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Structure and Magnetic Property of Fe and Mn Doped Spinel Co,MnO,
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Abstract: Spinel solid solution Co,,Mn,,,0, and Co,..,Fe,MnO, were synthesized by Sol-Gel method using metal ni-
trates and citric acid as the starting materials. Crystalline phases, structure and magnetic properties of the Co,MnO,
doped with different concentrations of Fe and Mn were investigated by XRD. FT-IR and PPMS, respectively. Results
show that Co, Mn,,0, series are single-phase cubic spinel structure at x<0.6, the lattice parameter as well as the satu-
ration magnetization are found to be increasing with the Mn content increasing. Co,. . Mn,. O, series transform to
tetragonal structure gradually at x==0.6, which result in the decline of magnetic properties and difficulty of reaching
saturation. Co,..Fe,MnO, samples have cubic spinel structure at x<1.75, the lattice parameter and magnetic increase
with the increase of Fe-substitution. When the Fe content increases to 1.75, Fe,O; phase is formed in the sample. The
changes of performance are mainly due to the larger atom radius of the doping atoms (Fe or Mn) as compared to that
of Co. And magnetic moment is another important factor to the performance change. The first-principles calculation
results show that the magnetic moments of Fe and Mn are larger than that of Co. As a result, the interatomic magnetic
interaction is enhanced by doping.
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Fig. 1 XRD patterns for Co, ,Mn;;,O4 (x= 0, 0.5, 0.6, 1) (a);
XRD patterns for Co,_Fe,MnO,4 (x= 0.25, 0.75, 1.50, 1.75), the
impure phase peaks are marked with asterisks; (b) Detailed
XRD patterns for Co,.Fe,MnO,4 (x= 0.25, 0.75, 1.50) showing
the peak of (311) reflection (c). Inset shows the lattice parame-
ter as a function of Fe content
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Fig. 2 FT-IR spectra of Co,MnO,, Co,;Feo3;MnO, and
CoMn,0, samples tested in 400-950 cm™! Inset shows the test-
ing range of 400-4000 cm™
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Fig. 3 Hysteresis loop for Co,..Mn,, O, (x=0, 0.5, 1.0) (a)
and Co,_ ,Fe,MnO, (x=0.25, 0.75, 1.50) (b) at the temperature
of 5 K. Inset of them are the loops tested at room temperature
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Table 1 Magnetic parameters for Co,.,Mn,,,O, and
Co,.FeyMnQO, tested at 5 K

Co,Mn,0s Mg/(Am*kg") MJ(Am*kg')  H/T
x=0 13.23 7.32 0.5421
x=0.5 22.41 12.16 0.5427
Co,.FeMnO, MJ/(Am*kg") M/(Am>kg")  HJT
x=0 13.23 7.32 0.5421
x=0.25 41.61 19.91 0.2763
x=0.75 66.78 37.36 0.2507
x=1.50 77.97 64.83 0.7118
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Fig. 4 Schematic of magnetic structure for Co,MnO, (a);

magnetic structure near the doped atoms for Co,.Mn;., O, (b)
and Co,_Fe,MnO, (c)
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Fig. 5 Temperature dependence of magnetization for
Co, Mn ;04 (x =0, 0.5, 1.0) with the field of 0.1 T



%5 6 ] LA, A5 Mn A Fe B2 R A1 58 ALY Co,MnO, 45 AT I 5 i 613

(PR AR ST S5H 1) CoraMiny Oy B A
Mn Z 5 IR D RS A VR F i, DR R A i
JERN i BLE A e s . AR AR R VU s 5 M 2 ),
Ji A O A7 B R A A S B M A 4 FH S, R,
CoMn,Oy [RYHIFAREAY 5 SEFN i FRLI P2 W] IR B
Co,..Fe,MnO4 HR 5 H) ik i 4 Fe &M
AR LRI, X 51X R4 T AR AR A A
L, KB 6 & CoyFe,MnO, Ff 5 #5484 5 (Lattice
parameter) 1 %yl 7 FI R AL 50 B (Ms) Bl 1 73 11 28 4k,
MR UG B IR S E T RN Ak e
B x fE38 RS R EAES, 78 x= 1 T
R, ZJa BRI ERARG . R A, x<1
I Fe fii ) - HUAR AL\ AR AL B K Co B, x>1 I
Fe L 54 A DU th 44 o Ak 5 B v P o5 2t T 7E
x= 1 {7 Ja MR G AR BAE AR, x<<1 )\
PR B B E T Co-O $E 3 AN Fe-O #EE
T x> 1 WAL B AR AE D Ak . mEtEE
DL % 4 e — 40 B 1Y) o038 0 25 5 ) B A S A, DALt
i b O B 23 TR AR A AN 2R 1) . R
mn A% B AR AR T IR AR, R TR
FHEAE AR A R KR 50 o

