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Abstract

Based on first-principle calculations, this work investigates the effects of element substitu-
tion on the crystal lattice and electronic structure of the newly discovered BiSe;-based su-
perconductor La0o.sFo.5Bi(Se1-xSx)2. With the increase of S doping level, it is found that the lat-
tice parameters a, ¢, and the unit-cell volume V gradually decrease. For the electronic struc-
ture of LaO¢.5Fo.5BiSe; and La0y sF¢5BiS2, they both have multi-band structure, and show quasi
two-dimensional Fermi surface (FS). The density of states (DOS) at the FS mainly comes from
Bi-6p orbital. For La0¢.sFo.5Bi(Seo.5S0.5)2, using two different models established by different
unit-cell model, we find that their FSs are significantly different, indicating the inequivalence
of Sel- and Se2-position atoms. Besides, with the increasing of S doing level, the DOS at Fermi
energy firstly increases and then decreases. When the concentration of S is x = 0.6, the DOS
has a maximum value, which is consistent with the experimental Tc~x phase diagram, indi-
cating that La0o.sFo.5Bi(Se1-xSx)2 may be an electron-phonon coupling superconductor.
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HFFE—MRETHE, AR T STHRBANT BLH RIHIBiSe 388 F45La00.5Fo.5Bi (Se1-xSx)2 iutg Al
HFEMRIEN. RIBEESBRRERM, SKS5%8a, URERERVEETRKES. IR T
La0osFosBiSe;MLa0osFosBiS: T4, RI_EMEA L HEW, FREMEAH_REN, FX
BT EFER B TBi-6pHiiE . 2518 FMAFE AR La0osFosBi (SeosSos) JRHIER, RILH
ERKAHIMEEAH, KPSe1lfSe2iiBREFHALZME. BRIETERUMEESBIKEREKR, &
KT AASEERKERN, Ex = 0.6 NBHEKXE, SLRFLNT~xHEEEL—H, BrE
La0o.5FosBi (Se1-xSx)2 7] BE A FL P i & O AR 44

KA
LaOosFosBi(Se1xSx)z, JTLRBM, WESH, BHTEM

1. 51§

AR, — R AU FR-BIS, HH FARGIRE TR T2 08 . 2012 4F, Mizuguchi 28 N E R
Bi,0,S; [IJFF AT, XAFIEI BiS, R BiyOy(SOL) - JZ A HELR I K[ 1. HEBLEHILI BiS, i 7
M i IR E A BRI S AR A S5, #2 ZRE N, #BEA S HE BiS, 2% . B T BisO4S;
ZAh, BERE RN T St LaFBIS [2] [3], La; xM,OBiS,(M=Zr, Ti,Hf, Th) [4]#] Re, ,O,FBiS,(Re=Nd,Ce,La,Pr,Yb)
[5]-[9155H T4

1E BiS, J&H S8, LaOysFosBiS, [10]# FERARAR &N R RIREE . B Y5 LaOF,FeAs
[11 B A G5 M T 32 BIAR AR S0, XA AR 1 LaO JEAN BiS, JEHERITT A AHIC S0 A5 12 5 115
HRFR A SR FE BN R EEANE 2 SHE BiS, E. 2014 4 5 A Krzton-Maziopa /M E K& K
LaOg sFosBiSe, HTH Tk, KIMILEA 2.60 K HFEATIRIE[12]. 2014 4F 6 H K% ENHRIE |
LaO, sFysBiSe, AL F45K . PR 771l DL H S F-RVG W BOSEBR I 7L, THEDR I LA 2.40K 1
MR, Sin g RAEEAR —[13]. [FE, HARREHA L K% Takafumi Hiroi PNHKE T KT
LaOy sFosBi(S;Sey), FISLIE X E, KIIBEE Se BAKERIIE S, S8 as c M1V —2038E M. X x>0.2
AR S HIIL, x=0.51F, B LaOgsFosBi(SosSeos), F A 3.8 K M AR E[14].

TR TAEM G R, AT EIRAR AR BiSe, ZE SRS it “ M i1 ” LaOysF,sBiSe,,
T Materials Studio H'f¥] CASTEP f5idk, AT T 7R B AN BHA AW LaOy sFo sBiSe, i Al HL 7
SEF R o

2. HRERBRS7%

BRI, LaOgsFosBiSe, H A ZrCuSiAs BUVU T 451, A& H 4L o = 4.15941A, ¢ = 14.01567A, =
[E#EAN PAmmm, & FAAFR 58 La: (0.25,0.25.0.0943); O: (0.75,0.25,0); Bi: (0.25,0.25.0.6206);
Sel: (0.25,0.25,0.3847); Se2: (0.25,0.25,0.8115) [12]. AR#E_Fik ZH % 5T 1#) LaOBiSe, JE M AL AN 1(a).
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NS LaOgsFosBiSe, HIRMIZER), FRAT SR LaOBiSe, X AR, SRJGH F BRHAE— O i+,
SRIGFR A R, 25 (B BERR 22 P-4m2, 357, LaOy sFo sBiSe, R M AL <] 1(b)Frow, A I IX a1/ 2 Fis o

