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LaS/CeS 5 y-Fe Z ] {1 & 14 2% A7 1] % S A4 35 R ¢
AR, TR HIRE, PRIT AR SR . ABE R 2
S P A A ST SR AT IR

ATAERTHEKAWZEZREL, KA
VASP(Vienna Ab-initio simulation package)!' {1 i3k
it 5. PAn 52 i 7 vE U (projector augmented
wave, PAW)RAHIA B SR i 2 18] AR ELAE A
HL ) 22 e G IR AR R FH T SRR FE 3 B (GGA) H ¥ PBE
(Perdew-Burke-Ernerhof)!'™ 72 & , & Ce
5s75p°5d'4f'6s?. La (1) 5s*5p°5d'6s*. S ] 3s3p*. Fe
(¥1 3d°4s” LI i T B B A HL . BT Las Ce 1k
RIMBRIKERS, X La ff) 5d 1 Ce 1) 4f FLIEH HE T
FEASAE A (+U), UTEA 6 eVI 20, Ik a7 68 Eo,
HU 400 eV, A& At 4h B A5 B9 X A 4> R H
Monkhorst-Pack (LA Gamma & A0 B 9x9%x9 34T
Wik 5r, N T VAL FTIE S B AERRPE, (A LDA.
GGA-PBE 2 M2 B R TH B AR R 1 d A% B DL S AR A,
I 5 Ho A H SRR 45 Rk AT X b, SRS 4
RN 1 PR 23w L, i H GGA-PBE Z i
THEAREH) y-Fe g% 3 a=b=c=0.3636 nm, 55C4
{8 a=b=c=0.3654 nm P'"# 2 /N T 0.5%; LaS I CeS it
HOPT AR b M W B N a=b=c=0.6025 nm .
a=b=c=0.5642 nm, 55L¥1H a=b=c=0.5848 nm **),
a=b=c=0.5776 nm P (I ZEA S 3%), H 5
it gt AT A 8f. Mk, GGA-PBE Z Hit 5 A
AR RTATE R, T LURIE T — 25 0F 70RO 1

£1 IHHBIM p-Fe. LaSTl CeSHBEEHF SHE M
FNLIGEIE LA
Table 1 Comparison of calculated lattice constants of y-Fe, LaS

and CeSwith other references and experimental data

Structure Method a=b=c/nm Vo/x1 0>nm’

LDA this work 0.3372 383

GGA-PBE s work 0.3636 48.1

y-Fe GGA-PBEP* 0.3446 40.9

GGA-PW91 0.3472 419

Exp.[21 0.3654 48.8
LDAP 0.5812 -

LD A this work 0.5907 206.2

LaS GGA-PBEis work 0.6025 218.7
GGA-PW91" 0.5868 -

Exp.? 0.5848 200.0

LDA this work 0.5591 174.8

GGA-PBE s work 0.5642 179.6

CeS GGA-PBE™*™ 0.5595 107.0

Exp.?! 0.5776 192.7

FRMANFHI T K SR VASPKITZLL 0 %
# £ 0.04 [f] Monkhorst-Pack J7 sUH s, 57 i B4
JE37 1.2 nmP® 20, DU £ 65 1) B0 4 J2 ok ik 4 A
PR SR THI ARG BY (0 AR ELAE FH o T 9 T AR 28 g A Wi S5 ik
AT E & BRI 2 2500 AR 48 AH S 1R) 5 R 8 S IR Y
DLB DR T B B HERR . B s E T, 3t
bk FER AT S5 15 TR DL B MU RE R, B VR ISR FE
NENETRERMT 1.0x107% eV, FAMBZET LK
Hellmann-Feynman JJ ANt 0.3 eV/nm.

