org/10.1039/c39760000720

C. Faulmann, A. Errami, Legros JP, P. Cassoux, E.B. Yagubskii,
Kotov AI. Synthesis and characterization of new nickel and
platinum complexes derived from the 5,6-dihydro-1,4-dithiin-2,3-
dithiolate (dddt) ligand. Synthetic Metals. 1993;56(1):2057-2062.
doi:https://doi.org/10.1016/0379-6779(93)90372-4

https://doi.org/10.1016/



68239  Brijesh, Pravendra Kumar and Sushmita Gupta, Review On: Thiolate based metal complexes as potential advanced material for Electronic

Castro RA, Oliveira MRL, Janczak J, Rubinger MMM. Syntheses and
characterization of novel heteroleptic nickel complexes with
dithiocarbimates and trithiocarbimates. /norganicaChimica Acta.
2017;462:195-203. doi:https://doi.org/10.1016/j.ica.2017.03.028

Cerdeira AC, Afonso ML, Santos IC, et al. Synthesis, structure and
physical properties of transition metal bis 4-cyanobenzene-1,2-
dithiolate complexes [M(cbdt)2]z— (M=Zn, Co, Cu, Au, Ni, Pd,
z=0, 1, 2). Polyhedron. 2012;44(1):228-237. doi: https://doi.org/
10.1016/j.poly.2012.07.010

Colombo FR, Torrente Y, R Casati, et al. Biodistribution studies of
99m Tc-labeled myoblasts in a murine model of muscular
dystrophy. Nuclear Medicine and Biology. 2001;28(8):935-940.
doi:https://doi.org/10.1016/s0969-8051(01)00256-6

Connick WB, Geiger D, Eisenberg R. Excited-State Self-Quenching
Reactions of Square Planar Platinum(II) Diimine Complexes in
Room-Temperature Fluid Solution. Inorganic ~ Chemistry.
1999;38(14):3264-3265. doi:https://doi.org/10.1021/ic981387y

Cummings SD, Cheng LT, Eisenberg R. Metalloorganic Compounds
for Nonlinear Optics: Molecular Hyperpolarizabilities of
M(diimine)(dithiolate) Complexes (M = Pt, Pd, Ni). Chemistry of
materials.  1997;9(2):440-450. doi: https://doi.org/10.1021/
cm960222p

D. Max Roundhill, Fackler JP. Optoelectronic Properties of
Inorganic Compounds. Springer Science & Business Media;
2013.

Dalgleish S, Labram JG, Li Z, et al. Indole-substituted nickel
dithiolene complexes in electronic and optoelectronic devices.
Journal of Materials Chemistry. 2011;21(39):15422-15422. doi:
https://doi.org/10.1039/c1jm12466h

Dawe LN, Miglioi J, Turnbow L, et al. Structure and Magnetic
Properties  of  (meso-Tetraphenylporphinato)manganese(III)
Bis(dithiolato)  nickelates.  Inorganic =~ Chemistry.  2005;
44(21):7530-7539. doi:https://doi.org/10.1021/ic050980u

de Souza J dos S, de Andrade LOM, Miiller AV, Polo AS.
Nanomaterials for Solar Energy Conversion: Dye-Sensitized
Solar Cells Based on Ruthenium(II) tris-Heteroleptic Compounds
or Natural Dyes. Nanoenergy. Published online September 1,
2017:69-106. doi:https://doi.org/10.1007/978-3-319-62800-4_2

DilekKilinc, Sahin O, SabitHoroz. Synthesis and properties of Schiff
base Fe(Il) complex. Energy Sources Part A Recovery Utilization
and Environmental Effects. 2018;41(4):389-395. doi: https:/
doi.org/10.1080/15567036.2018.1518357

Du P, Schneider J, Li F, et al. Bi- and Terpyridyl Platinum(II) Chloro
Complexes: Molecular Catalysts for the Photogeneration of
Hydrogen from Water or Simply Precursors for Colloidal
Platinum? Journal of the American Chemical Society.
2008;130(15):5056-5058. doi:https://doi.org/10.1021/ja711090w

Dutta A, Chatterjee A, Kishalay Bhar, Banerjee A, Ghosh R.
Synthesis, structure and solid-state electrical conductivity of
bis(1,2-diphenylethylene-1,2-dithiolate)nickel(Il).  Journal  of
Chemical Sciences. 2019;131(8). doi: https://doi.org/10.1007/
$12039-019-1655-0

Dutta, Arghya, et al. “Synthesis, Structural Characterization,
Electrochemical Investigation, and Near-Infrared Absorption of
Bis(Dithiolene)Nickel(II) Complexes of Type [Ni(L)2] [L = 1,2-
Di(4-Chlorophenyl) Ethene-1,2-Dithiolate (1) and 1,2-Di(4-
Bromophenyl) Ethene-1,2-Dithiolate (2)].” Journal of Chemical
Sciences, vol. 135, no. 2, 29 May 2023, https://doi.org/10.1007/
$12039-023-02168-z. Accessed 2 Apr. 2025.

