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Master 2 internship subject 

Development of a biochip compatible with surface enhanced Raman spectroscopy 
and surface plasmon resonance for extracellular vesicles characterization 

 

Start/duration: internship lasting 6 months, starting in January or February 2024 

Location: FEMTO-ST institute, 15B avenue des Montboucons, 25000 Besançon 

Keywords: Plasmonics, nanofabrication, biochip, PVD, SERS 

Context:  

Extracellular vesicles (EVs) are nanovesicles emitted by cells. EVs are of interest both in 
therapeutics, as a vector for active substances, and in diagnostics [1]. These last years, the 
Nano2BIO team of FEMTO-ST Institute (Besançon) had developed a multiplex biochip to 
characterize EVs with complementary methods (atomic force microscopy – AFM, surface 
plasmon resonance imaging- SPRi) [2], [3]. This internship is part of a starting ANR project to 
add Raman spectroscopy to the characterization methods. This technique would give 
molecular information on the composition of the membrane of EVs and its content [4]. As 
Raman intensity is weak, our goal is to develop a biochip that would enhance the Raman signal 
(surface enhanced Raman spectroscopy – SERS), while being compatible with AFM and SPRi 
[5]. 

Objectives of the internship:  

The first step will be to refabricate SERS substrates produced in previous work of the team [6]. 

It was a glass slide on which gold nanoparticles had been deposited by thermal evaporation 

with annealing. This resulted in crystalline gold nanoparticles with a radius of 12 ± 7 nm 

separated from one another by 1 to 3 nm (figure 1). The Raman signal enhancement will be 

tested using methylene blue. 

 

 

 

 

 

Figure 1 : SEM image of the SERS substrate manufactured by the team. 

Then, the deposition parameters will be modified to change the gold nanoparticles and 
increase the Raman enhancement. AFM will be used to characterize the chips surface. Finally, 
the biochips will be tested with Cytochrome-c (strong Raman scatterer that can be present in 
EVs) and then on EVs adsorbed or immunocaptured. Further development of the Raman 



optical system will also be envisaged. The manufacturing and characterization of chips will 
benefit from the equipment available at the ARCEN and MIMENTO platforms. 

Required profile: 

Applications are welcome from students in their 2nd year of a research master’s program or 
3rd year of an engineering school. Candidates should have a sound background in physics, 
experience in optics or plasmonics would be a plus. As the project is oriented towards an 
application in biology, candidates interested in this field are welcome. Candidates should 
consider pursuing a thesis, as funding will be offered depending on the progress of the 
internship. 

To apply, send your CV and covering letter to benjamin.brunel@univ-fcomte.fr before 

25/10/2023. 
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