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Figure 1 (Color online) The evolution of SMMs.
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Figure 2 (Color online) The evolution of SCO materials.
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Table 1 Representative work in SMMs from our groupa)

75 A= E N i L B T A AL Y REF  BHLWR
1 [Zn,DyL1,(MeOH)]NO;-3MeOH-H,0 013 -
2 [Zn,DyL1,]NO;-H,0
3 [Zn,Dy(TTTT), Me,COINO;-EtOH-H,0
4 [Zn,Dy(TTTT), MeOH]CF,S0;-2MeOH
5 [Zn,Dy(TTTT), Me,CO]BPh,-3Me,CO-EtOH-4H,0 2020 [48]
6 [Zn,Dy(TTTT"), DMF]BPh,-2THF-EtOH-0.5DMF-2H,0
7 [Zn,Dy(TTTT®), (N-methylpyrrolidone)]BPh,-3THF-2H,0 Dsn
8 [Dy(Cy;P0),(H,0)5]Cl;+(Cy;PO)-H,O-EtOH 2016 [49]
9 [Dy(Cy;PO),(H,0)5]Br;-2(Cy;P0)-2H,0-2EtOH
10 [Dy(CyPh,PO),(H,0)s]Br;-2(CyPh,PO)-EtOH-3H,0 2017 [50]
11 [Dy(bbpen)Cl] 2016 [51]
12 [Dy(bbpen)Br]

13 [Dy(bbpen)(NO,)] ’ 2020 [52]

14 [Dy(bbpen)(tpe-CO0)]-2MeOH 2“ 2019 [53]

15 [Dy(bbpen)(tpo),](BPh,) Dag 2019 [54]
’

16 [H(,BUTMG)][DyL02N3(LADTP)Z] 2003 (53]

17 [H(BuTMG)][DyLg,n3(Lapre)2] D

18 [HNEt;][Dy(DABT)(‘Bu-DDTP),]-2MeCN-H,0 o 2023 561

19 [HTMG][Dy(DABT)(‘Bu-DDTP),]-3H,0

20 [(Cp"),DY][B(CeFs)] 2017 [17]

21 [(Cp™)Dy(Cp*)I[B(CeFs).] C 2018 [18]

22 [Dy;(13-CO5)(“'bbpen); [(CF;80;):6MeCN b 2020 [57]

23 [Dy,(bbpen),(tpb)(MeOH),](BPh,), 2MeOH “ 021 .

24 [Dy,(bbpen),(tpcb)(MeOH),] (BPh,), 5]

25 [Dy,(L™***)(Opy0),(H,0),](NOs), Dy 2023 [59]

26 [Dy,(B(OMe),)(Hdapp),(‘Bu-DDTP),](BPh,)-3MeOH 2023 [60]

27 [Dy,(acac)s(MeOH),(bpe)]-bpe-:2MeOH Dy 5017 61]

28 [Dy(acac)s(bpe)],

29 [Dy(bpe)(H,0)4(NO;),](NO;)-2bpe C, 2015 (62]

30 [Dy,(tpeb)(H;0)s(NO5)4J(NOs), 2bpe-tpeb

31 (Hbpe),[Dy(bpe)(H,0)(4-pyO)(NO;)(SCN);]SCN D, 2017 (63]

32 (Hbpe),(H,tpeb)[Dy,(tpeb),(H,0)5(4-py0),(NO3),(SCN)6](SCN),

33 [Dy,(HTPEIP®Y),(OAc),(NO;),] Cy 2017 [64]

34 [Fe,Dy(L2),(H,0)]C10,-2H,0 2014 [65]

35 [Co,Dy(TTTT),(MeOH)]NO;-3MeOH

36 [Co,Dy(TTTT),(MecOH)][Co(HTTTT)(NO,),-2.5MeOH-2H,0 2018 L6¢]

37 [Ni,Dy(TTTT"),(DMF)|BPh, » 2023 [67]

38 [DyCuy(quinha)(sal),(py)s)(CF:SOy)-py-4H;0 * 202 .

