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REER A A4 R P 0 aE 5 4 2 —, LA 5 A 4k 3 A5 1 4
il & 62 GPa i1 396 GPal™, 5% I 25 #4) 1 i 7 1 i
NI RRAT THEFC. 2R, X F R3m-BC,N #4k}
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5%, FIH CASTEP #2 5 @M 8304 1
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R3m-BC,N @/ ik &R, HEWECA R3M, EH R
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AR HE T 235 B2 RS (DF T 85— SR PR
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S EERS, EPEA T EEERNNE R
TN B A 252p!, C N 2s2p°, N N 2s2p°. PR K
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Bl (MERFE) R3M-BCN RiFLEHRER
Figurel (Color online) Schematic diagram of R3m-BC,N crystal
structure.
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HHEH N 0; T Ap, Ac N 1 i K AT RE R HaME: & 0] 57
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PRofA R LA [F 1k, T BT IR R S e 2
T Ap, A AFIFEETF 0, i R3Im-BC,N &34 5%
W SR RATETHE T — LA [F] 5 ) 14 IR A & 41
T 3w, WEIR T HG KBRS h R
AT REFEIE TR TL R3m-BC,N 1) 344 % ] ¢
P, ATRAEZH R3m-BC,N 54 4% 5 78 2 [7] HH [
YRR, K 2 Bs. TR IR E AR SRR A
BT H N 5 %2 77 B A R B 77 1, B AE 22 (6]
Hrn] DL 4 BT 2R ok T B )R O e A
=, MUY, RS YR, FiAs
Re7E 25 W) 4 B TR o k. (E3RATT T LA
HREREZ RSN ERFHMER, BEEE
AN b BY DI BL & AE AN AT Be 07 17 RSP 348 X TN
07 b R A R 5 A B2
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B ' = [(Su +8, +8,5)
- (Sll TS5, T8 T Sy ):| R32’
Wy IRAR
E" =5, (1-R2) +s,R?
+ (28,5 + 5, )RS (1-R7),
A
T =5, + [(s11 —s,)- <s44 /2)} (1 - Rf)
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T s AR RIREL, Ry AR J7 R ALAR I 7 Rl 4R
5. TN i R & ) SRR SE[0001] 75 ) [R1 4%
XEREI, b s EREAX A EF 1
JTFIARSE Rs, A S HABPANT7 MR 5%, #5[0001]77 7]
D R HE T BEZ T 0], A7 IR . AR SRS E R A A5
HAEEA SRR BAAEATI0001)H 5k [F
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Tablel Lattice constant a, b, ¢ (A), elastic coefficient C;;(GPa), bulk modulus B (GPa) and shear modulus G (GPa) of R3m-BC,N

a, b c Cu Ci Cis Cu Css (oM Css B G G/B
LDA 2.511 24737  1081.19  112.76  71.56 60.21 1133.84  427.08 48421  423.10 46538  1.100
GGA 2.542 25.036  1010.81  98.51 62.69 50.98 1061.84 40575  456.15 39235 44027  1.122
Expt - - - - - - - - - 395.0Y - -

a) 2 JLICHR[8]
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#* 2 Voigt 7 Reuss £ K38 1E 2 By, Br (GPa), Voigt 1 Reuss ## &SI 112 G\, Gk (GPa), ZMmIFHKIRE E (GPa), A
Wby, SBLEEFME A5, Ag UREER M S ES IR 4°

Table2 Bulk modulus By, Bg (GPa) of Voigt and Reuss models, shear modulus Gy, Gr (GPa) of Voigt and Reuss models, Yong’s modulus of
polycrystalline E (GPa), Poisson’s ratio v, percent anisotropy 4 and 4 and universal anisotropic index 4"

By By Gr Gy E v Ap Ag A4Y
LDA 423.10 423.10 460.39 470.36 1021.58 0.098 0 0.011 0.108
GGA 392.35 392.36 436.36 444.17 931.26 0.092 0 0.009 0.090

*3 TRAENHKEE E (GPa)
Table3 Yong’s modulus in the different direction E (GPa)

F7 1) 1076) (10T5) (10T4) (1012) (2023) 10T1) (2021) (1070) (0001)
E(LDA)  1040.10  1044.46 1048.23 1053.55 1054.36 1055.16 1055.29 1055.41 1125.24
E(GGA) 97730 981.05 984.30 988.89 989.59 990.27 990.39 990.27 1054.74

