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Abstract

The Slater transition is one of the metal-insulator transitions that occur due to the formation of an
antiferromagnetic order. In this dissertation, we use ab initio package to study the electronic
structures of two Slater insulator materials, NaOsOz and Cd:0s:07, including electron energy
bands and density of states by using the first-principle density functional calculation method.
Furthermore, the effects of antiferromagnetic order, spin-orbit coupling (SOC) and electron cor-
relation on the electronic structures and transition properties were investigated. We find that the
electronic structures of NaOsO3 in the non-magnetic phase are continuous and showing the beha-
vior of metal; while the G-type antiferromagnetic structure changes the electronic structures of
NaOsO3, resulting in Slater transition. We find that the electronic structures of Cd;0s:07 in the
non-magnetic phase are continuous and showing the behavior of metal. The conditions for the oc-
currence of Slater transition in frustrated Cd;0s;0-; are very severe. Only the noncollinear
all-in-all-out antiferromagnetic structure with the spin-order interactions and 1.8 eV electron
correlation can cause the Slater transition. It shows that the noncollinear all-in-all-out antiferro-
magnetic structure is the magnetic ground state of Slater transition, and the spin-orbit coupling
and the 1.8 eV electron correlation play a key role in eliminating the magnetic frustration.
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Slaterfi e & —F BT REBF R SBHNERE - %56 HE. XA CRHASE—HRETERZRITEN
YERE T T B PR SlaterZ 4k 15 NaOsOs F1Cd2 05,0, B F &5 4, BETIAFFT T REBLFHED . B iediE#E
AR B FREEH B TFEM U RAATEFR . RERERE, JERAHANaosO:MEE B, Tehl
i RS MR I EINa0s03 R A Slater A RIS . JLAP, TR ST &5 RF 00, dEREAR ) EE44 4 Cd 20520
IR SR TR RS RIESN, RIAEBEM; It HFEFRIHBNCd20s20, % 4 SlaterfH 2 2614
+a#E %, RAEBRIEREGN1.8 eVETREEFSERER T —Masdt - IRt R GRS WA 6
fEH R A Slaterfi2E . PB4 - £ HIELR M R GRS MR Cd.0s.0, K ESlater HE REEEDS, TH
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1. 5|8

S RMBIE) P E Y BV, R RNy, BT UK RE AL T M T RE A T AL B AN R 33
T ERMAEGARAE TR IR ERZERN[1]. LA, REMBHEREMFML T2 RAESE - %144k
FHAR[2], &)@ - BEARAALAE N — P 2y (P B I GSON BRI B R  — A OSBRSS R - 4
GARAEINLRA RS, A CHERATEZEH I Slater FH7AE.

A2l 50 AR . C. Slater #2H1[3], EFSHG RS, HT REHMIT 2 S Slater AHAE, B Tk
W B TR T BUN 2 B EAH RS OB RCIRE, A& s B0 as, A BN IX ke, ARt KT &,
FEAT LW XA AT B, RAAAS . )R Slater AHAZ FIHLHIR C8g th, HZSEBR EARIL Slater 482544
MBI ESR AT, ATRERYT Slater 8 Z0 AT EHO IR SR S5 44 1) NaOsO; [4]FIEESR A1 45K 1) Cdy0s,07 [5]-
N1 AR Z A S R B AS EA RORAEAE L, R B EA TR R NN E] S, AR SCIRATR AR —
P JEUH 25 PV bR T VRS P Rl Slater 824K K NaOsOs F1 Cd,0s,0; LT~ 45 #4 FIAH A8 1 iR #0471 10T
Ft. HETKILA Slater 42 AR E T 5d il &8 40y, 11 B ie$E#% 5 (spin-orbit coupling, SOC)
(RN T Fe B Y T IR [6]-[11]. X T & A En s A EL, e 5d e B Ay, HiesiE
G AR EAE AT DARE 2% . Rk, B T RERHLT, BATE T ZdE— 0% i B e PuE i & A i 7 O E
FHXT Slater 482 AR ML 15200
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2. ARG *®

AL EZF A Quantum Espresso HAFEL[12] [13] [14] [15], KA — M EHEZ EZ Rt ST Em R T
PiFf Slater ZEZ 1AM KL NaOsO; Fl Cd,08,0; L F25H1), GIFHFReH, %S, Mt 7Rk
FEHES] . B OEHUE A T O BT L RE A R DL R AR AR M R R o T R R A
Predew-Burke-Ernzerhof (PBE)H3 /&S, THEFTH M k £UR A Monhkorst-Park 777542 B, T T BT g
WHE N 60 eV, i ERNAEE N 600 eV. Os JLHRMFERHFH U KRN0 2] 1.8 eV,

3. ARGREVHE
3.1. Slater a2k {E# ¥} NaOsO,

2009 5, AAREENE KRG T NaOsO; F4f H f AR g5 M A e i B db AT 17l e (4], kgt tn
K1 R, HEsSEAIEE 1 .

