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SEBKRNERHEERE LY OsN,

MEE,KER, B W, R M KEA,ERR,E A
(P22 T 5 50 F PR E, 10011 RS 610065)

HME:NRLBEANMIRE—XHABITELERAEL, BEFEHH LA LR FEEE
(laser-heated diamond anvil cell, LHDAC ) # K, #H#F t & & K MiE (A+B=AB) #
iR EET (2000 K. & T 45 GPa) &K, KRR AMEREKE N AT A F 6 w7 ERNT
JF & Fo | H 44 7% 4 B ( platinum-group metals, PGM ) @1t 4 £ H & Z & X . Pl Fe,0,/Co,0,.
h-BN ., Os # 4 SR o B4, 72 ok i (R R A3 oy & iR & & (1800~2100 K. 15 GPa) 44T,
HxRETH A HEMEIK (high-pressure coupling, HPC) R 2 A& & 7 OsN, (0.16<x<0.38)
HPC R & R & BHR = — M h OsN, G XA MW E SO RE &4, FIABK X 44
FTEt HE R FEMBEN IR AL WHAY LN RE, £ERE &, HPC L 7 A TK T
R GE A A R T E 50 GPa JE A7 B AH 89 & tF T 4 BB U 8 X 7 OsN, £ 4 87 OsN,
([ # K P6s/mme) ,NJ& F £ Os i K 79 ¥ 2 5 9 & 45 00 Bl I8 AL . HPC K BL 6 4 4 8 1K
L FBOsENNEERL, FRFLFIHTELWON &Y, VEREFHTHEHKEE A
ot BB A B TT BT — R & R AR

KU R B AL H k2 B AL At KEEREN: miEEE

PETHES:0521.2 SCERARRRD: A

4R =4840 (Ru) . #(Rh) . A1 (Pd) . % (0s) . £k (Ir) F14A (PO X 6 Pt P4 Jmou &=, B
/NBYERTCER (A0 N) AT LA™ 1080 40 16 42 a8 b M 1) 1] B2 67 i, T A A1 B 1 1] B A 5, o T 42 T
OB I 2 R RED . B 45 Ja AR AR S 68 S AT R 4 8 5 AR A9 A T e 2, LW A N FH A2 31 T ok
T . 14n: OsN,. IrN, Fl PN, © # Uik W2 A 7] 5 1% 45 68 A A4 RL A 6 56 A8 m R BB s 10, 4R
T, P 4 s RN 0 B AT A e 7 A2 i e, JF B ot 2 T el DA 2 o I T IR e A 5 10, 5 T e 45
AF TR A A5G 4 8 0 A As D, e e 7 A BB JeiX —MER . Gregoryanz 25U 7 45~50 GPa,
2000 K VA i & e s il 252, RSO 4 4 WA il (1aser-heated diamond anvil cell, LHDAC) £ A
BT A 4R A ALY PIN,, Bl S BUE S B 454 1Y PN, Young 461 7E 50 GPa. 2000 K [
ZAF N A R R T R4S N AT TN, AT OsN,, F-i i MK BB ZE i P fb B0 i e T HoAk 2%
THE . FERZ S 8 ALY, OsN, C8 Wit 2 Fh g 49104 SR 1M, OsN, I A 7E = R A B SE 36
RIS 2RV . HAT, IE A5 OsN, (25 (A1 Prnm ) AT5 8K 52 Mk — 8 52 50 08I0 31 1) OsN, #4 AY
PRI, 8 2o S 00 WA [R) 45 48 FNAL 4 I LU 1 OsN, ff AT HL 4 B AL 22 PR 5T, % T PR 0% 4 R Ak iy
A -PEREC R | RN G 2 G H 2. AN, R A LHDAC FAR i & 5 B R A6 S A Bl
He A BT 0 B, A SN AN SE A, PR S Z2 AR G, EUROK GORE dt ol DL SE BT 1 s H AT,
W AT O T R IR ML A A OsN, BRI 5T TAE

