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Chemical analyses at the local (sub-nanometer/atomic) scale are crucial for improving the
understanding of materials. For instance, for doped carbon nanostructures (as those of diamond
family), these analyses are critical because their properties strongly depend on the chemical
environment/configuration of the dopants [1-3]. Electron energy-loss spectroscopy (EELS) is an
essential and powerful technique to perform such local chemical analyses [1-4].

In this contribution, we will present a detailed study of the structure and local composition of
nitrogen-doped ultrananocrystalline diamond (UNCD) films [5-8], hydrogenated amorphous
diamond-like carbons [9] and nano-/micro-crystalline diamond films [10]. These studies have been
developed combining HR(S)TEM, EELS and micro-Raman multi-wavelength spectroscopy.
Regarding the EELS analyses, we will revisit the procedures to extract proper and reliably
quantitative chemical information from these spectra.

Fig. 1 (a) corresponds to a HRTEM image of an UNCD film sample. In this micrograph, an
elongated diamond nanocrystal (called nanowires (NWs) [5-8]) is displayed. 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 of N [1, 5]. The formation of these
NWs starts to appear when the N, 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 sp”-based carbon layer
(Fig. 1 (a)) that seems to provide the conductive path for electrons [5-8]. Thus, here we will present
the local EELS analyses on these samples (Fig. 1 (b)-(c)), focusing on the analyses of the N atomic
configurations [8].

For studying complex materials composed by a mixture of sp’/sp® configurations, we have
developed a new method to determine the fraction of these configurations from the EELS spectra,
see Fig. 2 (a). This method does not require specific experimental setup and can include
contributions from heterospecies [9, 10]. Thus, our results provide a complete combination of C-
hybridization and spatial elemental analyses for shedding light on hydrogenated amorphous
diamond-like carbon films. In particular, we will show how the deposition process induces a gradient
of sp” ratio in the thin films and how this gradient is modified as a function of the annealing time [9].

Finally, we will present our recent results on nano- and micro-crystalline diamond films [10]. We
have shown strong in-depth inhomogeneities of the local chemistry in these films and we have
investigated the effects of methane’s excess on the evolution of the morphology, nanostructure and
composition of the films [10].

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. In addition, these works clearly demonstrate the pertinence
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of combining several local and macroscopic techniques to extract properly and reliably this kind of
information.
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Figure 1. N-doped UNCD materials: (a) HRTEM image showing a diamond nanocrystal covered by a sp
C sheath. (b) STEM-EELS spectra recorded on two different positions of an UNCD film: “A” corresponds
to sp> bounded Cs; “B” (middle of a NW) is assigned to sp’ C with a small contribution of sp> bounded
carbon from the surface of the NW. (c) STEM-EELS spectra acquired at the surface of another NW. The
N-K edge is observed in this spectrum and it has been analysed (insert). (b) & (c) are adapted from [5, 6].
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Figure 2. — Revisiting EELS studies on hydrogenated amorphous carbon materials: (a) EELS spectra of a
graphite sample illustrating the method used to determine the R ratio (parameter related to sp>/sp’ content).
(b) Variation of the sp” fraction, determined by EELS, as a function of the distance between the electron
probe and the substrate. The black line is a guide for the eyes. Adapted from [9].
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