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Carbon nanomaterials are of great interest due to their extraordinary chemical, thermal, and 
electrochemical stability, enabling a wide range of applications including selective electrodes, 
platforms for biosensing and quantum-based sensing, and therapeutic agents. However, proper 
surface modification of these materials plays a key role in advancing their applications by controlling 
chemical and physical properties. Specifically, charged functional groups play a crucial role in 
determining the colloidal stability and biocompatibility at functionalized nanomaterials surfaces. 
However, charged functional groups also interact strongly with biological membranes via 
electrostatic interactions, often in deleterious ways. To achieve better control and prediction of 
cellular responses and membrane interactions upon nanoparticle exposure, a deeper 
understanding of the mechanistic insights of the specific NP-membrane interactions are still 
needed. Using carbon-based nanoparticle as a model system, we systematically functionalized 
nanocarbon surfaces with five different cationic surface molecules having different molecular 
structures and conformations, to investigate the molecular-level interaction between these 
nanoparticles and model phospholipid membranes and Gram-negative bacterial cells. 

Here, I will demonstrate 1) a novel wet chemical functionalization method that can be applied 
to carbon-based nanomaterials and thin films, having the ability to precisely control surface 
properties; 2) an NMR-based methodology that provide new insights on the dynamics and 
conformations of nanoparticle-bound molecules; and 3) effective employment of these tool kits to 
investigate the influences of NPs surface properties on biological responses including cell-viability 
and membrane interactions. Our results show that the conformation and dynamics of the surface 
molecular layer at nanoparticle surfaces are crucial factors in controlling the biological impact of 
charge functionalized nanoparticles. Our studies enable a deeper understanding of biological 
responses to nanomaterials and will facilitate the design of safer, more sustainable nanomaterials. 
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