
Research on 2D Material Synthesis, Theory, and Properties 
at the PDI: Current Status and Future Prospects

Our Vision

2D materials have garnered significant interest due to their unique properties,

often distinct from those of their bulk counterparts, unlocking new scientific and

technological opportunities. Despite considerable progress made in the field, key

challenges persist regarding large-scale synthesis and properties of such materials.

We aim to establish a new core research area that brings together existing 

expertise and ongoing activities on 2D materials at the PDI. This initiative will 

enhance the synergy among different activities and drive more impactful 

research outcomes in the following areas:

- Epitaxial growth of 2D materials and their heterostructures

- Advanced characterization

- Atomistic-scale simulations of growth and properties

- Exploration of fundamental properties
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Objectives

Research activities, core competencies

Epitaxial Growth and Characterization  

Key personnel

J. Marcelo Lopes, Roman Engel-Herbert

Epitaxial growth

Nadire Nayir

Theoretical modeling

Achim Trampert, Michael Hanke 

Microstructure

Stefan Fölsch, Van Dong Pham

Low temperature scanning tunneling microscopy (STM)

Hans Tornatzky

Optical spectroscopy

Atomistic-scale simulations

Low temperature STM

Various 2D material systems:

- Graphene

- Hexagonal boron nitride (h-BN)

- Tellurides [Fe5(3)Ge(Ga)Te2, GaTe, Sb2Te2]

- Selenides (InSe, PtSe2, Bi2Se3, WSe2)

h-BN/Ni/MgO(111)

h-BN

graphene

Graphene/SiC(0001)

npj 2D Mat. Appl. 5, 70 (2021) 

Fe5GeTe2 on graphene/SiC Small 19, 2302387 (2023)

Fe5GeTe2 on WSe2/Al2O3
IEEE Trans Mag. 60, 4100505 (2024)

InSe grown on GaAs

npj 2D Mater. Appl. 9, 19 (2025) 

Strain induced 2D material growth

ACS Nano 17, 12140 (2023)

Nat. Comm. 6, 7632 (2015)

Appl. Phys Lett. 106, 213108 (2015)

o Multiscale approach bridging spatial scales that range from

10−9 to 10−3m, combining computational fluid dynamics

(CFD), phase field, ReaxFF and DFT methods and validating

with experimental measurements

Multiscale modeling of thin film growth process

2D Mater. 10, 032002 (2023)

De(Re)-intercalation of Metals in graphene

Small 20, 2396554 (2024)

Local band-structure information Moiré structure

in MoS2-WSe2 bilayers

2D Mater. 6, 021001 (2019) Nano Lett. 18, 1849 (2018) 

Metal adatoms on WSe2

Phys. Rev. B 112, 085414 (2025)

 Epitaxial graphene on SiC(0001)

Appl. Phys. Lett. 125, 181602 (2024) 

 Transition metal dichalcogenides (TMDs)

Carbon 227, 119260 (2024)

Atomic-scale defect characterization Metal intercalationPhonon Dispersion in 2D Materials

2D Materials (2025)

Third-Party Funding

2D Mater. 8, 041001 (2021) 

Raman of Fe3GeTe2/graphene

Running projects:

o ENGRAVE: Defect-engineering in graphene via focused ion beam for tailored van der 

Waals epitaxy of h-BN (Leibniz Association, until 06/2026, 1 Postdoc) 

o 2D-Charm: MBE growth and advanced characterization of large-scale van der Waals 

heterostructures (DFG-ANR, until 05/2028, 1 PhD Student) 

Submitted proposals under review: 

o Malcom: Ultimate ferroelectric spin orbit devices for ultra low power computing 

(EU PathfinderOpen 2025)

o Elasto-plastic behavior of two-dimensional, weakly bonded van der Waals materials 

(DFG)

o AI-Driven Platform for 2D Materials Synthesis and Discovery (NSF-DFG/DMREF)

User Proposals:

o Epitaxial relation of ultra-thin vdW bonded Fe-Ge-Te with Tc beyond 450 K

(ESRF, Grenoble, accepted)

o Developing Selectivity Map for High Quality Thin Film growth of Chalcogenides 

(OakRidge National Lab/USA, accepted)

o Investigation of the Charge density waves in TiSe2 via HRIXS 

(Spring-8 Japan, accepted)

o Machine Learning-Based Automated Analysis of Experimental Measurements for 

Enhanced Atomistic Simulations (EuroHPC Regular Access Call, under review)

MBE

Specific goals:

o Epitaxy supported by atomistic-scale simulations: realizing single crystalline films of 2D materials and heterostructures via nucleation

engineering (e.g., step engineering, defect-mediated epitaxy)

o Beyond flakes: all epitaxial novel 2D heterostructures (e.g., Te- and Se-based chalcogenides multiferroics)

o Structural evolution in MBE-grown 2D materials: dynamic in-situ HRTEM investigations by heating (assessing phase stabilities, 

self-intercalation, defect motion)

o Elasto-plastic behavior of epitaxial 2D materials (combining nanoindentation and Bragg coherent diffraction imaging)

o Hybrid 2D heterostructures (combining transferred MBE 2D layers with flakes – when needed): optical investigations of proximity-

induced effects with focus on, e.g., on twist-dependent spin polarized transport

o Atomic-level intercalation pathway of metal confined at the graphene/SiC interface: in-depth understanding of metal intercalation and 

precise control of this process; patterning of defects via FIB for spatially positioned metal intercalation

o Metal adatoms on TMD layers: extension to magnetic transition metal adatoms (Fe, Mn): spin-flip excitations?

o Scanning tunneling microscopy & spectroscopy of MBE-grown TMDs

Enhance the synergy 

between existing 

activities

Drive High-impact 

research outcomes

Create a broad forum to discuss 2D 

materials research (PDI, 2D materials 

community in Berlin)

Pursue strategic 

research directions


