
Interactions of Nanoparticles with Soil Organic Matter 

Background 

Among the most important threats for the environment are contamination due to emerging pollutants, 
chemicals that are not commonly monitored but have the potential to enter the environment and cause adverse 
ecological and human health effects. Engineered nanoparticles (ENPs), tiny particles under 100 nanometres 
in size, represent a special threat due to the broad and efficient application within modern technologies [1]. 
This affects not only soils but also the aquifer and thus important water resources.  

Soil organic matter (SOM) plays a critical role in the transport and fate of contaminant and xenobiotics in the 
environment [2, 3]. Tight binding to SOM can prevent agrochemicals from reaching the target organism 
leading to over-application. In other cases, sequestered pollutants may be released from SOM at times when 
no application is needed or even wanted, which is not only threatening crop development but also soil health 
and the quality of the aquifer. As a consequence, understanding how and why contaminants move inside and 
bind to soils in-situ is paramount to environmental and human health. 

Objective 

The objective of this internship is to compare different solid-state Nuclear Magnetic Resonance (NMR) 
methodologies for studying the interactions of ENPs with SOM on model samples, which should allow the 
validation for studying real soil samples.  

Natural organic matter (NOM) from the International Humic Substances Society (IHSS) will be used as 
model SOM for the interaction’s studies. First, batch experiments will be used to quantify the adsorption of 
ENPs under different conditions (pH, humidity, ...) using inductively coupled plasma mass spectrometry 
(ICP-MS). Then, these samples will be prepared using different drying protocols for obtaining dry samples 
needed for solid-state NMR experiments. Then, NMR relaxation will be used to study the interactions 
between ENPs and SOM (a decrease on NMR relaxation will indicate specific interactions with ENPs). 13C 
solid-state cross polarisation magic angle spinning (CP-MAS) NMR will be coupled to relaxation blocks to 
measure spin-lattice (T1) and spin-spin (T2) NMR relaxation of 13C nuclei of SOM. Moreover, analysing the 
CP kinetics in particular the 1H spin–lattice relaxation in the rotating frame (T1rhoH) by variable contact time 
or spin-lock measurements will be a sensitive assay for the interaction of ENPs with SOM surface groups 
(mostly hydroxyl groups). 

Candidate profile  

Master or engineering student with an interest in environmental chemistry and/or willingness to learn key 
issues in this field. Knowledge of and/or experience with ICP-MS and NMR is preferable but not mandatory. 

Supervision: Denis Courtier-Murias, denis.courtier-murias@univ-eiffel.fr and Michael Paris, 
michael.Paris@cnrs-imn.fr 

Localisation: Université Gustave Eiffel, campus de Nantes (Allée des Ponts et Chaussées, CS 5004, 44344 
Bouguenais cedex) and Institut de Matériaux Jean Rouxel de Nantes (2 Chemin de la Houssinière, 44300 
Nantes). 

Gratification: about 600€/month (calculated on the basis of a daily amount). 
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