FETH 7 RELRHESL T ¥ CASTEP F2/7[15] 16/ THR e 45 B EMUCKE, EHEHRIEHA17]
SKAR BTSN R A AR, X T Ac4oREk, SR SUBBEEIAUGGA) [18]7772%. A BLIHIX 1) K AR
{24 12 % 12 x 8, BFGS 77 RMEEIIAFI B FEE R RR FHERINRE A 380 eV HPP TR R, 1EHT
E AT B B ISR A 2.0 x 107 eV/atom. THEFKT, SRATE IR K 4, BUE RN 32 %32 % 10.

3. &R 5e
3.1. S A BRI I

S BATRIF R d I AU 70 T ANFIREE ) S B8 EXT LaOy sFo sBi(Se-«Sy), fi AR ZE 4 I 5,
gERnE 3 Frn. BE 3~ 3Rl A BF S JRTFIEEL Se /N, FTLAREZE S(x = 0~0.7) I E
B K, AR R a M 4.194263 A —H N IEF] 4.126436 A 24 S WKJELE 0~0.6 ZIEINF, ¢ M 13.9441 A
—H FF#H] 13.4720, 7£ 0.6~0.7 Z ML MR REAAS ;s A FAA V M 245.3036 A® FF£3] 229.4013 A’ a.
c 5 V EBURI Y, 2RSSR AR B AR S 14].

3.2. LaOysFsBiSe, E‘J%?f&’l"@

A R PR L Z-A-M-T-Z-R-X-T', FATH5 T LaOy sFosBiSe, i 3 14 BE 17 45 #4 M 5 L
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Figure 1. (a) Unit cell of LaOBiSe,; (b) Unit cell of LaO, sF, sBiSe,
1. (a) LaOBiSe, /R AEREL; (b) LaO, sF, sBiSe, B[R HtREY

Figure 2. Brillouin zone of LaOg sF( sBiSe,
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(Density of States) (DOS), 115 4 fizn. La J& X R AS% E TR FORAELL L, TR KRR AL Tk
JUTF-NE . FIO-2p HUERITTER FERIIAE—5 eV~—2 eV Z[al, 1 Se2-4p A% E FHAL T I KAEHK LR .
Bi-6p fl Sel-4p /M ARGHAER o TEFOKREA L EER A T Bi-6p HUEMTTHR. KRR ERIK
/N A 2.098 states/eV/unit cell, 7] %1 LaOy sFo sBiSe, N FAA, 11545 1 577 BN 45 BEAR—F[13].

[FE, FATHIFAE T LaO, sF,sBiSe, # K (Fermi surface)(FS), W1/ 4(b)ffiz~. LaO,sF,sBiSe, %%
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Figure 3. (a) The optimized lattice parameters a, ¢ and (b) the unit-cell volume V of
LaOy sF sBi(Se;—,Sy), as a function of S concentration
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Figure 4. (a) Electronic band structure and DOS of LaO, sF sBiSe,; (b) FS
4. (a) LaOO_SFo_SBiSeZ ﬁgﬁ%m*u?&%}g; (b)'ﬁ*ﬁ



3.3. La0ysF sBiS; B F4544

WA SR UL Z-A-M-T-Z-R-X-T',  [AIETHE T LaOy sFo sBiS, FIFLF-454, THEEs Sl s pr
o M 5@ RATATLLE i, 5 LaOysFosBiSe, R AHEL, LaOgsFosBiS, KT KREHIL T # . 2Kkt
(RSB B FEORUE T Bi-6p HUE, KRR TERIR/INA 2.235 states/eV/unit cell. 7EFH7 X, &
% F SR La-5d F Bi-6p A 0T, TEAN Y X 3452 fE = 2R 4E 4 J& Ju % S1-3p. S2-3p. F-2p 1 O-2p
AN o

MIE ST ULE ], B 4 FHBTRAET T 9KAER, LaOsFosBiS, i 7N HT, 58 /K sl
HEE(7]. ME S)RTLAE I, FoRTHEA #E 4e45h, WAREK (r,7,0) ML IR E .

3.4. LaOysF sBi(So5Seo.s); KIH T 4544

X} T LaOy sF sBi(SosSeos)ss AR BFAF M R E M, 2 3 AT Re g5 4 . %
AR N T HERE, FRATKEEAR Sel 19 S Brl ST, B4 Se2 19 S FM S2. S B AX Sel &7 Ji7 fffi
B 6(a)ffiw, S BAR Se2 EALJFE MR U 6(b)Frm. LATFFRATEEAT 705003 18

WA SR RUE LR Z-A-M-T-R-X-T', FRATTHE T RS589 6(a)Xf B[R FIZAS % BE, 45 anl% 7(a)
Fi7R, FOKBERAL A 3 BRIRT Bi-6p U, M SFKREHALIMAEHE EET 2244 eV ' R TR
HE 7(b) s .