39 [Dy,Cu,q(quinha),(sal),(OH)(py)](CF3S05);2py-2CH;OH-2H,0

40 [DyNis(quinha)y(“'sal),(py)s](C10,)-4H,0

41 [DyNis(quinha)s(“'saldt),(py)s](C10,)-3H,0 2024 7o)

42 (PPh,)[Dy,(bbpen), {Fe(CN)s}1-3.5MeCN Ds, 2020 [52]
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43 (PPh,)[Dy,(bbpen), {Co(CN)}]-3.5MeCN

44 [CeCd,(Hquinha),(n-Bu;PO),15]-3EtOH-2H,0 b 2016 [71]
45 [LnNiy(L3),(saldt),(py),](C10,)-0.5MeOH o 2024 [72]

46 [Ho(CyPh,PO),(H,0)s]1;-2(CyPh,PO)-H,0-EtOH 2017 [73]

47 [Ho(CyPh,PO),(H,0)s]1;-2(CyPh,PO)-2EtOH D, 021 -

48 [Ho(CyPh,PO),(D,0)s]I;-2(CyPh,P0)-2EtOD

49 [HoNis(quinha)sF,(dfpy);](Cl04)-2EtOH 2021 [75]

a) L1 = 2,2'2"-(((nitrilotris(ethane-2,1-diyl))tris(azanediyl))tris(methylene))tris-(4-bromophenol); TTTT = 2,2',2"~(((nitrilotris(ethane-2,1-diyl))
tris(azanediyl))tris(methylene))tris-(4-chlorophenol); H,bbpen = N,N'-bis(2-hydroxybenzyl)-N,N'-bis(2-methylpyridyl)ethylenediamine; ‘BuTMG = 2-
tert-butyl-1,1,3,3-tetramethylguanidine; HL \prp = 4-(anthracen-9-yl)-2-(1,3-dithiolan-2-yl)phenol; H,Lyyn; = 2,6-diformylpyridine bis(4-phenylse-
micarbazone); HyLgy; = 2,6-diformylpyridine bis(4-phenylthiosemicarbazone); H,DABT = (2,6-diacetylpyridine)-bis(4-phenylthiosemicarbazone);
H'Bu-DDTP = 4-(tert-butyl)-2,6-di(1,3-dithiolan-2-yl)phenol; Cp™ = 1,2,4-tri(terz-butyl)cyclopentadienide; Cp™" = pentaiso-propylcyclopentadienyl;
Cp* = pentamethylcyclopentadienyl; Clbbpen = N,N'-bis(5-chloro-2-hydroxybenzyl)-N,N'-bis(2-picolyl)ethylenediamine; tpb = 1,2,4,5-tetra(pyridin-4-
yl)benzene; tpcb = 1,2,3,4-tetra(pyridine-4-yl)cyclobutene; L2 = hexamethyl-tetraaza-dioxe-dipyrazolacycloicosaphane-2,9,12,19-tetraene; OpyOH
= 2-pyridinol-1-oxide; H,dapp = (2,6-diacetylpyridine)-bis(2-pyridyl-hydrazone); acac = acetylacetonate; bpe = 1,2-bis(4-pyridyl)ethylene;
HTPEIP™™ = 2-methoxy-6-[[[4-(1,2,2-triphenylvinyl)phenyl]imino]methyl]phenol; L2 = 2,2'2"-(((nitrilotris(ethane-2,1-diyl))tris(azanediyl))tris
(methylene))tris(4-chlorophenol); H3TTTTMe = 2,2',2"-(((nitrilotris-(ethane-2,1-diyl))tris-(azanediyl))tris(methylmethylene))tri-phenol]; H,quinha =
quinaldichydroxamic acid; Hsal = salicylaldehyde; H%al = S-chlorosalicylaldehyde; H%aldt = 4-chloro-2-(1,3-dithiolan-2-yl)phenol; dfpy = 3,5-

difluoropyridine
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NIRERSHERZXELAEY. Ao, BT ERMEL
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Table 2 Representative work in SCO materials from our groupa)

