Chinese Physical Society
Mﬂ#ﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

$58KW NaFeF ZAMHIE VIR R B L W RS FiBIE

RE B LS MTEW 2%

First principles study of structural, electric, and magnetic properties of fluoride perovskite NaFeF;
Song Rui  Feng Kai  Lin Shang-Jin He Man-Li  Tong Liang

5| Fi{5% B Citation: Acta Physica Sinica, 68, 147101 (2019) DOI: 10.7498/aps.68.20190573
TELER L View online: https:/doi.org/10.7498/aps.68.20190573
AN View table of contents: http://wulixb.iphy.ac.cn

AT RE RSB HAN S R

Articles you may be interested in

EHERH 45 A SnTiIO 38k FE AR AR 1Y 568 — P TR B 57

Ferroelectric phase transition of perovskite SnTiO3 based on the first principles

YIBR2A4R. 2016, 65(23): 237101 hitps:/doi.org/10.7498/aps.65.237101

BSERAT APDIBES AR E M SO HL R o iy B AT 5

Theoretical study on the stability and photoelectric properties of APbI3 perovskite
YA 2017, 66(5): 057103 https://doi.org/10.7498/aps.66.057103

SRR RN VI ) S s L IR R ST
Oxygen vacancies induced tuning effect on physical properties of multiferroic perovskite oxide thin films

PIBEAEA:. 2018, 67(15): 156101 https://doi.org/10.7498/aps.67.20181028

N/CudtH BB R TIO25 — VR R 7
First—principles study of N/Cu co—doped anatase Ti02

PrPeEdR. 2015, 64(4): 047101 htips:/doi.org/10.7498/aps.64.047101

ARIB A BLERE FHTIO2 B P ) 5 — P U LA 52

Ferromagnetism of undoped anatase TiO2 based on the first—principles calculations

YIBR2EA. 2017, 66(5): 056101  hitps://doi.org/10.7498/aps.66.056101

SRR A A R S — M B BRI S

First—principles investigation of oxygen diffusion mechanism in —titanium crystals

PIPRZAAR. 2017, 66(11): 116601 hitps:/doi.org/10.7498/aps.66.116601


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190573
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.65.237101
https://doi.org/10.7498/aps.66.057103
https://doi.org/10.7498/aps.67.20181028
https://doi.org/10.7498/aps.64.047101
https://doi.org/10.7498/aps.66.056101
https://doi.org/10.7498/aps.66.116601

#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 147101

$5¢KW NaFeF; &9 14 RIIR IR R
S ANk Ak

P

B BY MEs

MEW 2%

(R ZE TR R SRR, M st 211101)

(2019 4 4 A 18 HLH; 2019 4F 5 A 18 AU EMEH)

FIF SR — PRI B SR T ALY B BK 0 NaFeF; (B2 By 7 AR REAG Y, IR BT 00 A 1 4 i1 g #n )
BT BB R AR Y R . T AE RR W, NaFeFs BUb 1) G-AFM #E5ES T e, R & Z 2K
FIUEEE VL F AR AR 22 S . ARV B 2% (~8.3%) B, A0S Tl n] TR 4k FeF, N A F, JE BCIE X FR 1Y
Fe-O-Fe §i, 320" A R Al HeAh, X551 Fe—O SR 23 1 0 1 PN Fe FIE R far )y, #1077 A= 3F
TR AEAHTE RO, 3% S5 S A TSI AR PR 2 08 T AN R0 448 2%, D A T BB o A rit 37 T 47 5 A
P TR I T) IR B0 v 0 AL ) D7 1) S B LR G . O R VR P B SR B R 2 A Fe IR T B IRTH i, Fe B 7 1A
ey ¥ R AT P R R B 2 O IR S s SR B A R SR AL ) BRI RSB, I O 2 RS LR BT

FEREH bR

KR H—PRERLTE, Ly, 48T, AiBk

PACS: 71.15.Mb, 71.20.-b, 61.50.-f, 61.72.U~

1 g

i P < R AL S BRET A L ABOy BAT IR
2N EARFG Y, Iz B A il e R & i3
Fitk, (EAFZEMRHE o | B DA S SR T TR

il

B S S AR R, e (B kR B

T 2R Y S IR SRR I FUAR
JE AR AR I Z2 B A RS S e g T 2R
F9. IR ZE AR i SRR R R H B T BESR A
Wy BRI SCH L AR A BRAE DT 5.

SEACYI TSR BB ABO; FHZEL, AL S
RO ML ABF; WHAT AR RRIRYERT, £ At
BHOHFTE A 20 T2 60 AFARLSRR 5 1kad . filhn
TERSERA T K BF 3 5 R, KCrF; #1455
PRSI i) i L BELARNE B KCulFg 2 e 1/2

+ fEVEE . E-mail: snoopysr@163.com
©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190573

T ARAA SRR, LA IR B 2 = i (280 K)©O;
KFeF, L fif 47 )7 53 B 6 28 1 1. B 4
I, 5L E SR ARV E, SR ESERD 4 L
FIRFFFE I AR, AR CHRGE T AR Z2 0L B9, JEAR
ok, % NaBFy 800G A AT P A fh 27
PE 5 T R ARG, IS VE AR T RE
R B AR L 3RAT T — R A s 10131,