(a)

2 (Q-(NDANZHERE, HRREURARRE(BAA GPa)i =4 TR EIFI & T E IR E

(@)—(c) =4I AR B, ()—(DFF I B AL 2 Z=0 B XY ~FiH; 3G 0aEL R X=0 /I YZ-FHM Y=0 I XZFiH, dTHE6
MEROE S, A E (D)D) R — 2R (T3 7734 LDA)
Figure2  From left to right , they are three-dimensional and every planar projected pictures of bulk modulus, Yong’s modulus and torsional
modulus, respectively (a)—(c) three-dimensional pictures, (d)—-(f) every planar projected pictures (the red solid line is Z=0 plane; the blue and
green dashed line is X=0 plane and Y=0 plane, there is only a dashed line because the blue and green dashed line is overlapping in the Figure
(d)—(f))(the calculation method is LDA).

[tk MBS 2 HATDURMIRIOE e ot e 22 AN -NE%

) RV, 17 A DA B AR A B 2 5 1) S P 1, N TAF T R3m-BCoN ) /7224 HL ], 3,
X5 LA RS B AR S5 AR A, 153 A T SR HETE[1000]1F1[0001] 8% 7] b A A AE
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S T A S A3 A8 A iz e R B D)l 2 1 5 At Ak IR
FRABEFGAHEEIYNT, KRGS EETE BRI
AR, TR T AT IR R A, B AR
SR 1D b 55t B A7 B S B — AN 1 s R B Y.
Bl 3 FioR, Mt ARy, nT LU B 6 e TR A
) 5 [ R A BT 2 5 R R AR A, DR
A gk A o H A N ) 5 A AR T 1) 1 R f AN [,
SEUT SR BRLAT R 7 R AR 4 5 B ) e S
PE. TE[10001H1[00017] 8 ) b (1) f K hz A g 40l 2 85
GPa f170 GPa, HAEWIMARIALTEEAN, % ek £ LML
b, REE5E 2 Rk IREERIEEY &, £t
BV AR B BORI T LB B[R] 0 I i S v T AR
BB, APRLREENE, S5RIE G/B RS Rt
M nBY PN AR, =47 R Hellmann-Feynman
73RS FRA 2 A B KIS /) « (BRAR Y VIR EE), 7
5l & 62 GPa, 159 GPa, 83 GPa. it#] R3m-BC,N [JHAH
SEEN 62 GPa. (0001)[0010]777 A)_E il 2k HAF #e K8 1
TEAR B, MBI AR AN R, AR I
B EREIICHEETIATN

23 mWE
T & e /A R J1 22 e RE O &, E R T

180 =
1 @ s —=—(0001)[0100])
—e— (0001)[1000])
120 —a— (0001)[0010])
60
- .
% 0 T T 1 T
— 0 . 20 30
[ Strain (%)
o
=120
@ b) —s— [1000]
—e— [0001]
Ll
60
] T T T T \ i :
1] 10 15 20
Strain (%)

3 (M FE)R3M-BC,N 7E 7 [E] f& e _E B 1 F0H i
Y 2 1 R 25 Bl 2% (a) B 7] (b) R # (L DA)
Figure3 (Color online) The tensile and shear stress-stain curves of
R3m-BC,N in different directions (a) shear (b) tensile (LDA).
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N Fz_}z G0 I
NN (a0

Z N x-y Bl x RN BT, NN x R TR

NEL, vV ONTHE B TIARRR. THE AT 2R R 45 1
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24 HERPEERM
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BACHN 528 & NIA, 1Y) EDIn T A8 R R Z A R 5
F10 8 RIS AEG P 4 AR B L v e R ) B 3 R BT
PUERAIEFE ) H 0 T3 2 o = A A 1 #v i, T 4 )
REWHFRIE T HIARESR, mikFEsEm
MRS AR A . IRIERF 7T, SRR R
o207 BALT, (BAEmE T 58 A FREL H
I, XFFBr A R3m-BCoN A A4k AT 2R 10 5T
HAEEE L.
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J7 17 8(0001), BIONBRIE v, = [C,, /p 5 TiA% 7 1
N (0001) B 418 2 77 16 R~ A7 4% 88 77 1), BRI 900K
v, =yJC,\/ p s JRENTT A1 9[0001]57 (00011 A
B AR T ), A4 5

Vs :\/C44 ! p,vs :\/(Cn -G,)/2p.
X Gy B E L p NEE.