2 HRSWR

2.1 $EECE RALlE X R TN

y-Fe AT fee 450y, o 0 % BN 0=0.3654 nm!*'!,
LaS 5 CeS BEHFMEIRISARLER, N fec 450, HE
¥ B BN a=0.5848 nm™*. ¢=0.5776 nm'*!,
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LAV EEEE R THE I p-Fe 55 LaS/CeS (1% HEF1
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i, SS RRBELME T 22 Kon Z RT3,
R A (D )7 A E T LaS/CeS 5 y-Fe Z [k
25 R B0 (1 5 ) 2 R R R T 1 (D BEAS LT, 45
R 3 Fros. A 2] LaS/CeS 5 y-Fe 2 [AFLHE
IR DACIESES 1l o

ORI-A: [100] .5 / [101],, &(022),, 7/ (111), 1.5

OR2-A: [110],s // [100], & (222) s / (002), .5

ORI-B: [100]c,s 7/ [10T],,, &(022) s / (1T1), 15
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OR2-B: [110].,s // [100] 1, & (222)¢s / (002) o 2.2 RIETERE

y-Fe

-0 U R BB AR 2 SE R, Las/Ces 221 ARmLsL
5 y-Fe 2. 18] HE 1 0 1026 58 LB 390/ T2 50 048 HIF LaS/CeS iy y-Fe 53 U % b v REAT AEHY

10%, IS UCEESIEO ST W BE S RE R ( LB R 100 D FLISRAR, RAIRE p-Fe 19 (111) (002) M A
W, Ll REET kS, R e LaS/CeS 9(022) . (222) IVIH M RIERAL. T

18] o

P LaS/CeS 5 y-Fe 2 iy stAN ST P, Mpgdiegn T o ST RR, B i BUALIL Pyl il 2 5
FEHR T LaS/CeS 1EH y-Fe S ML O I . PR FARIE

%2 y-Fes5 LaS/ICeS MEHF GEFH)) MEHE CEEH ™)

Table2 Densearrangement (near-dense arrangement) and close-packed plane (near-dense plane) of y-Fe and CeS

Phase  CP rows Interatomic spacing/nm Type CP planes Interplanar spacing/nm
<211> 0.224 77 {111} 0.211
<101 > 0.258 SS {020} 0.183
r-Fe <100 > 0.365 SS {022} 0.129
{131} 0.110
<100 > 0.292 SS {002} 0.292
LaS <110 > 0.414 SS {022} 0.207
<101 > 0.506 SS {222} 0.169
<100 > 0.289 SS {002} 0.289
CeS <110 > 0.408 SS {022} 0.204
<101 > 0.500 SS {222} 0.167

%3 y-Fe5 LaS/CeSBILE Y MY R F 6] BE$AEC & A% HEM 8 RE SR ELE

Table3 Interatomic spacing misfit and inter planar spacing mismatch of y-Fe and CeS

Matching rows Misfit/% Matching type Matching plane Mismatch/%
<100>Las// <107 > y-Fe 10.63 SS-SS {022} Las 7/ {111} ,.5e 2.04
<110>1,5//<100>,.gc 11.63 SS-SS {222} 1as 7/ {020} .5 8.23
<100>ces// < 101 > y-Fe 10.52 SS-SS {022} ces 7/ {111},.pe 3.32
<110>¢es//<100>,.pc 10.52 SS-SS {222} ces // {020},.pe 9.58

Note: // —Matching

XFTAEMPESR T p-Fe 9 (1T1)~ (002) I, A HR 4

2R THI A6 B J5R 1 2 5038 o P 0 SR R s e G A T BT R a b .
N — t
M TR . RE R R ARG, | 31:2 atom
N S atom
Eslab _( slab )Ebulk . O
Esur — bulk (3) o0 o
f 24 ooooo oo 6 ° o o0
A, Egay M1 By 70 0278 2 10 )2 45 14 1 & 45 45 1) B 0 00 “’ °o0 P o o
TEMBAER, NN HBIFEFETESMSEE %% 5% L; L
MR E T A, A RREBA R Wk 4 Prox,
Wi TR HO B, p-Fe B (1T1) & M AEAE 223~
2.24 Im” Z %3 y-Fe 1(002) HEANT 5 1T, I y-Fe fil LaS #HiHi%
R AN ST 2.18 T'm?, X 5206 ME 1.95 T-m? P HA Fig.1  Surface configurations of y-Fe and LaS: (a) surface
RIFH—3E. Bk, 5 MNETFEM y-Fe F AR configuration of y-Fe(171); (b) surface configuration of
BRI R R, HEmMBERmE 1 as 1b k. y-Fe (OOE) ; (c) surface configuration of LaS (022) ;
ST LaS A [F] e £2ut, S H R B A s 74 X (1 (d) La terminated surface configuration of LaS(222);

