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Research theme. The 2D Nanophotonics group 
focuses on resonant light-matter interactions in 
optical metasurfaces and two-dimensional (2D) 
quantum materials. We study fundamentally new 
mechanisms to actively steer light, develop optical 
elements composed of a single atomic layer, and use 
quantum mechanical effects to control light-matter 
interactions with small electrical signals.  
 
Project 1. Lego with layers of atoms: heterostructure 2D materials 
Supervisors: Tom Hoekstra and Jorik van de Groep 

Monolayer 2D materials are comprised of only 
one layer of atoms and exhibit unique optical 
and electronic properties as a result. Using a 
smart stamping technique, different 
monolayers can be stacked on top of each 
other to make new heterostructure materials 
with designed properties that do not exist in 
nature. In this project, you will fabricate 
different 2D semiconductor heterostructure 
and study the exciton properties of the 
resulting layers. Specifically, you will combine 
materials that host inter-layer excitons – where 
the electron is in layer 1 and the hole in layer 2. 
These inter-layer excitons have long live times and provide new ways to steer light at the atomic scale. 
You will use photoluminescence spectroscopy and time-resolved emission experiments to study the 
exciton dynamics, and design nanoscale electrical devices to actively manipulate the light-matter 
interactions in these new heterostructures. 

  
Project 2. Hunting chiral excitons on a topological surface (joint project) 
Supervisors: Olivier Renier, Anna Isaeva, and Jorik van de Groep 

Topological insulators are a new class of 
quantum materials that are insulating in the 
bulk but show electron conductivity on their 
surface via so-called topological surface 
states. Their bandgap is usually small however, 
which limits their applicability to infrared 
wavelengths and low temperatures. In this 
joint project with the group of Anna Isaeva you 
will explore how to overcome this obstacle by 
developing an optimal material that exhibits 
quantum properties at room temperature. 
Specifically, you will grow novel quantum 
materials based on Bi2Se3, and study their 
optical properties using polarization-resolved photoluminescence spectroscopy to demonstrate chiral 
exciton states at room temperature. By tuning the elemental composition, e.g. exchanging Se by Te, 
or Bi by Sb or In, you will engineer the electronic band structure. The chiral excitons are an important 
step towards room-temperature quantum devices.  

Left: Stamping setup in microscope to fabricate heterostructures. Right: 
heterostructure of monolayer WS2 encapsulated by hBN. 

Left: as-grown topological insulator crystal. Right: chiral photoluminescence 
emitted from exciton states. 


