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Abstract  
Tin chalcogenides have been projected as promising energy materials owing to 
their interesting physico-chemical properties. It is needed to evolve a cost effective 
route to fully harvest their commercial potential. Single source molecular 
precursors (SSP) offer a versatile route to functional materials. This mini review is 
intended to summarize various SSPs reported so far for tin chalcogenides. The 
effect of different ligand systems, capping agents in modulating the properties of tin 
chalcogenides have been discussed. Finally, the applications of SSP derived tin 
chalcogenides have also been included in this account. 

 
Keywords: Single Source Molecular Precursor, Tin Chalcogenide, Nanomaterials, 
Thin Films, Energy Application. 
 1. Introduction 
 

Since the discovery of graphene, 2D layered 
materials have garnered significant attention due to their 
distinct properties, such as unique electronic structures, large 
specific surface areas, and the quantum confinement of 
electrons due to their ultrathin nature compared to bulk 
materials.1-4 These characteristics have opened new avenues 
for developing the next generation of electronic, optical, 
optoelectronic, and flexible systems. However, absence of 
band gap in graphene has impeded its application in 
photovoltaics, nanoelectronics etc. This has diverted the 
attention of research fraternity towards other layered 
materials particularly metal chalcogenide.4 Layered metal 
chalcogenides exhibit a wide array of unique chemical and 
physical properties, making them suitable for various 
applications including optoelectronic and photovoltaic 
devices, thermoelectric devices, transistors, lithium-ion 
batteries, and hydrogen generation through photocatalytic 
water splitting.5-16  
 

Among the metal chalcogenides, group 14 metal 
chalcogenides comprising of GeE, GeE2, SnE, SnE2 and PbE 
(E = S, Se, Te) have shown great potential for high 
performance electronic, photonic as well as energy 
conversion and storage devices.17-22 Traditionally, Pb 
chalcogenides were favored for various applications, but 
environmental concerns associated with Pb23 and the scarcity 
of Ge have led researchers to explore tin chalcogenides 
(SnE) as a more sustainable alternative. Practical application 
of any material is governed by economical synthetic route to 

access that material with high phase purity and 
reproducibility, in addition to the fundamental nature of the 
material itself. (Figure 1). 
 

To achieve controlled synthesis of tin 
chalcogenides, researchers have explored a variety of 
methods. These methods include hydrothermal and 
solvothermal synthesis, heat-up techniques, hot-injection 
methods, plasma-assisted routes, solid-state pyrolysis, and 
both chemical and physical vapor deposition (CVD and PVD) 
processes.20,22,24-27 Broadly, these approaches can be 
categorized into two main strategies: the multi-source 
strategy and the single-source molecular precursor strategy. 
The multi-source (or dual-source for binary materials) 
strategy utilizes separate organic or inorganic molecules or 
salts for each constituent elements. These precursor 
materials are often air-sensitive, toxic, or pyrophoric, 
necessitating careful handling during the synthesis process. 
In contrast, the single-source precursor (SSP) strategy 
employs metal-organic or organometallic molecules that 
incorporate all the necessary elements within a single 
compound, typically connected by direct covalent bonds. 
Occasionally, these elements may exist in an unbound state 
within the molecule.28 The SSP method offers several distinct 
advantages over the dual-source method.19,29-32 Given the 
rapid growth of research on group IV metal chalcogenides 
(MCs) and the significance of the solid-state precursor (SSP) 
method for their synthesis, a systematic review on SSPs for 
this class of nanomaterials is essential. 
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 Figure 1. Promising properties and applications of tin 
chalcogenides. 
 

In this mini-review, we provide a thorough 
examination of recent advancements in the development of 
tin chalcogenide nanostructures derived from SSPs. We 
begin by exploring the intriguing physical properties of tin 
chalcogenides, followed by an in-depth discussion on the 
fundamental principles of the SSP strategy. Next, we delve 
into various synthetic approaches that leverage SSPs for the 
efficient transformation into desired nanostructures, 
highlighting the factors influencing the final product's 
characteristics. We then analyze significant SSPs utilized in 
the synthesis of tin chalcogenides. The review concludes with 
a summary and future research directions in this field. 
 
2. Crystal structure and physical properties 
of tin chalcogenides 
 

Tin chalcogenide compounds, including SnE (SnS, 
SnSe, SnTe) and SnE2 (SnS2, SnSe2), represents a 
significant category of 2D layered materials. These 
compounds exhibit robust covalent bonding within their 
planes, while weak Van der Waals forces prevail between the 
layers. This structural arrangement is similar to other two-
dimensional materials. Tin chalcogenides can crystallize in 
various phases, such as orthorhombic, hexagonal, 
monoclinic, and cubic, each characterized by the oxidation 
state of the tin atoms. 

