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Report

Introduction :

The solid phase diagram of pure nitrogen has been extensively studied and has revealed a rich physics. In
particular, the destabilization of the triple bond was observed and two non-molecular phases have been
identified: i) at ambient temperature, an amorphous phase (n) is reported above 150 GPa. The pressure
evolution of its band gap suggests that metallization begins at 280 GPa [3]. ii) By coupling pressure and
temperature (110 GPa and a temperature above 2000 K) nitrogen transforms into polymeric phase with the
cg-N structure [1]. We are searching different routes to synthesize polymeric forms of nitrogen; more
specifically through the compression of nitrogen van der Waals compounds (stoichiometric compounds with
other simple molecules). Up to now, three such van der Waals compounds are known. (N2)i11He has been
discovered some years ago [4]. Its structure could be refined and its structural changes under pressure studied
up to its amorphization [2]. Recently, our group has discovered two van der Waals compounds by studying
N2/H2 mixtures, (N2)s(H2)7 and (N2)(H2)2 [5]. The structures of these compounds have been successfully
characterized at ID09. In particular, the (N2)s(H2)7 compound exhibits a chain-like structure of N2 molecules
with trapped Hz. That is a very unusual structure but the chemical reactivity of N2and Hz under pressure leads
to the formation of ionic N-H bonds compound and hampered the polymerization of nitrogen.

By exploring the phase diagram of the N,-Ne mixture, we evidenced a van der Waals compound. The
existence of such a compound had been previously suspected [6]. The aim of this experiment was to
determine the structure of this compound, which results to be the same as the structure of (N2)e (H2)7, i.e a
rhombohedral structure with large unit cell and formation of chains of N2 molecules. However, Ne, unlike Hz,
is expected to be chemically neutral and should prevent any chemical reaction with N2, leaving the possibility
to observe a different path for the polymerization of nitrogen at high pressure.



Experimental details:

Two samples were prepared, consisting in wide aperture (35° cone) membrane diamond anvil cells (MDAC)
in Almax-Boehler configuration, equipped with 300 um culet diamonds. In the first cell, a pure single crystal
of the van der Waals compound was grown at room temperature, from a mixture with a neon concentration of
54%. A ruby luminescence gauge was used to determine pressure.

Angle-dispersive single-crystal diffraction was carried out at D09 using a monochromatic beam (~0.4 A)
focused to ~15 um. The sample was rotated about a vertical axis and images were collected in steps of 0.5°
over the entire aperture of the DAC using the online MARS55 detector.

In the second sample, a single-crystal was grown from a mixture at a different concentration (45% neon
concentration). A part of the sample was filled with a demixing that we analyzed. For this sample, we
recorded time integrates images, and we increased the pressure up to 27 GPa.

Results :

Figl: Structure representation of the (N,)sNe; compound. | Fig2: Photograph of the second sample. The
Neon and nitrogen atoms are represented in blue and red | single-crystal is visible. The remaining part of
respectively. Left: view along the a axis (100 direction). | the sample is filled with a demixing.

Right: view along the c axis (001 direction).

Despite the weak scattering of these low-Z elements and the small size of the samples, we were able to collect
good-quality diffraction patterns and extract structural information about the compound. It was possible to
determine the space group R-3m (hexagonal) and the cell parameters: a = 14.3995 A and ¢ = 8.0939 A at 8.0
GPa and 298 K, using the CrysAlisPro software. The atomic structure has been successfully solved with
direct methods implemented in SIR2011 and refined using ShelXL. It is presented in Figl. It is the same
structure as in N,-H,, which can be explained by the fact that Ne and H, have similar van der Waals
interaction potentials.

The analysis of the demixing revealed the presence of the compound and pure nitrogen. We did not find any
evidence for the second compound suggested in [6]. This work was recently published in Physical Review
Letters [7].
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