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Electronic structure of LaNis
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Abstract: The calculations of total energy, energy band structure, electronic density of states and M ulliken population of
LaNis were performed by adopting the method of total energy combined with ultrasoft Pseudopotential technology. The
change of the electronic structure in the formation of LaNis was analyzed according to the calculations. T he results show
that the Fermi level shifts toward the position between those of La and Ni. Ni 3d electrons mainly contribute to the states
of density at Fermi level. The electronic structure of conduction band near Fermi level is changed markedly, especially for
Ni. In alloys, electron transfer exists between La and Ni, thus weakly bond is formed with partly of ionicity. The stabili-
ty of La increases and that of Ni decreases in LaNis compared with the pure metal. The theoretical formation heat of

LaNis is obtained and accords well with the experimental value.
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1.1 SRR L 45

ASZIG BT AT AR La S 7N 55 HE R 45 0
(hexagonaF closest packing, hcp), J& P6/ mmm 7 [A]
B HEBMSEN a= b= 3.770 U c= 12.131 T,
¢/ a=3.218, a= B= 90°, v= 120°°' , Ni JgTfi0ror
77 45 ¥ (face-centered cubic, fcc.), J& Fm gm 7 [
B BMBEN a= b= ¢=3.524 U a= B= v
= 90°1% . LaNis /& ABs B A A &P RuA &
&, "E4 CaCuS BN 45K, J& De-P6/ mmm 2 [H]
B, HEBRBHN a= b= 5.017 U, c= 3.987 U,
¢/a=0.794, a= B= 90°, v= 120°1'%"  ZE=R (Al
EE, LaffiE A 1a(0,0,0); NifIALE R 2e(2/
3,1/3,0) +(1/3,2/3,0) Fl 3g(1/2,1/2,1/2) . (1
2,0,1/2) +(0,1/2,1/2) . La. Ni & LaNis o
BRI 1 Fios .
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Fig. 1 Crystal models used in calculation
(a) —Pure hep La; (b) —Pure fce Ni; (¢) —LaNis
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AIAEE R « BAKGEE P IHEES )7
FUP TR AR MBS, A TR O A
ARG Hh kR 2 TR R A, FHER Ay

Ex[x)]=TJAx)]+ Es[ P(x)]+

Exc[ A(x)]+ Eeal P(x)] (1)
AF TARGHBIEE, E A MEFREEE, Exc
WA RERBE, Eed WANHER FRISEE, O(x)
A EAE 7% B, 24 THIE EAS,
Prx)= Tl %(r)17. HEAAH KIBRER R4 &
B BEAE IE 1 )R 3% B 1E AL ( Gradient-corrected

LDA, GGA)!Pl | HAR S e TR B IEXT RGN )5
B SR | PRBAEEE R AR, R X RE
B S b o 3 i R 1 A R AL . P TR SR A T A
THEWBER S S I ¥Ng— T mE 7B R
W, EAERRNR TAZIZ 3 R I AR EE T BT 450 1)
D% . X R A 1R VR AR P R DA R I AR T e O AR
fr, DLBCFIEEEL B R, A TROHEH,
KT 6 IE ) 4% 2 BEAT b 2 O B R R 3L L e il
AL T HEA it 3 BB AR~ 50 29 R T S % 9 R Jel
FUARACH 73 AR, Fo iV JER i o 57 B A% 9 B A
R REH R, XA WT B = T DLIRGE T %, MM
ERR R AR B3R . A, Bl R
SRS EENN R, EIF 2R EAE RE W
o ASCHEE BT B AR R 5, La T N O #h0E
I3l 5s25p°5d 6% F1 3d%4s?, R THA2 W 0.
148 nm 1 0. 106 nm . A XIERH T HEIR AT
RUPSR AbH  oh T, 4 A BB B T R B
W TEE, kN ARIEE, & &R8RE
B Hr A 2 FE SV e % R T IR G, JFER
X FE B S, M 3RS R T ) KohnrSham &
ARG B REE MU TT IR AL B & B R G HE
AR RS, FhmBEE—47m EERES, H
B REIRA T7 SR AT O X RO