 
Tin monochalcogenides (SnS, SnSe) adopt an 

orthorhombic crystal structure with a Pnma space group at 
ambient temperature (Figure 2a).33 These structures originate 
from a distorted rock salt (NaCl) framework, mainly due to the 
influence of the lone pair of electrons in the valence orbitals 
of the Sn2+ ions. Within this framework, atoms are arranged in 
double layers, forming a zig-zag accordion-like pattern.34 In 
these 2D layered materials, the bonds between Sn and S/Se 
within each layer are predominantly covalent, with each Sn 
atom linked to three S/Se atoms. Meanwhile, the layers 
themselves are held together by weak Van der Waals forces, 
allowing for easy cleavage into sheet-like forms. 

 
The unit cell features SnS7 or SnSe7 distorted 

polyhedra with three short and four long bonds. The lone pair 
present of tin cation occupies a symmetric positions which 
leads to anisotropic crystal packing along the b and c axes. 

 

 
Notably, both SnS and SnSe exhibit 2nd order 

displacive phase transition from the orthorhombic α phase 
which is less symmetric to more symmetric β phase at higher 
temperature.29 In the β phase, each atom is evenly 
coordinated with four neighboring atoms within the x-y plane. 
Additionally, SnS is known to have a rocksalt structure (Fm-3m) 
and a metastable zinc blende structure (F-43m). In the cubic 
phase, the Sn and S atoms occupy four distinct 
crystallographic positions due to the strong asymmetric 
bonding influenced by the lone pair on Sn2+. Unlike SnS and 
SnSe, SnTe prefers a cubic structure (a = 6.32 Å, Fm3m space 
group) (Figure 2c), stable up to 1000 K, at which point it 
melts congruently.35 However, SnTe exhibit soft chemical 
bonds originating from delocalization of electron density 
which interacts with lone pair present on Sn leading to 
distortion of the crystal structure. 

 
Tin dichalcogenides (SnE2), akin to their 

monochalcogenide counterparts (SnE), exhibit a remarkable 
layered structure. They crystallize in a CdI2-type layered 
structure with a P-3m1 space group, in which E–Sn–E trilayers 
with internal covalent bonding are held together by Van der 
Waals forces (Figure 2b).20 In this arrangement, Sn atoms 
are sandwiched between two layers of chalcogenide atoms, 
creating SnE6 polyhedra at the edges. The bonding within 
these layers is predominantly covalent between Sn and E, 
with weak Van der Waals forces present between the layers, 
allowing for easy separation into thin sheets.36 SnE2 bonding 
involves Sn atoms contributing four electrons to the bonding 
molecular orbitals, resulting in oxidation states of +4 for Sn 
and -2 for E. The lone pair electrons on the chalcogen atoms 
terminate the surfaces of the layers, preventing the formation 
of dangling bonds and making these layers resistant to 
surface oxidation.29 

In addition to mono and dichalcogenides, tin also 
forms sesquisulfide (Sn2S3), commonly referred to as 
ottemannite. This mixed-valence tin sulfide boasts a 
distinctive ribbon-like structure. In this arrangement, Sn(II) 
atoms display a trigonal pyramidal geometry while Sn(IV) 
atoms are coordinated octahedrally.29 

Due to such unique anisotropic crystal structure 
and resonant bonding, tin chalcogenides are projected as 
environment friendly thermoelectric substitute of lead 
chalcogenides.17 A remarkable zT of 2.6 at 923K was 
achieved in p-type SnSe which has re-ignited quest in lead 
free tin chalcogenides as thermoelectric materials. In addition 
to their applications in thermoelectrics, the layered structure 
of tin chalcogenides with tunable spacing, high theoretical 
capacity and good electronic conductivity, has garnered 
significant attention as promising anode materials in energy 
storage devices.37 Furthermore, the high absorption 
coefficient, solar spectrum compliant appropriate band-gap, 
high charge carrier concentration and efficient carrier mobility 
renders tin chalcogenides as material of choice for 
photovoltaics and optoelectronic applications.38,39 
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 Figure 2. Crystal structure of (a) SnE and (b) SnE2 (E = 
S/Se); (c) SnTe. 

