Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T YEVOBr, B 2R 4 M AR R SR P AR R

RE ELA B 2R R

Structural, magnetic and ferroelectric properties of VOBr, monolayer: A first—principles study
Song Rui  WangBi-Li FengKai WangLi Liang Dan-Dan

5| {5 B, Citation: Acta Physica Sinica, 71, 037101 (2022) DOI: 10.7498/aps.71.20211516
TEZL I View online: https://doi.org/10.7498/aps.71.20211516
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

LR BRI HoA S EE

Articles you may be interested in

2N R RAB A " A Zn O B Z R B S — PR RS 5 00 BE i

Properties of vacancies and N—doping in monolayer g-Zn0Q: First—principles calculation and molecular orbital theory analysis

YIFIE4. 2019, 68(24): 246301  https://doi.org/10.7498/aps.68.20191258

JEy ROBE A — AR S — PR ST 5T
First principles calculation of two—dimensional materials at an atomic scale

YIBR2EAf. 2021, 702): 027301  https://doi.org/10.7498/aps.70.20201636

Cr 2 B 258 F i Jahn—Teller&0 W (4505 — 1 R BRAFST

First—principles study on Jahn-Teller effect in Cr monolayer film

Pz 2018, 67(23): 237301 https:/doi.org/10.7498/aps.67.20181669

T HEBREXTe, (X = Pd, PoFAHPERE 15— I3
Thermoelectric transport properties of two—dimensional materials XTe, (X = Pd, Pt) via first—principles calculations

PyFEEEAR. 2021, 70(11): 116301 https:/doi.ore/10.7498/aps.70.20201939

THERPRL R DL L il A S R P
Berry curvature—induced emerging magnetic response in two—dimensional materials

YrH2E 4. 2021, 70(12): 127303 https://doi.org/10.7498/aps.70.20202132

VIBZR " HEMoS A Z MR B RE A 26—V E I LA

First—principles investigations on gas adsorption properties of V-doped monolayer MoS,

YrE2E4. 2021, 70(8): 080701  https://doi.org/10.7498/aps.70.20202043



) 32 % 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 037101

"% VOBr, A RGN E kB %

KK E A

By, TR

(REZE TR EERNE, M st 211101)

(2021 4F 8 A 17 HY#; 2021 4£ 10 A 8 HUEMEH)

i By 35 — PR BRI, XF VOBry 502 BYS5 K | ®ETE L R BR AL PEHEAT T RGEWHIE. IT RS R RUIMRIE T
VOBry 23745 [ A Bk RAAR DA o X DT HEL AR 70 O BB AR A5 ). 5 [ IR b Ik A L VOT, AR, Vi — 5%
WG AL ICIEAE VOBry AR EATAE, i 23 T 2R G RE K . LSt , VOB 5 AL AL 10 Y o 77 100, 1T
W a, bl T AR RERE Y SR RERE . VOB, Y BRI 2 VIR o BliJ5 10 VOV 8 LR B (775
PR, R/NGY S 40 pC/em?. 58k IR 20 B AR LU, T8 3 o0 B R TR BE b A B ARtk mT LA A 20 Ak L 7
Fene gz, WA B 1 AR RE A1 S BRI A3 A ) B L Bk el B, O I BE G e R RE K L AT B R R BT AR

Fi4 JREL B 1 5 1]

SR VRSO, TUEbDRL, ), R R

PACS: 71.15.Mb, 63.22.Np, 75.70.Ak, 77.80.—¢

1 g

B 21 209 5 2 S i il 25 1,
THERRAPRZ B T2 O, AHOCHT ST AR P
AR, 4B L HSTAORH Y 2 N A R Y
SRS VER, )23 ) DU 38 3 A 553 P ¢4 B B3 A R
G, BEA Z T00 2 2 0 RE . B A OG5
IABIIR A, ZHE7EE L H R IR i 2 AN )
THM R BVERE, INZ AL g T4 Heak
TR S A, NI 2 Ak | ol e DL i
TR B IR RN A U AT S B T HED BT ) 7
ok T FFE Ry PG -7 RS TEHLE SnTe hkH
K L PR BRI AE U2 Crly, DL 2 )2 CryGeyTeg
R IR ASERG 2 0100 SR Z—4ERPRL . ThRER B
W ARG L AT A TR TE ).

