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HMEFGHHFES L, b, BEREELE, NMRBEES 2 TR AN, B &, Al H X @ H w20 E
JERESAR, &4 w E B P RS X S AT 4 fo i B4 8 8 97 7 ik, £ 47 140 GPa.2 600 K #7 &
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T TR (U0 H,. O, ) HA L & FRAT I A Ak M 5T, T DAFR 2R 804 /55 1 Ak 5 AL 0 2 v e 2
BRI T 12—
20 T2 80 4FEAR, AATTAE whati itk SC 56 vh e K 23 6 00 T O i 1 7 A R I R e S, 55 R
R B 52 5256 % 1) McMahan 4524 5 Martin 55 MK 37 8 i ik B0 7 &5 . T AAEE IRy 7 (R
m AH AT BB, D 8 R R I BUR 73 R % A2 AR oy 1 SRS R R A 4 . b McMahan 4504
AR R B, HoAh VT ER (9 2548 R E LT ST Dy 45 R BT AR N R 8 Martin SF IR, RA
N EA R ICER As 5 PSS IE5#, [B 2 53 F A A RE7E K%Y 100 GPa i 71 F In] As 19 J5 48
(A7 45k) %72 . R0, Reichlin 48P 1) i H P2 035 SC B0 HA5 T AN WA 4538, 2 PR sh A 10 A2 4k 5
N, R TE 22~ 100 GPa [k J7 3 Bl N AT BEAT 3 PR I AHZS 14, (R 7E 130 GPa LA F &R EAT N 70 F4 .
1992 4F, Mailhiot %7 i#F — 25 W T —Fh g & AR R & W 451 S RFERA R (eg-N), 5l ET
— R RE R . )R, 76 = B E S8 F (120~ 180 GPa) N, t i i T4 Ui AN g, 52
B b — BB WS ST T Y B R L, SR AN R LT — 6507 1) [ 245401 U, A48 6-N, il NP0,
Eremets 5™, Gregoryanz 53", Goncharov 5™ [ &) 5L B0 45 B3R W, FE 2 M 4508 T, RIE % % 270 GPa,
AR R SR AR 774
HF 2004 4, 15 FE 53 B A9 Eremets 2512 S BG4 WA ARG (laser-heated diamond anvil cell,
LHDAC) 5 A, LB H-VE R 80O6 W #4578 110 GPa. 2000 K 114 25 Ui 25 1R 2548 T 8 YR 3 52 36 YR ) %)
THIG I cg-N, MILR G Z L5 AT TS itk R, 518 TH —4e i os #0l . 2014 45, 5 E1E
JEAG N ST K 2% 1) Tomasino 551 N Sk AT ] 330 W A4 S5, 38 o0 V3 T A s 20 € 8 T T 28 0 4L
FE 140 GPa. 2200 K [ 7514 F A EIHOC MG B FE &t T 3B 0, & R[5 20 0 5 X 9207 5 (X-ray
diffraction, XRD) S 40 45 e W7, A BORE il v AL 5 — B s (B B Ry Pha2 (9 2 RSG5 48, JT ¥ i 45 f i 24 0
LP-N, LP-N H ALK T cg-N HIMRFE (Y, B S22k cg-N ZJ5 F —/ @ B P B -A 2 . R, H b
LP-N 14 /5 ik i 6 G i S 30 i AR g A S0 30 = A, = 5k XRD A 203 UE A S2 ke . 2019 4R, 15
CEA/DAM 525 % ) Laniel 41 £ 244 GPa, 3300 K (414 N & W T HAT P4,be 25 [ BELS HI A 75 7 2R
RA A HLP-N, 2020 4F, PUJII K241 Lei 551 U B T FAHH &, B 67 114 GPa il it LHDAC A A%