P55 ARV KBS ERPYS

50 [Fe(dpoda){Au(CN),},]-pyrene 2024 [76]
2

51 2 oo[Fe(2,3-bpt),] 2012 (7]
52 oo[Fe(2,3-Mebpt),]
53 {Fe(pz)[Pt(CN),]}-0.9(C4H,0,)(H,0) 2013 [78]
54 [{Fe(salten)},(TPB)](BPhy), 2020 [79]
55 [Fe(4-abpt){Ag(CN),},]-2DMF-EtOH 2017 [40]
56 [Fe(4-abpt){Au(CN),},]-2DMF-EtOH 2020 [80]
57 [Fe(4-abpt){Ag(CN),} . {Au(CN),},_,]-2DMF-EtOH
58 [Fe(dpt){Pt(CN),}]-dpt-2.5H,0 2021 [81]
59 [Fe(dpo){Ag(CN),},]-3DMF o .
60 [Fe(dpo){Ag(CN),},]-0.5MeCN-2DEF
61 [Fe(dpoda){Ag(CN),},]-1.5benzene
62 [Fe(dpoda){Ag(CN),},]-1.5naphthalene 2019 [83]
63 [Fe(dpoda){Ag(CN),},]-anthracene
64 [Fe(dpoda){Ag(CN),},]-1.5Fnaph 2020 [84]
65 [Fe(TPPE){Au(CN),}]Br-4H,0-8TCE
66 [Fe(TPPE){Fe(CN)sNO}]-7H,0-6DEF-EtOH 2024 [85]
67 (Et,NH,)[Fe(TPPE){Co(CN)}]-11H,0-6DEF-2MeOH
68 (PPN)[Fe{Ag(CN),};] 2022 [86]
69 [Fe(TPB){Au'(CN),}]I-4H,0-4DMF
70 [Fe(TPB){Au"(CN),L,}1(I;)- 7DMF om -
71 [Fe(TPB){Au(CN),} (Br;)-H,0-MeOH -4DMF
72 [Fe(TPB){Au(CN),Br,}](Br;)-2H,0-4DMF
73 [Fe(TPB){Pt(CN),}]-3'PrOH-4H,0
74 [Fe(TPB){PtBry(CN),}]-2'PrOH-8H,0 2023 551
75 [Fe(TPB){Pt(CN),}]-4DMF-4H,0
76 [Fe(TPB){Pt(CN),}]-6DMF-4H,0
77 [Fe(TPPE){Au(CN),}]I-2H,0-7TCE
78 [Fe(TPPE){Au(CN),l,}]1;-7TCE 023 [89]
79 [Fe(TPPE){Au(CN),Br,}]Br;-H,0-8TCE
80 [Fe(TPPE){Au(CN),}]Br-3H,0-8TCE
81 [Fe;{AggBrg(CN)4} (TPBA);]-9DMF
82 [Fes {Aggls(CN)s}(TPBA);]-SDMF 2023 [90]
83 [Fe(CN),(TPBA)]-(KTCNQ)-2DMF-5.5H,0
84 [Fe(4-spy)>{Ag(CN),},]
85 [Fe(2,4-bpe), {Ag(CN),}») 2019 1]
86 [Fe(rctt-4-ppcb) {Ag(CN),},]
87 [Fe(rctt-2,4-tpcb-ht) {Ag(CN), },]
88 [Fe(3-spy), {Pd(CN)4}]
89 [Fe(rctt-3-ppeb) {Pd(CN)4} ] 2022 [92]
90 [Fe(3-5py), se(rctt-3-ppeb)y 5o (PA(CN), )]
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(B:42)
Fe5 WEDF TR RREA 22530k
91 [Fe(bpn){Ag(CN),},]-azobenzene 2021 [93]
92 Fe(bpn){Ag(CN),},]-1.5(Fnaph) 2022 [94]
93 [Fe(isoq),{Au(CN),},] 2020 [95]
94 [Fe(bpy){Pt(CN),}]-coumarin 2024 [96]