 
3. SSP: A versatile approach for 
nanostructured materials and thin films 
 

Several synthetic methods including conventional 
solid-state methods, microwave-assisted synthesis, low 
temperature wet chemical approach have been adopted for 
the preparation of tin chalcogenide nanomaterials. However, 
most of these approaches often result in poor control over the 
composition, crystallite size, morphology, as well as 
chemical, optical and electronic properties of tin 
chalcogenides. A more effective approach is to design 
suitable single-source molecular precursors (Figure 3). The 
presence of pre-formed bond between the tin and chalcogen 
lowers the nucleation activation energy and thereby provide a 
low temperature route to access these materials.29 These 
pre-formed bonds ensure better phase purity, lower defect 
concentration, improved stoichiometric control, and high 
reproducibility in the final product.40 In addition to this, single 
source molecular precursors are equally viable for deposition 
of thin films via aerosol assisted chemical vapor deposition 
(AACVD). They bring additional advantage of by-passing 
complicating factors such as pre-reaction in the vapor phase, 
a common problem faced with dual precursor.33 In the 
uncommon scenario, where no direct bond exists between 
the desired constituent elements in the molecule, product 
formation is aided by the reduced diffusion distances 
between these elements needed to form the lattice.28 It is 
important to note that most of the SSPs can be conveniently 
used in various synthetic protocols such as heat up, hot 
injection, hydrothermal, co-precipitation methods, solid state 
pyrolysis as well as conventional and modified chemical 

vapor deposition techniques.29 However, this approach can 
introduce significant carbon content in the final materials due 
to the organic ligands in the precursor. This carbon typically 
forms non-conducting amorphous carbon, which remains 
separate from the metals rather than mixing intimately.41 
Nevertheless, such low-temperature molecular precursor 
approaches have been proven to be beneficial to improve the 
activity and stability of active materials for photovoltaics, 
thermoelectric, energy storage devices, and other 
applications. 
 

 Figure 3. Versatility of single source molecular precursor 
(SSP) approach.  

The decomposition profile of single-source 
precursors (SSPs) can be fine-tuned through various 
methods. The stability of the molecular complex can be 
modified using ancillary ligands. It has been observed that 
groups such as tertiary butyl, iso-propyl, and benzyl attached 
to the tin center can significantly accelerate the 
decomposition rate.42,43 The nature of the chalcogen ligands 
greatly influences the stability of molecular precursors. 
Generally, aliphatic ligands like xanthates and 
dithiocarbamates decompose at lower temperatures, 
although they can occasionally promote oligomerization. 
Conversely, a special class of ligands known as internally 
functionalized hemilabile ligands resists oxidation, prevents 
oligomerization by chelating the metal center, and ensures 
low-temperature decomposition of the precursor.29 

 
Additionally, the reaction solvent profoundly affects 

the decomposition signature of SSPs and the final product's 
crystallite size, composition, morphology, and optical 
properties. Solvents such as oleylamine (OAm), 
dodecanethiol (DDT), and dodecylamine (DDA), which also 
act as capping agents, participate in the thermolysis reaction. 
These solvents facilitate SSP decomposition through 
nucleophilic attack on the metal center, initiating a complex 
cascading effect in the decomposition reaction. Other 
capping agents, like trioctylphosphine oxide (TOPO), oleic 
acid (OA), and octadecene (ODE), commonly used in 
thermolysis experiments, play a crucial role in tuning the size 



Prayogik Rasayan                                                      

 https://doi.org/10.53023/p.rasayan-20240830                                       25 
    

Prayogik Rasayan 2024, 08(2), 22 -29 

and optical properties of the final product.44,45 Careful 
selection of solvents can promote the targeted synthesis of 
specific compositions and phases of nanomaterials.43,46  

 
In the following section, we will explore the 

precursors that offer an efficient pathway to tin-chalcogenide 
nanostructures and delve into their applications. 
 
4. Synthetic approaches to access tin 
chalcogenides from SSPs 
 

SSP approach for metal chalcogenide material 
permits a high degree of liberty for design and synthesis with 
subtle but effective variation in the ligand system. The 
advantages and the production of material via SSP route 
relies upon the ligand system and the substitution on the 
later. In case of chalcogen containing ligands, there are only 
few common sulfur-based ligands, which are commercially 
available. These are mostly based on 
diethyldithiocarbamates, xanthates, thiobenzoic acid, 
thioethers and thiols. Thus, it is also crucial to synthesize 
new ligands with tailor made substituents to develop new 
molecular complexes which can be utilized as SSPs. With 
genuine protocol, ligands containing S, Se and Te, with 
assorted substituents (i.e., functional groups, halogens etc.) 
can be synthesized.  