Eng G, Song X, Duong Q, Strickman D, Glass J, May L. Synthesis,
structure characterization and insecticidal activity of some
triorganotindithiocarbamates. Applied Organometallic Chemistry.
2003;17(4):218-225. doi:https://doi.org/10.1002/a0c.423

Fan Z, Qin Y, Liu S, et al. The bioactivity of new chitin
oligosaccharide dithiocarbamate derivatives evaluated against
nematode disease (Meloidogyne incognita). Carbohydrate
Polymers. 2019;224:115155-115155. doi: https://doi.org/10.1016/
j.carbpol.2019.115155

Flakina AM, Zhilyaeva EI, Shilov GV, Faraonov MA, Torunova SA,
Konarev DV. Layered Organic Conductors Based on BEDT-TTF
and Ho, Dy, Tb Chlorides. Magnetochemistry. 2022;8(11):142-
142. doi:https://doi.org/10.3390/magnetochemistry8110142

Gao F, Wang Y, Shi D, et al. Enhance the Optical Absorptivity of
Nanocrystalline TiO2 Film with High Molar Extinction
Coefficient Ruthenium Sensitizers for High Performance Dye-
Sensitized Solar Cells. Journal of the American Chemical Society.
2008;130(32):10720-10728. doi:https://doi.org/10.1021/ja801942j

Geary EAM, McCall KL, Turner A, et al. Spectroscopic,
electrochemical and computational study of Pt—diimine—
dithiolene complexes: rationalising the properties of solar cell
dyes. Dalton Transactions. 2008;(28):3701. doi: https://doi.org/
10.1039/b719789f

Geary EAM, Yellowlees LJ, Jack LA, et al. Synthesis, Structure, and
Properties of [Pt(II)(diimine)(dithiolate)] Dyes with 3,3°-, 4,4¢-,
and 5,5°-Disubstituted Bipyridyl: Applications in Dye-Sensitized
Solar  Cells. [Inorganic  Chemistry. 2004;44(2):242-250.
doi:https://doi.org/10.1021/ic048799t

Gerlits O, Tian J, Das A, Langan P, Heller WT, Andrey Kovalevsky.
Phosphoryl Transfer Reaction Snapshots in Crystals. Journal of
Biological ~ Chemistry.  2015;290(25):15538-15548. doi:
https://doi.org/10.1074/jbc.m115.643213

Gospodinova N, Terlemezyan L, Mokreva P, Stejskal J, Kratochvil P.
Preparation and characterization of aqueous polyaniline
dispersions. European Polymer Journal. 1993;29(10):1305-1309.
doi:https://doi.org/10.1016/0014-3057(93)90185-i

Goswami N, Gogoi PK, Saha U, Bhattacharyya MK, Chetia TR.
Synthesis, Crystal Structure and Application of New Cobalt(Il)
Complex [Co(bpy)2NO3]-NO3-5H20 as Sensitizer in Dye-
Sensitized Solar Cells. Asian Journal of Chemistry. 2018;
30(3):679-683. doi:https://doi.org/10.14233/ajchem.2018.21083

Hagfeldt A, Boschloo G, Sun L, Kloo L, Pettersson H. Dye-
Sensitized Solar Cells. Chemical Reviews. 2010;110(11):6595-
6663. doi:https://doi.org/10.1021/cr900356p

Hiraga H, Hitoshi Miyasaka, Rodolphe Clérac, Fourmigué¢ M,
Yamashita M. [M"(dmit),] -Coordinated Mn"Salen-Type
Dimers (MIlI = Ni', Au™; dmit*” = 1,3-Dithiol-2-thione-4,5-
dithiolate): Design of Single-Component Conducting Single-
Molecule Magnet-Based Materials. Inorganic ~ Chemistry.
2009;48(7):2887-2898. doi:https://doi.org/10.1021/ic802110b