HB I cg-N, 2R 5 16 T 5 A9 159 GPa JE 1 N AT RO IR, A 0 55 —FoR i WG SR & &UH, %A
B 5 e AT 8 9 LP-N AH [R] A9 57 S RRAE 06 (3 JC 8 2 /& LP-N 6 /2 BP-N), il i 7 161 GPa J£ JJ T /i
U, JE BT 55 A —Fi e a5 B 9 3R & UM, 145 Hofiw 24 0 )5 J2 IR 4548 R A &0 (PLP-N gl “BE Al
) “REE”BA S UL H A Z A A 7] 19 XRD 16 DL 3 4% (4 7 8 415 sh #5018 ] B B AT A i i v —
Y SHARGER . <REM AU R BRI T B A A A L R AR R . AR, S T R R A
Laniel 451" 54t 5t & FERR2E A58 b0 19 Ji %07 23 51 4E 140 GPa, 2000 K F1 146 GPa, 2200 K 544
VT [ b ST G T 5 b —Fh BB A A B A AL (BP-N), T AE 5250 FI6GIE 1 5 IR & A B A Wikt &
BELEAR R N A BB S5 4 (ZS MU Cmea) o BIH TN IR, o4 5 MR RS AP LI iIE . AHEER
P, 76 110~244 GPa HY4 R 3G I, [ HLP-N DLAk, FHofh 384 000 & I & S5 47 Fr 4 BY, &
WA R A AN A AR Bh ) 2 R 5 A A 2R R A i — R
27 PR 05 20 1) v e S 568 2 A, O e B U0 o R LA AF 9 TR R AR Lk i . 86 b, — R R K
i) 25 R 5 XRD 5 i F 72 o3 55 00 3T BEAH 45 & 19 07 100K 40 B 3R 6 0 10 BIUU 25 4 e RN IR B0 0 13 Ay
fiE, NI AT 45 M i A S AHBY A E o 2014 4E, Tomasino %513 JEF & R R A 18 5 £ 5 XRD 8045, KT
HA Pba2 Z5F9 1% LP-N. AR Je i A9 58 — M I B3 45 S 02, Pba2 A A L5 H7E KT 188 GPa it LA
b og-N ARG i RS B . R0, LP-N (19 16 ) BERFUAE 6 (p-1 11 £R) (1 52 36 0 2 I8 Pba2 2544 (1 3
WitHE, 5HMEREE M p-V ihR b A B KZER . 5 —J7 1, Tomasino 55" A RAF LM FE 5,
LP-N (25 TASE S 3 N H A o PR RUHH (0 B 45 S - 2 PR & R4S #4 Pba2 Ml cg-N LUK 1 Fhor TR 451
C2lc. F:TFIRl—52 5K, Adeleke 2P 2 1, R Pcen Fl Pha2 W5 ¥ HEAT MM I , AL 3 5] 5
IR ARATAY XRD W) & . M5, Laniel 2151 & B, LP-N ({72 FRAE AT Cmea 25 ¥4 B P78 51 16 75
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FEAIL, 515 Pba2 S8 03 HA P SIS E R RN ZE S . Ik, RA2E000k, BT R LP-N H S0 R g
WE R @M A9 BP-NUS 31 5 el i, J5 2 56 F LP-N Fl BP-N B R &AM FE R KL T B il
FPL 2 FRAE W EAT AR 2 o SE30 I, Pba2 S5H6 1 3R B 8 w0 V0 AT Bl LAt 13 1 ) 2 4 B S 56 e 300 30E 5 B8
L, UBSRAFAEAR 22 iR A il e 1) Tl L, 51 40 . EL A TEAIRARS (09 LP-N & 75 89 229 & Bl ok, Sl 38 (Y
LP-N 1 BP-N ELA 41 b 2L R 2 ik R Ak, S (e A5 I AR 550 T A B A2 8RS W) 9 = T SR A
A

