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Abstract

The electrons of the zinc(11) d orbital are fully filled, which can form coordination bonds with ligands.
It provides a metal skeleton in the structure and is connected to lanthanide elements by bridging
ligands, indirectly affecting the magnetic behavior of lanthanide ions. In recent years, zinc-lantha-
nide metal complexes have received extensive attention in the field of molecular magnetic materials.
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Therefore, this paper reviews the typical zinc-lanthanide single molecule magnets (SMMs) in recent
years, hoping to lay a certain foundation for the development of 3d-4f SMMs.
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Table 1. The magnetic data of Zn-Ln SMMs
= 1. Zn-Ln B0 FHAARE M EE

ik

Complexes Hac/kOe Uett/K 7ols vimT/s Te/K Ref.
[Zn2Dy(LY)2(MeOH)]-NO3-3MeOH-H:0 (1) 0 439 20 11 [1]
[Zn2Dy(L)2]NOs-H20 (2) 1.2 64 [1]
[ZnCl(u-L?)Dy(u-L2)CIZn][ZnCl3(CH3OH)]-3CH30H (3) 1 243 1.07(3) x 107 [2]
[(L3Zn(H20)).Dy(H20)](CFsS0s)s (4) 0 96.9 (6) 2.4x107 [3]
[(L3ZnBr)2Dy(H20)](CIOa) (5) 1 214.7 9.8x10° [3]
[(L3ZnClI)2Dy(H20)](ClO4)(MeOH) (6) 1 2024 15x10°8 [3]
[Zn2(L*)2DyCls]-2H20 (7) 0 430 7.4 x1071 20 12 [4]
[Zn2(L4)2Dy(MeOH)Br3]-3H-0 (8) 0 233 2.5 x10°8 6 [4]

DOI: 10.12677/japc.2024.134079 796 Ly PR R=Svi


https://doi.org/10.12677/japc.2024.134079
http://creativecommons.org/licenses/by/4.0/

AT %

gk

[Zn2(L%)2Dy(H20)Br;]- [ZnBrs]os (9) 0 121 8.5 x10°7 4 [4]
[Zn2(L5):DyCls]-2H;0 (10) 0 398 3.5 x10°10 8 [4]
[Zn2Dy(TTTTCI):Me>CO]-NOs-EtOH-H:0 (11) 0 507 (7) 206)x10 20 14 [5]
[Zn:Dy(TTTTCI)2MeOH]-CFsS0s-2MeOH (12) 0 525 (6) 102 %101 20 12 [5]
[Zn:Dy(TTTTCI)2Me2CO]-BPhs-3Me2CO-EtOH-4H:0 (13) 0 632 (2) 34(1)x10%2 20 23 [5]
Eﬂl)sz(TTTTCI)zDMF]-BPh4-2THF-EtOH-O.5DMF-2HzO 0 535 (2) 2a@x10M 20 22 [5]
[ZnaDy(TTTTCI):NMP]-BPhs-3THF-2H:0 (15) 0 558 (3) 151)x10 20 24 [5]
[ZnDy(L®)(DBM)s] (16) 2 36.5 1.56 x 10°6 6]
[ZnDy(HaL7)2](NOs)s-6H20 (17) 0 270.3 267 x 10710 5 2 [7]
[Dy2Zn2(L%)a(NO3)2(CHsOH)2] (18) 0 78 459 x 10°6 4 (8]
[Zn2Dy2(L8)a(NO3)2(CH3OH)2]-2CHaCOCH; (19) 0 1115 82x10°% [9]
[Zn2Dy2(L8)4(CH3CO0)2(CH3CH20H)2]-4CH3COCH3 (20) 0 74.4 2.78 x 1076 [9]
[Zn2(L®)2(PhCO0)2Dy:(hfac)4] (21) 0 47.9 2.75 x 1077 [10]
[DysZn4O2(L1%)2(HL)2(OAC)s(CH30)a(H20)2]-4MeOH (22) 0 43 1x10°° [11]
[ZnaDy3(02)(L11)a(PyCO2)3](OH)2(ClO4)2-8H20 (23) 1 1004 (3.9) 1.2 (0.4)x 10® [12]
[ZnsThs(02)(L1)s(PyCO2)s] (OH)2(ClO4)2-8H20 14  144(05) 4.3(0.2)x10° [13]
[Zn2Dys(m-salen)s(N)s(OH)z] 0 13.40 33x107 17 11 [13]
[ZnaDy(LP")(NO3)3(MeOH)s]-4H,0 15 25.8 1.2x10° [14]
[Tb{Zn(L'?)(AcO)}z]BPhs 1 35 (1) 1.6 (2) x 106 [15]
[Dy{Zn(L?)(AcO)}:]BPhs 1 22.4 (4) 5.3 (4)x 107 [15]
[EF{Zn(L'2)(AcO)}2]BPhs 1 42 (3) 9 (6) x 10710 [15]
[Yb{Zn(L?)(AcO)}:]BPhs 1 38.2 (4) 7.0 (5) x 108 [15]
[Zn2Dy2(hmp)4(PhCO2)s(MeOH)2](CIO4) 0 1.34 [16]
[Dy2Zna(L13)2(OAC)2(COs)2]- 10CH3OH 0 34 2.9x10° [17]
[Zn(u-L1)(1-OAC) Dy(NO3)] 1 41 2) 5.6 x 107 [18]
[Zn(u-L1)(i-OAC)Er(NO3);] 1 11.7 (3) 2.0 x10° [18]
[Zn(u-L1)(4-NO3)Er(NOs)s] 1 22 (2) 53x10°8 [18]
[Zn(u-L2)(1-9-An) Dy(NOs)2]-2CHsCN 1 32.1(3) 1.9 x10° [18]
{(13-CO3)2[ZN(-L14) Yb(H20)]2}(NOs)2- ACH;OH 1 19.4 (7) 3.1x10° [19]
{(13-CO3)2[ZN(1-L14) Yb(H20)]2}(NOs)2-4CHsOH 1 27.0 (9) 8.8x 107 [19]
[ZnDy(NO3)2(L15)2(CH3CO2)] 35 118.7 6.2x10° [20]
[ZnDy(NOz)2(mpko)s(mpkoH)] 1 33.3 2.0x107 [21]
[Zn2Dy(HsL%)s]-3NO3-2MeOH-1.5H,0 1 67(3) 45x10°8 [22]
[LaossTho.14(NOs{Zn(L")(SCN)}2] 1 41.2 (4) 7.3(3) x 107 [23]
[Lao.7sDyo.21(NO2){Zn(L17)(SCN)}2] 0 10 (5) 314(10)x108 04 3 [23]