Hogarth G, Ebony-Jewel C.-R.C.R. Rainford-Brent, Kabir SE,
Richards 1, Wilton-Ely JDET, Zhang Q. Functionalised
dithiocarbamate complexes: Synthesis and molecular structures of
2-diethylaminoethyl and 3-dimethylaminopropyl dithiocarbamate
complexes [M{S2CN(CH2CH2NEt2)2}n] and [M{S2CN(
CH2CH2CH2NMe2)2}n] (n=2, M=Ni, Cu, Zn, Pd; n=3, M=Co).
Inorganica  Chimica  Acta.  2008;362(6):2020-2026.  doi:
https://doi.org/10.1016/j.ica.2008.09.030

Hogarth G. Transition Metal Dithiocarbamates: 1978-2003. Progress
in Inorganic Chemistry. Published online January 27, 2005:71-
561. doi:https://doi.org/10.1002/0471725587.ch2

Huertas S, Hissler M, McGarrah JE, Lachicotte RJ, Eisenberg R.
Syntheses and Structural Characterization of Luminescent
Platinum(II) Complexes Containing Di-tert-butylbipyridine and
New 1,1-Dithiolate Ligands. [Inorganic Chemistry. 2001;
40(6):1183-1188. doi:https://doi.org/10.1021/ic001018d

Ji Ram V, Sethi A, Nath M, Pratap R. Five-Membered Heterocycles.
The Chemistry of Heterocycles. Published online 2019:149-478.
doi:https://doi.org/10.1016/b978-0-08-101033-4.00005-x

Kajita K, Nishio Y, Moriyama S, et al. Transport properties of
((CH3)4N) (Ni(dmit)2)2: A new organic superconductor. Solid
State Communications. 1988;65(5):361-363. doi: https://doi.org/
10.1016/0038-1098(88)90716-8

Kamoon RA, Nadhum SA, Mohammed MH. Dithiocarbamates
derivatives as anticancer agents: A Review. Annals of Tropical
Medicine and Public Health. 2020;23(19). doi: https://doi.org/
10.36295/asr0.2020.232113

Kepert CJ, MohamedallyKurmoo, Day P. Semiconducting charge-
transfer salts of BEDT-TTF [bis(ethylenedithio)
tetrathiafulvalene] with hexachlorometallate (IV) anions. Journal
of Materials Chemistry. 1997; 7(2):221-228. doi: https://doi.org/
10.1039/a605878g

King PD. Organometallic chemistry of bi- and poly-metallic
complexes. Published online July 17, 2007. doi: https://doi.org/
10.1039/b612869f



68240

International Journal of Development Research, Vol. 15, Issue, 04, pp. 68227-68234, April, 2025

Kobayashi A, Fujiwara E, Kobayashi H. Single-Component
Molecular Metals with Extended-TTF Dithiolate Ligands. 2004;
104(11):5243-5264. doi:https://doi.org/10.1021/cr0306561

Li Q, Yu J, Fang Jian Zhou, Jiang X. Synthesis and characterization
of dithiocarbamate carbon nanotubes for the removal of heavy
metal ions from aqueous solutions. 2015;482:306-314.
doi:https://doi.org/10.1016/j.colsurfa.2015.06.034

Linfoot CL, Richardson P, McCall KL, Durrant JR, Morandeira A,
Robertson N. A nickel-complex sensitiser for dye-sensitised solar
cells. Solar Energy. 2011;85(6):1195-1203. doi: https://doi.org/
10.1016/j.solener.2011.02.023

Liu SG, Wu PJ, Li YF, Zhu DB. New Bisdithiolene Metal Complexes
of the 1,3-Dithiole-2-One-4,5-Dithiolate (Dmid) Ligand.
Preparation, Characterization, and Electrochemical Properties.
Phosphorus, sulfur, and silicon and the related elements.
1994;90(1-4):219-227. doi: https://doi.org/10.1080/
10426509408016405

Lopes EB, Alves H, Santos IC, et al. The family of molecular
conductors [(n-Bu)4N]2[M(dcbdt)2]5, M = Cu, Ni, Au; band
filling and stacking modulation effects. Journal of Materials
Chemistry. 2008;18(24):2825-2825. doi: https://doi.org/10.1039/
b719418h