HHT, 2T NaFeFs bRl B2 | g 2E B 25015
BTERIRGE R8>, 557540 KFeF; ML,
F A7 Na B350, bk 30\ T AR R
2 M AR R DG S i DT EL 2 4 X R 1 IR T
Prma ZERIFE. FET HAT AN A8 5010 T
i, G5 OAEATRIIE M40 32 10 FH B 55— 1
PR, AR SCE RS ER TS5 NaFeF, (1)t
“EVER R TIT R GEWEST, 43BN 77 AR B 5 7R et
IRLRL LSRR, 7 RRENS RS St iR (S

http://wulixb.iphy.ac.cn

147101-1


http://doi.org/10.7498/aps.68.20190573
mailto:snoopysr@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 68, No. 14 (2019)

147101

2 EpRAFIUET &

2.1 HEipER

AR NaFeF; IECHESERTT 454, %
EM)E T Pnma 25 BE. Hodh FeFy /\ A7 L E]
FLAAHER R = EHELE, Na B i T FeFg /A
LAY =S [E] rpols . B A B TP 4 1k
HELARZERUNIE 1 7R, A OE LRI IE Y i 2544
ZHM a =548 A, b =566 A, c = 7.88 A,

1 454k BIGR ALY NaFeF,; USSR 2B BB 6O
J2 1 9B T M AL B FeFg \NTHNME, Horft oy B Fe 8 1,
AR\ TR Z )38 i 3/ F 8 7 ARE, A Na 8§ 700 T
FeFq /\TH 4 B ) = ZERESE op

Fig. 1. Schematic diagramof perovskite fluoride NaFeF;.
The light brown structures are corner-sharing FeFy octa-
hedra. The center of octahedra are B-site iron ions, which
are shown in dark brown. The yellow Na ions are located in

the framework surrounded by the FeFy octahedra.
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Table 1.  Optimized structural parameters of NaFeF3; and the corresponding experimental values.

Fe-F L Fe—F—Fe
a/hA b/A /A Space group
ab plane ¢ axis ab plane ¢ axis
GGA+ U 547 567 T.78 Pnma 2.096 2.029 2.052 145.5 143.0
Expt.[" 548 566  7.88 Pnma 2.084 2.052 2.072 144.6 143.9
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Fig. 2. (a) The projected DOS of bulk NaFeFs; (b) the 3d orbital-projected DOS of Fe?* ion.
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Fig. 3. The biaxial strain dependent energy differences
between A-AFM, C-AFM, G-AFM and FM states. The en-
ergy of G-AFM ground state is denoted by dash line for ref-

erence.
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Fig. 4. (a)—(e) The pDOS of NaFeF; with different biaxial strain; (f) the representative band structure of NaFeF; with —5% in-plane

strain; (g) the biaxial strain dependent band gap diagram.
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Fig. 5. (a) The pDOS of NaFeF;_, O, (z = 0.25) near Fermi level; (b) the PDOS of different B-site iron ions, which are specified in

the inset, Na atoms are omitted for clarify.
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Fig. 6. The total DOS and pDOS of NaFeF,0 near Fermi
level; the structure is illustrated by the inset.
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Abstract

On the basis of first-principles calculations, the systematic researches of the structural, electronic and
magnetic properties of NaFeF; are carried out in the present work. The influences of anion substitution and
strain effect are taken into consideration in the reaearch.

First, the basic properties of the NaFeF; bulk are determined. The fully relaxed structure exhibits a
distinct GdFeOs-type distortion and a relatively weak Jahn-Teller distortion. The band gap is estimated at 3 eV
from our DFT calculations with Hubbard U correction. Moreover, the magnetic structure is of G-type
antiferromagnetism (G-AFM). This intrinsic G-AFM magnetic state is robust, and cannot be easily destroyed
by small perturbations, includinganion doping and epitaxial strain.

Secondly, we study the oxygen doping effect on the properties of material with considering the fact that the
radius of oxygen anion is very close to that of fluoride anion, and the oxygen substitution can be accommodated
by the further oxidation of iron cation from divalent to trivalent state. According to our energy comparison
calculations, when one of the twelve F sites in the NaFeF; unit cell is taken up by an oxygen anion, whose
corresponding doping concentration is approximately 8.3%, the O ion is more likely to occupy the in-plane site
of the FeFy octahedron. This low concentration doping may induce unequal Fe—O bonds, which lead to diverse
valence states of surrounding Fe cations, and therefore result in local polarization and non-zero net magnetic
moment. The local dipole and magnetic moment are inherently correlated with each other due to the common
origin, i.e., the incoordinate Fe— O bonds. Therefore, the net magnetic moment together with the local
polarization may be reversed simultaneously by an external electric field. However, when the doping
concentration is further increased to 33%, the overall iron valence will rise to a higher state where the local
charge order and the net moment disappear.

In addition, the electronic properties of NaFeF; also show obvious change due to the influence of biaxial
strain. Specifically, the energy gap decreases monotonically as the in-plane stress gradually changes from
compression to extension. However, the band structure does not change significantly. The top of the valence
band and the bottom of the conduction band are both located at the Gamma point, thus making it a direct
bandgap semiconductor material with an adjustable energy gap.

These findings may promote further theoretical and experimental research on fluoride family and introduce

a new candidate to the multiferroic field.
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