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Fig. 1. (a) Schematic illustration of the crystal structure of M-BDC, where M represents Co or Fe atoms, C represents carbon

atoms, O represents oxygen atoms, and H represents hydrogen atoms; (b) XRD patterns of Co-BDC, Fe-BDC, and Coy sFe, 5-BDC

samples; (c), (d) XPS spectra of Co atoms (2p orbital) in CoyFeyq and CogsFeq5-BDC samples.

#1  ColFe ,BDC(z = 0.1, 0.5) B Fe fil Co & HJH RSB L

Table 1.  Mass fraction ratio of Fe and Co content in Co,Fe; ~BDC (z = 0.1, 0.5) samples.
RS WFERT /g FEAMEF/mL RlIbveS it 345/ %
1# Co 5Fe; 5-BDC 0.0151 25 Co 10.71
24 Cog Feg-BDC 0.0093 25 Co 2.77
3# CogsFeys-BDC 0.0151 25 Fe 10.37
44 Coq1Feqy -BDC 0.0093 25 Fe 21.96
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E 2 (a)—(d) 735N Co-BDC, Fe-BDC, CoyFey-BDC Fil Coy sFey -BDC H SEM &4
Fig. 2. (a)—(d) SEM images of Co-BDC, Fe-BDC, Coy;Fe;-BDC, and Coy sFe;5-BDC samples, respectively.
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Fig. 3. (a), (b) M-H curves (2, 5, 20, 100, 300 K) and ZFC/FC curves of Co-BDC; (c), (d) M-H curves (1.8, 5, 20, 100, 300 K) and

ZFC/FC curves of Fe-BDC.
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Fig. 4. (a), (b) M-H curves (2, 20, 100 K) and ZFC/FC curves of Coy Fey¢-BDC (inset: Curie-Weiss fitting curve); (c), (d) M-H
curves (2, 20, 100 K) and ZFC/FC curves of CosFe)5-BDC (inset: Curie-Weiss fitting curve).

WICIRA BB R T BORESS A EAE LS, LUE
PEIEAE Co-O-Fe £ 44 5700 il 1 BE 1 55 1 DTk -
—Jr i, 3 Co &5 Fe i1 1E A% oh 28 A P HES
i, Co*t 5 Fet Z [AIfE )™ Az HL4% B M S A HLAF
FH. XA Fr B G REL A v 25 1 i B / S B R
HEAEH. 53—J7 T, Co*5 Fe* iRERE R/ IMFAE
R ZE S, FG RO 6] A 52 e FH SR BE A ), ik
T3 B AN AR P 8 4. 2488, SEBrkedn ] BE
FAE—E R IOy B R A Y

3.3 BEFLMINHN

J T EHREAMIEE Co 845t Fe-BDC # i
BEPER SR, T AP BB, A RET
CoyFey049CyoH (Bl Cog sFey s-BDC) AU REHF 4544
MR, 5T, R% IR F45H i Eal 48
UOR AP RES A HAE L, 2l &S50 0, Ml J, )R
W 2T FM AT AFM S H9ASHefiE (ROt T Ak
X BT 2 (] A E 22 B] 28 4 A HAE I RE). ik 2
A UL, 7E CogFey0q0CaH g A8 1, T 48 5 UGk
£F Co Z (8] 1) 4 AH B4 FH 58 B 2 Fe JR T Z A1

4—51i; IF H Co Ji+Z I8 By #E AR 5AE FH M IEAH,
FW Co 78 CosFey0y0CaoH g B RE S b i T 1E
H, 53 Co JRFZ B ERRERS A

# 2 CoyFeyOyCaHig 43T Fe Fl Co Ji T35 fH

Table 2. Exchange integral coefficients of Fe and Co
atoms in the CoyFey09CyoH ¢ molecule.
CoyFey099CyoH g Jy/meV Jo/meV
Fe 0.00531 0.00265
Co 0.02125 0.0106

K 5 BR T CogFeyOoCaoHig 73 T H1 45 T
178525 JE 3 A A CogFeyO0CaoH g 43 F 1 BB 45
FE. N4 (K 5(a)—(d)) FTLLE S, 1
TOKBEA T, Co-d i O-p FLIBEFFE R E
p-d B e b i 5 3 Goodenough- Kanamori
FRI 29 32 G A 5N (i 7% Co-O-Fe 2 IUERHERE G ;
Co BT (3d7) By TE AP K BIE f sh il i A lie-
BUBARG I AN BB T 10 1k, e VERRE T ik
B Co $B4=0}, CoysFeys-BDC W5l 11 i 35 1455
2 3500 Oel?0:31],
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Fig. 5. (a)-(d) Density of states (DOS) distributions of electrons near the Fermi level for Fe, Co, O atoms and the CoyFeyO09CsoH g

molecule; (e) schematic diagram of the band structure of CoyFey0q)CaoHyg.
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Abstract

Metal-organic frameworks (MOFs) have attracted extensive research attention owing to their structural

tunability and functional versatility. In particular, magnetic MOFs have recently emerged as promising

candidates for spintronic applications. However, inherent challenges still remain for their practical applications,

such as low magnetic transition temperature and small saturation magnetization. Herein, we propose a Co

doping strategy to modulate the magnetic properties of Fe-based MOFs. A series of mixed metal MOF
materials, namely Co,Fe; -BDC (BDC = 14-dicarboxybenzene, z = 0, 0.1, 0.5, 1), was synthesized on the

MOF-5 framework using a solvothermal method. X-ray diffraction and X-ray photoelectron spectroscopy results

verify the well-defined crystalline structure of the Co,Fe, ~-BDC samples. Scanning electron microscopy images

reveal distinct morphological differences between Co-BDC and Fe-BDC, while the doped samples (z = 0.1, 0.5)

exhibit morphologies similar to Fe-BDC. The magnetic performances of all samples were systematically

measured from 300 to 2 K. Magnetic hysteresis loops and temperature-dependent magnetization curves
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demonstrate that Co-BDC undergoes a magnetic phase transition at 27 K and exhibits spin-canted
antiferromagnetism at low temperatures, whereas Fe-BDC presents weak ferromagnetism at low temperature.
Notably, Co doping is shown to effectively enhance the coercivity and saturation magnetization of Fe-BDC. In
particular, the CoqsFej 5-BDC sample exhibits prominent ferromagnetic behavior at low temperatures. Based on
experimental results, an ordered substitution model is proposed, in which ordered alternating stacking of Co and
Fe ions is present in Co,Fe; ~BDC. First-principles calculations further suggest the formation of a local short-
range ordered Co/Fe atomic arrangement. A strong p-d spin-polarization coupling exists between the Co 3d and
O 2p orbitals. Moreover, high-concentration Co doping induces long-range magnetic ordering. This work reveals
the magnetic enhancement mechanism of mixed-metal MOFs and provides a feasible strategy for the design of

magnetic MOF materials for spintronics.
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