BFX LP-N & 75 AE7E X — 4 UE (R 3, 2% & 3] LP-N n] G H AT Sl A A A5 5l Sy 2430, AR TAE 1 %%
I — 2 AR 1 IR B (p-T) B4 LA 55 SE TR T8 (% LP-N AR [R] 47 2 0 1% AR AE 04 109 25 oA i, 2R
Ji A8 e 1 (R AR A XRD SE 86 E— AP B0 0IE LP-N [ 45 [al BESE #4, i 45 A 508 — PE R B3 X L o i
LP-N [ p-V X &R, IR R G A A BB 112247 R 5 AR B Rk -

1 SWHE

A AN LHDAC A B 50 Ay Fedir 2 015 SE 90 78 D0 )1 R 22 51 5 20 T W0 380 55 BT (9 2565 W i 5%
13- F (ESL) 58 i o AR 5256 2R F X AR 78 4 WL X T Al (diamond anvil cell, DAC), fifi ifii L2 N
100 pm. KFJEBE K 250 pm (1 Re 7 BUE 2 10 pm Zc 47, BP9 1064 nm 30 78 B 35 o 384
FH — AN AR L 30 um W EDEFE S o SR Bl E DAC A i 525 2 B i 45 IR = JR 181 2543 F A3 AN,
YERNRIUR A o A6 2 52568 v, SR A K 532 nm (930G HE R 3 % Y6 U (RGB Nova Pro, 300 mW),
Jet i 1L ( Andor SR-303i-B) #§ 4 EMCCD( Andor DU970P-UVB) R 43K [1 DAC K i It B9 H7 8063, R
FHAFHE3% 0.5 cm™ (1 1800 g/mm 4x B G & 47 & 63k, Ri% OGRS ] R 3 s, RBURECH 100, #OL
a0 R DI EE B 100 mW . SR FH I 7 4 WA hr 2 8 VR B Fe 15000 Bp o B O s B R 5, JF S5 L RIE Y
E S A RS R IR R P, 8 PeakFit (ver. 4.12) B4, >R Lorentz p& 6T T I 6 135 K i 2
([P0

5 JE ) 26 8 5 XRD SE86 76 iR IR A BL1SUT £636 158 . 2 I BE RN 20 keV . BADBHR AN
3 umx3 pm B (A X2 R AT AR X B 2R 47T BT (angle dispersive X-ray diffraction, ADXRD) il &,
i i Dioptas FRA X AT SR 20 G AT 135 1 56 45 PR 75 2285, {1 Lebail 55 Rietveld J5 26X 1% 8 #E 47 43 K
B8 531, 7 Rietveld Z5 4 & i [R] I 25 581 A% G BB O0 L) o 7 o () 20 e 559 55 360 1) R ot s i 0 b o
E bV U5l B S 50 & TC A A sl DX 2 ST AN 58 ik, [RVRE SR FH I 7 46 W 2 W s T vk A T R
FRAE

FEXUR LHDAC S250 4, b FMRSEOL & B #OE I K 1064 nm, 7 K50 1 R0 50 W,
SR IO L E A XA SN E, DAC FE 5l i NS S IR A SO M RR JBT . im0 38 3 D R Y 2%
JE BRI b, B NCBEEARZY R 10 pm 38 3385 I 5 BB AR SE T B DAC A i 1 04 B v TR EE

AAIE T B AR 0L T A 2 R TR BE v oK FIIE SR T T I O A 0 5 — M R B 355 40 CASTEP
(Cambridge Sequential Total Energy Package) . #E#E47 412 G+ H T, XA F R G AL WAERFEI T
B T BEAT LA Ak o L - 7 B B9 AH B A FH 34 BE tH Perdew-Burke-Ernzerhof( PBE) HEZE T 1) S
& i1t (generalized gradient approximation, GGA) i 17 i, L - 2§ ¥ 8] i) A B /E F {8 HH NCP(norm-
conserving pseudopotentials) f#iiA . & F I pRECH AR INTBE 1 B0 750 eV 2B — A B X 1Y k PO SR FERS
&4 0.03 A™', >R JH BFGS(Broyden-Fletcher-Goldfarb-Shanno ) J5 ¥ X /K H ™ B9 b AR 247 LA 4k, 1%
R EE R RBEEUSE] 5%107° eV/atom, R FH 3L F% B2 bR i P2 (density functional perturbation
theory, DFPT) [ £k M i 07 25 138 P T 400K

