344 %10 T WM R 2R Vol. 34 No. 10
2019 4F 10 H Journal of Inorganic Materials Oct., 2019

X EHS: 1000-324X(2019)10-1047-08 DOI: 10.15541/jim20190003

Mn 127588k E 1K SrFe ;010 BT 451 K
AR — 1 IR

PV ARG R ELE KD HHES
(1. o REBIRE MHAFE TSR, BRIKE 150040; 2. FEAFE TERMARKS TR, Litb
BAH LA T, TIK 315210)
B AT IRRBIRE R B B A R AL B R A RV BE R, AR TR T R SR R R B AR R
R e MR R LR SR o WU R, BRSO TR RE M, 5 AT AR e 45 AW & . T8 HLE GGA 1 GGA+U
TR IE, R U A R B A R K P MR R FREGE A BB 2 U RN 3.7 eV B, RRBEBIEERENE
e EATBRA 1.71 eV S ISR 40 ppo X T Mn 44825 (1 StFe;, Mn, Oy A R, S8IEA [ 5 H 47 E
B, S8 Mn 7T & (=0.5), Mn B FH56 54 Fe (12k)ALE; 17 474 Mn 5T &% # Fe J& T (=1.0)1, ¥
A~ Mn 533 54 Fe (12k)F1 Fe (2a)hi B . Mn 530 S8 B AR IS M S/, AR T R (K SRR R H 1 25 M) A B
AR 5200 72 Mn & 8 x=0.5 Al x=1.0 I, B iy BAE 5 A B3] 0.85 F1 0.59 eV, JE RIS HE S 39 F1 38 pge
AHI FE AT Ay SR AR I
X iR BUBREUR Mo Bk B VEEE, HLTANR; M
RESZES: TQ174  CHAFRIRAD: A

[R]

First-principles Study on Electronic and Magnetic Properties of
Mn-doped Strontium Ferrite SrFe;,019

WANG Zhong'”?, ZHA Xian-Hu?, WU Ze', HUANG Qing’, DU Shi-Yu®

(1. School of Material Science and Engineering, Harbin University of Science and Technology, Harbin 150040, China; 2. En-

gineering Laboratory of Advanced Energy Material, Material Ningbo Institute of Materials Technology and Engineering, Chi-

nese Academy of Science, Ningbo 315201, China)

Abstract: To reveal influence of doping ions on the magnetic properties of strontium ferrite materials with magneto-
plumbite configurations, we studied the stable configurations and magnetic structures of strontium ferrite with and
without manganese doping. The results show that the strontium ferrite is ferrimagnetic, which is consistent with the
previous reports. Comparing the GGA and GGA+U approaches, the U value exhibits a significant impact on the elec-
tronic structures and atomic magnetic moments. When 3.7 eV is adopted for U value, the system changed from a metal
to a semiconductor with a spin up band gap of 1.71 eV. The total magnetic moment of the pure strontium ferrite is
40 pg. For the SrFe;, Mn,0O,y system, the site preference of Mn substituting Fe is investigated with x=0.5 and x=1.0.
When x = 0.5, the single doping Mn atom preferentially occupies the Fe (12k) site. For x=1.0, the two Mn atoms pref-
erentially occupy the Fe (12k) and Fe (2a) sites, respectively. Doping Mn has little impact on the lattice structure of

strontium ferrite, but have a significant effect on the total magnetic moments and electronic structures. When x=0.5
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and x=1.0, the band gap values for spin up electrons reduced to 0.85 and 0.49 eV, and the total magnetic moments re-

duced to 39 and 38 pg, respectively. This study may provide a theoretical foundation for future experimental studies.

