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k., M3 AIC, 1 My AICs WIEAFAE MC WH#BIE T, IX
B M5 Mye on. W& S A, CIRIN B,
Ja#HAE AR X BT, TigAlCs 9 o #r it
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5 AVgcsEnT, H3d EFHUE S RE T XX . M
i, —4——2 eV Xk A ZE SN, BT
P 7 Sy B R F - R EEIRARTE ALTRA 8238 Ti
JEF

®1 MAC 4 N(Er) 18

ScoAC  TigAC V32 AC  CraAC Mng AC
Al 1.91 2.72 5.65 6.31 4.76
Si 1.76 2.29 4.89 6.03 4.63
P 2.45 5.69 2.72 6.23 4.13
S 0.23 1.12 4.85 7.43 4.40
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——C2p — BAHE :
A '
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|
|
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ANFE Y A TG ICES REA RIS B 5E ). X0
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& AR TR FER 040, 5 Ti,AlCs K1, Si)Z
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S ARAA T xS B B & AT 0.5, Rk, MC &St
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ML M3 ACy, 5 MyACs BEoRFaE. X T AR A
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Cro AC HHE B MM FHE, FiE AR ML,
My, 1 AC, BT B HEKINZE R

VA B YRR R DS, 7 R
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M,C, HIgs i Al frox. H, ScaCs i C R
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v = 120°; Tis2Cs B C IR F &5 k = 0.49, ZRIFA Pm-
3m (221), W KIEN a=b=c= 869 A, a = 90°
B =90° v = 90% Vo.CHICIHF&EE = 0.33, I
BN Pben (60), SR KIENa = 457 A, b = 5.74 A,
¢ =503A a=90°,8=90° ~v = 90° VsC;IC
R &k = 047, FRHFEN P4332 (212), St& KA
a=b=c=834A a=090° 8=090° v =90° CrasCs
FCHF&®EEk = 0.21, BN Fm-3m (225), Mgk
BENa=b=c=10.66 A, a = 90°, 8 = 90°, v = 90°;
Cr7Cs M CET & & k= 0.30, FEEEN Pnma (62), &%

(O]

KENa =453 A b=701 A ¢c=1214 A, o = 90°,
B =90° v = 90% Cr3C [ CJRF& &k = 0.40, %3 [H]
N Pnma (62), MM KENa = 554 A, b = 2.83 A,
c=11.49 A, o = 90°, 8 = 90°, v = 90°; Mny3Cs ]
CEHET& & E = 021, RN Fm-3m (225), Sk KE
HNa=b=c=1073 A, a = 90°, 8 = 90°, v = 90°;
MnsCs I CJRF&E k = 0.29, BN C2/c (15), Mg
KENae=1167T A b=459 A, ¢ =510 A, o = 90°,
B =97.719°, v = 90°; Mn,C3 I C &2 k = 0.30, &
RN Pnma (62), ftsKE Na = 4.55 A, b = 6.96 A,
c=11.98 A, o =90°, 8 =90°, v = 90°.

B A1 (MTIEER) M, Cy BIg5H (RE/NERIRE M JtE, BE/RRE CILE) (a) ScaCs; (b) TisCs; (c) Tiz2Cau;
(d) VQC; (e) V8C7; (f) CrngG; (g) Cr7C3; (h) CrgCQ; (1) angCG; (J) Mn502; (k) MH7C3
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First-principles study on stability and electronic
properties of MC and M, 1 AC,, phases”
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Abstract

Investigation of the stability and electronic properties of a series of MC compounds and classic M AX phases,
M, +1AC,, (M = Sc, Ti, V, Cr, and Mn; A = Al, Si, P, and S; n = 1, 2, and 3), contributes to finding the intrinsic
mechanism of the stability of M,,+1AC,, and to the design of new M, 41 AC,, phases. First-principles calculations show
that the formation enthalpy of both MC and M,4+1AC,, is directly correlated with the charge transfer from M-3d to

C-2s and 2p orbitals. Correspondingly, the early transition metals with high electron donation ability are able to form

stable M C phases. Among the various M C phases, MC is found to be electron-deficient, which is thus favorable to
react with electron-abundant M A to form M,,4+1AC,. Therefore, M>AlC and M2SiC can be more readily separated into

two-dimensional M>C structures, compared to M2PC and M>SC.

Keywords: M AX phases, first-principles, electronic structures, transition metal carbides
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