2 HRSHIR

ARSI p-T AW 1(a) Fron o S R AR XK ZUINE 2 55 GPa, i H 7 A8 AR = [ 25
Iy FAH AN, ARG, TEZE IR TW AN, 4220 T 2 140 GPa J5 #E47T WU LHDAC M, e g f2 i, &
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sty 1 BN S ) S R < SO B Ak e MR AR 1 (L L 1(d)), B S o & A Al JE O ik 3 (LI 1e)),
FWIRE SRR SR WL AR, LT B T PR A G i AR A 1 B R R 20 R 2600 KCILIEL 1(f)) o iy
o, B S PO IR S FE BB S N AR, SO RS SR . B S, 5 R AR, fF
DAC B@YmEﬁ%?Ui/ JE AT A2 . B2, AE B FD R AOR IR AT HUE XRD L8, Y
FEA I 22 31 GPa DL B, 4 WIA GG R, B S5 IH R .

10 min J&

(a) vk This work, cg+LP (XRD+Raman)
3000 o ® Tomasino, et al."¥, LP+cg+C2/c (XRD+Raman)
‘ @ Lei, et al"™, LP+cg (Raman)
quwid . = Cheng, et al.®¥, LP+cg (Raman)
2500  Molecularliquid '.Polliyrli?c PWO @ Ji, et al1, BP+cg (XRD+Raman)
3 B Ji, er al", BP (XRD+Raman)
m ® Laniel, ef al.', BP (XRD+Raman)
% 2000 ®» " Liu, et al.*”, BP (XRD-+Raman)
-
2. 1500
g ]
o
F
1000 “reddish”-N
- amorph.
2N, 6-N, (amorph.)
500 e AN, /"K\ \TI-N (amorph.)
oL i i I é/_1\}2 I I \
20 40 60 80 100 120 140 160 180 200
Pressure/GPa
(b) ®
;- - L ©
: : '/ Nitrogen T=2 600 K 11600
. \cep/ ! Re
: gasket - 1400
(
I S N 1 \ =
Radlatlon =
' N7 ! A 41200 &
1 A\ \I/ £ S
1 ‘ : B
1 %
! ! . 100 um 41000 5
: [ @ Absorbing © =
: 1 - 800
1
| 1
I 1
- 600
: Laser heating | ! . . .
560 600 640 680
Wavelength/nm
B 1 (a) AW p-T HIE G RE RN G BEA: CHIE R 585k B SCHR [13-14, 16-17, 34, 37-39]), (b)~(c) AL

LHDAC KR E R, (d)~(e) BOLIMBGE R HDEFAIR A, (f) BRI E B LA ihek

Fig. 1 (a) p-T phase diagram of nitrogen and the synthesis conditions of polymeric nitrogen (Part of the phase diagram
is obtained from Refs. [13—-14, 16-17, 34, 37-39].); (b)—(c) schematic diagram of double-sided LHDAC experiments;
(d)—(e) optical photos during laser heating; (f) fitting curve of temperature determined by black body radiation method

W 2(a) fros, BOGIMATT, DAC FE & 5 E W, 8514 AN, E@%*ﬁ*ﬁ'ﬁﬂﬁ?ﬁﬂ@ﬁrﬁﬁ
SARE R, 5T AR AR~ B R0 TR, R O TR GR ARG, AN, IO
SIS, G 2(a) FroR, WA AR A AR AL R F S Liu AU B daE — 3. iﬁj‘cﬁnﬂ}ﬁ, s A 1 35 '
FEA BT m, Wil 2(b) s, 78 2300~2500 cm™" 1 1= i AR X8, N=N G BSR4 20 %0 7 14 57 2 g 115
IR, A S RA I B 25T . FEAR BRI B B 3 B B b 2 R I, i 860 em ! AR
BRFT B 7 2 05K H cg-N'2, 980 AT 1290 em ™' 1 BT 14 2 A7 2 i 5 LP-NU3 Kz BP-NUS'7) {7 2 - 0
WA —F