1 33 (4) 1.0 (2) x 10°8

[(L*8ZnBrDy(ovan)(NO3)(H20)](H20)-0.5(MeOH) 0 118.5 2.8x107 [24]
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[LZnCIDy(thd):] 0 99.1 52x10°8 [24]
[(L°ZNnBr)2Dy(MeOH);](ClO4) 0 63.3 2.6x107 [24]
[Zn(p-L2)(u-OAC)NA(NO3)z]- CHsCN 1 14.12 8.57 x 107 [25]
[Zn(p-L2)(u-OAC)Dy(NO3)z]- CHsCN 1 4155 1.79x 10°8 [25]
[Zn(1-L2) (U-OAC)Er(NOs)2]-CH3CN 1 21.0 2.28x 107 [25]
[Zn(p-L2) (u-OAC) Yb(NOs)2]-CHsCN 1 18.9 5.48 x 10°8 [25]
[ZnDy(HL?Y)(NOs)(OAC)(CHsOH)](NOs) 1 41.05 2.16 x 107 [26]
[Zn2Dy(L?%)(NOs)2(OAC)2(H20)] 1 47.69 4.60 x 1077 [26]
[Zn2Er(L2)(NO3)2(OAC)2(H20)] 1 20.81 7.48 x 107 [26]
[ZnaDy2(OH)2(L22)4(OAC)2(NO3)2(DMF)]- DMF 3 14.6 7.1%x10°6 [27]
[Zn2Dya(HL2)4(0-vanillin)2(OH)a(CH30H)2]-2NO3-5CH3z0H 0 56.7 48x107 [28]
[Zn2DyL?]-2C104-H20 2 1.50 8.33 x 107 2 [29]
[Zn(u-L25)(u-OAC)Gd(NOs)2] 1 21.6 2.92 x 107 [30]
[Zn(u-L25)(u-OAC)Dy(NOs)2] 1 275 1.07 x 107 [30]
[Zn(u-L2)(u-OAC) Yb(NOs)2] 1 13.2 5.10 x 107 [30]
[Zn2Th2(L26)2Cl2(acetate)s(MeOH)2] 5 26.6 3.98 x 1077 [31]
[Zn2Er2(L%)L2Cl2(acetate)s(MeOH)2]-2MeOH-2H20 5 17.7 6.25 x 1077 [31]
[Zn2Dy2(L8)a(CH3CO0)2(CH3CH20H)2]-2CH2Cl2-0.5H20 0 42.0 6.6 x107° [32]
[OZ:?E){?_('SD)A(CH3COO)2(CH3CH20H)z]-4CH2C|2-2CH3 0 26.0 1.96 x 107 [32]
[DyZn2(Hhms)2(CsHsCOO)4]-CsHsCOO 0.5 12.3 1.01x10°® [33]
{[DyZna(L27)2(POC)](OH)(CIOs)}-H20-MeOH 0 2353(1)  43(1)x10 20 3.8 [34]

