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Fig. 1 Thermodynamic convex hull diagrams of Li-N-H system under different pressures. (The green solid points are
represented as thermodynamically stable structures on the convex hull, the semi-filled points are represented as metastable
structures deviating from the convex hull within 50 meV/atom, and the hollow points are represented as compounds deviating

from the convex hull by more than 50 meV/atom.)
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Fig. 2 Phonon-dispersion curves for ternary Li-rich Li-N-H cempounds.
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Fig. 3 Predicted crystal structures and electron localization funetion,of thermodynamically stable or metastable ternary Li-

rich Li-N-H compeunds.
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Fig. 4 Band structures and electronic/density of states for ternary Li-rich Li-N-H compounds under high pressure.
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Table 1 Superconducting transition temperature, logarithmic average of phonon frequeney, electroacoustic coupling constant,

and density of state at Fermi level for Li;(NH at high pressures

Pressure/GPa TJ/K y) g/ K Ngdstates « eV
100 4.79 0.51 366.73 7.46
200 2.33 0.40 544.59 5.56
300 3.60 0.42 606.49 4.86
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vibration modes of Li;oNH under high pressure
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Structural Evolution, Dual Role of Hydrogen and Superconductivity in

Lithium-Rich Li-N-H Compounds under High Pressure

LI Qiuyue, HAN Shuai, YANG Guochun
(School of Science, Yanshan University, Qinhuangdao 066004, Hebei, China)

Abstract: Using first-principles calculations combined with CALYPSO structure prediction method, we
systematically investigated the crystal structures, electronic properties, and superconducting behavior of the
Li-N-H ternary system under pressure ranging from 100 to 300 GPa. Six thermodynamically stable or
metastable Li-rich compounds were identified: C2 Li,NH, P2,2,2, Li,NH, /4/mmm Li;NH, Imm2 LigNH,
Cm LigNH and P2/c Li;o(NH. The results reveal a distinct evolution in the chemical’role,of hydrogen with
increasing lithium content. In phases with lower Li content, H atoms tend to formycevalent bonds with N
atoms, thereby achieving a stable closed-shell electronic configuration. As the/Liccontént increases, H atoms
progressively occupy lattice interstitial sites, acting as electron acceptors that-trap-exeess interstitial anionic
electrons (IAEs). This transformation effectively tunes the quantity, degree “ef /localization, and spatial
topology of IAEs. Correspondingly, C2 Li,NH, P2,2,2, Li,NH and\J4/mimm' Li;NH are insulating non-
electrides, while Imm?2 LigNH, Cm LioNH and P2/c Li;(NH are electrides,which exhibit metallic behavior.
Notably, P2/c Li;(NH demonstrates superconductivity with a prédieted transition temperature of 4.8 K at 100
GPa, mainly originating from the strong electron-phonon coupling between H-p orbital electrons and low
frequency phonon modes dominated by Li atoms. This wotk elucidates the dual functional role of hydrogen
in high-pressure Li-N-H systems—from covalent N¥H>bonding coordination to IAEs capturing—and
provides theoretical insights for the rational design of noyel high-pressure electrides and superconducting
materials.

Keywords: high pressure; electride; superconductiyity; first-principles calculation; structure prediction

11