AICAERE e Xt & b AT JLT A, Pk
e . AR BIRSIORE FE, La . Ni Al LaNis P
e AR BT B B 29 ) R 300 . 300 AT 700 eV, FET PI#%
SR 20 x 20 x 64 . 18 x 18 x 18 Fll 40 x 40 x 30,
THEAEE Ty 2 18] EREAT, P58 2 e Ak R o IR
FRUE(PL) BEAT AL, o1 B LA 3R B A 85 4 273
K. B dREg R, &EF ERResE . FS
SEAI N 7 224 BIK T 0. 2 % 107 % eV/atom . 0. 5
eV/nm 0. 1 GPa. B rifeitBEm, PrA#EN R
%1k 300 eV, La M1 Ni i k /84 0.5 nm™ ',
LaNis 4 0. 2 nm™ ', #R#& Monkhorst-Pack % ¥,
La . Ni Al LaNis ZEA 0] 2940 BN X N 7= 2421 kA
KRS A3 (6, 6,2) (6, 6,6) F(11, 11, 13), =4
E BEERIA TA 108 DA 787 A kAL

2 HRKATR

2.1 REEER

LaNi & LaNis 7R85 450 WL 2( 27 K RE )
AW % 0eV) . La( B 2(a)) #E— 33.0 eV Pfiizys [
HWELT 4 4687, fE- 17.0 eV WIZVEREIHBLT 12
ZcRey, Hh R AR EE AT B, X PSR AR 2 UK
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Fig.2 Energy band structure
(a) —Pure hep La; (b) —Pure fee Ni; () —LaNis
Ref AN A FL T PUIE B ) o A8 2 — AN 58 (17 Bt 12 =
Ja, fE4)- 3.4 eV AFFIE XL T R Il 2K al La-total
Redt, R FAEH PR T WK EED T ERIT 2 2%
KU b, X&EBIFEZ — . La KW E ar
21k 4.7 eV . Ni( B 2(b)) - 9 eV FFEEHBL T B . 1 e , JM
L, HEmRERTT I, B IFE I T K ()
Rk, W T Ni& @t . H 3w wEan 16. 9 8r _—
eV . LaNis( &l 2(¢)) 7 alfE- 32.6 eV F1- 16.4 eV g 4t
ML EE e, PIADE R A B, 5 La KGO0 2
FKAL, XMERRET 2 H La FIAERTE T . &3 — 2, 0 ' ' ' - ©
MNRERHBR, 24— 7.5 eV PR X HIL T feHY, 1% § gt
frE T Lafii T Nio. A SRERTT M, RealiEAH La-p
AR T SoKRE N, W LaNis th R A g8 4t
HE itk . LA BELN 10.7 eV . 01— . . o
{
2.2 AW 2r beed
&JE La M SKREDN Ev= 3. 48 eV, HAKE 1
J & HGE B oA BE WLE 3( TR B AR #k
% 0eV) . La( & 3(a) FI(b)) fI— 33.46 oV A — TS 0 o 0
AR, SEeH 4 BT R A R AT, g Energy/eV

P4 0.15 eV, HTHUH 2. 00, 2 La 5s LB KK
(1. 75— 16.92 eV 4b( & 3(a) Fl(c)) H — 1M 4 1
U, U TEH0.72 eV, TS 99; TERETT &Y
W ILR AR IS . %06 2 H La SpHliE

B3 2 hep La AR B XA RIS b )2 PS5 FE
Fig.3 Total density of states and partial
density of states at different orbits of pure hep La
(Fermi level has been changed to 0 V)
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e, 5 XPS MR B2 La Sp 1647 E 50
4 . La 5d #HUE(E 3(d)) - 17.00 eV AIRFLE—
S5, AIHENZESE La ) 5p 5 5d $hidE/EH B 45
RPFORBER TR W TN 2.94, Hrd..p M
s P20 2. 14 .0. 41 F10.40. FKTH b, d.p
A s BUEXS B AR L DTk 70 ) O 88. 42% 7.
44% F1 4. 14% (3 1) . La B2 K B8 20T 1 L1
KB435k H La 5d ¥ . La 1 d $iE 5 H B A& Hu0E
(& 3(d) F( a) ) 75 20K B8 9 BT (1) v 7 2459 B it 2
T AL, BEOKBEKIAAL T DOS T T R 1Y X 55,
B La 5d 7 JF AL
#1 4iLla.4iNikLaNis 7F
PR BE LI B AR B BE RS R 1 3 IR A
Table 1 Total and partial densities of states at