Figure 1. The crystal structure of NaOsO;. Yellow balls represent Na, gray balls represent Os, and red balls represent O.
There are four Na, four Os, twelve O atoms in the unit cell, and a total of twenty atoms

[ 1. NaOsO; @ fifZEt). HPRBRTMEFNa), KBERTHEET(0s), ABRTEET0), REFELEMHE
¥, OMEERF, t2IMEERET, £ZHNRT

Table 1. The lattice parameters of NaOsO;
= 1. NaOsO; HIBIE S ¥

B a=5.3842 b =7.5804 c=5322
B a=90° B =90 y=90°
% JFF AR X y z
Na 0.0328 0.25 -0.065
Os 0 0 0.5
o1 0.2881 0.0394 0.7112
02 0.4834 0.25 0.0808

22 [8)f: Pnma
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KIS S5 RR]: BRI A FRAR, NaOsO; 1 HLFH R ML AAE 410 K N 2 SURIAAL, X Ui BIHAFE AR
AARAZ R [N A AL B o T ARG TR L PR PO S T R, BEA RS, XU NaOsO; R — ik
SR B AR . IXLESIG 45 AR B NaOsO; 1R 7] BE A2 —Ff Slater ZE45 14 .

N T ARIE NaOsO; KAMAHI S, FATE Jert HEREAH NaOsO; HI L PR EAT 7 05T, 8] 7 HE
AT REA I 2 TR
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Figure 2. (a) The density of states of non-magnetic NaOsOj. (b) The band structure of the non-magnetic NaOsOj3
2. (a) JEFEHE NaOsO; HIASZEE . (b) EREHE NaOsO; HIgET &

Hid NaOsO; A ERRATRI, ERREMAATMICKEELL, NaOsO; AT A —MIE(H.
I NaOsO; [ HL 7 BE I FRATR I, FETKBEAL, NaOsOs [FRETT A2ELLN], X Lol AR U B AERIAH
) NaOsO; & @M. SLi6 45 BB LIRZAE 410 K LLEF NaOsO; &R I H & @, B NaOsO;
IMELE R o ¥ Tk, FRATEIE X NaOsO; IZ M S Bk HARA A5 #0182 I, NaOsO; HAa —FhoAS [A] (1 26 1
SERREES R 3 s .

Figure 3. Three linear antiferromagnetic structures of NaOsO;. (a) G-type antiferromagnetic structure in which the magnetic
directions of adjacent Os are opposite; (b) A-type anti-ferromagnetic structure. Along the direction of the a-axis, the magnet-
ic directions on the same surface of Os is the same, and along the b-axis, the magnetic directions of Os on the same plane is
opposite; (¢) C-type antiferromagnetic structure. Along the direction of the b-axis, the magnetic directions on the same sur-
face of Os is the same, and along the a-axis, the magnetic directions of Os on the same plane is opposite

[ 3. NaOsO; I =ikt R kAR EE. ()%~ G BUR SREALEH, 18D Os [RF LAYHEFFHE 75 B 048 & B9 & 8k
HALERD; (b)FRN A BURKFEEEHD, 108 a H75 M, E—H AR F LRSI R —HR, MiAE b M5,
E—mE EHHE T LR#FHSIG mRAR R KEED; (o) R C BRKHEN, 55 b AR, F—mLEr
BRET ERNHBEFHSSRE—HE, THEE afAE, E—HE L8EERETF LRHEFRTIE R AR B R K
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PATIHE T =Rk SRR S5 H T NaOsOs IS EERM B TReH , ARG G RBRRLSS A RENE
NaOsO; HIREH T TR, K Slater HHAZ . HLASTE AT REH 114 4 FrR .
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Figure 4. (a) The density of states of NaOsO; with the G-type antiferromagnetic structure. (b) The band structure of NaOsOs

with the G-type antiferromagnetic structure
& 4. (2) G BURSRFELEHM T NaOsO; RISEEE, (b) G BR KL T NaOsO; BIRET &

BT G B BRBEAE T NaOsO; FIAS AT, TREEENERI KR, SFEEH K.,
L Re T EEAVRIL, TEFOKRREAL, NaOsO; IRET T Ty B, S AR 7l FAH 2 B o X e 2 B0 i
NaOsO; #&—Ff Slater 42514, G B [ Bpd 45 72 NaOsO; K 4= Slater AHAS FIfEIEA

3.2. Slater %k {&E# £l Cd,0s,0;

TATTIEXS 75 4h—FH AT REN) Slater ZEZARM KL Cdy08,0, HEAT T TS, H BRI 5 Frox, Hak
SR 2 PR