J& T [a] BE Bl J5 - 2 5038 0 1 Uk $U88 Ak S 1 8 AR ek AR () S terminated surface configuration of LaS (222)
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Table4 Surface energies of y-Fe(ooé) plane at different layers

Surface energy/J-m™

Layer — =
(111) (002)

2.23 2.18

2.24 2.18

2.24 2.16

11 2.23 2.18

PERR AT DSR2 [T, D T BRI R T 2%
JS7, FEZR TSSO SR [ 2 8] 3 J2 AR AR A2 (B
5 JRE5RA). 5 a4 T LaS 11022 (222)If k5
TESGIMZFEE AR E B, R 5 HATLUEH, LaS
MM Z E] 5t TG R0R FEE A PR LW 3 NMETZ
P, sth 5 T2 R R 0 H A ) N R R SR R N,
LaS222)fI 1] La 3 [ T A 22 AR ) e /0 2 AN A0 2 it
B/, S TR TR (S i) B K, XKW La
I [ P RESEARIE o MR AN T 7. 9. 9 20,
PN TR T 1] R AR AH A LU R A TG AR 4k, AT DAGRAIE 9 30
BAEARIE, LaS 102 2) %11 LA & 222) 3R H ) La i [
FS s R ALY 4 ] 1e~1e B

XF T CeS WA &t 1H, KA Yamamoto**!ff]
J7EAT R W B AN EFIIR AN E AT 5078, a5 R
WK 6. LERFW, CeS il 1 JZ A5t AR K,
H CeS@22)MH 1) Ce i [l /2 [ it R e /1N, S i THT e K
Pt Ce I PTRESEFRUE, X — IR LaS RN
—H. UREMHBSHANT 9. 7. 7 E8, wHIE

JZ H] 5t 78 A A T8 Ak, LaS/CeS [11(022)- (222)
KB ARME P RMEMIG, AR B TR R
THI B B R/, 5 SR T A e 4 O 22 THI 2 40 0] ST
1 52 o
222 R@AEEME

LaS/CeS K [fi [ 1 P EX LaS/CeS 5 y-Fe Ft1Hi

iRt I . LaS/CeS (1(022)% 1 K B -5
Fa it R, RE AT AR A s gry=

0.94 J'm?; Ocespay=—2.46 J'm *.

LaS/CeS ) 22 M Ntk PE &1 H IR 7 HAFT&
AR L, TETH R AR %5 & La/Ce 1 S 162
P R T HERA B 8 R E LRI B i ARE . R
T i 24 20 (4) B0 R

5= Eaw = Niwceliace = Nspts + PV — TS (4)

24

X, Egw ARMHER EEER, A NKREHH,
Nrwces Ngr AR La/Ces S MIJEF N
Hiaces M AR H La/Ce. S LS, P, V. T,
SR ERGMIIE ST AR BEAE. HEE 0K
THHATH, PV AN TS AT LA 2B AN

KIS IBTLIGE, LaS/CeS AL 2348 5 % i
HHH La/Ce. S JTTE KL A3 AL TP IR ZS . R AR
F1 La/Ces S IS 1itice « 3™, LaS/CeS L2
Poplid oo WRIAE 0 K W HIAE R ALY 5y, |
p ZIAFTEW T KRR

&5 LaSHI(022)/ (222 HMIRE K
Table 5 Surface relaxation of the clean surface of LaS(022)/(222)(change of the interlayer spacing d; as a percentage of the spacing

in the bulk)
Interlayer spacing relaxation of Interlayer spacing relaxation of (222) surface/%
dy (022)surface/% La-terminated S-terminated
5 7 9 11 5 9 11 5 7 9 11

diz 3.63 3.34 3.48 3.59 -0.90 -1.23 -0.28 -0.16 24.68 23.82 24.25 24.03
s -1.15 -0.36 -1.14 -0.69 0.63 1.37 2.40 -11.63  -13.83 -11.73  -12.62
d4 - - -0.37 -0.64 -0.94 -1.53 - - -2.06 -2.63
das - - - -0.09 -0.19 - - - 2.31

6 CeSHI(022)/(222) ERIRE 7%
Table 6 Surface relaxation of the clean surface of CeS (022)/(222)(change of the interlayer spacing d; as a percentage of the

spacing in the bulk)

