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Study and characterization of linear and nonlinear optical properties of chemical 
nanosensors of high quantum yield based on semiconducting nanoparticles 

 
Summary:  
 
The physicochemical processes occurring in semiconducting nanoparticles (quantum dots or 
QDs of 2 to 10 nm diameter) are the source of a new class of fluorescent probes for 
applications in catalysis and molecular recognition. The luminescent quantum confinement of 
these objects can simultaneously take advantage of their absorption and emission optical 
properties in the visible spectral range. The goal of the internship proposed by the team 
“Physical Chemistry of Interfaces” is to reach a selective sensitivity of the QDs surface at the 
molecular level. For this work, the team relies on UV-Visible optical absorption spectroscopy, 
infrared and fluorescence spectroscopy, as well as a dedicated nonlinear optical spectroscopy 
based on the sum frequency generation (SFG) process taking advantage of two tunable IR and 
visible laser sources coupled to the CLIO Free Electron Laser. This original nonlinear optical 
spectroscopy allows the specific characterization of interfaces and is sensitive to a fraction of 
a molecular monolayer. It uses the coupling between the absorption or emission levels of QDs 
and vibrational transitions to amplify the intensity of the optical molecular response in order 
to specifically target the surface of QDs. This coupling has been recently observed by our 
team, but is not quantified experimentally. The objective of the internship is to define and 
carry out an experiment to quantify the influence of the quantum yield of semiconducting 
nanoparticles on the SFG signal intensity. 
The internship must allow the student: 
- To implement and optimize a chemical protocol of defined samples, consistent with the 
planned experiments; 
- To collaborate for part of the internship with a European partner team 
(GRASP-Biophotonics, University of Liege, Belgium) in the design, manufacturing and 
characterization of QDs samples; 
- To demonstrate experimentally and quantify the amplification phenomena of SFG 
vibrational response of grafted molecules under the effect of QDs quantum confinement; 
- To model the UV-Visible optical response and, if possible, the intensity of the experimental 
coupling in the framework of quantum mechanics, condensed matter physics and the 
electromagnetic theory of linear and nonlinear optics. 
 
 
 
Please, indicate which speciality(ies) seem(s) to be more adapted to the subject: 
 

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: NO 
Quantum Physics:  YES    Theoretical Physics: NO 