PR E S MR RS R EEMKL. BTE
ERAMET, G R BEIR T R REAEET,
17 e fge /MEKTT ER B RME i A% A T (8 A 8 2
. A R3m-BCoN £ gk R T G &)1t
B I3 T Clark BAIBTHN Cahill #5271 0%:

Clark B8 0 =0.87kgM, *E"?p',

Cahill B85 00 =(ks/2.48)p> (v +2w)).
X EAMIREER . p NEE. ks NIEIRE 2 HEL,
M=[M/ (n-Na) & dik R 1P &, M A1
FEIR R n N5 TR TH Na B AR il 2
K, p R HALARTIN B JEFHL, voR vy 43 B 7S 2R
Y B, AR

v, =G/ p; v =\(B+4G/3)/ p,

SRR FER (0T B, LSBT BB
FERLIEE:

h[3n(N.pY]" (2 1\
@D:_ —n AP Vs Vo =| = —3+—3 .
k| 4n\ M 3\v v

DA b 7 AR 2R 35 AT U RS B AR AT R TR,
M 61O HT DL H R R T S S R R BRE
Eeie gz, AR AT DLE H, R3m-BCoN M o 1B KT
c-BN ), {E/NFE&NIA K. 3 HEFEEE op FEH
AR,
5 Clark BERUAS[E], Cahill BB ) $ G i B 5L
T oA RSN 75 B e, PR 2 v R vy AT R R
i) b PR 7 2, T U AR A 3 A A AN TR A T b g
S E S 4 A W S
o - ks
™ 2.48
FATHE T R3m-BC,N i d& £E 77 7] 24[0001], (0001)
G, BRI TReR. WE6Hn LLHIE T
FH(0001)_FHI# T HEIT Cahill BRRST R, M
[0001] & [A]_F A4S R AK T Cahill 8 F IS R 4G,
2% LAl 51 R3m-BC,N #4 5 % B 3% ] Sk

2/3
P v, +vy).

%z 4 R3m-BC2N, c-BN MENIAREFEEFHERTLHEN. #K. SEETHEHES, EETEHEFEEEREUX

& (GPa) (tE 5 E A LDA)

Table 4  Atomic orbital populations, bond lengths, atomic charges, bond populations and hardness of R3m-BC2N, ¢-BN and diamond (the

calculation method is LDA)

Atom s p Total Charge Bond Population Bond length Hv
Bl 0.61 1.76 2.37 0.63 C2—N2 0.47 1.49962
B2 0.63 1.83 2.46 0.54 BI1—NI1 0.52 1.50861
Cl 1.10 3.05 4.15 -0.15 Cc2—C4 2.54 1.53283
C2 1.08 2.84 3.92 0.08 Cl1—C3 2.53 1.53340 69.6
R3m-BC,N o
C3 1.08 2.92 4.01 —-0.01 C3—C4 0.48 1.53802 62
C4 1.07 2.94 4.01 —-0.01 BI1—N2 2.10 1.54885
N1 1.48 4.12 5.50 —-0.60 B2—NI1 2.10 1.55041
N2 1.48 4.02 5.60 —-0.50 B2—Cl 0.46 1.60572
CBN B 0.63 1.77 2.40 0.60 B—N 0.65 1.62059 60.4
N 1.49 4.12 5.60 -0.60 - - - 62" 63+5°
. 98.2
Diamond C 1.07 2.93 4.00 0 Cc—C 0.756 1.52782 92.19, 9659
a), bl ¢4 il 2 W SCHR[8], [41F1[34]
%5 R3M-BC,N BEIFMMFEFMBIE (kms™)
Table5 The anisotropic sound velocities of R3m-BC,N, and the unit of velocity is km s~
&35 75 111 29[0001] T35 M 9(0001)
Method
Vi V) Vi V2 V3
LDA 17.742 10.889 17.325 10.889 11.594
GGA 17.488 10.810 17.063 10.810 11.462
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25 HTLEH

FRELE T R3m-2u 45#) BCN IREM 45, &
EEAIE 4 R, R B R T 252p', C JE T
2572p” J2 N JETI) 28%2p° AT, BUBKBES aAk
Pree R E Al Bl 4 Beiy g5 R AN 0 B s s AT I
B SAF— /L, BHIEAT T R3m-BC,N /2 (A4 B
Bk, HARR TN 3.756 eV, S5 CHR[S]H 3.8 eV
B, BT 2% R B R AR 2 SR & R
BRI B8 P DA S TSR AR B (R, BITEA R3m-BC,N