Interlayer spacing relaxation of (222) surface/%

Interlayer spacing relaxation of (927) surface/%
dy

Ce-terminated S-terminated

5 7 9 11 5

7 9 11 5 7 9 11

di =597 =7.60 =7.36 ~7.46 -3.39
dr;  —10.38 -8.21 -9.13 -9.01 -8.10

-2.55 -2.71 -2.17 14.01 12.31  12.60 12.55
=7.04 =7.24 -6.73 -16.05 -21.40 -21.39 -21.10
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BT RMESONEE 5, DA~ U TC & A 2% B
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HEdR T PAT, i8IS Se T B TR AR IER, DMEXT
5% LaS/CeS i y-Fe 7E 2 HESb T b A2 HE& A, AT =4
ORI, OR2 hi[A] R FR. Ay T FMEJHE H3 2 Jo A M 5
FAEP, FEA FE B AE IR ITE UL, SRAAR TS
UEALL, SR FESCEL LaS/CeS 5 p-Fe M 3 [V HI1H.,
FARMEURSAR 7% I S m . X T8 — S m L
A, 8 e MEFTE IR B Hellmann-Feynman /)
KA I AT T A5

3.0

I-527ev 275, a
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Fig.2 Variations of different surface energies of LaS (22?) surface (a)
and CeS(222) surface (b) with Aurwce

232 AW HFR @A
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LaS/CeS 5 y-Fe L1 kit o ml F i R 24 300 2845
Ey-Fe + ERES - ERES/y-Fe

W, = (11)
A

ﬁtp ’ ERES/y-Fe » E -Fe ’ ERES

y

437 F IR LaS/CeS 5 y-Fe

T [F) — F T AR 2w ) ath TR 1 T A i R DA R AH R
3L p-Fe LaS. CeS R GEE, 4 R AR
Ty 5 T T L

% 7 N LaS/CeS 5 y-Fe Fit1 2 R A7 7] 9% & HIA[H
ST B RLRORE B T W WITHRES . TLUE H, LaS
5 y-Fe UL OR1-A A7 [] ¢ £ 04 1 1) i T L 5 TR B
KT LA OR2-A A7 7] & ) FE 1 - CeS/y-Fe I BL OR2-B
R ¥ B Ce Zuim S ORGP DB K, OR1-B F [ A
Pt D& /1N, OR2-B A7 1) #4 JF¥T S J - 25 i 57 0 Kl B 77
Be/No X LaS. CeS PL ORI A i) 5% 28 ¥4 1 F T
P RGBE AR ZEAS K BL OR2 #4) i ) 8 s L], 3%
LA La/Ce ity SRR 14 5, H CeS I [F] SR &
it SR B DK T AL LaS 20 S . Bhah, M
Waa FTLAE 2 AN R TR ST T, R R,
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Fig.3 Interface models of LaS/y-Fe: (a) OR1-A interface; (b) OR2-AL,-terminated interface; (¢) OR2-Ag erminated interface

R WA [F] F T 45 46 34 7 A e AFAE R

Wy F T AR E PR 5 — AN AR S RE . SR
BEAEAE 2 /> B R i B S i i A B AT o — Bk
FHHRER/N , S04 M AR E o HiH B A R PO 3,

V= 5V-Fe + O Lasices — Waa (12)

K, Sppe T Srasices 7 N A— SR HIAEAEL Hf p-Fe Fl
LaS/CeS S BRI R RE, Woq AT TR RG] o
4 J& LaS/CeS 5 y-Fe /AN [F] 2 (1) ST R 1T 57 45
Ho XFT ORI A7 A4 ISR, FHBEAZ TR
PELI, e —NEME: LL OR2 A7 E I Fiil, Hfa
ENERZ Aprwce FIFEIA, S J5 T2 bty FHTHI (1 5L 1H A8 ¥ b8
At yce IBEINTTH AN, La/Ce JR & FL i 5 2 A .
K 4a AT LA H, ORI1-A FLHAERAL, FHimba e,
H 5[] PR R TC B DA% T () BE B TEC FE 29 0l A 10.63% -
2.04%, ¥JLL OR2-A FHHIFEHCL AL, X 50— LR &
A SR B AR e A2 — B0, B AR 2 1] 57 UG P 4 i 7
AN, G RS o 2 A, 7E-5.27~-4.72 eV I}, OR2-A
1S o AT EE KT La Zui i 4 Aur,
1E-4.72~0 eV B, FHEAGEERKATE . ME 4b 7T L
Bt FEEAD Auc WFHIEEIN, OR2-B 1 S Ly 7t
T ST BE KT Ce %y, KB Ce KU AT LL S i
BRGE. HH, ERARNFHAIEEN, ORI-B Jt
Aed A L OR2-B FHififefk. Mdntd it 55 Rnr bl