* Wris HEA: 2025-01-23; &[5 H#3:2025-03-31
EE&WE: BEARB#IE4S (U2030107); 5 SEA B 55 2% & T 9% 4: (2020SCUNL107)
TEZ B XIEEE(1993—), B, Lot d, MR IE SR A Y &R A s,
E-mail: 1041561733@qq.com
BEMEE:H 101980—), B, W4, BFsE i, EEMNF R EYE 502058 . E-mail: lei@scu.edu.cn
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T AR 27 N A OB Rt U 4 B R B W #2009 45, Lei 561 3 F Kb A g IR AR
T — B & A 52 43 f# (high-pressure solid-state metathesis, HSM) S i 4%, i i LiGaO, 1 BN 7£
o R TR R A A S, 1 A 4 B R GaN fR iR . HSM U T AT R AR AL 24 S Bk, 223
% PAR T AR 5 Z R R s, T A R R AR A E A AT, 2013 4R,
Lei % #E— 2P & & T HSM [z, DA =J04: @ A (AM, 0., FHrr, A Bt sl + 4 J& , M 2R 1 sk
i VE 4 JE ) RN 7 E AL (h-BN) Ry SR Fi IR A&, i i gF— 20 Ak HSM R B% 42, & B H BRIR B i
Fe,N. 25 #h A7 ) Re,N S5ad I 4 J8 B ALY . FE ML EEAE [, 2023 4F, Zhang 26U $ H T — Flor A4 i R4
1 (high-pressure coupling, HPC) & i , 1% i #Y 3 W /& Fe,05/FeOOH 5 h-BN Z ] & 4= i HSM v,
R A I R 0 2 4 JR BB Re AYBAL R B . 3 HPC 27, nH 5d 42 )@ A ALY Re,N 18 ik 1 41
M\ 20 GPa [ 2 10 GPa, HA5 A FE 5l 22 K HRAR G 4 o RE 38 1 BB &Y HPC S, o IR T 4 )@
XN R 2E RN AE P, A B OsN, SRR L7 B3 b In) B2, AR AFF 53 6 76 2 Ik T 50 GPa AU LA I b R /1
A T % Os-N = FEAb24 R A7 k7, W98 OsN, S5 F R, LI # 58 HPC S 45 i i I A, A i
T e e PR S  G Jo 4 AL b B A 1 SRR RN T vk

1 #HmERSEHRIE

LA Fe,0,/C0,0;. h-BN. Os B3 AR CRiAZ 2 1 pm) ST IRAA, Fie BEOR A i BE R Lu Bk it s, 72 Bk b 78 43
WHEE I WP IR G, Pl b R R HLALOR &, DU ORI 500, &l 1(a) Frs . BGE SR G 8K, Sl T 7
TOUAE T A L A 28 A B4R 3.5 mm, 755 5 8 4 mm A4 [RIAE A, SRJ5 A h-BN B R . & 1(b) N
RS R B . SR A R 0.05 mm) /B I, EAL 1R I AR AT R, S ALBEVE AL A
J, DU K2 g FERR 2 5 4 R 525628 1 DS 6x8 MN K A AL L EAT 14-8 40 i FE A st . & 1(c)
JE7R T el s SE SR AR, LA 3.75 GPa/h Y AW AE i IS IR 28 15 GPa Ji, #E AR B Be, S8 )5 I 4R n
B, L) Fe,O, S AT B AR il 52 36 (1) F5e 25 T B2 M 1800 K, L Co,0 A T BIR A4 1) S 56 A 5% v85 1 JE 4 2100 K, 4
Fi e R 2 min 5 208 BRI, FRIK R B =R E R, IR USORE &Y o 7E S R N AT [l i B B AR R
1 mm (14 SR HUA 38 F — U TR S0 ] AR AR T U RO i HeR G 29

— \ Mixing of precursor Mixing with ﬂ‘\‘ a Compressed into a o
—_— —_— | —_—
\1 powders for 30 min mixer for I2h | column in a mold -
'/ Agate mortar Mixer Mixed precursor
(b) (©) o
Increase B Decrease
—— —_—

pressure (;;r;:s(s}t}l;e) pressure
7 \‘
! 1
, Increase Maintain Decrease !
i temperature ’ temperature ’ temperature 1
1
D \ | ,
% MgO B Ta h-BN R L E L L EE L L PP ’

BT (a) G AT SRR, (b) SEHRLLEE, (o) oo iid g IR LRI
Fig. 1 (a) Preparation process of the mixed precursor; (b) experimental assembly;
(c) high-temperature and high-pressure experimental procedure