Figure 5. The crystal structure of Cd,0s,0,.In which purple represents Cd, gray represents Os, red represents O. There are
sixteen Cd, sixteen Os, fifty-six O in the unit cell, and a total of eighty-eight atoms

[ 5. Cd,05,0; mikLEi. HhEARRERF(C), KERFHETF(Os), LBRFEFEFO), BEPEFHANE
EF, +R"MEEF, A+ EETF, £N\+H\DNEF
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RER 5

Table 2. The lattice parameters of Cd,0s,0,
% 2. CdzOSzO7 H"JE%%%@

FIESEA) a=b=c=10.1651

N AR AR X y z
cd 0.5 0.5 0.5
Os 0 0 0
ol 0.3192 0.125 0.125
02 0.375 0.375 0.375

Z3E|fE: Fd3m

1974 4, Sleight B Rl & H T A BEFH P 240 H 25116 Cd,08,07, R I 0 E PR 2 225K B
Cd,0s,0; &= RAE—NESLN R E)E - ALARAE[5]. b5, Mandrus 25 Al X 5 LR AT 5236 06 2%
A R ) BV TR HEAT T VEARIGE [16]. SEERZE SRR Cdy0s,0; R AE ISR AT RE 2 Slater AHAZ, i
Slater FH7A 52 B SCBR AP T s i) o — IGO0 T RIS 1) it i W A8 2 Y BR A FEL P [17] [18], T =&
I 2 R AR AHAZ I FE A [19] [20], Cdy0s,0; B SR AAR LR FH A K AEZN . IFRATINAZ Cdy0s,0;
AFAE B SRCBRI B 7 RERE A, #EM 51 % Slater AHAE . AEHEAH CdyOs,04 I HL 45 ¥4 0. 55 745 % FE AT i 7
R Wi 6 FTom o
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Figure 6. (a) The density of states of non-magnetic Cd,0s,0;. (b) The band structure of the non-magnetic Cd,0s,0,
6. (a) 3EFEHE Cd, 05,0, IASEEE; (b) JEREHE Cd 05,0, BIRETE

MAEHEA Cdy08,0, HIZSH L EIATBLR Y, HAH AR SR RE A7 ARG IE S VA . T i T RE
FATEBL, AFREAR Cdy08,0, B HL T B E FORBESUAL A ELL ) . IX L2 RUE UL ARRAAI ) Cd,05,0; F
fAaEtt. LI a RRYI LR Cd0s,0; 2RI EIEYE, 10 H Cdy0s,0; 38 AT W5 kL 14
4if, ZURPEAE 225 K BLERS, Cd08,0, RMBLEE . Uil 7 B, BAT Gxidt - 4 AR2 v S Bk 45
F ) Cdr0s,07 H LT 45 1 SAHAR R BLEAT 1 HF 9

AW T 7 AE B FEPIER G (SOC)V M EEMRHEF % U= 1.8 eV ILFEME T, 4xidk - el AR2 itk [ gk ik
LKA Cdy 08,07 A F LM T REF WA 8 o THEEREY, FEERHFAKMEMT, 2 - 2
RN I BRBE A5 KA Cd, 08,07 A5 AN REAAE PR REAL e A BE 2, LB AR IARAE, 5 SRIR4S
RARRF[S]
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Figure 7. The noncollinear all-in-all-out antiferromagnetic structure. In the tetrahedron consisting of four Os, the magnetic
moments point to(all-in) or away(all-out) from the centers of the tetrahedron
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Figure 8. (a) The density of states of Cd,0s,0; with the noncollinear all-in-all-out antiferromagnetic structure, with SOC
and U = 1.8 eV. (b) The band structure of the Cd,0s,0-,
E 8. U=18eV, &iff - EHIFLMRKHLET (2) Cd 05,0, ZSEERE, (b) Cd,0s,0; HIRET

4. &g

TAVHRE 7 =2k SRBES5 F T NaOsO, AT FEM L FRET, KIWAH G B ERMAEE 1A Bl
NaOsO; FIRETH FT AT B, KA Slater AHAE, X5 Z AT THE 45 5 AH—8[21]. fEAEPUERM G U= 1.8
eV W RBILEMER T, 4 - 2l AEg M RS LT Cd,0s,0; BB F25 1 K AR, 51K
FHAZ . I X Cdy0s,07 5 NaOsO; FI LR FRAT A I, HT Cdy0s,0, 254 i FHAR A7 LE, B H & A AH
BRIGAFER T Z], RAE A RERMR SR ERHFH U MILEIER T, 2aF - 2 AR ki 451
A ae R AEMAR, RS2 Cdy0s,0, K2E Slater AHARFIREIER:, H1 NaOsO; A[H, HIEHL
TR G L RBRAE Cdy08,07 AHAREFE it [ FEER 2 1 OCHEH

£ E&WA
B AR IS I (e : 11674054) B K AR S H FE R E R S OHES : 11504182)
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