1 3586 (7) 3.7(0.3)x 101

{[DysZn7(L2)s(POC)e] (OH)s(Cl04)2}-9H20 1 77(02)  1.2(0.1)x10° [34]
[ZnDy(H2L2%)(CHsOH)2(NOs)2] (NOs)-MeOH 1 32.9 47 x107 [35]
[L20Zn(H.0)Dy(acac)z]-CH2Cla-PFe 0 3842(5)  1.08(5)x10° 20 1.8 [36]
[ZnDy(L3Y)(Pc)(ROH)]-CHsOH 1 279 7.93 %107 [37]
[ZnDy(LY)(Pc)(ROH)]-CzHsOH 1 325 2.74 %107 [37]
[Zn(L?2)2][Dy10(OH)4(PhCOO)zs] 0 15,5 4.8x10° [38]
[ZnaDy2(L33)2(L*)2(N3)2]Cla-2H20 1 3066 (5)  1.81(1)x 106 [39]
[ZnaTha(L33)2(L*)2(Cl)7][ZnNsCls]-2H20 2 8.87 (3) 25x 10 [39]
[DyzZns(Hvanox)s(vanox)s(NOz)s(H20)s] - 3EtOH 2 32.34 1.24 x 1077 [40]
[ErsZns(Hvanox)s(vanox)s(NOs)s(H20)s]-5EtOH 2 11.94 6.88 x 1078 [40]
[Zn2Dy2(us-CO8)2(L%5)o(NOs)o(MeOH):] 15 ol gég S Egg ' 182 [41]
[Zn2Dya(u-CO3)2 (L) (NO)z]-2MeOH 12 2 Ecl’g nzes Eg}& e [41]
[Zn2Tha(us-CO3)a(L%5)2(NO3)2(MeOH)s] 2 540 (1.4) 2.8 (0.5)x 1012 [41]
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[ZN2Tha(ua-CO3)2(L%6)2(NOs)2]- 2MeOH 12 269(07) 20(0.3)x10°% [41]
[Zn2Dy2(L%)2(pdm)2(MeOH)2](CI0q)s 2 389(0.7)  6.4(0.1)x10° [42]
[Zn2Dy2(L3%)2(Brpdm)2(MeOH)2](ClOa)2 1.2 43.8 (1.4) 42(0.2)x 108 [42]
{Zn2Dy2(us-CO3)2(L3")2(acacFs)2}-CH3OH 15 83.1(1.8) 1.2(0.2) x 10°® [43]
[Zn2Dy(R, R-L%8)2(H20)4](Cl04)3) 0.4 22.46 5.06 x 108 [44]
[Zn2Th(R, R-L%8)2(H20)4](Cl04)3) 2 38.70 1.08 x 1077 [44]
[ZnzDya(R, R-L*)2(CO3)2(NOs)2]-2CH3OH 0 19.61 2.50 x 10°7 [44]
[YbZna(SS-L*)2(H20)] (C104)s-5H20 1 8.94 1.91x10° [45]
éZanDyz(OH)z(L5chiff)2[B(OCH3)4]2C|2}-2((S)-bin0|)-2H2 18 18.4 (3) 1.0 (0.1) x 10°° [46]

-MeOH

[ZNL%Dy(HO)(pyz)]z-2CF303S-2H,0 05 84.21 3.44 x 1077 [47]
[ZnL%Dy(CH30)(aca)J2-2CF303S-2CHsOH 1.1 91.79 7.54x 107 [47]
[ZNL4'Dy(CH30)(pyz)]2-2CFs03S-2CHsOH 0.5 81.20 2.50 x 10 [47]
[ZnL“Dy(CHs0)(pyi)]2-2CF203S-4CHsOH 13 91.55 431x10°® [47]
[Z06(DyoosYoss)o(LDs(tea)o(CHIOH):] 6CHaOH-8H,0 1 2= 5285 () m =478(3) x 1078 [48]

Uz = 34.63 (2) 2= 5.82(8) x 107

[Zn4Dya(L*?)s(pdm)2(pdmH)a]- 10CHsCN-5H,0 0 13.85(6)  9.58 (3)x 106 [48]
0.6 15.00 (7) 1.21 (5) x 105 [48]

[Zn4(Dyo.05Y0.95)4(L*)s(pdm)2(pdmH)4]- L0CHsCN-5H,0 0.8 36.75(6)  2.68(8) x 10°° [48]
[ZnDy(L*3)(NOs)s(py)]-CH2Cl2 0 30.5 1.5 x 106 [49]
1 55.1 2.7 %107 [49]

[ZnDy(L*)(u-OAc)(OAC)z]-3H20 0 59 1.1x10°8 [49]
1 107 9.7 x 1071 [49]

[ZnDy(L*%)(u-OAc)(OAC)(NOs)] 0.6 13 3.4x107 [49]
2 285 1.1x 107 [49]

[ZnDy(L*)(u-piv)(piv)2][ZnDy(L)(u-piv)(piv)(OAC)]-1.5H.0 0 39.3 1.8x10°® [49]
[ZnDy(H:L*)(NOs)3]-(CH3OH)2 0.6 24.49 1.44 x 1077 [50]
[Zn2Dy2(L“°)4(Ac)2(DMF)2]-4CHsCN 0 18 1.40 x 10710 [51]
[DyZn2(L*)2(CHsCO2)4]-[Zn2Cla(L*)]-H20 0.5 13,53 1.78x 108 [52]
[L#Zn(CH3sCOO)Dy(hfac)2] 15 45.49 [53]
[L#Zn(CH3COO)2Dy(dbm)]-CH:Cl2 0.9 69.28 [53]
[L4Zn(CH3COO)Dy(btfa);]-CH:Cl2 15 101.34 [53]