X HROIR A 4 R UEA TR A K VB IS O, IR K 2 500 pm (Y TE . SR AR I ELAR A 300 pm Y
XS X% T #EAT X X SR AT 5 32t ( Bruker D8 Discover, Co Ka), #4576 Bl Jy 30°<6<120°, 4 K
0.02°, A FHFAHE L T 56085 (JSM-IT500HR, JEOL ) WLEEHE i vt 4% A 4 20 A5 175 0, 31 1) i B (0 1K
X B 1AL (INCA E250, Oxford Instruments ) 6 U FE i 1 45 AH BT R AL . #EEAT X STk b = (i
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(energy dispersive spectroscopy, EDX) 5250 Z 1if, ZEAF i A3 OE R TE DR 5 nm EAGEAZE, DI F i
FeS,. Co. Os(v) fll BN {4 EDX #x#, 435 T &1k Fe. Co. Os. B Fl1 N

2 FR5TR

AWFFE BT HPC SN LA HSM I A = I, Os &R R sl s, 76 R R AL ™= 4 19 15 GPa,
1800~2100 K [ i [k & 25 14 F A g OsN, HedbA ket . 3 2 A R iy SR AR 45 e 7 X S =, 647 T 104l
R R A RCSE G XSG BT AR AR S B TE SR AT e, 45 S B R, FRAKATIRAA Os W) H = A A T3R5 IE 5
RUFAIHCIR A &7 W) . PRI 3 A SCBeHE 17X Luar AT, S5 SR L3 1 (p MRy, T IR, T &
G FE S I T H 7 5 08T (scanning electron microscope, SEM) & 41 1& 2(a). & 2(d) A1IE 2(g) Fim . 1E
it AR AT LWL 3] 2 Fofr Y W e B AN ) A9 DX 3 D 1 50 R 1 O 2R AR 5 0 % HL - T R R T AR
S, AR BT EOH AR B, T AR A s R R AR /N s R B A Y ) AR A L
EDX i 47 15 200 A 5 B Bl P B ZR Ais B 5, 7E 18] 2(b). [ 2(c). 18] 2(e) . 18T 2(F). & 2(h). 181 2(i)

£1 ABSBOMEE . GREED R RREA S IR T E LR

Table 1 Precursors, temperature-pressure conditions, and EDX analysis results of bulk alloy products in typical experiments

Atom fraction in the light area/%  Atom fraction in the gray area/%

Exp. No. Precursors p/GPa T/K Os N Fo Co N
1 3Fe,0,, 6BN, Os 15 1800 78.61 21.39 65.49 34.61
2 3Co,0;, 6BN, Os 15 2100 72.41 27.59 74.71 25.29
3 3Fe,0;,3C0,0;, 12BN, Os 15 1800 77.34 12.66 26.81 45.81 27.38

AT & SRR SEM &
L EDX T IC R A UG G U HUA S G Wy B8 )

Fig. 2 SEM images and EDX elemental mapping of bulk alloy products obtained in Exp. 1 (a—c),
Exp. 2 (d—f), and Exp. 3 (g—i) (The insets are optical photographs of the bulk alloy products)
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W, E SR Os JUR, MR FE N IJCE ., K SEM EE A B RS X8, AT L& . Os b e @
X8, N OG22 A0 KA X 3K, /D& N AFTE T Os REXIE L oo B ALy BLAh, 16 2 Bl ) X
B AP RAGIN B A5, AT B 2 S X 45 B 10 A BEFL A, il 5T EDX A5 R =R AR 4% S T o
R E 5L, TR IR Z BRI S A G, SRFIME, 250N | frR . W2 EEMNE, 7652 00 X5
9 10 A fL S H AL 4~ 6 AL E AR 1Y N AS S, Ul R B R A5 5 3 R IR 4521,
FWIFE 15 GPa, 1800~2100 K 1Y = [k = ik PR 45 T N 7E Os fidg h R ILB AR 519 /AT o0, & 1 {(U&Se 1T
X N SR T 4 L