 
 

 
 
Scheme 1. Decomposition mechanism of metal xanthate 
precursors by the Chugaev elimination pathway to produce 
metal sulfide. 

Metal xanthates and thiocarbamates are two of the 
many types of complexes, which are well studied and are 
among the very first SSPs developed for the fabrication of 
metal chalcogenide materials. The decomposition pathways 
of these complexes are also established. For instance, 
production of metal sulfide nanomaterials from metal 
xanthate precursors follows Chugaev elimination pathway 
(Scheme 1).47 Hogarth and co-workers have carried out 
detailed experimental and DFT studies to unravel the 
decomposition mechanism of metal dithiocarbamate 
complexes in present of primary amine.48 They found the 
formation of dithiocarbimate intermediate specie formed due 
to proton migration from amine nitrogen to sulfur in complex, 
as the driving force behind the decomposition. The 
dithiocarbimate intermediate quickly transform into dimeric 

metal thiolate [Ni{S2CN(H)R}(μ-SH)]2 which further convert 
into metal thiolate stabilized by amine. This metal thiolate, at 
elevated temperature finally produced metal sulfide materials. 

Adeyemi et al. have isolated a series of mixed 
dithiocarbamate dimethyltin complexes, which serves as 
efficient single source precursors for tin sulfide 
nanomaterials.49 The complexes, 
[(CH3)2Sn{S2CN(C4H9)Ph}{S2CN(CH3)Ph}], 
[(CH3)2Sn{S2CN(C4H9)Ph}{S2CN(C2H5)Ph}] were prepared at 
room temperature, with crystal structure elucidation of the 
former. These complexes were thermolyzed under 
solventless and solvent-assisted conditions to isolate SnS 
and SnS2 nanoparticles respectively. This shows that SSPs 
are quite versatile and can lead to tunable compositions and 
morphologies by subtle change in reaction conditions. In 
another study, Ramasamy et al. have prepared a series of 
diorganotin dithiocarbamate complexes of the type: 
[Sn(C6H5)2(S2CN(RR′)2)2] (R, R′ = ethyl; R, R′ = butyl; R = 
methyl, R′ = butyl; R = methyl, R′ = hexyl) and 
[Sn(C4H9)2(S2CN(RR′)2)2] (R, R′ = ethyl; R, R′ = butyl; R = 
methyl, R′ = butyl; R = methyl, R′ = hexyl) (Figure 4).33 These 
complexes were used as SSPs for the deposition of phase 
pure orthorhombic SnS thin films by AACVD technique. A 
variable temperature range (400-530°C) was employed for 
the deposition to study the effect of temperature on the 
physical and chemical properties of the deposited film. 
 

  Figure 4. Synthesis of SnS thin films via AACVD from 
diorganotin dithiocarbamate complexes. Adapted with 
permission from Reference 33. Copyright ACS Publishers. 
 

Apart from the well studies xanthate and 
thiocarbamate ligand systems, there are a plethora of ligand 
backbones, which make exotic class of tin complexes as 
SSPs for tin chalcogenides with tunable properties. For 
instance, Boudjouk et al. synthesized phenylated ring 
containing tin complexes with S and Se: (Ph2SnS)3 and 
(Ph2SnSe)3. Pyrolysis of the SSPs led to the formation of 
phase pure orthorhombic SnS and SnSe bulk powder.50 
O’Brien’s group have designed thiosemicarbazone based tin 
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compounds, viz., Bz3SnCl(saltscz) and Bz3SnCl(4-
Clbenztscz) (where Bz = benzyl, saltscz and 4-Clbenztscz 
are thiosemicarbazones of salicylaldehye and 
thiosemicarbamicarbazone of 4-chlorobenzaldehyde 
respectively). These SSPs were subjected to AACVD for the 
deposition of SnS thin film over glass substrate.51 Robinson 
et al. have developed the organotin complexes: 
nBu2Sn(SnBu)2 and nBu3SnEnBu (E = S and Se). Low 
pressure chemical vapour deposition (LPCVD) was adapted 
to fabricate SnS and SnSe thin films over fused silica 
substrates from these SSPs.51 These thin films were found to 
possess high Seebeck coefficient, which pose them as 
efficient thermoelectric materials for waste heat conversion. 