3 Zig

K FH W IR - vl 2% - CoaxMn 4,04
Co,..Fe,MnO, A R A1 IHIFF: i, XRD AT FT-IR 45 4
BoR, ERBRERDN, WA BRI OREE LT 45
oy, B TR, Mn B2 RTINS x=0.6 I,

G ZET 1) DY 7 S5 KAk, Fe 540 he x=1.75 INFHIER
FeAH o M EREPE R IN, ST EERIFE R AE S KR 2R
PREEFSIE, A Mn B Fe (03BN, WEMEA ATite, &

0.846 60
I Co, FeMnO, o

0844 | —@-— Lattice parameter / - 150
& hio -l M &
E 0842} 7 o
":-_-; L @ =40 w
2 0.840 b
N . 0'E
= 0838 | s
2
E= | o 120 5
E 0836} / )

0.834 F ./. 110

0832 1 1 1 I I 1 1 [)

0.2 04 06 0.8 1.0 1.2 14 1.6

X

K6 Co, Fe MnO,FE N i % 7 £ (Lattice parameter) I %3k
Y RIRE AR 55 5 (M) Biti x A R A5 4k

Fig. 6 Lattice parameter and Ms as a function of composition

TR T BN HIGEEOR; B A Fe iLHEW]
BRI S I S RETE AR L, Ui Fe JUER
FER A7 S5 R BAT BRI A PE R S VR o D05
PR GRS o 20 BT G PR 9% O
FTULACIL, i i 202 1 2 AR AU KL A B AR LA
HIBI 5 o

S L Hk:

[1] JIN F H, KNEZ M, SCHOLZ R, et al. Monocrystalline spinel
nanotube fabrication based on the Kirkendall effect. Nature
Materials, 2006, 5(8): 627-631.

[2] LIANG Y, WANG H, ZHOU J, et al. Covalent hybrid of spinel
manganese-cobalt oxide and graphene as advanced oxygen
reduction electrocatalysts. Journal of the American Chemical
Society, 2012, 134(7): 3517-3523.

[3] CHENG F Y, SHEN J, PENG B, et al. Rapid room-temperature
synthesis of nanocrystalline spinels as oxygen reduction and
evolution electrocatalysts. Nature Chemistry, 2011, 3(1): 79-84.

[4] YAMASAKI Y, MIYASAKA S, KANEKO Y, et al. Magnetic
reversal of the FerrGslectric polarization in a multiferroic spinel
oxide. Physical Review Letters, 2006, 96(20): 207204.

[5] YU L, ZHANG L, WU H B, et al. Controlled synthesis of
hierarchical Co,Mn; O, array micro-/nanostructures with tunable
morphology and composition as integrated electrodes for
lithium-ion batteries. Energy & Environmental Science, 2013, 6(9):
2664-2671.

[6] RAJEEVAN N E, KUMAR R, SHUKLA D K, et al. Structural,
electrical and magnetic properties of Bi-substituted Co,MnO,.
Materials Science and Engineering: B, 2009, 163(1): 48-56.

[7] ROUSSET A. Reactivity of solids and new metastable phases:
examples of mixed valence defect spinel ferrites and manganites.
Solid State Ionics, 1994, 25(11): 236-242.

[8] LAARJ M, KACIM S, GILLOT B, et al. Cationic distribution and
oxidation mechanism of trivalent manganese ions in
submicrometer M,,,CoFe, O, spinel ferrites. Journal of Solid State
Chemistry, 1996, 125(1): 67-74.