a) dpoda = 2,5-di-(pyridyl)-1,3,4-oxadiazole; 2,3-bptH = 3-(2-pyridyl)-5-(3-pyridyl)-1,2,4-triazole; 2,3-MebptH =3-(3-methyl-2-pyridyl)-5-(3-
pyridyl)-1,2,4-triazole; TPB = 1,2,4,5-tetra(4-pyridyl) benzene, H,salten = N,N'-bis[2-hydroxyphenyl|methylene)-4-azaheptane-1,7-diamine; 4-abpt =
4-amino-3,5-bis(4-pyridyl)-1,2,4-triazole; dpt = 2,5-di(pyridine-4-yl)thiophene; dpo = N,N'-4-dipyridyloxalamide; dpoda = = 2,5-di-(pyridyl)-1,3,4-
oxadiazolne; Fnaph =2-fluoronaphthalene; TPPE = 1,1,2,2-tetrakis(4-(pyridine-4-yl)phenyl)-ethene; DEF =N,N-diethylformamide; TCE = 1,1,2,2-
tetrachloroethane; PPN™ = bis(trisphenylphosphine)iminium cation; TPB = 1,2,4,5-tetra(pyridin-4-yl)benzene; TPBA = TPBA = N,N,N',N'-tetra
(pyridin-4-yl)benzene-1,4-diamine; TCNQ = tetracyanoquinodimethan; 4-spy = 4-styrylpyridine; 2,4-bpe = trans-1-(2-pyridyl)-2-(4-pyridyl)ethylene;

rett-4-ppeb = rett-1,3-bis(4-pyridyl)-2,4-bis(phenyl)cyclobutene; rett-2,4-tpcb-ht = rctt-1,3-bis(2-pyridyl)-2,4-bis(4-pyridyl)cyclobutene; 3-spy = 3-

styrylpyridine; rctt-3-ppeb = rett-1,3-bis(3-pyridyl)2,4-bis(phenyl)cyclobutene; bpn = 1,4-bis(4-pyridyl)naphthalene; isoq = isoquinoline; bpy = 4,4'-

bipyridine; H,L3 = N,N'-bis(diethylcarbamothioyl)pyridine-2,6-dicarboxamide
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Y25y FIRRE % 10 S5 (2) b R R % LA Rl
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Figure 3 (Color online) Reversible desolvation between {Zn,Dy}
complexes, and their corresponding temperature-dependent ac suscept-
ibilities. Figure reproduced with permission from ref. [47], copyright
(2013) Royal Society of Chemistry.
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4 ¥I[Dy(bbpen)CI]FI[Dy(bbpen)Br] (L4411, 12),
2L B T HK T bbpen ¥4 GRECAL 5, {H Dy FrALBe Az
IAHE 52 00 HE TR o 1 A OUHE AL B (JES). FHBr B
RC17Jq, FRIE VM Dy—X 8K M2.68 Al hnH|
2.85 A, HRREL AN H 708 KIETF£]1025 K. H
Uk, By RER A ARG 22 B IR A 1000 KK 6., 5t
PR W BT BUAS 1) = R SR 45 12 S (R AP 90 AT 1 ok
IR NI

Je 82, I 0 X B AR AT AR AR B B ke, TR
AIRFLT [Dy(bbpen) X] R I A WIHIR L &,
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B4 (M&EZE) [Dy(Cy;P0),(H,0)5]Cly(CysPO)-H,O
EtOH (a)F1[Dy(Cy;P0),(H,0)5]Br;-2(Cy;P0)-2H,0-2EtOH
(C)HIANERIEAL JZ, Je (b, dyxf o7 F B[] 26 1)

