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1 (a) cg-N [JEIFEMEEH, (b) cg-N 19 XRD i (B 1=0.41686 A)™
Fig. 1 (a) Primitive cell and extended structure of cg-N; (b) XRD spectrum of cg-N (wave length 1=0.416 86 A)®
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B2 (a) Pba2 F1 P2,2.2, BYESEREMEEHGU, (b) N, 9254 B ELFRY, () Pnnm AHAYBET 45 H 1A Fh S5 44 A1 B B R 3R Y
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Fig. 2 (a) Primitive cell and extended structures of Pha2 and P2,2,2,!""); (b) structure and ELF of N,*”’; (c) band structure of
Pnnm phase and the band gap variation with pressure for various structures®'’; (d) phase diagram of polynitrogen from 100 GPa
to 400 GPa!'”); (e) phase diagram of polynitrogen from 100 GPa to 500 GPa"?"’; (f) phase diagram of polynitrogen from 0 TPa
to 14 TPa* (H, Hyy, H,,,, represent the enthalpies of nitrogen polymeric phases, BP phase and Pha2 phase, respectively,
and AH represents the enthalpy difference between various pure nitrogen polymeric phases and the P4/nbm phase.)
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Fig. 3 (a) Raman spectra of laser-heated nitrogen at 150 GPa and ambient temperature, the pressure-dependent shifts of two
characteristic vibration of LP-N shown in comparison with that of cg-N, and the comparison of the crystal structure and
three-dimensional structure of layered Pba2 (A, B and C represent black amorphous, LP-N, and cg-N, respectively)™;

(b) X-ray scattering spectrum and crystal structure of HLP-N™; (c) the crystal structure of BP-NPI
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T, 7E 23 GPa LR Ny Hcg-N B R4 . MRS 730 J1 24884, N iR 78 700 K LA BT LU B R N, 43
T, BRI e i (29 774 kI/mol) o X i 45 N @R BUh — P 76 19 5 58 2 % B2 A k.
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Fig. 4 (a) Structure and crystal structure of Ny molecule™"; (b) enthalpy values of various structures from 0 GPa to 60 GPal**;

(c) electronic structure of N, chain®"; (d) crystal structure and enthalpy values of N, molecule®®”!
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70°~90°Z [ B (1 ), Ny 43 F 1 SR S A T 2 [H] o 3k Lo 25 B U B AN [R] 114 43— 44 2856 & 1k 45 44 R
FROE A B EZM . VAR RS T 0 RE % ik 5.5 kl/g, @i T TNT. [A4F, Bondarchuk™
A I R A AR N 43, IF4R I T — B AT BE A G BB AR s T BHAR R B A % 2R T8, TG 3k 43 i A G
SoRgE A B, Sem 8 SEAE KA BT PR AR E Y, 0T LATC RS L SR ALY R N, 4T, RS R
—382.4 kJ/mol, L BIEAH L, EAKN . A BRENELANRE, S0l ha@ s a1 @5
T2V R R S A Ry SR RN R AL, AR AR RN B AR A SRR B, 2022 4F Zhao M R LT
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n R ESRED, ol NS P a2 1 3h 2 E BRI ST, $aoR TN AR IRTE R R B0
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Fig. 5 (a) Crystal structures of N, for V-type, P-type, and I-type™; (b) possible synthesis path of N, molecule®”; (c) enthalpy
values from 0 GPa to 80 GPa"; (d) structure of N,, molecule™”; (¢) decomposition path of N, molecule™”
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ERREATAT R . BRI, SIA AR TR & R BURIT R & i b, T R ICAR L% B, 4140 LiNg /YR
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6 (a) P4/nmm-BeN, {) A, (b) P2,/m-CuNg (1] g A A28,
(¢) Ga-N LG WIHI RS54, (d) 85 GPa T Ga-N L5 #7H) XRD 151>
Fig. 6 (a) Chemical bonding pattern of P4/nmm-BeN,*"; (b) possible synthesis route of P2,/m-CuN;""%;
(c) crystal structures of Ga-N compounds™™; (d) XRD patterns of Ga-N compounds at 85 GPa**!