HsL!=2,2’,2”-(((nitrilo-tris(ethane-2,1-diyl))tris(azanediyl))tris(methylene))tris-(4-bromo-phenol); Hz2L? = N,N’-dimethyl-N,N’-
bis(2-hydroxy-3-formyl-5-bromo-benzyl) ethylenediamine; HzL % = N,N’-2,2-dimethylpropylenedi (3-methoxysalicylideneiminato);
HL* = N,N’-bis (3-methoxysalicylidene) phenylene-1,2-diamine; HL® = N,N’-bis (3-methoxysalicylidene)-1,2-diaminocyclo-
hexane; TTTTY = 2,2°,2”-(((nitrilotris(ethane-2,1-diyl)) tris (azanediyl)) tris (methylene)) tris-(4-chlorophenol); NMP = N-
methyl pyrrolidone; H2L® = N,N’-dimethyl-N,N’-(2-hydroxy-3-methoxy-5-methyl-benzyl) ethylenediamine; DBM™ = 1,3-di-
phenyl-propane-1,3-dione; HsL” = a Schiff base synthesized from 2-formyl-6-hydroxymethyl-p-cresol and 1,3-diamino-2-pro-
panol; HzL® = (E)-2-ethoxy-6-(((2-hydroxyphenyl)imino)methyl)phenol; H2L8 = (E)-4-(tert-butyl)-2-((2-hydroxy-3-methox-
ybenzylidene)amino)phenol; H2L® = N,N’-dimethyl-N,N’-bis(2-hydroxy-3,5-dimethylbenzyl) ethylenediamine; HaL 1 = 2-(5-
naphthalideneamino)-2-hydroxymethyl-1-propanol; HzL* = N,N’-bis(3-methoxysalicylidene)-1,3-diaminopropane; PyCO? =
pyridine-2-carboxylate; m-salen = N,N’-ethylenebis (3-methoxysalicylideneamine); (L"")¢ = hexaimine [3 + 3] macrocycle;
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HoL? = 5-((E)-((2-(((E)-2-hydroxy-3-methoxybenzylidene)amino)ethyl)imino)methyl)-2-methoxyphenol; hmpH = hy-
droxymethylpyridine; HoL13 = N,N’-bis(3-methoxysalicylidene)-1,2-cyclohexanediamine; HoL'* = N,N’,N”-trimethyl-N,N"-
bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylenetriamine; 9-An = 9-anthracenecarboxylate anion; HL'®> = 2-methoxy-6-
[(E)-phenyliminomethyl]phenol; mpkoH = methyl 2-pyridyl ketone oxime; HsL1¢ = [2-(2-hydroxy-3-(hydroxymethyl)-5-
methylbenzylideneamino)-2-methylpropane-1,3-diol]; Hz2L'” = a Schiff base ligand derived from o-vanillin and ethylenedia-
mine; H2L*® = N,N’-2,2-dimethylpropylenedi (3-methoxysalicylideneiminato); HoL® = 2-{(E)-[(3-{[(2E,3E)-3-(hydroxy-
imino)-butan-2-ylidene]amino-2,2-dimethylpropyl) imino] methyl-6-methoxyphenol; thd = 2,2,6,6-tetramethyl-3,5-heptane-
dionato ligand; H2L? = N,N’-dimethyl-N,N’-bis (2-hydroxy-3-formyl-5-bromo-benzyl) ethylenediamine; HsL?' = 6,6’-

((1E,1’E)-(((2-(5-bromo-2-hydroxy-3-methoxyphenyl)imidazolidine-1,3-diyl)bis(ethane-2,1-diyl))bis  (azaneylylidene))bis(me-
thaneylylidene))bis(4-bromo-2-methoxyphenol); HzL?? = (E)-3-((2-hydroxy-3-methoxybenzylidene) amino)-naphthalen-2-ol;
HsL2® = 1-(2-hydroxy-4-methoxy-benzamido)-2-(2-hydroxy-3-methoxy-benzylideneamino)-ethane; HzL?* = tris(((2-hydroxy-
3-methoxybenzyl)amino)ethyl)amine; H2L.% = N,N’-dimethyl-N,N’-bi[2-hydroxy-3-methoxy-5-methylbenzyl)-ethylenedia-
mine; H2L% = 2-methoxy-6-[{2-(2-hydroxyethylamino)ethylimino}-methyl]phenol; Hzhms = (2-hydroxy-3-methoxybenzyli-
dene)-semicarbazide; H2L?" = N,N’-bis(3-methoxysalicylidene)-1,3-diaminopropane; POC- = pyridin-N-oxide-4-carboxylate;
H2L?® = N,N’-bis(3-methoxysalicylidene)-1,2-diaminoethane; HsL?® = 2,6-diacetylpyridine-bis[2-(semicarbazono) propio-
nylhydrazone]; H2L3° = N,N’-bis(2-oxy-3-methoxybenzylidene)-1,2-phenylenediamine; HsL3 = 1,1,1-tris [(salicylidene-
amino)methyl] ethane; HzPc = phthalocyanine; L% = 4-([2,2: 6°,2”-terpyridin]-4’-yl) phenol; L% and L3* were synthesised
from N1,N3-bis(3-methoxysalicylidene)diethylenetriamine; Hzvanox = methoxysalicylaldehyde; H2L3 = N,N’-bis(3-methox-
ysalicylidene)-1,3-diaminopropane; H2L36 = N,N’-bis(3-methoxysalicylidene)-1,2-diaminoethane; Hzpdm = 2,6-pyridinedi-
methanol; H2Brpdm = (4-bromopyridine-2,6-diyl)dimethanol; H2L3" = N,N’-dimethyl-N,N’-(2-hydroxy-3-methoxy-5-methyl-
benzyl) ethylenediamine; HacacFs = hexafluoroacetylacetone; HoL3® = cyclohexane-1,2-diylbis(azanediyl)bis-(meth-
ylene)bis(2-methoxyphenol); SS-H2L3® = ((SS)-cyclohexane-1,2-diylbis(azanediyl))-bis(methylene))-bis(2-methoxyphenol);
HaLsenitt = 2-((2)-(3-((Z2)-2-hydroxy-3-methoxybenzylideneamino) propylimino)methyl)-6-methoxyphenol; (S)-binol = (S)-
1,1’-binaphthalene-2,2’-diol; L*° = N,N’-bis(salicylidene)ethylenediamine; L* = N,N’-bis(3-methoxysalicylidene)phenylene-
1,2-diamine; pyz = pyrazinehydroxamic acid; aca = acetohydroxamic acid; pyi = pyridiniumhydroxamic acid; H2L*? = N-3-
methoxysalicylidene-2-amino-3-hydroxypyridine; H2L* = N,N’-bis(3-methoxy-5-methylsalicylidene)-1,2-phenylenediamine;
HaL* = N,N’,N”,N"-tetra(2-hydroxy-3-methoxy-5-methylbenzyl)-1,4,7,10-tetraazacyclododecane; HL* = (E)-2-methoxy-6-
(((pyridine-2-ylmethyl)imino)methyl)phenol; H2L*¢ = N,N’-bis(3-methoxysalicylidene)-1,2-phenylenediamine; dbm = diben-
zoylmethane; btfa = benzoyltrifluoride acetone.