Fermi level of pure La, pure Ni,

La and Ni in LaNi;s

LaNis
Orbit La Ni
La Ni(2c) Ni(3g)
1. 0213 3.9281 0.2578 1. 1616 1.4514

(88.42%) (98.80%) (96.84%) (87.88%) (90.57%)

0. 0860 0. 0448 0. 0080 0. 1354 0. 1438

P (7.44%) (1.13%) (3.01%) (10.24%) (8.97%)

0.0478  0.0027  0.0003  0.0247  0.0073
(4.14%) (0.07%) (0.11%) (1.87%) (0.46%)
Total 1.1551  3.9756  0.2662  1.3218  1.6025

Percentage of partial DOS in total DOS is listed in parentheses

S JE Ni FITEKRRERAL T 1. 62 eV, HAERE K
FHE Lo A LK 4 FORRER AR 0
eV) . Ni SN 14.72 eV, 5 R85 450 B 1K)
flVHEARE - PR EER T IS5 T 200 10. 04,
Horfd.p s 554 8.68 .0.82 F10.55.d H,
FHE LR R (9.4 ) VO A LUBS K . X AT A
FHET Nif)s Ml p Pl ERIR HIESHHES d
HFRFE, ERBP it d BF . Ni- dird
DML T~ 0.08 eV (LKA E A 1. 54 eV), S55LI0H
((1.40 X0. 1) V) & g™ | g Km b (F
1), d.p M s BEKTTER 7518 98. 80% . 1. 13%
H10.07%, UL Ni ) 2% K B 2 Ft 3 1) o 5 K38 23
K HE Ni3d T, 1M p fl s PUEMRTTER AT 20 . Nis
T TR, S ROROK BRI TTERAE /D . N
—d PUE (Kl 4(b)) 7E 9K BE T T 7 0 2 06 5 A
3.32 eV, 5 XPS HEI MK (3.2 eV) #M
1. Ni f) d U8 5 H B ARSIE7E FoK BE R T (7
B ML T AR, FORBERA T A B T %

MRS, B Ni d 7R E, KA THRBN
AIRETEROK .

4 H®) Ni-total
2 -
il W n |
b
4 +(b) Nid
2 -
8
8
"‘2 0 Lm.ﬂ/h-l\ anla
z |© Ni-p
g 04l
a3
a
02}

Energy/eV

Bl 4 40 fee Ni i) SA S BE R AN R BUIE L 1 70 e A8 B2
Fig.4 Total density of states and partial

density of states at different orbits of pure fec Ni
(Fermi level has been changed to 0 V)

LaNis %2 KAES Ev= 2.66 eV, 540 La fHEL
MEREREERE, S4iNi Mk SEEE(ES) .
LaNis 1 La [R25% B J & 908 _E 1620 3 25 5% B L
Kl 6( B KRER OB E 0 eV) . 54l La AL, 2351
fE- 32.48 eV Fl- 16.36 eV AL HIBL T H1 La 5s Al
La 5p BUBETE L7514 | La 5s 5 T AL RE R, 3
HHFASHSSREE, Pl G & E T H 2w
ANK . H4li La#ibl, La Sp W HE ST KAed:, H
WEAZ 7 (0. 25 V), HFHED>, XA R H T
La—La B2 K, 1 La—La /EFIRTS . La 27 KA
P TAFE R LT X, SaE . S
R KBEZR T B T4 1. 95) B4l La /b,
YT, A EARAEE(- 2.75eV) R, H
L FRERE . TOKREH (R 1), d.p Fls BT
XT3 K Be 1 DT Bk 4 il A 96. 84% . 3. 01% Al
0.11%, 54 La AL, d HF R DTERIE K p A s
H) DTk PG . LaNis P LalI A% E 5 aliLaff Eb oK
MR, 4 La HERE .
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Fig. 5 Total density of electronic states of
pure hep La, pure fee Ni and LaNis

