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Detailed atomic structure analyses of N-doped nanodiamonds  
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Ultrananocrystalline diamond (UNCD) film is a crystalline diamond film consisting of 3-
5 nm randomly oriented diamond crystallites surrounded by 0.2-0.3 nm wide grain. 
These films possess exemplary mechanical, electronic and optical properties1,2. Under 
normal process conditions, these UNCD films are highly electrically insulating, but 
they can become highly conducting when Ar is substituted in the synthesis gas with 
some N2 1,5. In this contribution, we have revisited, using aberration corrected 
microscopes and combining HR(S)TEM and EELS, the structure and local 
composition of these n-type UNCD films3-5.  
n-type UNCD films are composed of elongated diamond nanocrystals (called 
nanowires (NWs)3), see Figure 1. The formation of these NWs is initiated when the N2 
content in the gas phase reaches about 10% in volume. From these studies, we 
concluded that the insulator-metal transition of these films is strongly correlated with 
the formation of these diamond NWs. Indeed, these NWs are enveloped by a sp2-
based carbon layer that seems to provide the conductive path for electrons3-5. Thus, 
here we will present the atomic structure studies and local EELS analyses developed 
on these complex films, see Figure 25. These results show where the nitrogen is 
located into these nanostructures and provide insights into their atomic configuration. 
These aspects provide very important information about the role played by nitrogen in 
the formation of such nano-objects. 
In summary, these studies elucidate crucial questions concerning the local 
composition (atomic configuration) of these materials. This detailed knowledge is 
essential for better understanding the outstanding properties of such materials as well 
as for shedding light on their growth mechanism.  
 
 



 

 
 
Figure 1. TEM images of N-doped UNCD materials: (left) low-magnification micrograph displaying 
diamond filaments; (right) HRTEM image showing a diamond nanocrystal covered by a sp2 C sheath.  
 
 

 
 
Figure 2. EELS analyses on N-doped UNCD materials: (a) STEM-EELS spectrum-image (SPIM) 
recorded on a nanodiamond nanostructure. (b) Three different areas have been selected from this 
SPIM and representative EEL spectra (C-K edge) from these regions are displayed. They correspond 
to: (i) middle of a NW, where sp3 C can be detected with a small contribution of sp2 bonded carbon from 
the surface of the NW; (ii) edge of the NW corresponding to sp2 bounded C material; (iii) In one area 
between two diamond crystals forming the core of the NW, which is also mainly composed by sp2 
bonded carbon. (c) Map displaying the spatial distribution of sp2 bonded carbon, obtained from the 
analysis of the * peak in the C-K edge. 
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