R = OGIE AT LRSS L o T EOE B B IR SR B . T RS iR S AR Y ) AT
AT RIS AR 2l 0 268 Can s i At . 5980 R4 45 )  WREE TS 2 R AR 5 A i 0 Wy o SR O XA [ 1 6K AT
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AR ELA S Sr 2 AR, WA [RTE S A B 2 KA . 9K b L AR BRSE . T A B A AT DL &0 AE
1350~ 1600 cm™" [X[A]#f F B 1 sp® §8A RFAE (14 3R L2 068, A2 T I 19 G 04 (E,, #520) 1 D I8 (4, R
K)o R 7E A ML 0 A7 SR a5 Al e b o 2 B IRy i =2 IRl . Hoh, GBS S P 1530 D LR
AR K TR B A 5T A HL K Xt k—0 I BR HERL 2 B B e W, 5 o WD 764 B4 6T
R AL 7 A 1 SRR U S GBI k=g RO HEZESRE N, o k& R85 =S IR, g RIEEO Y ST o 81
KA AL, D BEA 5 TP R B R E L e o AR SR XS AR PE 2 BT, LP-N 9 Pba2 4544 it J& 1
Gy, NFREEEA 45 DN H0 SIS K, B I ,=114,+124,+11B,+11B,. BP-N [J Cmca %5 T J& #9 D,, % FR i
HA 6 ANRLEWOGHEL, B Iypy=24,+B,,+B,,+2B5,. SR, SE55 5 ) LP-N I BP-N 4 52 BUAH ] 1 417 2 4y
iU, FLRE R ) AR b AR 5 — 3 SAR, SR 0 3 (9 0 2 AR AR 0 257 FR s o 1 2 S 5 D
TS 2 AR X A o 2 30 ) 5040 114 o BE ARRLPE . (B R B RS2, SE 5 BP-N 19 4, B 5 A 1T 5 4: Wil A1 D A
R ECBL A v 0 B, TR BLE LI h i 2 A AL FIAD BRI B R . P, — A7 B 1 R
s, BT EA R ZEAREE R, BP-N AT LP-N HA 8 T3 — 4 o7 50 09 AR [A] 19 585 O SRR sh ek, JF
HAE LP-N DL K B 7 2 i v e L IR %, e A 72 63 v S B 5 BP-N A ) (14 4R AE K A8
ks, Mo TRk E A B, BT B R A H T ARRE B & . 7F 150 GPa JE 1, BP-N [ Bl hy
1.75~2.20 eV i LP-N 47 B 29y 4 e VP, B G 7E AT WOGTE R A (29 2.3 eV), LP-N 7E45 B R A
DX 35l 7 2 P B O AT TP . 5 — DT RE R AR B2, LP-N 5 BP-N 7E & 514~ HA AH i
HITE Bk, (4% LP-N 76 JE it 72 v 5 A2 BRI ™ 4 BP-N, Jf H 76 f 8065 b H 22 31 BP-N 19 4F
fiE 0

(a) Before laser heating 140 GPa

A9
B

p AN,

2)
(1)
4 oA po

3)
Ag

Compression

AP BY 115 GPa
AD B B(gz) A-N,

©)
Ag

Compression @
A® A B
AD BO : B® _’/A_g‘J A-N,
= - J \ g
1

1 1 1
400 600 2400 2 600

Intensity

(b) After laser heating L"“l GPX‘“
a 'y
&
g Cil\i/\/ \ ‘-_-_‘/.//I\‘;'—‘N
1 1 1 1 1
600 800 1 000 1200 2400 2 600