Zn-Ln 53T HAR(SMMs) R I H 2 Frdndh gy, HAr LA[Zn Dy e &4 8. 2013 45, & B Rt 5l
PAHRIE T — I E & 4 [Zn2Dy(LY)2(MeOH)]-NO3-3MeOH-H,0 (1, HaL'=2,2"2"-(((Z(ZLK%%-2,1- ) &) =
WA AL ) = A AE) = (4- 2K ) [1]. FE% 1 v LLhiE s ok 2 ORI 7 40 7 JEAT B0 A A A8, AR
[Zn2Dy(L1)2]NOs-H20 (2). [FIFEH, 2 nf LU RN FEEFIhEbm 1. fERCE 19, Dy" 2 M
HERJ (I APL Do SFRRPE) o R TR, PIMRIBCII SeU A SE Feil Dy, 33 Dy (LA LA
Ay )\ AR GE AL On X FRAE), T Zn' T A\ IR GEEALL On X5 Bk 4 4 A8 Sy T 1) = #3 OUSE (I BL Dan AT
) (K 1). TERWS T, &Y 1 ARG & B (out-of-phase) (5 5 7E 30 K DL T I H B & fr) i 5 Fl
BRI, AR 22 Mk 439 Ko TAEAY) 2 . Dy R et B 1) 535 A8 4 3 80 R i35 T B
S IEAETE . AT, FENENN 1.2 kOe AN, REEE 5 IE(E L, (A AC Wﬁ?ﬂ%rﬁﬂﬂ BT
1. BRRTFE R, Dsn BRI 5E R M A AR, #W7R 72 FRFEQTM)# B aif], X2 1 i
HREMRR 2 —. M, JNHEA U R e & 1) R PR, S22 ot ol m k.

(b)

Figure 1. The molecular structure of 1 and 2
11702 M5y FEEHE
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2014 4, Enrique Colacio 41 T —F =% FL & ¥ [ZnCl(u-L2) Dy(u-L?)CI1Zn][ZnCl3(CH30H)]-3CH3OH
(3, Hol? = N,N’- - FF3E-N N’- 30 (2-F8 3E-3- it 3 -5- 1R N 5 2 %) [2]. 7 =K% & T . 75[ZnCl(u-L?)
Dy(u-L?)ClIzn]*H, #N[ZnCI(LA)] HciEid Bk HoL? i By A SE R AR 75 Dy lic iz, Dy 4k F{Os}
VU5 BRI FCAL R B . Zn! A2 T i HoL2 SR BEAO{N OB AL A B, il & Pt — bR, 2
FLECAL 1 DY 7 HER L (1] 2(a)) - FL &4 3 (A8 IR A 26 2 05 5 7E BRI A 40 K DU R I H TS AR i1,
AAEARIR N H L R E TR . @I RS e & e A HdE, #E A RRES N 15.7 K, w0l 1.4 (2) %
107 Fb. SR1, BTS2l RE MK TRE S H Kk Kramer XUE A2 [ARIRER, RIEZE b AN,
QTM vk e 44, R QTM AR T/ T MM A A AE BLAEH . 76 1 kOe #MiEIA T, LAY 3 1)
HRireing 147.3 K (K 2(b)). HBHEERH, 3 BARER MM M;=+15/2 Kramer XEZ, H%
) PRl L5 B 1) Dy-O S8 7 i — 8. 1% Fh L I 2 Bl 1) e Ve T E R B e N R R
2o X —HYRY, QTM LSS H 43 T IR - A EAEH S 801, nTEA& Rk Dy™ RIS &
VB FIRAE AR, AT 55 F R 1 Re .

(b) =7
o 1000 Oe
-8 - 0 Oe
< 9
=
R=
-10
—11

0.04 0.06 0.08 0.10
T1/K!

Figure 2. The molecular structure for 3 (a) and the temperature-dependence of relaxation times for 3 (b)

[ 2. 3 W5 F 456 (a) B EL ot TR At 1a) PSR BE TR 1L BV Bl (b)