In addition to these complexes, there is a separate 
class of ligands, called internally functionalized hemilabile 
ligands and their corresponding tin complexes, which have 
gained paramount attention as efficient SSPs for tin 
chalcogenide materials for energy applications. These 
chelating ligands featuring unsubstituted or substituted 
pyridyl/pyrimidyl/pyrazinyl moieties have been extensively 
explored by Tyagi et al. as suitable SSPs for tin chalcogenide 
materials for various applications. For example, Di-tert-
butyltin complex with the ligand 2-pyrazinyl thiolate (2-
C4H3N2SH), i.e., tBu2Sn(2-SC4H3N2)2 was synthesized and 
structurally characterized. The SSP was versatile enough to 
not only yield binary SnS nanomaterials but also ternary 
Cu2SnS3 nanospheres, when co-thermolyzed in OAm with a 
Cu analogue of the ligand.52 Extending to the pyridyl and 
pyrimidyl system, their research group have isolated a series 
of bis and mono chloro substituted organotin complexes, 
namely, [tBu2SnCl(2-SC5H4N)], [tBu2Sn(2-SC5H4N)2] 
[tBu2SnCl{2-SC5H2(Me-4,6)2N}] and [tBu2Sn{2-SC5H2(Me-
4,6)2N}2]. These complexes have been successfully 
employed for the synthesis of SnS nanoplatelets under varied 
thermolysis conditions. A prototype photoelectrochemical 
(PEC) cell fabricated using these materials exhibited good 
photo-switching characteristics and responsivity, which pose 
them as fine materials for photodetectors.53 As-prepared 
material exhibit high lithium uptake capacity, when employed 
as anode materials in LIB. Additionally, SnS thin films over 
glass and silica wafers were also grown utilizing these 
SSPs.54 

 
This strategy was further extended for synthesizing 

Se analogues of hemilabile chelating ligands with the aim to 
synthesize tin selenide materials. Notable among them is the 
SSP [tBu2Sn{2-SeC5H3(Me-5)N}2], which could be 
transformed into both SnSe and SnSe2 nanomaterials under 
tunable solvent conditions. Furthermore, the dimethyl 
analogue of this complex, i.e., [Me2Sn{2-SeC5H2(Me-
4,6)2N}2], was utilized to isolate morphology tuned SnSe 
nanosheets, which was employed as negative electrode in 
LIB. The material exhibits an initial specific capacity of 1134 
mAhg−1 at a current density of 50 mAg−1 with a capacity 
retention of 380 mAhg−1 even after 70 cycles with 100% 
efficiency.55 Another series of complexes having the 
composition [R2Sn{2-SeC5H(Me-4,6)2N2}2] were also 
explored. These complexes were found to undergo 

redistribution reaction with excess R2SnCl2 to yield another 
class of monochloro complexes: [R2SnCl{2-SeC5H(Me-
4,6)2N2}].42 SnSe2 nanosheets and thin film with nanoflower 
growth were fabricated using these SSPs (Figure 5). 

 
Figure 5. Di-organotin complexes derived using internally 
functionalize ligands and their facile conversion into shape 
and size tunable tin chalcogenide nanomaterial. Adapted with 
permission from Reference 29. Copyright Elsevier Publisher. 

Extrapolating the work towards ternary Sn based 
semiconductor materials, co-thermolysis of the complex 
[Me2Sn{2-SeC5H3(Me-3)N}2] along with the Cu analogue of 
the complex resulted into the formation of phase pure 
Cu2SnSe3 nanospheres. Optical studies divulge an optimal 
band gap of 1.4 eV for Cu2SnSe3 materials. SQUID 
(superconducting quantum interference device) analyses 
supported the magnetic nature of the ternary nanoparticles. A 
prototype photoelectrochemical (PEC) cell, fabricated with 
the pristine ternary material exhibited photovoltaic behaviour 
with efficiency (η) = 1.7%; open-circuit voltage (Voc) = 339 
mV; Current density (Jsc) = 33.3 μACm−2 and fill factor (FF) = 
0.3, which proved the suitability of SSP derived materials as 
absorber layer in next generation solar cells.56 