(Arrows indicate Fermi levels)

PLF 2¢ F1 3g A7 b Ni A% B & & 508 i
Oy ASE S B LB 7 FIE 8( BKRE R DA S O
eV) . Ni 2K RE I 34 I — 25 1T /e ) 0, N
(2c) M1 Ni(3g) B U5 53 70 2. 10 eV 1 2. 43
eV, MK T Gupta® (3.2 eV) Al Zheng 252 (3. 0
eV) MR &5 F; LAz - 0.78 eV A- 0. 90
eV (L5 E 27K 1.87 eV Al 1.75 V), 5 XPS
4 H (1. 50 £0. 2 eV) " AHIT . 54l Ni A bR, d
WARAE X EEJEH T LaNis  Ni B9 A7 b
(4 Ni "l 12, LaNis 1 Ni(2¢) 4 6, Ni(3g) 4 4),
Ni—NiB#28%, A La—Ni A A0 B AE B 50
ANT] 2 . 7E Nid W PoKRE g 2 B I — 55
I(1.56 eV), X& La5d fEHEIZ R . Ni( 2¢) #1 Ni
(3g) W77 LT AT, 23 7oA 10. 36 F11 10. 43,
{H Ni(3g) U 58 B %8, X2 T Ni(3g) —Ni(3g)
EE Ni(2¢) —Ni( 2¢) %, AHEAERH®5E . Ni(3g) 1%
T RER B Ni( 20) &, AT LI EERERE . Ni( 2¢) Al
Ni(3g) ) d HF43 704 8. 73 F18.74, K F(F
1), Ni(2c) 1 Ni(3g) 7 d FLFRIDTHR 551 487. 88%

Bl 6 LaNis "' La [ 5 % 8 & HUE B 18 %
Fig. 6 Total density of electronic states and

partial density of electronic states at

different orbital of La in LaNis
(Fermi level has been changed to 0 eV)

F190.57% , Fs MR - RER 4> K B Ni
3d #1U3HE . Ni(3g) d FITTHRBE R, Ni(3g) —M 5258
F Ni(2c) —M . il Ni(2c) iB4& Ni(3g), dHiHI%%
KAEF I T AR EIRE T X, FoKRaedk Lm
DOS KIHpTwk 52l Ni #4H LY B RE 2, W Ni-
dr 0, BAEESS . NI p BT
MRS 4l Ni A EL Y38 0, Nis $UiE24; Nip W okt
KEEH NS 720 74 0. 93 F11. 00, 546 Ni
AHEE( 0. 82e) FEFHEIG N . T WIB A 45, s Ml p
EIE N T I DTRR AN AT 20 . Ni( 2¢) 1 Ni( 3g) B p
WD RIAET - 3.04 eV Fl- 1.40 eV, 54 Ni
(- 1.68 eV) M LL, Ni(2c) p 7 ) AR At EIZM M
Ni(3g) p HAg M EREEANER . Ni(3g) p HTHId
HPRER G, H2MS5 T %K LR ETIE
¥, PKEEZ L Ni(2c)-p &FEIRKT Ni(3g) t
VLA TIX— A .

LaNis ) 5 77 % E h 12.21 eV, &4 " Lafl
FE - B I BT N B PR e S . La B IR
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K7 LaNis % Ni(2¢) i s A& 53 5 &
HHUIE B B AT
Fig. 7 Total density of states and partial density

of states at different orbits of Ni(2c) in LaNis
(Fermi level has been changed to 0 eV)

b, Hod d BB T 0. 19e . Ni( 2¢) 1 Ni(3g) b
RN, 484 0. 31e F1 0. 39 . JEE &4
JG, Lai BB Ni ERBFH/>, La 5 Ni 2 EH
RGPS, BE2r2mdE. 8 Ni- p $liE
FAEBIMBE TR Z, PrUl5 4 La 8046 Ni A,
pHlE W & &8 A . LaNis (£ 2), Lalfy
#£2 LaNis P& 72K L
AR (R385 5 A TR
Table 2 Contribution of different atoms in

LaNis to total DOS of different

orbits at Fermi energy level

Orbit La Ni(20) Ni( 3g)
d 3.34% 15.05% 18.81%
p 0.11% 1.75% 1.86%
s 0. 00% 0.33% 0. 09%
Total 3.45% 17.13% 20. 76%

