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Abstract

Exploring the physical properties of materials under external strain is crucial for the development
of their potential applications. Through first-principles calculations, we studied the effect of ex-
ternal strain on the electronic and magnetic properties of NaOs03. We found that the band gap of
NaOsO03 shows abnormal behavior under compressive strain. the band gap decreases as the com-
pressive strain increases. Analysis of the electronic structures reveals that different regions in the
Brillouin zone have different responses to the external strain, because of the corresponding dif-
ferent wavefunctions. For the places contributed from the bonding states of the hybridization be-
tween Os-dxy and O-p orbitals, the band gap decreases as the external strain increases; while for
the places contributed from the antibonding states of the hybridization between Os-dxz/yz and
O-p orbitals, the band gap increases as the external strain increases. This intriguing feature of the
band gap is of potential applications in the future electronic devices.
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T, TEEH 3d F4d SR C R R RS, B OB E X eI B A A B A 3R
WEEMVEAL]. XL R RIS R BV, e s - gk ikie 2], Btk B
FRH[3] [4] [5] Mk F25[6] . AH L TIX ek R, 5d I 48 AMEA B H e uE#S & (spin-orbital coupling,
SOC)HHEAEH, [FI fFoRBE R AT 205 . (A, 7E FH M4 M E/ERREM R, 5d fhRAER
B Z A RE TR,

AW AR 2K 5d BAbz —. BIER(Os™, HTAR dY RS UGS ERE 454 1) Ba,;NaOsOg
BA YN, RN FIR BEORFF L TR H[7]; =M A R E) NagOsOs, LisOsOs ARG ERA 25 14 1)
Ba,LiOsOg HL A kM TE[8] [9] [10]; /NIMER(0s®, BT d) RS+, JUAHEKH 45K Ba,CaOsOg H A
SARHEPE[11]. A ER(0s™, T4 YRR, ARUNI XS ERT 45K Sr.CrOsOs £ 2 48 ik
fiPE, H SOC X5t RIAE AR K, 218 Os J& 7 F BEREA /N 0.27 pg, HUEREH IR/ 0.17 pg, —
HA{f Sr,CrOsOg ) 2 il 0 B A4 ek /1N [12]-[15] o

R 1951 4, Slater #& H RERMITF ML Sk RR A8 - AR AL[16]. XK, HiER
TE U R FIT, JER I Sy KA W fE, DR As BLH X 8 /N N SR I — 2, 704 B X R AR ey
BEZL, ISR RGN LLAE X Fh T HEF 518 S BN &8 - A AR5 fif Slater 485K 54577,
AIX—FHEMR REAE Slater a8k, 7 —4EF 48R 4Eth R, &8 - BRI DL IX —
HURARRE, (HA2 =R RI Slater BRI+ F W KRR RN =4I TR —4E. 4R
TORMER LR L, (OGBS HT ISR, R R IR = E LGk B — AR =4
Slater £ Z; 4 j& Cd,0s,07 [17] [18] [19].
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UK, DRIHEXT NaOsOg it T B /7 v] LA FE L 25 R4 1 5 . 4K NaOsO3 114 L~ 25 44 1 it (U i B o ) %of
AL ST I AT A, A BTSRRI SRR IR o
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5d 14 JE A ) NaOsOs & IEA BT 4544, S AIHEE Pnma. BEANEMEHH 20 NMEF, 20 4 4
Na, 120, 41 Os. ftisidcha=5.3842 A, b=75804 A, andc=5.3282 A. Na & 1F1 0 B T K
ff A A IRAE, S5 0s 5 O 5 =FAFIEK, H#HEL 1.94 A [22]. NaOsO; LS AN 1 fis.

PATTFH B S5 RN - 1D 38 FE 2H R B AL VASP [23] [24148 5T NaOsOg FFIOWATLER,  [R] B ik bk A Sk
BCRR IR T AR R N Os REEE, MCRHREEFEILPILDA, K fiE A5 x 3 x5, i
BEARBTEE N 400 eV o ALK R T AL bR 4538 H LA, [RIES 25 FE E TEPUE F & A 7SR IBAE FH - NaOsOs
RN ZgAR, W gER R RTBEROR, A DA TR U L Z4EA R SrolrO, Bl BalrO, E/h.
Jung M C [25]% A BIESE G B S kiR B Y NaOsO3, 7E SOC 1EFI L, U = 2.2 eV I &3THF—4
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F—8. K5, HHE SOC XK R HI5N, FATKA LDA + U M LDA + U + SOC 73 Al#kAT A% BRI Be i
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Figure 1. Distorted Pnma crystal structure of NaOsO; (a): top
view and (b): side view. The red (small) and the yellow (large)
spheres indicate oxygen and sodium atoms, respectively
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Figure 2. Distorted Pnma crystal structure of NaOsO; top view (a) and side
view (b). The red (small) and the yellow (large) spheres indicate oxygen and
sodium atoms, respectively
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NaOsOs i J L% 5. NaOsO, I H e H 2K B Os IR 8MisE (2908 1.7 we). & Os [1) 5d #h
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TERBT LA 55—, RET SOC fEHMBUERIE b A efisi /M3 2 . Rk, NaOsOg e i
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WAIEYMZEAR K, A 5d° HLF R GE I BB REAE K28 [ BEREAE W5 [26] [27] [28]

] 2(0) R 2(c)4h T NaOsO; s 225 8 Iz Os-5d Al O-2p HUE I AR R AT IE A,
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TR tog e I8 . Forh ey FUIEAR (8, 1 F+3eV PAE. 1M ty 22 R, WA EIEEENSHEL—5
ZRZHAE R 1 eV MBS, S s T A S5 I MHE . 540 S tog A5 [Fy OsOs /\TH
PRI ) ZE BT 5y WIS T—T7 eV =L eV M. 22 ErIA, BRImFH I 46 1 3 B2 Os (1) tyy FLiE .

XTS5 48 B T S A R 20 = 2R 1 75 ARSI A T A AR T, AT 52 M0 4k R PO
MADERVERE . SEBR b, AR g2 o R s, AR e AT R A A, g i el e s
BRI . S — 7T, OsOe A WU/INETAS I\ TR, X NN ) LIRS, o AR A 5 BNk R
IPERE B g PEME T . IR T HRR NaOsOg 1 HL 745 A4 5t AT 87 g i I e - 18 1% He 1 45 44
(777, AT NaOsOs 73 Al it i F 45 FHRiAR B4, AR f5 v S L Ry G54 o AR I8 3% 4 MU 45 1) i
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Figure 3. (a) Indirect band gap and total spin moment of NaOsO3 under external
strain from —5% - +5%; (b) Direct band gaps at high symmetric points in the
Brillouin zone. Here only the results from LDA+U calculations are shown
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Figure 4. Band structure of NaOsO; with differentstrains from LDA + U
(black solid lines) and LDA + U + SOC (red dashed lines) calculations. The
strains € in (a), (b), (c) and (d) are —4%, —2%, +2% and +4%, respective-
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