Tin telluride (SnTe) among the IV-VI narrow-
bandgap semiconductor, has also garnered much attention 
and has been recommended as a promising alternative to 
PbTe due to similar crystal structure and relatively less 
toxicity and high abundance.57 Furthermore, SnTe exhibits 
remarkable thermal and chemical stability, direct narrow band 
gap of 0.18 eV, large Bohr radius (95 nm), small effective 
electron-hole mass.58,59 Owing to these properties, SnTe 
finds relevance in quantum dot solar cell, high performance 
photodetector, thermoelectric devices and non-linear optics.60 
However, till date, very few precursors have been reported 
for the preparation of SnTe nanostructures, unlike tin sulfide 
and selenides. These include 
Hexabenzylcyclotristannatellurane, (Bn2SnTe)3, synthesiszed 
by Boudjouk et al.60 The precursor was pyrolyzed at different 
temperatures and for different durations to afford SnTe in 
high yield and phase pure state. Subsequently, the same 
group reported bis(triphenyltin) telluride which produced 
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medley of cubic and orctahedral SnTe at relatively lower 
temperature.61 The structurally characterized SSPs 
[Sn{TeSi(SiMe3)3}2]2 and (PMe3)Sn[TeSi(SiMe3)3]2 reported by 
Seligson et al. were found to be useful in accessing SnTe 
through solid state as well as solution phase route. However, 
little contamination from Te[Si(SiMe3)]2 was also observed in 
the final product (Scheme 2).62 

 
Scheme 2. Schematic representation of synthesizing 
homoleptic tin tellurolate and its conversion into tin telluride.62 

 
Figure 6. Synthesis of the SSP nBu3SnTenBu and fabrication 
of thermoelectric SnTe thin film. Adapted under CC BY 3.0 
license from Reference 65. 

In addition to above literatures, there are few more 
reports dealing with the molecular precursor derived SnTe 
nanostructures. Thompson et al. reported the molecular 
complex [(PhTe)2Sn{N(SiMe3)2}2] with tin centre in pseudo-
tetrahedral coordination environment, obtained from the 
reaction of tin(IV)bis(hexamethylsilylamide) with 
diphenylditelluride. The complex was successfully utilized for 
the preparation of amorphous Sn rich SnTe nanoparticles.63 
Afterwards, Ahmet et al. have prepared tin mono telluro 
compounds [{iPrNC(NMe2)NR}Sn(Te)] by the oxidative 
addition of elemental tellurium with tin(II) guanidate 
complexes. The complex was employed for the deposition of 
cubic SnTe via AACVD.64 The decomposition process 
proceeds through two electron reduction process. However, 
the thin film obtained, were very thin and some SnO 
contamination was also observed. Recently, Reid and co-
workers have prepared a molecular reagent [nBu3Sn(TenBu)] 
and demonstrated its utility for the preparation of SnTe via 
low pressure CVD (Figure 6).65 The film obtained found to be 
continuous and strongly adherent to the substrate. 

Thermoelectric performance of the film was found to be 
decent and comparable to the bulk SnTe. The study paved 
way for the development of thin film based thermoelectric 
devices fabricated using SSPs. These instances proves that 
the materials synthesized using SSPs are not only of good 
quality, but can be used in actual energy and environmental 
fronts. 
5. Conclusion and Future Outlook 

In the current century, the development of 
environmentally friendly, high-performance, earth-abundant 
materials is essential for advanced energy conversion and 
storage devices. Tin chalcogenides represent a promising 
class of materials for this purpose. To fully harness their 
potential, high-quality and scalable synthesis methods are 
needed. The single source molecular precursor (SSP) 
approach offers a solution to this challenge. 

The reactivity of SSPs can be tailored in various 
ways, with the nature of the ligand playing a significant role. 
The ligand in metal complexes controls the coordination 
behavior and rate of chalcogen atom transfer during material 
preparation Whilst, the chelating ligand promotes the 
formation of monomeric complexes, the monodentate ligands 
facilitate oligomerization by coordinating through bridging 
mode. This variability affects the stability of the complex, 
influencing the temperature needed for its thermal 
breakdown, which in turn impacts reaction kinetics and the 
crystallinity of the final product. Additionally, the nature of the 
reaction solvent significantly affects the morphology and 
composition of the final product. 

Research in this area could establish robust 
protocols for synthesizing tin chalcogenides with precise 
composition, morphology, and size. Currently, few SSPs for 
tin chalcogenides have been developed, and even fewer 
exist for SnTe, a material with significant potential for 
thermoelectric and photodetector applications. Thus, efforts 
should focus on developing efficient molecular precursors for 
SnTe, which is seen as a potential alternative to the already 
established PbTe. Furthermore, ternary tin chalcogenides are 
gaining importance in energy applications, yet precursors for 
their nano-scale preparation are scarce, indicating numerous 
research opportunities. 

In summary, tin chalcogenide-based materials are 
poised to be leaders in energy-related applications. This mini-
review presents a versatile approach to accessing these 
promising materials, discussing key factors that influence 
precursor reactivity and alter the final product 
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