XF Os HE A Fe 3 2 A~ X IEAT P A 434, 18] 3(a)~ 18] 3(c) ML 1~ 5256 3 Fr SOk & 4 il
AT B IX X SRR A7 B (X-ray diffraction, XRD) i . ] LLA i, LA Fe,0,. h-BN. Os A A SR Ay LR A 4
FEHIEH Fe,N, FeNOU i SEM [EIAZ H 8 R I €2 X 3) F1 OsN, (Cf i SEM. G H 9 532 1160 DX 380 4 %, PR 1
JF 7R B9 EDX J5 T H i 8 X A 20 &% HE 89 OsN, A OsN, .0 748, BL Co,0,. h-BN., Os J i B4 iy e i £
Sy, SEM G b A IR K A0, IX 38 Co,N. CoN, 25 1 {6 X 3l OsN, 40 5256 3 BT HUR & 47 1)
9 SEM IEIR v AR K €8 X 3 = 0k k42 J& B AL Fey .Co N, s Fil Fe, _Co.N,,,, & 18 XA OsN o

15 GPa, 1 800 K (®) = 15 GPa, 2 100 K

m(011)

(@

(002)(002) (200)
(011)

> ) %: =
X x = e NS
@ @ S s S8z
= = = v ze
5] 5] o N
2 2
S =
= OsN,,, (P6y/mmc) ‘ mOsN, ;5 (P6,/mmc)
BT ! L l [l i | 1 l [l
| ® c-Co,N (P6522)
] Jii] ] | | Jit]

| | ¥ CoN (Fm3m)
L L L L L L L i L ) L L

40 50 60 70 80 90 100 110 120 30 40 50 60 70 80 90 100 110 120
26/(°) 20/(°)

Obs.

x
= Calc.
|

(c) A% 15 GPa, 1 800 K (d)

(010)

Difference

Phase A (OsN, ), Bragg

Phase B (¢-Co;N), Bragg
I Phase C (CoN), Bragg

(002)

(200)

)
(011) (111)

(002)

Intensity
Lo (111)
L 9 (220)
Intensity

»(112)

I ® OsN, ¢ (P6;/mmc)
i 1 ] ] 11
‘ s &-Fe, ,CoN,.; (P6;22)

I
Lol
L

4 Ay,
I

F - -

I I | ® Fe,_Co.N, [(Fmgm)
1 1 1 1 1 | S | I 1 L L L L 1
40 50 60 70 80 90 100 110 30 40 50 60 70 80 90 100 110 120
26/(°) 20/(°)
B3 S8 1 (a). S50 2 (b). S5 3 (o) FPBRARG & Wi XRD 3 K525 2 FhHuiR& 2 Mi XRD KB (d)
Fig.3 XRD patterns of the bulk alloy products obtained from Exp. 1 (a), Exp. 2 (b) and Exp. 3 (c);
the refined XRD pattern of the bulk alloy product obtained from Exp. 2 (d)

AWFFE T K i HPC Ak S i J5 2 R

F6203+OS +BN — FC3N +FeN+ OSNO'27+B203+N2 T (1)
C0,0;+0s + BN — Co;N + CoN + OsNj 33+B,O3+N, T 2)
Fe,0;+C0,0;+0s + BN — Fe;_,Co,N,s+Fe,_.,Co.N,,+0sNy ;+B,0;+N, T 3)