Figure 4 (Color online) The outer coordination spheres of
[Dy(Cy3;P0O),(H,0)5]Cl;-(Cy;PO)-H,O-EtOH (a) and
[Dy(Cy;P0O),(H,0)5]Br;-2(Cy;P0O)-2H,0-2EtOH (c), and (b, d) their
corresponding magnetic hysteresis loops. Reproduced from ref. [49];
copyright (2016) American Chemical Society.
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Figure 5 (Color online) The molecular structure of [Dy(bbpen)Br]
and its magnetization blocking barrier. Reproduced from ref. [51];
copyright (2016) American Chemical Society.
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Figure 6 (Color online)The molecular structure of [H(BuTMG)]-

[DyLoana(Lapre)2] (2) and [H(lBUTMG)][DyLSZNS(LADTP)Z] (¢), and
surface map with contours of ESP at the equatorial plane (b), (d).
Reproduced from ref. [55]; copyright (2023) Springer Nature.
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B 7 (FERRE)(Cp),Dy][B(CeFs)y] ()F[(Cp™™)Dy-
(CP®)IIB(CeFs)s] ()15 FEEHT; (b, d) i I8 ¥ Ry [ 217
Figure 7 (Color online) The crystal structures of [(Cp"),Dy]-
[B(C6F5);] (a) and [(Cp")Dy(Cp)B(CsFs)i] (¢). and (b, d) their
corresponding magnetic hysteresis loops. Reproduced with permission
from ref. [17]; copyright (2017) Wiley-VCH (a, b); and from ref. [18];
copyright (2018) AAAS (c, d).
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B 8 (M%&) [Dy,(bbpen),(tpb)(MeOH),](BPh,),-2
MeOH (a)F1[Dy,(bbpen),(tpcb)(MeOH),](BPh,), (c)f15rF4h
145 [Dys(13-CO5)(“'bppen);](CF;S0;)-6CHCN 1 43 - 45 i (b)
B HFEAS B (D)

Figure 8 (Color online) The crystal structures of [Dy,(bbpen),(tpb)-
(MeOH),](BPhy),-2MeOH (a) and [Dy,(bbpen),(tpcb)(MeOH),](BPh,),
(c); molecular structure of [Dyg(ll}—CO})(C bppen);](CF;S0;)-6CH;CN,
the magnetic axes of the Kramers ground doublet of Dy(III) sites related
to C; symmetry in top view and side view (b, d). Reproduced with
permission from ref. [58]; copyright (2021) Royal Society of Chemistry
(a, ¢); and from ref. [57]; copyright (2020) Royal Society of Chemistry
(b, d).
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Figure 9 (Color online) The crystal structures of [Dy,(acac)s(MeOH),
(bpe)]-bpe-2MeOH and desolvated [Dy(acac);(bpe)],, as well as their
respective magnetic hysteresis loops (a); the crystal structures of [Dy
(bpe)(H,0)4(NO;),](NOs)-2bpe and its [2+2] counterpart (b). Repro-
duced with permission from ref. [61]; copyright (2017) American
Chemical Society (a); and from ref. [62]; copyright (2015) Royal
Society of Chemistry (b).
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Figure 10 (Color online) The crystal structure of [Dyz(HTPEIPOMC)Z—
(OAC)4(NO,),], its frequency-dependent ac susceptibilities, and photos
showing its piezochromism. Reproduced with permission from ref. [64];
copyright (2017) American Chemical Society.
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B 1 (MK (a, b) 4J8EBDy[15-MCcyq)-S]H 1A
SR A MIRL AR (d) < eIt { Dy [ 15-MCeyary-51} 248
PREEH ML, (c), (e) Dy HIRLA 315