R7T 6FREBEBLAKT

Table7 Adhesion work (Wag) of six interface models

Model Wag/J-m™
ORI1-A 4.78
OR2-A La-terminated 2.64
OR2-A S-terminated 1.28
OR1-B 3.65
OR2-B Ce-terminated 4.47
OR2-B S-terminated 2.31
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Fic B T LUK B, OR1-B BLAT BEAK K S THT BB (—=3.43 T'm ?),
S 5 18] BE R TG B /N T OR1-Ao [H] 8] B 5 C 5 W
KT ORI-A, LRI, J5DUHCHSBC BE 6 P9 AH L1
AT ISR W N
2.3.3 @ g M fe AR AR
TR IR AR, TR T SIS B SR

TR LT Jey 3k Ak bR BU(BLF), 45 & St 5+ 1) Bader
HAL A7 AT J& 20 B DA K 45 5% 25 2% B (PDOS) 4 S THI B 48t A+
PEHEAT T /M. ELF Al Fid A 0t HP.
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Fig.4 Variations of interface energies of LaS and y-Fe model (a) and CeS and y-Fe model (b) with Aupa/ce
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Fig.5 ELF cross section images of LaS/CeS and y-Fe interface: (a) OR1-A interface; (b) OR2-AL,-terminatea interface; (¢) OR2-Ag.ierminated
interface; (d) OR1-B interface; (e) OR2-Bce-terminated interface; (f) OR2-Bs_erminated interface (isosurface level=0.1 eV/Bohr3) (the

numbers marked in the section denote the Bader charges (eV) of interfacial atoms. Positive and negative denote gain and loss of

electrons, respectively)
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First-Principles Calculations of Interface Characteristics Between LaS/CeS and y-Fe

Zhou Yin, Ji Yunping, Qi Jianbo, Xin Haohao, Li Yiming
(School of Materials and Metallurgy (School of Rare Earth), Inner Mongolia University of Science and Technology,
Baotou 014010, China)

Abstract: In order to investigate the heterogeneous-interface characteristics between LaS/CeS and y-Fe, the atomic matching mismatch
between LaS/CeS and y-Fe from the crystallographic point view was calculated by the edge-to-edge matching (E2EM) model. On the basis
of the crystallographic calculations, the first-principle calculation based on the density functional theory was performed to calculate the
interfacial bonding characteristics and the interface energy between LaS/CeS and y-Fe on the atomic scale. The crystallographic
calculations indicate that the minimum of the interatomic spacing misfit between LaS/CeS and y-Fe along the matching direction is
10.63%/10.52%, and the minimum of interplanar spacing mismatch is 2.04%/3.32%. The rough orientation relationships (ORs) are
predicted as follows: [110] tas// [100] ke & (222) Las// (002) y-re and [100] as// [101] ke & (022) ras// (1T1) y-res [110] ces// [100] ke
& (222) ces// (005) Fe and [100] Ces//[loi]y.}‘e & (OEE) ces// (1 Tl) ,-Fe. Based on the predicted ORs, six interface models with different atomic
terminations were constructed by the coherent interface approximation. The first-principles calculations show that the adhesion work of
the interface between LaS/CeS and y-Fe with the lowest interatomic mismatch is 4.78 J-m*/3.65 J-m™, which indicates the larger bonding
strength of the interface between LaS/CeS and y-Fe with the lower interatomic mismatch. The interface bond was dominated by the metal
bond. The calculations of interface energy between LaS/CeS and y-Fe indicate that the smaller the interatomic mismatch is, the lower the
interface energy is obtained. The interface energy between LaS/CeS and y-Fe with the lowest interatomic mismatch is ~0.58 J-m™?/~3.43 J-m™. The
first-principles calculations can provide the theoretical foundations from the energetics point view for the crystallographic matching
between LaS/CeS and y-Fe.
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