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Abstract Although N-type ferrimagnets exhibit negative magnetization under positive magnetic fields, compounds that
could maintain negative magnetization behavior under strong magnetic field (e.g. 1 T) are still rare. In this work, a
mixed-valence metal-formate [CH3NH3],,[FelHFeH(HCOZ)(,],, (1) was constructed by the reaction of FeCl3*6H,0, formic acid
and N-methyl formamide at 140 ‘C for two days. At room temperature, 1 crystallizes in the space group P31c, in which a
three-dimensional anionic niccolite topological framework is constructed by Fe", Fe ions, and anti,anti formate. The guest
CH;NH;" cations fill in the cavities of the framework as the charge balancer with the N atoms displaying threefold disorder
and the atoms having a twofold disorder. The heat capacity measurement shows two different peaks, being the signatures of
phase transitions. The change in heat capacity at 136 K corresponds to the phase transition triggered by the order-disorder
phenomena of the CH;NH; ™ cations. At low temperature phase, 1 has a symmetry of 2/m in space group C2/c, in which the
threefold disorder of the N atoms of the CH;NH; " was freezed. The order-disorder phase transition also results in dielectric
relaxation in the temperature range 130~200 K at 500 Hz~1 MHz. The change of heat capacity at 40 K is associated with
the ferromagnetic order of the antiferromagnetically coupled Fe™ and Fe" sublattices. 1 is a N-type ferrimagnet with negative
magnetization below 7y on cooling under the applied field, and thermo-driven magnetic poles reversal could be found in 1
with large applied field of 1 T. Furthermore, positive field regulated switchable magnetic dipoles switching of the magnetiza-
tion, together with obvious huge positive exchange bias is also observed in 1. These results reveal the significant magnetic
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anisotropy in 1, and the guest in the framework not only can tune the structural phase transitions but also modulate the ani-

sotropy of the host framework leading to different magnetism.

Keywords mixed-valence; phase transitions; negative magnetization; switchable magnetic dipoles; exchange bias
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Figure 1 Coordination environment of Fe" in an amine-modulated
niccolite structural framework and its positive and negative magnetized
state under strong field-cooled magnetization (1 T).
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Figure 2 (a) The PXRD diagrams for 1. Inset is digital picture of the large crystal of 1. (b) The specific heat capacity test for 1. (¢) Tempera-
ture-dependent dielectric constant (¢' and tan J) plots for 1 under different frequencies. (d) Arrhenius plots of the peak temperatures and frequencies for the

dielectric relaxations of 1, the red line is the fitting result.
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Figure 3 (a) The views of the polyhedral cavity with the disordered amines. (b) The trigonal prism structure constructed by the Fe" and Fe' ions. (c) The
linkage of the trigonal prisms. (d) The packing modes of the trigonal prism and MA along c-direction. (e) and (f) The disorder MA at HT phases along a-
and c-direction. (g) The primitive and conventional unit cell of HT (black) and LT (pink) phases. (h) and (i) The order DMA at LT phases along a- and
c-direction. Color scheme: Fe" (violet), Fe™ (yellow), C (turquoises), O (red), N (blue), H (light yellow).
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Figure 4 (a) ym vs. T'and ymT vs. T plots of 1 under 0.1 T applied field. (b) Field-cooled magnetization for 1 under 1 T and —1 T applied fields. (c)
Bipolar switching of magnetization for 1 at 17 K under flipped magnetic field 100 and 7000 Oe after 100 Oe magnetic field cooling. (d) 1 Tand —1 T
field cooled hysteresis loops recorded at 2 K for 1 and field-cooled magnetization under different applied fields for 1.

£ 1 [A"[Fe"Fe" (HCO,)s] IR FIEE A HC AL AT S $ 3%

Table 1 Magnetism and coordination geometry parameter of [A'][Fe'"Fe"'(HCO,)]

A /K 0.1 T/1 T 4% M*/NB Ty T /K (Y3 KG) HT # Fe" 1 LT #H Fe" 41l h © Ref.
MA —54.54 —0.34/—0.08 40, 21 11.02 0.164 0.182 V'S
DMA —54.75 —0.17/0.42 37,29 12.81 0.194 0.350 [10]
EA —65.00 —0.23/0.27 38,25 9.56 0.146 — [12b], SI
DEA —48.43 —0.18/0.35 38,20 13.39 0.173 0.201 [12]
“0.1T/1 T 4M%F 2 K IIfEFEE T DMA 29 0.1 T/0.2 T KI%HE); * FERER: K Fe"-0-C Fl Fe-0-C —ifi#1; © Fe' B for/\ 1 fA B i {2
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