K 8 LaNis # Ni(3g) FI B ASEE &
FHUIE B AT
Fig. 8 Total density of states and partial density

of states at different orbits of Ni(3g) in LaNis
(Fermi energy level has been changed to 0eV)

TR/, Zheng ZPM5 Y La ITTHRA 10%, AN
% Gupta I\ A HIEEET 0%, Ni(3g) d HITTRRIRK .
LaNis {2 FEZRE Ni I d &, p B TTER
A T] 2

2.3  Mulliken 7 J5 4> #t

4 La «Ni } LaNis J1 % J ¥ ) Mulliken Ffif
SRTEE R 3. La LI FIAT Ni LT
F3Ehn, {H Lad MHETEBRRD, BT Las §L
. SR, Nid ESRBRHEFRD, /KT Nip .
s BB . BUAUESR, LaNis H La W] Ni #5% /) HL 450
H1.02, (HHT NiJf 7%, FimE EE2 K H
FARAD, La— Ni SR FIEESS . Malik 2021 315
ZUR WK Y] La 55 Ni [H4F1E 1. 5e ¥, 1M Zheng
2200 Ak La A1 Ni B BT BB B AE, B
A 0.457e, Gupta® HRKGRRBUKLL .

2.4 LaNis 14 sk
La.Ni.LaNis 7E 273 K . 300 eV [{] #; 7 ft &
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# 3 4 hepLa . 4l feeNi #l LaNis () Mulliken i J& £ #7
Table 3 Mulliken population analysis of pure hep La, pure fee Ni and LaNis
La in LaNis Ni( 20) Ni(3g)
Orbit Pure La Pure Ni
La Ae La Ae La Ae
S 2.38 1.13 - 1.25 0.52 0. 69 + 0.17 0.67 + 0.15
p 6. 37 5.90 - 0.47 0.79 0.92 + 0.13 0.99 + 0.20
d 2.17 1.95 -0.22 8. 69 8.77 + 0.08 8.77 + 0.08
Total 10. 92 8.98 - 1.94 10. 00 10. 38 + 0.38 10. 42 + 0.42

Ae represents differences of pure metal and the coordinate atoms in alloy

R RAARRER 5 - 867.4349 eV .- 1056.735 4
eV .- 6152.708 4 eV . £ LaNis FI4b2~04: La
+ 5Ni= LaNis . 715545 LaNis 125 s
AH (LaNis) = E(LaNis) - E(La) — 5E(Ni) =

— 6152.708 4— (- 867.434 9)— 5x (- 105 6.735 4)
- 1.596 6 eV= — 154. 0 kJ/ mol LaNis

ZAH 59296~ 159. 1 £8. 3 kJ/mol LaNis!*
K- 165. 6 kJ/ mol LaNis' > & #8047 .

[2]

3 Gip &
SR B P P T TS 0, ST
La Ni Bt LaNis MM ERER | REFLEH | A

J£ & Mulliken HL%f . LaNis B S HEN T La 5
Ni Z[d] . LaNis [ %% KBEFARXS T 40 La & MK AE
9, FEXS T2l Ni W S e . LaNis [A B4 La
AN FIRRAE, HEEE B AT La FINi Z[H. La
f) 5 1 5p #FAEWEALE LaNis "RAEAE, 5 Ni G
#& Ni(2c) fEH, TERS9HI La—Ni 8 . La 373
RIEW, H7E LaNis T 7, H La—La fEH 1Y
o TERGE &G Ni (55 38R W, HA4 48+
Ni & 255 746 Ni. LaNis /) La tb4li La
Fa, La RiEW T Ni, (0 fr %5 B3 .
TR 4 e 4 T R AR JE, i ) [ e 2 PR A1
Fx, ALK DOS B4 &RE . LRddisEile
A4, d XS ROROK IR STk 2 R

B&4h, p AW TFHE B FRHE, HgmAar 0
2 JERE 45 La s Ni Z [ A 8§, HEE
2 WAL  ARPE SR RER AT LaNis 42 e il
5 SIS+ # .
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