Key words: SrFe;;,0;9; Mn-doped,; the first principles; electronic structure; magnetic moment
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Fig. 1 The unit cell of SrFe;,09

(a) The green ball denotes the Sr atom, the small grey ball denotes the
O atom; (b) The blue, red, purple, magenta, and blue-green balls rep-
resent the Fe atoms in 12k, 4f2, 4f1, 2a, and 2b sites, respectively. The
spin directions for different Fe*" are labeled with different colors (black
and red)
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BN U TR TR R R R DR bk, &
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U JG, BERSER BRI SR . NESE R 2(d)
RRTRAE M, AT B EEASR UL, 12k, 2a. 2b AR
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Table 1

Lattice parameters, relative total energies and magnetic moments of

SrFe ;019 in different magnetic configurations

Spin direction of Fe ions in SrFe ;0,9 a/nm Energy/(eV-(unit cell)™) Moment/(g-(unit cell)™)
2a 2b 4f1 4£2 12k
+ + + + 0.5730 2.257 0 25.00
- + + 0.5690 2.239 0.5900 48.00
+ + + 0.5740 2.266 0.1300 44.00
+ + + + 0.5770 2.264 0.3200 39.00
+ + + - + 0.5870 2.324 0.4600 59.00
+ + + + - 0.5820 2.300 -1.160 —7.000
— - + - + 0.5840 2.269 1.040 43.00
— - - + + 0.5790 2.245 —0.6800 28.00
+ + - - + 0.5860 2.310 -2.820 40.00
0.5880" 2.304°

a: exp. Ref.[32]

F 2 GGA 7 GGA+U £ M TREXEIRAY Fe [R T4 5E & M B2 W 5E (up)
Table 2 Magnetic moments (#p) of Fe atoms and total magnetic moments for SrFe;,019 unit cell from GGA and GGA+U

Atom Wyckoff site Coordinates of atoms Magnetic moment (GGA) Magnetic moment (GGA+U)
Sr 2d 1/3,2/3, 3/4 0 0

Fe(1) 2a 0,0,0 3.73 4.17

Fe(2) 2b 0,0, 1/4 3.54 4.05

Fe(3) 4f1 1/3,2/3,0.0272 343 4.05

Fe(4) 412 1/3,2/3,0.1909 3.17 4.10

Fe(5) 12k 0.169, 0.338, 0.891 3.71 4.18

Total — — 38.5 40.0
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Fig. 2 Electronic band structure (a) and total density of states and atomic projected density (c) of states of SrFe ;0,9 from GGA,
and electronic band structure (b), total density of states and atomic projected density (d) of states of SrFe ;049 from GGA+U
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x=0.5 £x— Mn JEFERVER SR B 4 Fe
JEF; x=1.0 F/RPIA Mn J7 -7 8 882k A 1R 5 e
P Fe J&Fo AT HIE Mn Ji 772 75 0] B4t Fe LA
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Eqp (i) = E(SEMO(i)) — E(SFO) = Y n,Au(ar) (1)

A E(SFMO(i)) 3% 7~ Mn JR FEUR Fe J5 15 44 888k
FARI R RE R, E(SFO)RR A J4 Bk S 1A i f 1)
MAEE, M) RABRIETAEA £ & B R
SE SIS T RSB 2 (o= Fe, Mn), n, %78 o J& 7160
SRR R, R3FIE TIHESER.

MF 3 FRLLE H, A Mn JEF &Rk RAE
ANEBARAL I RE B 2 BOR . WifE 12k 7 &, HUR
Aefie B IMK, N-2.50 eV, WA Mn JETE#H,
HEHUR 12k 7B 1) Fe R 7E 2a fil 402 £ B

®3 B Mo EFERBARSEERRREME
Fe R FRIBNKEE Ey BREBEHIRIBSMEIE m F0
HEFE R B ZE KN Amigg
Table 3 Substitution energies of single Mn substituted

strontium ferrite with Mn substituted Fe in five
different sites, the total magnetic moments of
substituted SrFe;, .Mn,O;9 and their changes

relative to the pristine SrFe;;0;o

Substituted site Eq/eV My U A
2a -2.24 39.0 -1.00
12k -2.50 39.0 -1.00
41 —-1.86 39.0 -1.00
412 -2.03 41.0 1.00
2b -0.34 49.0 9.00
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JEF B 2, AT ALJR T BRI R, BidE
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RAE, 12k 1 2a 7 BHECR AR ERAK, P32
HELW N Fe JEFIEIX R0 B IR TE . il
R SCHRIR S5 AL B0 20, s R R B
BRI AL IR <[ 25 — > Mn JEFEURAL, 55 A
Mn J&EF BN 405 1A% AT A B, 4
A Mn J5 T2 BB 2a F1 12k A7 BN, A PR
(IR RS, 23 BIFRIC N[2a,12k].1 Fl[2a,12k].2. K5 fE
ALK A SRS TR 4 o WERKF
ATLVEH, A Mn 7200 BURIE AR 2a
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Table 4 Substitution energies Ej,;,, total magnetic
moments m, and their changes Am, relative to that
of the pristine SrFe; ;0,4 for different configurations of
SrFe;;_.Mn,O9(x=1.0) with two Mn atoms substituted

