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Theoretical Calculations and Solid-Phase Synthesis of the
Single Phase Multiferroic CaMn;0,,

ZHANG Rui-Hao DAI Jian-Qing® NIU Zhi-Hui LI Ya CHENG Zhen-Yu WANG Zhi-Xiang
(Faculty of Materials and Metallurgical Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: On theoretical aspect, The R3 crystal structure and the proper-screw magnetic order (the electronic
structure and the transformation mechanisms) of CaMn;0,, were calculated by using the first principles
calculation based on the density function theory. The purity-phase CaMn,O,, was prepared by solid reaction
process according to the TG-DSC analysis in the experiment, which was known as a new single-phase multiferroic
material, and its magnetic and electric properties were characterized successfully. Two magnetic phase transition
temperature (Ty,=90 K and Ty,=45 K) and a hysteresis loop at 10 K (M,=0.02 emu-g™" and H.=~1 000 Oe) are
measured by the magnetism performance testing. The electrical performance testing indicates that CaMn;0y, has

the dielectric constant £=280 and the dielectric loss tané=1.69 at room temperature (at 10 MHz).
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SILA 121 (8 Fo ) o 95 s S5 A 19 O o7 B, At
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K1 (a) CaMn,0,, 19 R3 #HIKE5HD; (b) ab “F-THI P4 Mn10, PUTANAFT Mn20,, Mn30, /\ T {4
Fig.1 (a) R3 crystal structure of CaMn,0y; (b) Mn10, tetrahedron and Mn20,, Mn30 octahedron in the ab plane
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Table 1 Lattice parameter and atom site of FM and AFM relaxation and the experimental data"”

M AFMr Experiment

01 x 0.043 0.049 0.050
y 0.265 0.273 0.273
z 0.086 0.081 0.081
02 x 0.504 0.515 0.512
¥ 0.188 0.190 0.189
z 0.009 0.009 0.009

a/nm 1.041 2 1.044 4 1.044 1

¢/ nm 0.637 4 0.633 5 0.634 3
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Ao HILATA R GGA+U B4 58 Mn 1% 3d HL T [H]
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(a) Total DOS and Mn, O partial DOS; (b) O1, O2p partial DOS;
(c) Mn1, Mn2 and Mn3d partial DOS
2 CaMn;0,, #Y AFMI 4544
Fig.2 AFMI structure of CaMn;0,,
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B R A2, TS 3 T BRIV E ;. 7F 930
CHF DSC M2k B fe 5 — AWk e | 11 Rl R R
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i PR ZHAS CaMn,O,, SHAH

105- o
. 100 F-1
2 :
= :
S 3
5% 2 E
- 3
S
I

85 L -4

80 r r . ; —-5

0 200 400 600 800 1000

Temperature / 'C
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Fig.3 TG-DSC curves of CaMn;0,, precursor
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Fig.4 X-ray diffraction pattern (a) and PDF card (b)
of CaMn;0,,

KI5 CaMn,O, ¥ 1& SEM ]
Fig.5 SEM image of CaMn,0,, powder

3.2 CaMn,0,, B RERE

6(a) 78 T CaMn,0, TEEF Y F R H(ZFC) 5
MG (H=500 Oe) ¥ E1(FC) Y 1 Ak 5 Bl 8 5 (T=
5~150 KLy e &tk . g, H pC M ZFC
ML AE T<45 K #0504 B W o0 8y, R HAE
Two=45 K K A Wi AR % 722 (SCBR WG P FR A ARMID),, 3%
HER IR LRSS R Ty,~48 K'HW & 35
Sannigrahi % 75 Z B A58 1RO & A AT . Y il R
45 K B CaMn,0,, & 5 — 7 W AH % 25 (the first
order nature of the transition)ﬂ%?&%@ﬂi%?&o &
6 (a) T 12 2% BH 78 458 5 1 3 DX [R] B (90~ 150 K), # 4k %
Bt i85 1) AR AR AT Ja B - A1 2 1 (Curie-Weiss law
X=C,/(T-8,)),CaMn;0,, It H & B [ 4 (14 TR 4 (PM)
A M5 A5 e SN R 0,=—53 K, il
1 6, b & IR T AA7E SRR REAR B AR . Curie-
Weiss B4 Fl 17 1) 0, 8t — 2 HE 5L CaMn,0,, &
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Inset: in (a): Inverse of y versus T; in (b): A zoomed view near H=0
Bl 6 CaMnOy, 7EZ55 1 500 Oe 15T AL 3 BELIE 9725 F 10 26 (a) RO [ 00012 TF 6 R 6128 (1)
Fig.6 Temperature dependence of zero-field-cooled (ZFC) and field-cooled (FC) magnetic susceptibility (x)

measured in a field of 500 Oe (a) and magnetic hysteresis loops at different temperature (b) for CaMn,0,

