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Two-dimensional materials are an emerging class of novel materials with fascinating properties and a 
great application potential. Different instrumental methods are used to determine the structure and 
to reveal specific properties, e.g. Infrared (IR) spectroscopy, Powder X-Ray Diffraction (PXRD), BET, 
thermogravimetric analysis (TGA), and nuclear magnetic resonance (NMR) spectroscopy. We want to 
give an overview about different NMR methods and show the feasibility of the application of NMR 
spectroscopy to analyze relevant 2D materials. 
The structure of 2D materials can be characterized using NMR techniques like 1H, 13C CP (cross 
poalarization) (Fig. 1) and APT (attached proton test) magic angle spinning (MAS) NMR spectroscopy, 
2D HETCOR (heteronuclear correlation) and other solid-state NMR experiments depending on the 
present nuclei (e.g. 15N, 31P). It is possible to distinguish the different carbon positions as well as to 
detect the terminal groups. Isotope labeling with 13C / 15N enhances the sensitivity. Variable-
temperature experiments can be performed to reveal exchange processes and thermal motions 
within the framework analyzing spectroscopic parameters such as the line widths and shapes as well 
as relaxation times. If sensitivity problems occur, it is possible to perform DNP (Dynamic Nuclear 
Polarization) experiments.   
For surface characterization, high-pressure in situ NMR spectroscopy of adsorbed gases such as 
129Xe, 13CO2 can be used by the investigation of the interaction between 2D materials and adsorbed 
probe atoms/molecules. 129Xe NMR spectroscopy also allows conclusions about the effective pore 
sizes. Moreover, in order to visualize possible selective adsorption phenomena which are of interest 
with respect to separation processes and catalytic applications the adsorptions of defined gas 
mixtures can be studied. By application of in situ NMR reaction pathways leading to 2D materials 
including the visualization of reaction intermediates can be determined, sometimes even 
quantitatively.  
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Figure 1: 13C Solid-state NMR spectra of a) 2D C=N HATN and b) 2D CCP-HATN (hexaazatrinaphthalene) [1] 


