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Label-free and high sensitive measure of bio-recognition processes is a scientific quest and a technological objective, which 
inspires scientists to explore new solutions for innovative detection systems. In this presentation, we will show the promising 

perspectives in bio-detection of an advanced vibrational technique, called sum frequency generation (SFG) spectroscopy, 
which belongs to the family of nonlinear optical (NLO) techniques. Due to the selection rules of second order NLO processes, 
SFG spectroscopy is intrinsically sensitive to interfacial systems, as biological films acting as bio-sensing platforms and probes 
molecular vibrations owing specific symmetry and orientations. We will present how SFG spectroscopy can detect biological 
interactions, either by measuring specific chemical fingerprints of a host-guest pair, or by recording the signal of water close 
to the bio-sensing platform. Firstly, we applied SFG spectroscopy to the detection of antigen-antibody recognition between a 
dinitrophenyl (DNP) lipid layers anchored on a glass surface, and a solution of complementary monoclonal mouse anti-DNP 
antibody. We demonstrated that, whilst an anti-fouling layer was not used, specific bio-recognition was univocally detected 
thanks to the intrinsic sensitivity of the vibrational second order NLO phenomenon. Secondly, we exploited the specific NLO 
signal of interfacial water to unravel qualitative and quantitative data of the interaction of gold nanoparticles (NPs) with a 
lipid membrane platform. The ability to probe interfacial water is indeed one of the major assets of SFG spectroscopy. We 
demonstrated that the signal of interfacial water changed proportionally to the NPs concentration, and enabled to achieve very 
low detection thresholds. Both results highlight the high sensitivity of SFG spectroscopy to bio-recognition events, and open 
to the possibility to detect a wide range of bio-interactions, thanks to the intrinsic fingerprints of biomolecules or to the signal 
of their surrounding water environment. This unique sensitivity makes SFG spectroscopy a powerful optical transducer of 
biological processes at bio-sensing platforms.
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Figure: 1. Schematic representation a) of an  
antigen-antibody platform, and b) of a  

nanoparticle/membrane platform,  
probed with the three beams (infrared, visible and 

sum-frequency generated, respectively) 
that make an SFG response.
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