A G 1% — SR W (PML- AR M) 5% 725 (R AH A 3R 2 R Ty=90
K FE A To<T<Ty ZIHE K R R IAE LMK
PRI ERE AT 7 4540 RESS K ) AFMI'S'®)

AL RAET CaMn,0,, 76K T 1 # W
Mk, E 6(b) iR, 7 T<Ty, i E T (T=10 K),
CaMn;0y, 7~ 2Rk W M i 01 28 | iX 5 Zhang H
B — S S R WO BE YU LR 9 AFMIT S 8%
1l 7 A [R) — b AR 2 7 1) A7 A6 VR 1) B2 000 b B I g
F14) 55 R i 1] 4% 1 32 15 O o o) B 5 % DD AE O (Rl 7
H ARG A5 A 52 2% b OO HIL B 28 4 i AN
WIH 76 T>Ty(T=100 K)IF, H1 T8 50 2 SUTRE 2% 1
A5 L SR T B M-H RGP T2 T
TE Tyo<T<Ty, W BETEE N | of 7407 5 SE 410 2 228
CaMn;0,, HA FRIR AR IL L iUk mil iy, B AFMI FE
LMK PR ERE)T  ZROTAESMINEES AERTT
W T A T B BEW #4375 W 54} (spin canting),
23 0 B ORI A 5 B (LU A R ), 1EL 24 AR i 37
SR AR 300 2 UL R AL RE R R D) e
IR ER L EE R A T 7 A R B B g A A LR
A o ZE T A B RE AT 2 SRR T, T ARMI 3R
2R 25 K AT ARG RRAE | LA TC A i 3 B AS
RB 7 ARV I R R AR B 3 A 3 Y R e ik
BEAR (N NiO \MnO 55)—32, H 1 CaMn,0,, 7F 70 K
ok ) A9 2 0 2 00 F I P A | BV P 1 M-H
KFR, Bl 6b)IiE A H=0 Btz & B2 iR K, 3
BRIET CaMn,0,, £ T=10 K WREHH T, FIR
WAL SR EE M,=0.02 emu-g™, H% W J1 H.~1 000
Oe , AH LU 2Z HI V8 IS — 58 JE 125 (~450 Oe)' BT 42 T,

FEXT CaMn, Oy, B4 PR REHEAT RAEE ST )T | M #b
F0 22 R SCHR X H A H R BRI 5T R JE 22 A | AR SCRS:
T CaMn,0,, 7E 2 i 55 14 5 A HL 351 FE F A H 4L
BEATCR A AR fE i £k, sl 7, R AT A B R e,
M2 FN A HL P AE tand I W AR fL AR SE A — 5, —
S TEAT] T B AR Y 1 R /N FE 10 MHz S0 %
B3 ¥ T 92 S AT G2 18 S B SR A A A FLR
B e, AR AL  AESR I KA A i E B AT
P B AR AL AN S AL 2 Bl A X R s 1k
[ 77 A ALERL 5 R S G2 B A G T TR IR
—E ML A e Bl DRI I A Ak A ST A s ) A
K IF HIEFEREIE I i 400258 100 3 T 4 R, R B A
B Bt AR bR AN B ST A FEL B H I s 1Y
PRSI A T 2 (R B St b £k 157 B8 M A6 T et 1]
Wedd , AN SO 5 BE S RIPK 2 2) Rk IR 25 2
A LNTEFERE I, = A I AR AT 20, B
WEL 7 WTR A R BUE T b s i Ak Y T
kA N IR AR RS AR AR Y R AE H R (10
MHz Uk )28 1208/, WX T4 i 5 FE tand B2k, H
A BT AR A TS R A Ak 40 R A R 1 e
FE 3 A o Ul AR FE A h T A B AT S
TSN R R B s = Ak — i i LS 3 R RE i
MK, T AR BT 2R M A A RE L BRI R 2% OF
TEAT 338 T BRI, 55 i st AR A B RE (28 st A Ak P
st e ] 4, 7 FL I 1 T T R A AR R A BB BROR I
HL 3 8 A0 1T 7 A A H AR ) — [l ke 2 B T 2 Ah e
B A 34 e B R A b A R R R S T T
A W AR A5 RE (17 B W Ak TC B AR, BCFE 10 MHZz DU
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