Configurations Eq/eV Mo/ B Ao
[2a, 2a] -2.88 38.0 -2.00
[2a, 12k].1 -4.02 38.0 -2.00
[2a, 12k].2 -3.98 38.0 -2.00
[12k, 12k].1 -3.90 38.0 -2.00
[12k, 12k].2 -3.90 38.0 -2.00
[12k, 12k].3 -3.97 38.0 -2.00
[12k, 12k].4 -3.90 38.0 -2.00
[12k, 12k].5 -3.95 38.0 -2.00
[12k, 12k].6 -3.99 38.0 -2.00
[12k, 12k].7 -4.00 38.0 -2.00

12k Az & Fe Ji 1, BARRERERIKN-4.02 eV, &
BIPIAS Mn JE BRI B 2a #1112k 7 B
Fe Jf 1. (EAVERMAE, [12k, 12k].7, [12k,12k].6 DA
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Bz, RS FAREE — B LR ER, K
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S8 v ek /0
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BT B e, A Mn e BUR 12k 2B
() Fe JR5, 24P Mn BUCHE, A5G BRI 4B A7
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(1) 5% 2 BORAR BURH LE, Min 3524 Ji5 5 4% 5 $I0RT R
A o Mn #5344 SrFe i, Mn, 019 H x=0.5 K, X}
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0.594 #12.319 nm. Mn #4% SrFe;, . Mn,O;o 1" x=1.0
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SR SFO. B Mn B 12k (L& Fe RUIEZ4RE[12Kk]. B Mn Bk 2a L E Fe HIIZ 218 E|2a],

AR FA Mn BTS20 EME [2a,12K].1 MR EHE PR FHIES
Table 5 Atomic magnetic moments in four different configurations: pristine strontium ferrite SFO, the [12k] configuration
that SFO with one 12k Fe atom replaced by Mn, the [2a] configuration that SFO with one 2a Fe atom replaced by Mn,
and the [2a,12K].1 structure that the stable configuration of SFO with two Fe atoms replaced by Mn

Site SFO [12k] [2a] [2a, 12k].1
Atoms M Atoms M Atoms M Atoms M
2d 2Sr —0.004 2Sr —-0.003 2Fe —-0.004 2Sr —-0.003
2a 1Fe 4.165 1Fe 4.171 1Mn 3.866 1Mn 3.786
1Fe 4.165 1Fe 4.164 1Fe 4.164 1Fe 4.164
2b 2Fe 8.108 2Fe 8.135 2Fe 8.132 2Fe 8.137
4f1 4Fe -16.180 4Fe —-16.181 4Fe -16.172 4Fe —16.188
412 4Fe -16.414 4Fe —16.435 4Fe -16.414 4Fe —-16.445
12k 1Fe 4.181 IMn 3.798 1Fe 4.179 IMn 3.800
11Fe 45.983 11Fe 45.958 11Fe 45.955 11Fe 45.950
4e 40 0.716 40 0.563 40 0.711 40 0.517
4f 40 0.696 40 0.555 40 0.673 40 0.218
6h 60 0.876 60 0.870 60 0.860 60 0.342
12k ‘120 0.814 120 0.683 120 0.311 120 1.095
12k 120 1.916 120 1.733 120 1.821 120 1.812
Xm 39.02 38.07 38.08 37.09
Moy 40 39 39 38
F 6 RIBZAN Mn 574 E KR S8 E KRR O M TENERKKKES. MNERAEKT

Table 6 Lattice constants and volumes of pristine and
Mn-doped strontium ferrites

X a/nm c/nm Volume/nm®
0 0.5940 2.319 0.7063
0.5 0.5940 2.319 0.7063
1.0 0.5950 2.320 0.7071
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