M. Islami-Moghaddam, H. Mansouri-Torshizi, A. Divsalar, Saboury
AA. Synthesis, characterization, cytotoxic and DNA binding
studies of diiminePlatinum(II) and Palladium(II) complexes of
short hydrocarbon chain ethyldithiocarbamate ligand. Journal of
the Iranian Chemical Society. 2009;6(3):552-569.
doi:https://doi.org/10.1007/bf03246535

Mauri L, Colombo A, Dragonetti C, Roberto D, Fagnani F. Recent
Investigations on Thiocyanate-Free Ruthenium(II) 2,2'-Bipyridyl
Complexes for Dye-Sensitized Solar Cells. Molecules.
2021;26(24):7638. doi: https://doi.org/10.3390/
molecules26247638

Milacic V, Chen D, Giovagnini L, Diez A, Fregona D, Dou QP.
Pyrrolidine dithiocarbamate-zinc(II) and -copper(Il) complexes
induce apoptosis in tumor cells by inhibiting the proteasomal
activity. Toxicology and Applied Pharmacology. 2008;231(1):24-
33. doi:https://doi.org/10.1016/j.taap.2008.03.009

Nguyen TD, Lan YP, Wu CG. High-Efficiency Cycloruthenated
Sensitizers for Dye-Sensitized Solar Cells. Inorganic Chemistry.
2018; 57(3):1527-1534. doi: https://doi.org/10.1021/
acs.inorgchem.7b02862

Nieter SJ. Dithiolenes in Biology. Progress in inorganic chemistry.
Published online November 14, 2003:491-537. doi:
https://doi.org/10.1002/ 0471471933.ch9

Oliveira JW de F, Rocha HAO, de Medeiros WMTQ, Silva MS.
Application  of  Dithiocarbamates as  Potential New
Antitrypanosomatids-Drugs: Approach Chemistry, Functional and
Biological. Molecules. 2019;24(15):2806. doi: https://doi.org/
10.3390/molecules24152806

Olk RM, Olk B, Wolfgang Dietzsch, Kirmse R, Hoyer E. The
chemistry  of  1,3-dithiole-2-thione-4,5-dithiolate ~ (dmit).
Coordination ~ Chemistry — Reviews. 1992;117:99-131.  doi:
https://doi.org/10.1016/0010-8545(92)80021-i

Olsen MT, Barton BE, Rauchfuss TB. Hydrogen Activation by
Biomimetic =~ Diiron  Dithiolates.  Inorganic ~ Chemistry.
2009;48(16):7507-7509. doi:https://doi.org/10.1021/ic900850u

Oshima K, HatsumiUrayama, Hideki Yamochi, Saito G. A new
ambient pressure organic superconductor (BEDT-
TTF)2Cu(NCS)2 with Tc above 10 K. Physica C
Superconductivity. 1988;153-155:1148-1152. doi: https://doi.org/
10.1016/0921-4534(88)90218-3

P. Umadevi, K. Deepti, Srinath I, G. Vijayalakshmi, M. Tarakaramyji.
Synthesis and in-vitro antibacterial activity of some new urea,
thiourea and thiosemicarbazide derivatives. International Journal
of Pharmacy and Pharmaceutical Sciences. 2012;4(3):379-383.
https://www.researchgate.net/publication/286693758 Synthesis_a
nd_in-vitro_antibacterial_activity of some new urea
_thiourea_and_thiosemicarbazide derivatives

Paes C, J. Amaya Suéarez, Marquez AM, Sanz JF. First-principles
study of nickel complex with 1,3-dithiole-2-thione-4,5-dithiolate
ligands as model photosensitizers. Theoretical Chemistry

Accounts. 2017;136(6). doi:https://doi.org/10.1007/s00214-017-
2098-7

Pang H, Chen D, Cui Q, Dou Q. Sodium diethyldithiocarbamate, an
AIDS progression inhibitor and a copper-binding compound, has
proteasome-inhibitory and apoptosis-inducing activities in cancer
cells. International Journal of Molecular Medicine. Published
online May 1, 2007. doi:https://doi.org/10.3892/ijmm.19.5.809

Piotraschke J, Pullen AE, Abboud KA, Reynolds JR. Extensively
Conjugated Bimetallic (.mu.-Tetrathiooxalato)copper(II)
Complex (Bu4N)2[(C3S5)CuC2S4Cu(C3S5)] for Electrically
Conducting Charge Transfer Complexes. Inorganic Chemistry.
1995;34(16):4011-4012. doi:https://doi.org/10.1021/ic00120a001