Z 5 N I HTYRIA Os S 75 J7 (hexagonal close-packed, hep) 2544, 25 [Al Ky P6,/mme, €] 3 TR 3 Fl
OsN, ¥ 5 hep-Os A A A 1 A AR 25 A Fn 23 [ #F, BT N EA Os fds 5 20U I K, OsN, 1) XRD W AH
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T hep-Os KA BE 7 RS o R Rietveld Jr iR B 5056 3 ifs & & /=911 XRD %, W&l 3(d) ir
N, KB JE TS 5 S0 50 S A S AT S LRI R — Bt . B URRE AE LE TR Y RO R
Th] , 5 Z5HR 3 A0 S W 1) S i S T R AE R B 5E 8, IR, AT 22 R R,,,=25.6%, AL
T =121, K& R B A — S % ., K4 48 OsP, BLSTM 1975 77 OsN,!' DL & HPC 2 L
G OSN3 M AR SEF R B, MR S8 (a. e V)N 2 B8 . 7 hep-Os @dg i,
[ 4(a) Ir7n, Os i & Wyckoff 2¢ iz, hep-OsN, it (K] 4(b)) 1 Os i F 2d. EA T EREN, NAEE
1 &, hep-OsN, H1 N [ 32 4e {7 B 3 TE B N—N 824 FI Y, B 4R 15 80 0m 0 45 M Fa s vEU Y, X 1
Os 5 OsN, W@ S5, v L& B, N #E A Os s X ¢ il 1 5 A7 3 B I () 34 s 80 e, a0 N—N &y
c PFATHES 3 ALY o AHEL T Os, OsNy 5 1 a FTEEA 24 0.26%, ¢ HlIIEA 29 0.32%, I 5 hep-OsN, 2K
LRI ZE R AR R ME . b Ak, 24 i LHDAC A ALHY OsN, 4 b FC AR R IE 22 4544, Os PHES 78 6 1~ N [
BB, 5ARTAERG BN OsN, JRAER — 45 268 . I, SRR RISt e vk &,
HPC Jz b & B OsN, FF 4 B H I 1 hep-OsN, #4178, N il [a] F X Wyckoff 4e 3 B #4758 42 5 47, 4
&l 4(c) o, BRI o5 A7 38 9 2 7 A= 3 (14 & 1T, ol 33 ol i) B 1 A2 75 R £ 45 hep-Os I 4514

(a) Os (P6y/mmc) (b) OsN, (P6,/mmc) (c) OsN, (P6,/mmc)

Kl 4 OsPY, OsN,(FHEE5EH) " N JEFAR LT L OsN, F AR Z5 4 n i ]
Fig. 4 Schematic crystal structures of Os®?", OsN, (computational structure)™™,
and OsN, of non-stoichiometric ratio with N atoms

<2 Os.OsN, 1 OsN, ,, B RS H T EE
Table 2 Comparison of unit cell parameters for Os, OsN,, and OsN ;;

Os/Os nitrides Space group alA c/A VIA} Method Ref.

Os P6,/mmc 2.7013(7) 4.2726(4) 27.0002(1) XRD [21]

OsN, P6,/mmc 3.03087 7.44002 59.1887 FPLAPW [14]
OsNj 35 P6,/mmc 2.7082 4.2862 27.2247(2) XRD This work

Note: FPLAPW means full potential linearized augmented plane wave.

M HPC W45 i OsN, B BB AN 5 fros o AEOR B Be, w J J 9 D HSM O JE IR B 1)
B,O, #fil A5 ¥R 58, I BN H 8 A9 N — TR0 2 GRS N, 75— 3820 LL A i 2EN -2 305 Fe/Co 254
FERERFE ALY . T Os SERFE R AL S BN XA Bl % A Jonz, (A, OsN, H N BSR PR AL RE AN -
Co 5N-WZA R 1K T Fe 5N-MZ5G 81, LL Co,05 N HTIRARES Al {2 TH ZHIN- 5 Os 45 &, fli &
G OsN, BN B3 S8 3 M ] 1 2 Pk AL A AL YT ok A, 32 Fe. Co, Os =% Wi}
Z 5 HMIN-E5 G, XA R A b 2R 00 58 4 A 2R 0 OsN, Ay N &t A BRI T
R A, e fin R KRR B EE R 2 ik — 20 IR AR, Il i i R AR A 7 SRR IR TR, SEBL A &
TEVZSRAF T BIREAAE o TESFARAR A JLAT A v, SR A i 2 T AR /N, DR, R 6 LA i i e T SR AR
JRERIR, OsN, PRHAT R i) 4 1 T L ABUH

BONA AR, BUIREG G Wb OsN, BB AR o Os A9 A BEE PRE IR 1 /Y T &2 1T
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Y, 15 GPa B, Hpw 25,2400 4200 K2 Kk, Os LA A S 5 N . 7RI AR T4 15 57% B9 IR T I8 ik
s Qi BT A2 R Ay 7 1A 9 T JE - N B o 3 VRO TP A8 AR 2 RS S 4 B BT, [ A R Y
N JEF 3L 7 8, SEOR W . BEAh, LA RE A OsN, o NG 3 38 B ke T 5256 i 7 ATl
JE, iR TR R R N AT LAARAS SRR T O R 1R ) W E — g R R BEA AR R, R A A AR
§&5, FUVFAE Os s rP AR B B 22 N JE U8y st ml USRI, SR 2k — 25 4 T 20 286 i I #4a FBRR 22 Os 0
M, 0s LIRS XS 5 O RIE R ALRCER I OsN, =91 A N 3 i, 07 o 8 0 $0 G R B 420
S — TR LB R ) TA