2015 4, Enrique Colacio W 7t/NH & T =B & [(L3Zn(H20)2Dy(H20)](CFsS03)3 (4) -
[(L3ZnBr),Dy(H.0)](Cl04) (5)F1[(LsZNnCl),Dy(H.0)](CIO4)(MeOH) (6, HoL3= N,N’-2,2- — H 3 P4 —(3-H
AHKW I REIL)) [3]. EBRCED 4 1, [(L3Zn(H20)).Dy(H20)1* .50 AN [ZnL3) 7 B4, &4 A B
3 P P A RS A A SRR FE B o e Dy o A, Dy IR A B IR — AN K T
ZRTARIBCAAR(L)? 8 Zn" 3245 T NoOp FRfi 8%, FEt— K ihiEfmiiE. 5 4 AFEFE, i
&5 F06 H, Zn" BB K 2> T2 B Brofl CIBUR. =R &4 7E 0537 38 b AL 2 & rp 1y
R A FRERAT N, HARRER 79N 96.9 (6) K. 146.8 (5) K. 146.1 (10) K. jififin 1 kOe ANz ) »
QTM o B AP AMH], 4. 51 6 A REEL > I INE] 128.6 (5) K, 214.7 K, 202.4 K, 5 KA
fezzfg K, JRH 5, 6 #immT 3. HILIFHRY, X =FEEYHEE2I850 0 RN 2 Zn" 77, BfE
MARAE T LiFES T REM B, 724 TR, g TR Kramers WEZS . [FR, Zn" ik
55 1 4> T IAH EAEH 404 7 QTM.

2016 4, EATEFLHIBANRIE T — & 41 Zn-Dy-Zn .50 T, BI[Zny(L*)2DyCls]-2H20 (7, HL*=N,N’-
R (3- FH I K o ) 2 -1,2- —J1%), [Zna2(L*)2Dy(MeOH)Br3]-3H20 (8), [Zn2(L*)2Dy(H20)Br2]-[ZnBralos (9),
F[Zna(L%)2DyCls]-2H,0 (10, HL® = N,N’-X1 (3- 48 8 /K i 56)-1,2- R I3 o) [4] FER TV L
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7~10 BIAZ AL 26 10 S AN A 5 2 A HH B R R e Rl i« AR, ERUIRIRE R T RE N ET
BEZE. 4N 1 kOe AT, QTM 43R B340 . £ 0 8L 1 kOe I3 . 7 7l @3 1 430 K F
481K WA ARE2: . 10 RIS 7 RBRIRSWIEAT N, EFERY FHA K28 398 K. #R1f1, 8 f191E
In(@)%F UT #h2k R I R AELME R . Rk, (O s X 3T TR0t e el s, BT 8 Al
9 ] Uerr/ke B2 119 233 K F1 121 K. Bb4h, XF 7~10 (G M 28 B AT 8 K. 6 K. 4 K Al 8 K (i
FERAAAERE B S . BT — D3R T 7~10 WFAEE— AN POAS B RS A — N B RSE AL R LG HE
EANTOH)FEE T 55, JFHE Lo B RS s, M icAly B e EE, AN SSCE R
FHEHTE . SRR S YIE T B m AL SO RIS I LTS5, REVERGE o AT A ER S T
FRWT, Dy () J& 1 Far o A 0 R 2 W X 8 oy IS RSt PR (1 B R 3, IO BT i i
ST HEARSRAE T — SR R

2020 4F, EERWFFEHANIRE 7 HAEREY, 751 R N[ZnDy(TTTTCl).L]-Anion-Solv (TTTT® =
2,2' 2" -((Z 2 ) = W) =@-5 M), 1K 3)[5]. X LA ST, 4J& 5 TR AR BRI AL
BRI 3 AR . A Zn' AR I L )\ TR A Y, TTTTC Fl A S Ak PO A G0 7 F0 5 A 4
JEF . Dy" SRR TR, T8 R 48 1) o SHERC A A B (5] 4(a)). BT E AN A PI#t R I B2 [
B TREAT N, HAT A RREL 73 7908 507 K. 525 K. 632 K. 535 K 11 558 K. JteAb, 7EmGH a2k
g, BCAEY 11~15 Bonth 12 K & 24 K JEH N B F R B2 (4 4(b)). EAERRZE, HT 2R
MAEAE, 11 A1 12 FeAD A a5/ MLLZ R, BLAY) 13~15 AMUAER S im B T o s 1A
2, T HAEFH I 20 200 Oefs B FEILH 35 (3% . I\ TG-MS 34 R rf LUK B, BCA4 11 AT 13 Bf
f e R A TR A B A R R s, THECA W 14 A1 15 — H 2k 2 DMF 5; NMP SR 2 K AE RO il A
I Ak 2 R o wT UE R 143 7 KNI 2 AR . Dy (D SC AT 77 556 A0 7 LR BE ST i 77 i o IR, MK
X R BB G I FL A BT DAHERT, Sl ok SR A B0 TR TR SMM PERE 7 THI S A BB

[54].
L Anion
i i
Complex 11 )k " N s
cl i
Complex 12 —O©H CF3—S—0
OH l
OH HN’\I NH -

Cl

o)
©) [NH/i OH Complex 13 )l\
N
Cl H/\© O ©
Complex 14 >NJ
TTTT“ Q

Complex 15 éN

Figure 3. The ligands used in complexes 11~15
3. EL&Y 11~15 R {ER B
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(b) 1.0

0.8+
0.6
0.4
0.24
0.04
—0.24
—0.44-
—0.64
—0.84

M/ M,

.0' v & v T T T
—40 =30 20 -10 0 10 20 30 40
H/kOe

Figure 4. The molecular structure (a) and hysteresis loops (b) for complex 11

E 4. BL&1 11 B9 FE5H01E () FntdiH 1 2 B (b)