Qi M. Advancements and challenges in semiconductor materials:
from theory to applications. [ET conference proceedings.
2025;2024(19):676-679.
doi:https://doi.org/10.1049/icp.2024.4065

Qu L, Guo Y, Luo H, et al. A simple nickel bis(dithiolene) complex
as an excellent n-type molecular semiconductor for field-effect
transistors. Chemical Communications. 2012;48(80):9965-9965.
doi:https://doi.org/10.1039/c2cc33445¢

Qurrat-ul-Ain, Ashiq U, Jamal RA, Saleem M, Mahroof-Tahir M.
Alpha-glucosidase and carbonic anhydrase inhibition studies of
Pd(Il)-hydrazide complexes. Arabian Journal of Chemistry.
2017;10(4):488-499.
doi:https://doi.org/10.1016/j.arabjc.2015.02.024

Rabaca S, Almeida M. Dithiolene complexes containing N
coordinating groups and corresponding tetrathiafulvalene donors.
Coordination Chemistry Reviews. 2010;254(13-14):1493-1508.
doi:https://doi.org/10.1016/j.ccr.2009.12.006

Raina-Fulton R. A Review of Methods for the Analysis of Orphan
and Difficult Pesticides: Glyphosate, Glufosinate, Quaternary
Ammonium and Phenoxy Acid Herbicides, and Dithiocarbamate
and Phthalimide Fungicides. Journal of AOAC
INTERNATIONAL. 2014;97(4):965-977. doi: https://doi.org/
10.5740/jaoacint.sgeraina-fulton

Rajput G, Manoj Kumar Yadav, Michael, Singh N. Impact of Ligand
Framework on the Crystal Structures and Luminescent Properties
of Cu(I) and Ag(I) Clusters and a Coordination Polymer Derived
from Thiolate/Iodide/dppm Ligands. [Inorganic chemistry.
2015;54(6):2572-2579. doi:https://doi.org/10.1021/ic502688h

Raju T, K. Giribabu, Narayanan V. Morphological Study of Layered
Micro Deposits on Platinum Electrode During Potentiometric
Titration of Hexadecyltrithiocarbonate with Transition Metal
lons. Asian Journal of Chemistry. 2014;26(1):179-182.
doi:https://doi.org/10.14233/ajchem.2014.15370

Rogachev I, Kampel V, Vadim Gusis, Cohen N, Gressel J,
Warshawsky A. Synthesis, Properties, and Use of Copper-
Chelating Amphiphilic Dithiocarbamates as Synergists of
Oxidant-Generating Herbicides. Pesticide Biochemistry and
Physiology. 1998;60(3):133-145.
doi:https://doi.org/10.1006/pest.1998.2336

Saito G. Organic Superconductor k-(BEDT-TTF),[CU(NCS),] and Its
Related Materials. Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics. 1990;181(1):65-79.
doi:https://doi.org/10.1080/00268949008035993

Singh B, Michael, Kociok-Kohn G, Molloy KC, Singh N.
Unprecedented coordination of dithiocarbimate in multinuclear
and heteroleptic complexes. Dalton Transactions.
2010;40(3):623-631. doi:https://doi.org/10.1039/c0dt00582¢g

Singh MK, SanjitSutradhar, Paul B, et al. A new cadmium(II)
complex with bridging dithiolate ligand: Synthesis, crystal
structure and antifungal activity study. Journal of Molecular
Structure. 2017;1139:395-399.
doi:https://doi.org/10.1016/j.molstruc.2017.03.073

Singh N, Prasad A. Synthesis, characterization and electrical
conductivities of mixed-ligand (N, S/Se) heterobimetallic
coordination polymers and their I,-doped products. Niscprresin.
Published online 2025. doi:https://doi.org/0376-4710

Singh V, Chauhan R, Gupta AN, et al. Photosensitizing activity of
ferrocenyl bearing Ni(ii) and Cu(ii) dithiocarbamates in dye
sensitized ~ TiO2  solar  cells.  Dalton  Transactions.
2014;43(12):4752-4752. doi:https://doi.org/10.1039/c3dt52142¢g



68241

Brijesh, Pravendra Kumar and Sushmita Gupta, Review On: Thiolate based metal complexes as potential advanced material for Electronic

Soltani, Behzad, et al. “Nickel (II) and Cobalt (II) Complexes with
Bidentate Nitrogen-Sulfur Donor Pyrazole Derivative Ligands:
Syntheses, Characterization, X-Ray Structure, Electrochemical
Studies, and Antibacterial Activity.” Polyhedron, vol. 180, Apr.
2020, p. 114423, https://doi.org/10.1016/j.poly.2020.114423.
Accessed 2 Apr. 2025.