© ')

K7 (a) XeN BIARIRETHFIRUEETERTS, (b) HeN, fY i AL H A s ),
(c) He-N 1R Z 1 A LEHI7), (d) Ne-N 1A 2R O b AR G544 LA B i ZRUHE 2R ™)
Fig. 7 (a) Crystal structure and bonding properties of XeN”; (b) crystal structure and bonding properties of HeN,!
(c) crystal structure of He-N compounds®”’; (d) crystal structures of Ne-N compounds and pure nitrogen”®
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B AR MR EWILE, /i Buh B R &, B =N Bi5 AR . 2004 45, AfTTAFFESLER
FA R 12 AR R0 A cg-N, I B 3R A AU 4k TR 4 0 i AR i 2 B MR Z IR AT AT Y . 205, AT
BA AW m EAE AT T RE 5T, B H— R Z58: Pba2. P2,2,2,. & WIA R N, &8 T
Pnnm F1 PAlnbm %M . B , i 8 JE 52860 A 8 H LP-N, HLP-N fl BP-N 5 R & 454, X b 25 #y LA
R A A L, EA R I RE RSB R . LA cg-N R, HRE TR %8 ik 5] 9.7 kI/g, LH#8 TNT(4.3 kl/g) .
SR, 3XLEMRHIE B8 Tl Ak W F I A AR I BE 85, B B AT % T 3 AS BE AR e A2 18, TEXE 25 I flis
By L BT ARK AR . f ke, AT T SE RS 7R B R L 9 R PR E A EM R G A . Mk
MW, IS E R E RIS TR G AN A, M T N, 2 N, RS T#A v iefAE. i
RIA Ng. Ngo Nyoo Ny 20 TG B0 40 F @b iR, A FRsm AR AE 40 GPa LR, 725 Tk T R WA 4544,
e FEEARREME NGBS RF . TR, AMTTFERAEZM Tkt Armim s 7 —K2 . b
Ja NS A AT T HE9E, B BLE MR BERS 5 BR T IE AL &9, 4R Bt 1 7 1, 61
T A SRR ISR TR P RE, X — MR R T — Al i & R A A . AR R B iy 3his
SIS TR, AN, FEREUT IR BT 5500 T A nl i Al 12 2 13 R0 S 0 HL it fin SR, ) 2 e oK A sl
BRI A RO AR T SR T G AR 2R TR T, S RS ) — R on R (s R S5 AL FEF
FIEYERAR TR 5 BHELAE B89 R nl, B S5 R/ 85, 15 2R G FHESL . A RMIESE HARih 4R &
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Research Progress of High Energy Density Nitrogen
YUAN lJianan, LI Jianfu, WANG Xiaoli
(School of Physics and Electronic Information, Yantai University, Yantai 264005, Shandong, China)

Abstract: Nitrogen is a highly stable element that exists in the form of nitrogen molecules under ambient
pressure. Researchers have found that nitrogen can form polymeric structures under high temperature and
pressure, which have extremely high energy density and decompose into pollution-free nitrogen. From the
perspective of application, it can be used as a new type of environmentally friendly high-energy-density
material. Subsequently, a large number of studies have been conducted on nitrogen, resulting in phase
diagrams of nitrogen under high-pressure conditions and the synthesis of structures such as cubic gauche
nitrogen and layered polymeric nitrogen. However, the synthesis conditions for pure nitrogen polymeric
structures are relatively harsh, and it is also difficult to preserve them under ambient pressure. People have
turned to methods such as molecular nitrogen and inert gas nitrides in the hope of obtaining stable high-
energy-density nitrogen structures under normal pressure. This article briefly introduces the current
theoretical and experimental progress of high-energy-density nitrogen and discusses the future development
direction of high-energy-density nitrogen.

Keywords: high-energy density materials; polymeric nitrogen; high pressure science; nitrogen single bond;

nitrogen double bond
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