2014 47, oz B IT B BAIRIE | — 3% 3d-4f HorF-fifk, RI[ZnDy(L®)(DBM)s] (16, Hal®=N,N’-
TUFIE-N, N - (- k-3 AR -5 R RN ) 2 Tk, DBM = 1,3- SR A BE-1,3- i) [6] . AE LB &,
ZR T RIBCAAR (LS5 Zn", 545 PR NoO2 LA A7 A5, 1 Dy AL F-#148 O4 Bifif . Dy™ 5 zn"
2 [B) A% 42 FHC AR (LO)2 H FA 79 i SR A S () 5(a)) B4, =4~ DBMBIES 7 (545 1 Zn' F1 Dy 1)
FATALAL AT, FEC Zn" A Dy 43 i) E I AN FLA A )\ AR R\ B ) = AR R R
X4 R oy T WREAC A 500 T RGP PO B . ShAS RGN & R 16 73 N A SR AR T &
WES, HERMWEREE. §En 2 kOe KIFMI /G, 16 /£ 8 K LANRILE SMM 178, %8 Arrhenius
ERINE A RRE2 N 36.5 K, FITEEUA T 10=1.56 x 108 s (%] 5(b)). Hit% Dy" B &Y pmT 1H BEIRE
B ARG T 38 I P A AN W o BV ZR MR IESE T Dy (R 4% 1) S P AR 37 RN . R4 Dy™ [T Air
FREE S BRI AR (Dag) » Dy-0 KA T 2.276 (2)~2.345 (2) A Z 10, P48 7 3& 24 iy fd e B A4 % 4E F T Dy'™.

(b)

0.2 0.3
T1/K!

Figure 5. The molecular structure (a) and In(z) vs T~ plot (b) of 16
[& 5. 16 B9 FEEMIE (2)FA In(z) vs T E(b)

2016 4, Lorenzo Sorace iE T — I BUZEC & 4[ZnDy(HsL7)2](NO3)s6H.0 (17, HsL; Jyi 2-H fi%-6-
o F Jk-p- A 1,3- k-2 U BE 5 K Schiff ) [7]. ZERCHY 17 tr, Dy" #1 zn" Ak E A
HsL” e i 1y S B 48U AR . BBk, HsL7 24t 155 Dy Be Az i)y S8 FE IR 2, i Dy™ BOFC Az Y
B VU7 Se ekt o zn' PR i\ RO A A AL, FLRC AL 0 U A8 140Kk U T H5LT oA (14 6(a)).
FERGAFENINIMARIE LT, BCEY 17 BRI B35 185> T HiAR4T . 7€ Arrhenius B, 17 H)5hi4
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N [ 7E et X R I e i, 2B Orbach I #%2 (5 3%, A akRe22 0 270.3 K FIHTFEE A+ 0 = 2.67
x 1005 (|4 6(b)). MafnE R TTH IR EFRE %, ERBUENLES S SR, £
FBOE X B0 N3 A MR BB AL . B R DLk — Py 3], RIMEER NI fE oL R, fE R
X 35t A7 7 B S i 25 2R EAT N IS OL, IX R BN R AR I AR R R o teAh, 250N YW 3E T OB
Ji » R Dy FEAR R AR R 2 AN 1%, b TR 1Y) Dy"-Dy"' BR 25 A7 SR A 1 AR AR A ELAE F JC VR 8 A A
Ak, 17 F e Zn" KA R E T 7 AR AT A, o b Dy™ By &R Co X RRBM I AEAE, fETRC
EYIRBLH SMM 117 M.

/ 1
) ]
/>) 01 02 03 04 05
T-/K"

Figure 6. The molecular structure (a) and In(z) vs T* plot (b) of 17
[& 6. 17 B9 FEEHIE (2)F0 In(z) vs T E(b)

2017 4F, RAHFF IS B T B AP [Dy2Zn2(L5)4(NO3)2(CH3OH),] (18), A& HoL® S5T-&4 10
I RIAEE[8]. fES5H b, EC&Y) 18 1) Dy" fEH AR P b R I f i FoeH S5, N EERIR O
—/NEYEIE O Sl EAL, T RL/\ELAL FIPE I R, (B 24 F Zn" ilfz DMF AN, 18 w1 Zn' 47 (2
I (MeOH) (14 7(a)). FEBCEY 18 t, P Dy 2 )il i AN IR M ) Zn' A= R AR AR AR HATE H
TEAZPRHEAL 2R R, S0 R0 505 5 3 3 I S 25 (R A3 A P  7E 17~22 K IR FE Y5 BBl A % Arrhenius
EHEMEHEIH M2 N T8K, 1©=459x10%s. [EHEREMNZ, AAY 18 fEMCE FRIH HE M ET
BEZE RN . N 1 kOe HIAMELIZ A RAMHI T QTM, MU I FR A2 L FH 2 96 K. Ak, 7E 4K
PAR, 18 SRELH M (K RE T (R 2R (1] 7 (D)) ISR R W], 18 MRER S Dy" B Tk S Kramers XUE
BTG FRA O, Dy"-Dy" & 1) SR AH FAE OO T RS 2, MR E T QTM.