O:;
®

1
! !Iron-based
‘ i ‘ ‘ O ‘ : nitrides OI O
N ' 'O ‘ B,O; melting ! i ‘ B,0, melting! O O B.O
Lo ST Fe0/Co.0y ot bt environment | L b environment L B L

Initial state 15 GPa, 1 800-2 100 K Insulation and pressure maintaining stage

&5 HPC M4 A OsN, Y JF R 72
Fig. 5 Schematic diagram illustrating the principle of OsN, synthesis via the HPC reaction

AT F A LHDAC 52 B i JR 557 J0 3R Ak 45 S, HPC S I T v AR g 4 1 10 Dfe e R 20—
PAAE R o %R AR IR IR T 50 GPa By ) BUE R JE 3 Os B R AL BERE, I HLil i 28 4 5y 9K
PRBYBRIE, AR P OsN, Y N &5 i, [N, B —FloA Bl T TR G R 5 SO & HSM A 37 SR
KB HPC S MAE — R B R TG A~ 8 T 12, AR T i AL ~A WF 5 30 5, i RE RS 7 1K
149 1 3 R R Y TR N i BB A 5 R B . HPC SR 45 5 B TR AL R H R, s X 5
LR IR AT AR, A B — AP R T LB < AR R R v T AR IS A
FE AL . AHAE S . SR e Bl ) 2 AT S — R SIMERE, DA RHR R AR LA AR R
A7 B} 2 S BT 5 4 ORI ) S

3 & #

FIH HPC J N 8 IR TE 15 GPa [k F1 454 T A 1 OsN,(x=0.16, 0.27, 0.38), EDX I XRD % B 7K,
OsN, J&= 3T Os 7N 5 fin M8 T8 J A4 1% 220 18] Bt [ V54K, NAE Wyckoff de 1 B A 584507 . HPC [ e A
UMK Os BAL YRR BE 34 &2, N AE TARAY & ) 25 A0 F 6 UG & 8 BAL T RE T — S A e, A
BHE B = A2 O A e SR AR Wi R R

S22 3
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Synthesis of Platinum-Group Metal Nitride OsN,
through High-Pressure Coupling Reaction

LIU Depu, ZHANG Hengyuan, TAO Yu, JIA Xu, ZHANG Ruike, HE Duanwei, LEI Li

(Institute of Atomic and Molecular Physics, Sichuan University, Chengdu 610065, Sichuan, China)

Abstract: Platinum-group metals (PGMs) nitrides represent a new class of super incompressible superhard

materials, typically synthesized under extreme conditions (above 45 GPa, 2000 K) using laser-heated

diamond anvil cell (LHDAC) technology via monatomic elemental chemosynthesis (A+B=AB). Exploring
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non-conventional synthesis methods that significantly reduce the required pressures is crucial for advancing
the development and application of PGMs nitrides. In this work, OsN_ (0.16<x<0.38) was synthesized for
the first time via a novel high-pressure coupling (HPC) reaction, using Fe,0,/C0,0,, h-BN, and Os powders
as precursors under high-temperature and high-pressure conditions (15 GPa, 1800-2100 K) in a large-
volume press. The HPC-synthesized metal bulk products primarily consist of OsN, alloyed with iron-based
nitrides. Phase composition and structural characterization via X-ray powder diffraction (XRD) and scanning
electron microscope (SEM) confirm the formation of hexagonal OsN, (space group P6./mmc), as
theoretically predicted, at pressures well below the 50 GPa threshold typically required for high-pressure
monatomic elemental combination reactions. The nitrogen atoms partially occupy interstitial sites within the
Os crystal structure. This study demonstrates that the HPC reaction effectively lowers the energy barrier for
Os nitration, facilitating the formation of non-stoichiometric OsN, compounds. These findings open a new
synthetic route for bulk PGM nitride materials under significantly reduced pressure conditions.

Keywords: high-pressure coupling reaction; platinum-group metals nitrides; osmium nitrides; large-volume
press; high-temperature and high-pressure
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