Teir S, Eloneva S, Fogelholm CJ, Zevenhoven R. Fixation of carbon
dioxide by producing hydromagnesite from serpentinite. Applied
Energy.  2009;86(2):214-218.  doi:  https://doi.org/10.1016/
j.-apenergy.2008.03.013

Thang SH, Chong Bill)YK, Roshan T.A. Mayadunne, Moad G, Ezio
Rizzardo. A novel synthesis of functional dithioesters,
dithiocarbamates, xanthates and trithiocarbonates. Tetrahedron
Letters. 1999;40(12):2435-2438. doi: https://doi.org/10.1016/
s0040-4039(99)00177-x

Torres Martin de Rosales R, Tavaré R, Paul RL, et al. Synthesis
0f64Cull-Bis(dithiocarbamatebisphosphonate) and Its
Conjugation with Superparamagnetic Iron Oxide Nanoparticles:
In Vivo Evaluation as Dual-Modality PET-MRI Agent.
AngewandteChemie International Edition. 2011;50(24):5509-
5513. doi:https://doi.org/10.1002/anie.201007894

Vicente J, Chicote MT, Gonzalez-Herrero P, et al. Complexes with S-
Donor Ligands. 7. New 1,1-Ethylenedithiolato Complexes of
Thallium(I), Gold(I), and Gold(Ill): Syntheses, Structure, and
Molecular Cubic Hyperpolarizabilities. Inorganic Chemistry.
1999;38(22):5018-5026. doi:https://doi.org/10.1021/ic99037%u

Vicente J, Maria Teresa Chicote, Gonzalez-Herrero P, Vicente J,
Jones PG. CS2 insertion into a gold—carbon bond. First syntheses
and characterization of 2,2-diacetylethylene-1,1-dithiolato
complexes.  Crystal  structure  of  [N(PPh3)2][Au{n2-
S2COC(COMe)2}2]t.  Chemical ~ Communications. 1997,
(21):2047-2048. doi:https://doi.org/10.1039/a705052f

Wang F, Zhai S, Liu X, et al. A novel dithiocarbamate analogue with
potentially decreased ALDH inhibition has copper-dependent
proteasome-inhibitory and apoptosis-inducing activity in human
breast cancer cells. Cancer Letters. 2011;300(1):87-95.
doi:https://doi.org/10.1016/j.canlet.2010.09.010

Wang Z, Yang L, Ye X, et al. Multicolor visual screening of total
dithiocarbamate pesticides in foods based on sulfydryl-mediated
growth of gold nanobipyramids. Analytica Chimica Acta.
2020;1139:59-67. doi:https://doi.org/10.1016/j.aca.2020.09.032

Wu L, Wu F, Sun Q, et al. A TTF-TCNQ complex: an organic
charge-transfer system with extraordinary electromagnetic
response behavior. Journal of Materials Chemistry C.
2021;9(9):3316-3323. doi:https://doi.org/10.1039/d0tc05230b

Yamane NS, None YuukiHiyoshi, Tanaka NS, et al. Substituent
Effect of ChiraldiphenylSalen Metal (M = Fe(Il), Co(II), Ni(II),
Cu(Il), Zn(II)) Complexes for New Conceptual DSSC Dyes.
Journal of Chemistry and Chemical Engineering. 2017;11(4).
doi:https://doi.org/10.17265/1934-7375/2017.04.001

Zhang J, Xu Z, Zhang C, et al. Pyrrolidine dithiocarbamate inhibits
nuclear factor- B pathway activation, and regulates adhesion,
migration, invasion and apoptosis of endometriotic stromal cells.
Molecular  human  reproduction. 2010;17(3):175-181. doi:
https://doi.org/10.1093/molehr/gaq090

Ziyaei-Halimehjani A, Marjani K, Ashouri A. A one-pot, three-
component synthesis of thiazolidine-2-thiones. Tetrahedron
Letters. 2012;53(27):3490-3492. doi: https://doi.org/
10.1016/j.tetlet.2012.04.129

kst sk sk skoskook