(b) 10

—1.0- T T T T T
-15 -10 =05 00 05 1.0 15
H/T

Figure 7. The molecular structure (a) and hysteresis loops (b) for complex 18
E 7. BL&% 18 B> FLEHEl (a) FRtiH R £ E (b)
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2019 4, P TURLHEC & 4)[Zn2Dy2(L8)a(NO3)2(CHsOH),]-2CHsCOCH3(19, H,L® = (E)-4-(tert-butyl)-2-
((2-hydroxy-3-methoxybenzylidene)amino)phenol) 1[ZnzDy2(L8)4(CH3COO)2(CH3CH,0H),]-4CH3COCH3 (20)
[9]. IXPHAHEC A PITE S JRAZ OHES A B ARUE, [Zn,DyOs] B 7o I8 ik 95 AN SO 2 1) By S S5 7 R i A~
SRR R AR LR, R AN B B 0 ST AR R AN LR A {Zn 0. Pl . 7E 19 A1 20 H,
FEAS Zn" B R A )\ HARFRA A R . 7 19w, Dy" IRt =R 225 PR AR R — AN DL 5 A 5 SR )
TEEAR B FRECA TR . 7 20 Hh, B A 07 A RIS F RO AR T 19 IR B+
Bofd. Rk, BANEC S Dy FIECAL LA RFEIT T 0008 = #At . 19 ol R A Dy Z [RIAFE S
BREGF EAER, T 19 RTREAFLE S T IR R ER A A ELAE T o A, SR ANAC S A 3R L 2 2 AR )
SVERIEARIIEORES , RIS FRAEAT . TERmIRE T, AR 2250 5l 31.4 K Al 57.2 Ko 4R,
FERARRE N, XWME AR AR 54T . IRt RS, 19 A1 20 s H s A7 IR T 5
Dy" FCAZ IR & 7781k thAh, 5 20 I CRRARES FROAREKA L, 19 SRR B PR M E S
KR, TS 19 AEL B3 & T 20,

2014 4, Muktimoy Chaudhury “54iE " —Fh URZHEC & YI[Zn2(L°%)2(PhCOO).Dy,(hfac)s] (21, Hol® =
N,N- NN XU (2-F2 56-3,5- — IR 0E) 206 —J1%) [10]. 7E%FC &4, DA & s 28 1 LAAS B 07 L HE
FITESE TR U f T o >k B 2K F R SRS R N R IR S DA pua-mPup? BEBC AL, 45 p 1 DY A 42
BT (14 8(a)). Mk, FERCAY) 21 th, Dy" EFZIAMFE R G . 18I 2 MR 2 I S A A 18
WG IRAT N, SEAEY 7~10 25180, 133 Uenlks = 47.9 K fil 10=2.75x 107 s (4] 8(b)), "I LA T Dy" i

SR ) 7 1
(b) —4
6l
= -8
10l

0.0 0.1 0.2 0.3 0.4 0.5 0.6
T'/K!

Figure 8. The molecular structure (a) and In(z) vs T~ plot (b) of 21

8. 21 M5 FLE+AE (a)FA In() vs T E(b)

2019 4, Constantinos J. M.AERIE | — M- HAZIC &, 401 2N [DysZnaO2(L)2(HL1o)2(OAC)s
(CH30)4(H20)2]-4MeOH(22, HslL®=2-(8-25 i fik)-2- ¥4 H KE-1- P %) [11]. ZECAYH, Dy" S TR R T 1
AR\ AR 48 242, AN DU HURER Zn" B 1. XF 22 MIRIAL R L, B &Y A2 AE 59 10 S Ak
MEAER, EFWS T, 22 SRR THIAKAT N, ARAEEL2N U = 43K, 10=1%x1075s,

2020 4F, —/TFERLEPI[ZnsDys(02)(LM)s(PyCO2)s] (OH)2(ClO4)2 8H20 (23, HoL M = N,N”- XX (3- 1 48 5k
KR JHE)-1,3- B A e, PyCOz = MENE-2-FRFRHR) [12]. 1BC& WAL 5 T N A% 0T PR P o) Bl e ) B
fns e 1-R WAL 5 1-S AR, £E 1-S X F R, [ZnLM i i v A M S 1 AP A B AR
FARFIER: DY 1, 1 PyCOx FiRAR LA pa-ntn? it #E20ERHIAS DYy B F M —A Zn> B 7. M4k, o
BB T LA pa-nPp® J7 LA, TR [Dys] 5532 = A T [ ToUES A SRR 254 o (EASE R, X SePiiR A
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SHARSTFN, HHTAESERRAE T, A EA T, 8B e FBH 2 5§ E A aT
PUABTRC &R AT, X2 NAEFPERC AR A 33 B FERC & — Ml 47 J73%. 16 23 1, Dy* &+
Z ARSI BEAE, IF BAE 1 kOe Hidn T RILH B FREAAT N, HAREE2214 1004 3.9) K,
=1.2(0.4) x 105,

3. &g

Zn-Ln B9 T RERAE N — R BA MR LA PR B ROAT L, W] 1 FEE AT Iz BT FU % BB (55]-[58]. H
A CARIE ) Zn-Ln B0 T RERIE AR X B0 I BB E Ny —Fhod I 68 LA 5 A Rk, WA 1 2E4R
TR AR RE R RIRE 2 AT AR, IR SO & A fl s HoR . BARCHUS T — S EE NP, HEOmikE
FRRITIEA A REAEAT 9 BRAPEAN G 1 25 17 L

AUl Ewt it ASCERIR T AR B T RAYEREL S Zn-Ln By TR E B B 4
BORKIAWEL, TR Zn-Ln B0 TR DUOREAR T, SEOUE s Zon RS, JOF 40Kk E
TEARNGRRENE RS, D - I R O AR K N P RUA A T B B TR

E&WE

LA AR S 92 B B8R H (KYCX24_3546. SICX24_1995. SICX24_1992)%Bh, Fgilik
SR AEAET DI ZR 1T R0 H (2024116), B R R B R HFI800E 42 B B (KFIN2471, KFIN2437), &
LI 7 U7 M SIS
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