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PhD Student Position 

“Chemical Design of Nanoscaled Metal Alloys containing Carbon and Phosphorus” 

Laboratoire de Chimie de la Matière Condensée de Paris, Equipe Nano 
Sorbonne Université | CNRS | Collège de France, 4 Place Jussieu, 75005 Paris. 

Keywords: Chemistry, Nanoparticles, Metal alloys, Synthesis, Carbides, Phosphides. 

Starting date / Duration: September or October 2019, for 3 years. 
Deadline for application: April 5th, 2019. CV + Cover Letter. Later applications may be considered. 
Contact: Dr. Sophie Carenco (sophie.carenco[at]sorbonne-universite.fr).  
Website: https://sophiecarenco.cnrs.fr | Professional twitter: @SophieCARENCO 

About the team. The Nano Team is hosted by Sorbonne University (the best scientific university in France), 
Collège de France and CNRS. It is internationally recognized for the design and applications of 
nanomaterials. Metal oxides nanomaterials, and more recently metal-alloys nanomaterials that contain 
lighter elements (eg. phosphorus, carbon, sulfur, boron)[1,2] are prepared and studied both in academic and 
industrial projects for their applications in several fields: optical materials, automobile and aeronautics, 
energy harvesting and storage, industrial catalysis, nanomedicine. Our lab is fully equipped for the project 
proposed here: Schlenk-lines and inert glovebox, TEM, XRD, XRF and NMR are available within our walls. The 
project leader (S.C.) is already internationally recognized in the field (major articles,[1-3] international awards, 
ERC Grant recipient). 

Context of the project. In a context of raw material rarefaction and increasing price of energy, one has to 
explore audacious strategies to design novel nanomaterials that can fill in the limitations of traditional 
compounds (eg. expensive Pt nano-catalysts, toxic CdSe quantum dots emitters, suboptimal large band-gap 
metal oxides such as TiO2, etc). Moreover, these new nanomaterials will be able to generate their own uses, 
based on strength and advantages that will be their trademarks. In this perspective, our group is exploring 
the design of metal-alloy nanoparticles that contain light elements: metal phosphides (MPx, eg. Ni2P and 
InP)[1,3] and metal carbides (MCx, eg. TiC and Mo2C)[4] were recently prepared, using general and robust 
reactions from reactive molecular precursors.  

 

Description of the project and Objectives. Based on the team expertise and leadership for the design of 
metal and metal alloy nanoparticles (Ni, Fe, Cu, NiCu, NiCo...),[3,5,6] the PhD student will design ternary 
nanoparticles by inserting one light element (phosphorus or carbon) in a preformed metal alloy. The light 
element will alloy tuning the electronic properties of the nanoparticles and their reactivity in catalysis and 
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Project Thesis: Colloidal Synthesis of 2D SnS/SnSe Nanosheets: 
growth mechanism and ferroelectric properties 

Two-dimensional van der Waals semiconductors have emerged as key materials for next-generation 
nanoelectronic and energy devices. Among them, tin chalcogenides (SnS and SnSe) are particularly 
attractive due to their intrinsic ferroelectricity in the few-layer limit. In ultrathin nanosheets, 
spontaneous polarization becomes strongly thickness-dependent, enabling tunable ferroic 
functionalities that are absent in bulk crystals. 

Despite their promise, achieving controlled synthesis of ultrathin SnS and SnSe nanosheets remains a 
major challenge. Vapor-phase methods can produce large-area sheets but provide limited control over 
thickness uniformity and scalability. Colloidal chemistry offers a powerful alternative, enabling control 
over nucleation and growth through surface chemistry and reaction kinetics. However, the fundamental 
mechanisms that govern anisotropic two-dimensional growth in the 1–10 monolayer regime remain 
poorly understood. 

This PhD project aims to 
demonstrate that anisotropic 
colloidal growth can be rationally 
directed to stabilize and control 
ferroelectricity in ultrathin van 
der Waals semiconductors. 
To achieve this objective, the 
project will develop a rational 
synthetic strategy to produce 
ultrathin SnS and SnSe 
nanosheets with controlled 
lateral dimensions, narrow 
thickness distributions, and high 
crystalline quality, while elucidating the mechanisms governing their formation and directly linking 
them to their functional properties. 

Preliminary work at MONARIS has demonstrated the feasibility of a one-pot synthesis of SnS 
nanosheets using inexpensive SnCl₂ and alkyl-thiol precursors in coordinating ligand environments. 
This robust platform will now be refined to reach the ultrathin regime. Reaction temperature, ligand 
composition, and precursor chemistry will be systematically tuned to promote two-dimensional 
expansion while limiting out-of-plane growth. Particular attention will be given to the role of 
oleylamine as a facet-selective ligand directing anisotropic growth. 

The approach will then be extended to SnSe, enabling a comparative study between sulfur- and 
selenium-based systems. Because SnS and SnSe share the same crystal structure but differ in chemical 
reactivity, comparing the two systems will allow us to determine how the nature of the chalcogen affects 
precursor reactivity, growth kinetics, and the resulting nanosheet morphology. The structure, 
crystallinity, and composition of the nanosheets will be investigated using transmission electron 
microscopy, electron diffraction, Raman spectroscopy, energy-dispersive spectroscopy, and atomic 
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force microscopy, enabling quantitative correlations between synthesis parameters and nanosheet 
properties.  

A key originality of the project lies in combining controlled synthesis with real-time mechanistic 
investigation. Liquid cell electron microscopy (LCEM) will be employed to directly visualize 
nucleation and growth processes in solution. Observing the formation and evolution of critical nuclei 
will provide direct insight into the emergence of anisotropic growth. These in situ observations will 
guide further optimization of synthetic conditions. 

In the final stage, the emergence of ferroelectricity in the ultrathin limit will be investigated using 
piezoresponse force microscopy (PFM) and low-energy electron microscopy (LEEM). By correlating 
domain structure and switching behavior with thickness and crystalline quality, the project will 
establish direct structure–property relationships in solution-grown 2D tin chalcogenides. 

This PhD will be conducted under a formal cotutelle agreement between Sorbonne University and the 
University of Nebraska–Lincoln. The complementary expertise of the two institutions—colloidal 
nanochemistry and structural characterization at MONARIS, and advanced in situ electron microscopy 
and ferroelectric investigations in Nebraska—provides a unique and integrated framework for 
addressing both growth mechanisms and functional properties within a single doctoral project. 

By the end of the PhD, the project is expected to deliver reproducible synthetic protocols for ultrathin 
SnS and SnSe nanosheets, a mechanistic understanding of anisotropic colloidal growth in layered 
systems, and quantitative insight into thickness-dependent ferroelectric behavior. Beyond tin 
chalcogenides, these results will contribute more broadly to the rational solution-based synthesis of 
functional 2D materials. 

Highly motivated candidates (expecting a master degree or equivalent with excellent academic 
records) with a background in Physical Chemistry and Material Science are strongly encouraged to 
apply. Knowledge of the candidate in colloidal synthesis and surface characterization will also be 
appreciated.  
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