ZERMPRL R BA g MR, A TS )
FEHLAIFNE A N IV ) IR 25 | 36 R E e
M. SRt Z4ERYIF9E, & B T Wk v A

il

t BIE1EHE . E-mail: snoopysr@163.com
©2022 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.71.20211516

PR RIPLHIRS R, 280 BHE B SR AR
b U, B —HERRH DG, BRI IR R
il A B 2 I F s (208 3 A P e 4R GE T VOX,
(X = Cl, Br, 1) RIIMEPETEE 280 1, Bi5
MXF VOI, BB L Hb 1 B 1 02k v 1 &8 T
FE U1 SR, D& T [A]— R 50 R Y F A B B A
W5 E H 143 B 07, AR SGE A 5 — 1R R
WG T B2 VOBry MOBH 25 | w1,
SERRIIEZE VOBr, J& HA RBRRET 1 B+ 5%
TRUERH AR, 248 VA B+ A JRIERER7E VOB,
TN a, b5 0340 ROBRRERR G . MRSk AL
FHEPET VIE afill V—O—V 897 [ b ry g
B, X R LRIV 39.6 pC/em?.

2 HEF*®

K2 T 9% Bz sR e 10 50 — M B B R 4
f (Vienna ab initio simulation package, VASP)
SERCTHE 89 BACR T CBRREIE Bl (GGA) 1)
Perdew-Burke-Ernzerhof bR B+ 5 B 22 [A]

http://wulixb.iphy.ac.cn

037101-1


http://doi.org/10.7498/aps.71.20211516
mailto:snoopysr@163.com
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

) 32 % 3R Acta Phys. Sin. Vol. 71, No. 3 (2022) 037101

F A SR AE H PR T AL B 20, 7 %82 VOB, Y
2 x 2 x 1EMEAITEDRET, 730 7eAm B IHIX
N L Gamma 5 4 70 5K Monkorst-Park 2 21
P11 x 11 x 1H/15 x 5 x 11 K &S Mg
A3 3K N, ST ARWTRE A 500 eV. SRS H J LA
AR RE RS 1.0 x 107 eV, JiF
T SCAIHE 9 0.01 eV/A (1 A = 0.1 nm). H&Fr
FH R BRI R Rl 15 AP 252, ikt
ZEFR A A By 52 . MR 7S 5 TR
DFPT J5 % P4, 43 A7 &b #f% B Phonopy 5¢ A%, 29,
BRI LT3R H Berry Phase Jy ik 2429,

3 Rt
3.1 Mo

T 5 I ELAG R R R 0 I EL A R T 5. B
JZ VOBr, Il fi AHZ5 #8 I 5] 1(a) 7R, Ho v—
OV 4§y 180°, V—Br—V Ak 90°, H. V—O,
V- Br 8K 4 [ A4, 250 HA e S TE SRR
% (8T Pmmm 228 #E). T Br/O BHE FE&
HAERELESR, S5 V-Br K (2.54 A) B i
KF V04 (1.81 A), Ik VO,Br, i,
VBr i N5 VO, MR B RS 1 25 230
ZHRIFAY to, PUE T — P B RN AA AR PR fE
4 ., BUTE FIRE W e HOOUER 87 31 d,, A1 d, B
. WE L(b) WIEEFTR, d,, BUBSHTE 2y (VBry)
N, 5 250 (V—O0 &) Fi, RS O B p Hui
B AC B, B RKMERERT VIS 4, BiES O W p
HUIE Z [RIFE A VE AR R 055 AW AT AL VOB,
HEHERGE R E (B 1(b)) PR RIEIE. 1
Hh, WSERE (DOS) 70 (18 1(c)) AMER T, 2k