Raman shift/cm™
2 (a) WOCIIAATEESHTE 55, 115 F1 140 GPa J& 11 F BB EOERE, (b) BOCIAYERE
TE 141 GPa JE 31 F (hn 2 6% G [ i i He 1 SRR S s 62 )

Fig. 2 (a) Raman spectra of sample at 55, 115 and 140 GPa before laser heating, (b) Raman spectra of sample
at 141 GPa after laser heating (Inset: optical images of sample chamber at corresponding pressure respectively.)

040105-5



%38 4 KIS KT RREHR & BAFTE R 7R 54

H T HE— 253k LHDAC IS 56 J5 £ i (0 A IR 25 4 15 8., 76 il IR A Bl X SRR T
DAC HI H i 2 1 (DA 132 GPa F| 31.3 GPa) £ it (1 /55 F 2 XRD 3%, W&l 3(a) frzs . X XRD i #4717
WL B WERLAR IR, A LA, B AU A 2 PR G AL LP-N(Pba2) Fil cg-N(12,3), 5 AW 5545 2 () = e
PrEETELE IR —B, FEL L, BT cg-N BT B RLA L4 1 (110 GPa., 2000 KO I T HAth 42 38 9 2R &
A, G P T BB cg-N AT 738 Ah, Tomasino %51 U145 1) XRD % 3 4> F2 04 X Jif
(111). (200) F1 (210) ff ], A< 5256 3845 /9 LP-N (¥ 3 @ 1a] 4 (001), R LP-N 7E& st F v i 3l 7
E N ARLERCE] o 2 AR BRI — S R 3 ) S B VIR OG o A AR RO RN A K i R
BLLE R B R R e L AN SRR 1 b R 32 R A K AR T R R R R R T RO P R A
] o 8 KT, LP-N 78 50 B (8] Y AZ JF PR AR 1, 1 B T — 8 A8 B A B O B0 o, L 45 5
(001) P AHXT ISR HE 0, (110) WA &, (111) WK . P i 38 i 5 UL B 1) B 42 b HE B AE HLP-N 11y
SRS R BRI, AT LARA GE 1902, LP-N [ A7 G A A SC 58 th 4 B R B, SR AR v, BE A
BRE ST ZRBREAR, JRL T 1R1BE ) R 46 1 2 008 55, I A1 () R M R R i 38 o ARl AR A 437 9
M, BEE R T, AT B RS AS . n DL R E, cg-N A LP-N 7£ 132~31.3 GPa [ & Jj X [H] 45
HAREMEEmREE. Y5808 31.3 GPa i, cg-N AY{5 S8R 1M nT ¥ . LI, LP-N %4k A5
SWEWG . YR D RN, BRI E S R

(a) (b)

. o Exp.
#*LP-N ¢ cg-N oRe

Calc.
—— Difference
I LP-N
I cg-N
I Re

123 GPa

1 1 1 1 1 1 1 1
8 10 12 14 16 18 20 22
J 108 GPa 26/(0)

Intensity

© R AP
c 0y [ 'S
LP-N &b ol
66.5 GPa N 01_9,)‘% i M J\ I n
31.3 GPa %b
BN | A
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
g8 10 12 14 16 18 20 22 8 10 12 14 16 18 20 22
20/(°) 20/(°)

F 3 (a) BOCHIHRJERE AR R 1 1 PR XRD 3%, (b) FEFLEIE 2 123 GPa i) XRD K514,
(c) BP-N Fl LP-N £ 123 GPa JE /7 F A4 XRD 3% 5 %07 (4 SR L5 44 G €1 — 4k XRD 1)
Fig. 3 (a) High-pressure XRD spectra of the sample after laser heating on decompression, (b) XRD refined
spectrum of the sample decompressed to 123 GPa, (c) calculated XRD spectra of BP-N and LP-N
at 123 GPa and the corresponding crystal structure (Inset: two dimension XRD diagram)