Figure 11 (Color online) (a, b) Side view and top view of the Dy[15-
MCcyqy-5] metallacrown. (d) Side view of ~{Dy[15-MCCu(,,I)-5]}2
metallacrown. (c), (e) Coordination environment of the Dy]I ion.
Reproduced with permission from ref. [69], copyright (2020) Wiley-
VCH.
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Figure 12 (Color online) (a) The square planar coordination environ-
ment of Ni5 atom and molecular structure of [DyNis(quinha)S(C]sal)z—
(py)s](C10,)-4H,0. (b) The octahedral coordination environment of Ni5
atom and molecular structure of [DyNi5(quinha)s(usaldt)z(py)g](C104)~3
H,O. Reproduced with permission from ref. [70], copyright (2024)
Wiley-VCH.
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Figure 13 (Color online) (a) Construction strategy of Dy, 3d-4f SMM.
(b) Molecular structure of {DyNi,}, the coordination polyhedrons of Dy
and Ni sites.
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Figure 14 (Color online) (a, b) Overlapping diagram of structures of
[Ho(CyPh,P0O),(H,0);]15-2CyPh,PO-2EtOH and [Ho(CyPh,PO),-
(D,0);5]13-2CyPh,PO-2EtOD, temperature dependence of TDZO/TH20

with error bars under zero dc magnetic field. Reproduced with
permission from ref. [74], copyright (2020) Wiley-VCH.
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Figure 15 (Color online) Structure of Hosz[IS—MCNi—S] and its
hyperfine interaction. Reproduced with permission from ref. [75],
copyright (2021) Elsevier.
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Figure 16 (Color online) The crystal structures, SCO behavior, and
reversible four-/two-/one-step transformations of
[Fe(4-abpt) {Ag(CN),},]-Solv. Reproduced with permission from ref.
[40], copyright (2017) Wiley-VCH.
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Figure 17 (Color online) The perovskite-type structure of (PPN)[Fe
{Ag(CN),};], SCO behavior and thermal-induced cyanide linkage
isomerism. Reproduced with permission from ref. [86], copyright
(2022) American Chemical Society.
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redox modulation. Reproduced with permission from ref. [87], copy-
right (2022) American Chemical Society.
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Figure 19 (Color online) The cluster deconstruction process and spin
crossover behavior of [Fe;{Aggls(CN)s}(TPBA);]-Solv to[Fe(CN),
(TPBA)]-(KTCNQ)-Solv. Reproduced with permission from ref. [90],
copyright (2023) Wiley-VCH.
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Figure 20 (a, b) The crystal structures of [Fe(4-spy),{Ag(CN),},] and

[Fe(2,4-bpe),{Ag(CN),},], as well as the photochemical [2+2] cycload-
dition reaction upon UV irradiation. Reproduced with permission from
ref. [91], copyright (2019) Royal Society of Chemistry.
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Figure 21 (Color online) The crystal structures of [Fe(bpn){Ag
(CN),},]-azobenzene, SCO behavior and guest isomerization after
illumination. Reproduced with permission from ref. [93], copyright
(2021) Wiley-VCH.
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Figure 22 (Color online) (a) Temperature-dependent magnetic sus-
ceptibilities and dual-directional LIESST effects in [Fe(bpy){Pt(CN),}]-
coumarin, LIESST at 532 nm (green), reverse-LIESST at 830 nm (red)
and LASSA (532 nm) effects. (b) Graphical representation of the spin
transition pathways between multiple spin states. Reproduced with
permission from ref. [96], copyright (2024) Springer Nature.
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Recent advances on molecule-based magnetic bistable materials
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Abstract: Single-molecule magnets (SMM) and spin crossover (SCO) materials play important roles in the realm of
molecule-based magnetic bistable materials due to their unique magnetic behavior, and have enormous potential for
device applications. The bistability of these materials can be precisely regulated at the molecular level through accurate
chemical synthesis and external stimuli. This review provides a comprehensive overview of the historical development
of single-molecule magnets and spin-crossover materials, and summarizes their key research advancements in design
synthesis, magnetic behavior, and modulation strategies based on the work conducted by our research group. In the
conclusion part, the challenges and prospects are summarized in the field of molecular magnetism, particularly in precise
structural construction, performance improvement and multifunctionality.

Keywords: bistability, molecular magnetism, single-molecule magnets, spin crossover
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