TR EZR A VO Br (I5Ek, kT O 1)
FALMER T Br, L 2p HUBRRE FE R T-1 eV
DIF I EREHRIXE, 5 VI dPUBEEA LS.
SR VOBry AFFA ORI M) H2S V AE 25
] R AE R AR AN 232 31i% d FL TR BELAS: 04
R RHRER F BAS AR, XTITHLAH VOB,
B2 x 2 x 1BMIHET T H i, 558 0L 2.
FEXTFRYE T AR PG AR 2 e, RWIZIT
S ER IR T I ARUE. 8 AMPLIMODES
B 120270 M AR LE AT 3 IR 83, Y1+, Y2+,
PRt B AR V-V 8k (Diml, Dim2)
WA AR (FE) )R (AFE) B,
o R AR R EARBAE VY b S )
MY T i, AR — R AR X 2 XONMTE T IRl — 4%
V—O—V i LS8 V Z 2w . sl 2(b)
FE 2(c) Fiw, A% Dim1 B2, K
X Dim2 #i3. FE fl AFE A8 b v—
O—V 8 | V BYNIRE U 2 AR A2 Rl ) 1Y), TR 25 Xl A
MAE V—Bry—V 8 AR V Z IV o SHEINIES
5 A, AHE R FE #520, MR & AFE
P, ELRGE 2(d) FE 2(e) B, AR, 4 Fliky
gkt JAG FE AHE AR 2 AR AR AL
TR IR 4 B EER RS g, 25 R anEl 3
[, i FE FIAFE g5 40 75 i35 R 7545 A
WEHRAS T AT, X TARRBENER S Hr s 7E T S0
FFEEAHE. 455350, Bk FE, AFE £5#44F, Dim1
F1 Dim2 2514 19 75 -3 S AE AR M AR itk — 2D
& VOBr, FILIRZE B AL X Diml Fl Dim2 24
R 7 5 A A TR B, 452 T 4 B iy e
A LER: FE1, FE2, AFE1 f1 AFE2, 43 #4553 M
AR L5 AN A 4(a) Frs. AMERBL, Hod FE1 45

10 "
(a) @V ©0 @Br Ans) N ] Y Total DOS | (c)
3 i e
(¢ PEI a | b I
2 < i
g g !
o1 Al : 2 5 :
22 /yz a)] I
E . y /' =< 2 |
€a) 1
1 day
—2 T
| A
73 O i AN AW
el b'e S Y G -3 -2 -1 0 1 2

Energy/eV

Kl 1 Br BRSO FREEMR B R (a) FUEREZREWE (b). &% E 0 (o)
Fig. 1. (a) Structure diagram, (b) orbital-projected band, and (c) projected DOS of VOBr, monolayer with high symmetry.
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Fig. 2. (a) Calculated phonon spectrum of high symmetry VOBry 2 x 2 x 1 supercell; (b), (c) two dimerization distortion modes

Dim1 and Dim2; (d), (e) FE and AFE distortion modes, corresponding to the imaginary frequencies in the phonon spectrum.
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Fig. 3. Calculated phonon spectrum of the four structural phases: (a) FE; (b) AFE; (¢) Diml; (d) Dim2.
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Fig. 4. (a) Distortion mode analysis of 2 x 2 x 1 super cell of VOBr, monolayer; (b) calculated phonon spectra of VOBr, monolayer

in FE1 and AFE1 distortion modes.
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Structural, magnetic and ferroelectric properties of VOBr,
monolayer: A first-principles study
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Abstract

On the basis of first-principles calculations, the structure, magnetism and ferroelectricity of VOBr,
monolayer are studied systematically in the present work. The calculation results indicate that a spontaneous
ferroelectric distortion takes place at low temperature, causing the structure of VOBry to transform from a
centrosymmetric paraelectric phase to a ferroelectric one. In contrast with its sister compound VOI,, the
dimerization of V is unstable in VOBr, and may quench the local magnetic moment on V ions. Additionally,
the easy magnetization axis of VOBr, monolayer is in-plane along the a-axis, and the magnetic coupling
between adjacent local moments is antiferromagnetic both along the a-axis and along the b-axis. Moreover, the
ferroelectric displacement of V ions occurs in the e-axis, along the V—O—V chains direction, resulting in a
polarization of about 40 pC/cm? Comparing with the ferro-to-paraelectric reversal pathway, the energy barrier
can be effectively reduced for ferroelectric switching on partial or individual V—O—V chains. It is reasonable to
believe that the dipole moment flipping on specific chain can be achieved through a moderate external field,
thereby providing new direction for designing the low-energy-consumption and high-density ferroelectric

memory device.

Keywords: first-principles calculation, two-dimensional material, oxyhalide, magnetic and ferroelectric

properties
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