&l 3(b) IR T #F#HI K 2 123 GPa B XRD K5 & B3k, FHorb, 4 160 B b XRD 7T 55 1], 3% 25 5 4k
O3 AR B AT ST IR R AL SN Z2 B S . @ LP-N. cg-N Fl Re [ i A 4544 A XF 123 GPa I (1) XRD 3 ik
k5 e CIAL IR ) 407 22 1 R,,,=0.80%, EIIEHI 4307 220 5 R =0.52%) . A51EJ5, LP-N Y& & 4L
a=4.2403(2)A, b=4.3840(7) A, c=4.4600(7) A; cg-N [ i k& 5 #L a=b=c=3.1501(3) AGE L= 1, H: . B.
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&1 HXRDEHESINREREH

Table 1 Lattice parameters obtained from Rietveld refinement

Material Space group alA blA c/A a/(°) BI(°) vI(°) VIA®
LP-N Pba2 4.2403(2) 4.3840(7) 4.4600(7) 90 90 90 82.93(5)
cg-N n3 3.1501(3) 3.1501(3) 3.1501(3) 90 90 90 31.25(9)

Re P6,/mmc 2.8391(3) 2.8391(3) 3.8520(4) 90 90 120 26.89(2)
y R SE vV o EARED o FE XL, 224 \ A cg-N, Eremets, ef al.l¥!
T LP-N /il BP-N 7 123 GPa J£ J; F iy 35 XRD TA T ogNcale.
ik, ANl 3(c) PR o AEIXJE ST BP-N A9 XRD i Y AN TN omasino, et ki
e PR A L 5, AT WL 4 1 S 5 R\ o HLPN, Laniel eral
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On the Existence of Layered Polymeric Nitrogen
LIU Jingyi', WU Binbin', TAO Yu', PU Meifang', ZHOU Chunyin® LEI Li'

(1. Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China;
2. Shanghai Advanced Research Institute, Chinese Academy of Sciences, Shanghai 201204, China)

Abstract: Under the extreme conditions of high temperature and high pressure, molecular crystal nitrogen
breaks the traditional three-bond mechanism and transforms into a single-bond polymerization state. The
unique dissociation mechanism of nitrogen under high pressure makes the research significance of polymeric
nitrogen beyond the scope of energetic materials, and also has profound scientific significance in the field of
fundamental physics. Following the cubic gauche polymeric nitrogen cg-N (space group /2,3), the second
experimentally discovered layered structure polymeric nitrogen LP-N (space group Pba2) has been
controversial. The main problem is that, in addition to not being verified by other high-pressure X-ray
diffraction experiments, LP-N structure has the similar synthesis temperature and pressure conditions and
synthesis pathways, as well as almost the same Raman spectral characteristics as the subsequently discovered
black phosphorus structure polymeric nitrogen BP-N (space group Cmca). The high-temperature and high-
pressure synthesis of LP-N is likely to have a unique phase transition kinetic barrier. In this work, we started
from the low-temperature solid-state molecular nitrogen A-N,, used double-sided laser-heated diamond anvil
cell (LHDAC) technology, combined with high-pressure X-ray diffraction based on the synchrotron radiation
and high-pressure Raman scattering spectroscopy, supplemented by first-principles calculations, and observed
the Pba2 structure of polymeric nitrogen LP-N at the conditions of about 141 GPa and about 2600 K.
Combined with first-principles calculations, we compared and analyzed its pressure-dependent evolution of
the volume per atom (p-V curve) and discussed the kinetic factors of LP-N synthesis at high temperature and
high pressure. In addition to a more comprehensive understanding of LP-N, this paper further reveals the
high-pressure path-dependent characteristics of polymeric nitrogen.

Keywords: polymeric nitrogen; high temperature and high pressure; path dependence; X-ray diffraction;
Raman scattering
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