[FIBS ATV T R S5 R 6(b)XT LI RE 450 BEEWE SR, RMFKREH L&, A%
R o I POKRE, POKBEA IS JE R EORIET Bi-6p FUE, MR PORAEMAC A E E /NN 2.111
eV WK 8(b)FR, APUKREH L TR, SRETIHE 8. 51 70b)Mt, £ R-X
AWM BUN ORI, RN Z-A GEZ ) f U SOk T T AR s, S BAR Sel F1 Se2 i AN A
Retraify, DM Sel M Se2 1 B R T IR .
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Figure 5. (a) Electronic band structure and DOS of LaOy sF sBiS,; (b) FS
[#] 5. (a) LaOg sF( sBiS, BET AT ZE ; (b) FKE
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Figure 6. (a) Unit cell of LaO, sF, sBi(Sy sSeq s), by replacing
Sel with S; (b) Unit cell of LaOysF,sBi(Sys5Segs), by re-
placing Se2 with S

[ 6. (a) S Sel 3L La0, sF, sBi(SosSeqs), B R AARE;
(b) S BX Se2 3L LaOy sFysBi(So.sSeo.s), HIR AR EY
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Figure 7. (replace Sel with S) (a) Electronic band structure
and DOS of La00_5F0_5Bi(SO_5Se0,5)2 and (b) ES

[ 7. (S 4K Sel) (a) LaOy sF sBi(So.sSeq.s), U BEH L5 AN
BEESD) F#RE

3.5. S BRI BRARE LS ERIRNT

VIR VR 2 M) BRRE PR R SR B AL S 25 FE(N(ER) K/ HGE , BRIERATTHE T A FRFE S(x = 0~0.7)
%2 LaOy sF, sBi(Se;, S, ), X N(Ep)I52m, TH5Hd, FIFE R, XTFREM x, Sel 1 Se2 i B #i#
HIFIMRER S B, BRI RWE 9 Pk, BATTLEE, RSB, B LaOysFsBiSe,, N(Eg)
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Figure 8. (replace Se2 with S) (a) Electronic band structure
and DOS of La00.5F0.5Bi(SOISSeo_5)2 and (b) FS
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Figure 9. The DOS at Fermi energy with the increasing of S
concentration

9. BARELSEERE S BFIRE x WK

BUE RN, ST 2.10263 states/eV/unit cell. 7E x =0~0.6 2 1], BEFE 5K EEFEEIHIN, N(Ep) &k —H
PREFII IR, 7E x = 0.6~0.7 Z A, N(Ep) JF46 T %, 24 x = 0.6 I U35 K, 55T 2.16195 states/eV/unit
cell, THELEE GG RN Tox MEIEA —F[14]. JET BCS Hit, N(EpBAT LG E S TH& 5
ok, #EfigE TS . BT N(Ep)x 1SS Tex AHEIRFELNE, BURE LaO,sFosBi(Sei—Sy), Al fE
VaLENAE R AN IR P e RS XN
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4. Z5ig

TATHETT T AFREE S 52 LaOg sFo sBi(Sei S X Ak i 8 av ¢ MRS V BHIFEH, KILBEH S
BRREN LT, a, ¢ 5V EEERIES . RJEEATHH T LaOgsFosBiSe, BT A ) B 125 M A1 K
17, KB LaOysFosBiSe, BA 2 4tl, 8 HOKREAL 8% L E 202 Bi-6p PUETTHR, FK i B AW
UESiH o AN BATEIESE T LaOgsFosBiS, IHL 74544, KILES LaOysFsBiSe, i HL T 5 HE R AL
FRUCBA TR FH P AN [R] J7E L. LaOg sFo sBi(SosSeqs), JRHIAR Y, 43 I THE T eI H 7454, A BLM &
ORI IR Z AN, KW Sel 1 Se2 MBI T AN HJa FATHIT T AR S BARIKE (x = 0~0.7)
'~ LaOysFosBi(Se1-S0)2 I N(Ep), TR ILBEHE B 2R BEMIIE R, KT ARZS 5 L S I R, fE x =
0.6 NMIUASHRORAE, 3SR Z 1 Tox MEIZEAR B, TURE LaOysFosBi(Se-Sy), AT AEA HLF #l 5 BL Xt
(1 B 3 A

E&UH

5% SRR 23 & (HEHES . 11574108, 11104099, 11404155); ZHIE HRE ¥ & HMES
1408085QA12); ZHUH M AR EHRFH W T H & G5 KI2015A120); ZHUE KA Q)R
Wit R H M-S . AH201310373143) % B,
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