() LS B B0 o — 2, IX 5 SCHR4,5]) P e — B

K 4 AR R3m-BON B S%E
(DOS) M 73 IR A2 FE(PDOS), ‘7 T Be 45 Fy e
T AR BATRIUN W 8 R AE-23— —15eV
VORI R BRI N R 7R 2s YU oTmk, Bk
a5 C 51 2s BUIE T I/ 5Tk —15-0 eV Y
W B, C I N JR-F[1 2p #Ui& H 7 ik, LA LR
T sp3 241k, BT 2s FUEHE R T 2p FLiE. T
WEESE B, C R 2P fliE T3 7.

%6 R3mM-BC,N, c-BN fENIAZRERTEREFEHRE M, (0), BFER v, FYEEIE v (km s, BEHATREFH

p, REBR&ENAS knin (W m™ K™, EFEE 60p (K)

Table 6 The average mass per atom M, (g), the transverse and longitudinal sound velocities v, v (km s™), the density of number of atom per

volume p, the lower of the thermal conductivity at high temperature i, (W m™' K™'), Debye temperature Oy, (K) of R3m-BC,N, ¢-BN and diamond

Clark Cabhill o
Mx107% Kin Vi Vi px107% Kmin Kimin[0001] Kinin(0001) ’
R3m-BC.N LDA 2.028 6.389 11.362 17.017 17.771 6.993 6.785 7.005 2080
B GGA 2.028 6.159 11.261 16.795 17.134 6.752 6.445 6.755 2035
LDA 2.061 5.932 10.605 16.072 17.422 6.474 - - 1931
c-BN GGA 2.061 5.705 10.486 15.834 16.767 6.230 - - 1888
- - - - - - - - - 1650
LDA 1.995 6.911 12.240 18.001 18.213 7.599 - - 2253
Diamond GGA 1.995 6.695 12.161 17.821 17.608 7.370 - — 2212
- - - - - - - - - 2240
a)fl b)Z: W SCHR[40]F1[41]
1§ —Total | 3 Qgﬁ;e
4 M /JJ\ ]
4 : - ! I N Lv— 5 Usw N v,
2} “oo ! A AR SCIE R T 2 R HE S R 8 — R
— Jﬂ%’b“\ EF T B SS 7TS T R3m-BON il
W TN EHPE S [ PR AY DL TSP SO Ap, Ao
3 EE%\ \,\\ PRI T SR S T T S, XK  B S B
s 15%5 0 ] T AE 1) £ AR I AR T 3 G [ 7 A= v e AR 5 AR L
Energy (eV) HTH&RREMAFE, R3m-BC,N 7E[1000]F1
. 000154 1L 4 5.7 52235 i 480 45 08 2. 6 9B
0 AR B, APRHEMEYE, FLH LR R R B ARG
3 s FE(0001)[0010775 A k- A BY TR F7 242 iih 26 B A e i
5 10 YA B, % B B VIR T AR AN ., AR
w_1s S R 2R, R A R v T
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I nvestigations of elastic and anisotropic of new superhard
material R3m-BC,N

AO Jing, LI ChunMei, WANG lJin, LI Feng, DING AiLing & CHEN ZhiQian"

School of Materials Science and Engineering, Southwest University, Chongqing 400715, China

Firstly, based on the first-principles density functional theory with plane wave psuedopotential methods, the elastic
universal anisotropic index AY, percent anisotropy 4z and Ag of R3m-BC,N are calculated. It is found that
R3m-BC,)N is elastic anisotropic materials. Secondly, due to its anisotropic, R3m-BC,N is brittle in the [1000] and
[0001] direction, whereas it has strong toughness in the (0001)[0001] direction. Next, we obtain the thermal
conductivity in the [0001] and (0001) direction by using the acoustic velocities, it shows that R3m-BC,N appear the
thermal conductivity anisotropic. In the last, we calculate electronic structure of R3m-BC,N , and band gap is 3.756
eV. In summary, the studies of R3m-BC,N provide a theoretical basis for experimental synthesis R3m-BC,N.

first-principles, elasticity, thermal conductivity, electronic structures

PACS: 71.15.Mb, 62.20.Dc, 74.25.Fy, 71.22.+1
doi: 10.1360/132013-121

1073