[9] DOS SANTOS M E, FERREIRA R A, LISBOA-FILHO P N, et al.
Cation distribution and magnetic characterization of the multiferroic
cobalt manganese Co,MnOy spinel doped with bismuth. Journal of
Magnetism and Magnetic Materials, 2013, 329(3): 53-58.

[10] KANG S H, KIM I W, JEONG Y H, et al. Crystal growth and
magnetic properties of spinel (Co,Mn);0s. Journal of Crystal
Growth, 2012, 344(1): 65-68.

[11] RAJEEVAN N E, PRADYUMNAN P P, KUMAR R, et al
MagnetGslectric properties of Bi,Co, .MnO, (0<x<0.3). Applied
Physics Letters, 2008, 92(10): 102910.



614

E LM OB )

W32 %

[12]

[13]

[14]

[15]

[1e]

[17]

[18]

JING M J, HOU H S, YANG Y C, et al. Electrochemically
alternating voltage tuned Co,MnO./Co hydroxide chloride for an
asymmetric supercapacitor. Electrochimica Acta, 2015, 165:
198-205.

HE H Q, ZHANG L, BABAEI A, et al. Co,MnO; spinel-palladium
co-infiltrated Lag;Cag3CrosMngsOss cathodes for intermediate
temperature solid oxide fuel cells. Journal of Alloys and
Compounds, 2011, 509(40): 9708-9717.

RAJEEVAN N E, RAVI K, SHUKLA D K, et al
Bi-substitution-induced magnetic moment distribution in spinel
Bi,Co,- ,MnOgmultiferroic. Journal of Physics: Condensed Matter,
2009, 21(40): 3173-3178.

RIOS E, LARA P, SERAFINI D, et al. Synthesis and
characterization of manganese- cobalt solid solutions prepared at
low temperature. Journal of the Chilean Chemical Society, 2010,
55(2): 261-265.

HAKIM M A, KUMAR N S, SIKDER S S, et al Cation
distribution and electromagnetic properties of spinel type Ni—-Cd
ferrites. Journal of Physics and Chemistry of Solids, 2013, 74(9):
1316-1321.

BENNER J, THOLKAPPIYAN R, VISHISTA K, ef al. Attestation
in self-propagating combustion approach of spinel AFe,04 (A=Co,
Mg and Mn) complexes bearing mixed oxidation states:
Magnetostructural properties. Applied Surface Science, 2016, 383:
113-125.

MANIKANDAN A, DURKA M, AMUTHA S M, ef al. Sesamum

[19]

[20]

[24]

[25]

[26]

indicum plant extracted microwave combustion synthesis and
opto-magnetic properties of spinel Mn,Co;.,ALO, nano-catalysts.
Journal of Nanoscience and Nanotechnology, 2016, 16(1): 448-456.
EOCE, skl LG K. B B LA, 1982
98-104.

KURTAN U, GUNGUNES H, SOZERI H, et al. Synthesis and
characterization of monodisperse NiFe,O,4 nanoparticles. Ceramics
International, 2016, 42(7): 7987-7992.

skl el LR IR AR 5 A PERET AT, Wi et MR
KPR 24 A7 18 3, 2010.

L A S R VN LA R S AR ST, TR TR
KPR 2R 18 3, 2007.

WU C, WANG Z X, WU F, et al. Spectroscopic studies on
cation-doped spinel LiMn,O4 for lithium ion batteries. Solid State
Ionics, 2001, 144(3/4): 277-285.

ZHANG S T, LU M H, WU D, et al. Larger polarization and weak
ferromagnetism in quenched BiFeO; ceramics with a distorted
rhombohedral crystal structure. Applied Physics Letters, 2005,
87(26): 262907-1-3.

RAJEEVAN N E, KUMAR R, SHUKLA D K, et al
MagnetGslectric behavior of ferrimagnetic Bi,C0,-,MnOy (x=0, 0.1
and 0.3) thin films. Journal of Magnetism and Magnetic Materials,
2011, 323(13): 1760-1765.

ZHANG H G, WANG Z, LIU E K, et al. Site preference and
compensation behavior in Co(Cr, Mn),0, system. Journal of

Applied Physics, 2015, 117(17): 17B735-1-4.



