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Abstract

In the Co (II) ion, there are a total of 7 electrons present in the d orbitals, including 3 unpaired
electrons. Due to its unquenched orbital angular momentum and relatively strong spin-orbit cou-
pling, Co! exhibits significant magnetic anisotropy, making it an excellent and stable spin carrier
within magnetic materials. Simultaneously, Co! readily undergoes oxidation to Co'!, which often
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exhibits diamagnetic behavior in coordination environments. This property is harnessed in 3d-4f
single molecule magnets (SMMs)to serve as a magnetic diluter, effectively suppressing QTM. Re-
searchers have exploited these characteristics to synthesize numerous Co-Ln SMMs.

Keywords

Co-Ln Single Molecule Magnets, Structure, Magnetism

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

B> FREAAR IR BB S A6 T 90 EARKT, BOKFIRLEK Sessoli Z5[1] [2]3kiE 1 — B2 A & HIES IR
ENERMESY, HHRIZED BEAARIT . 5T Wifk(single-molecule magnets, SMMs)&—2%
YR REZRIREVEM B, BT HEA R R E TR E, R TR % ERE RN S T Aleh 7%
77 T EAT VETE 0 B FH AR BT 4% 52 G0 AN TAE e REPEAP R AR, B0 FREMR R SHE S /T 3nm,  H
A TR, ATUAEMR L RIEsE &8 thoh, 0 PRI 5 TR, Bl LUAMLE
WS, 5T, AR .

LM HUER, T f TR SR REE 2R K, XA L RN R 1)
ggig. MLEFAREARENRE &R R, KM SMMs 1 R B iesds. SR80, H
T o PUEMARE M REIH TR, ERRESIREFA IS o 1M op—F i il 52 #AH B A
R 2% 3d B 78I 4f KRG, IFH 007 BRI A FIRE S 17 57 0 T LA ok 42 1) 52 # A0 ELAE FH 70K
515 IR R INEC G0 3d A AF B 8] IRERE A, R AF BT IR B R T ) e SR B N R RE 22 (Uetr)
[3]. Rk, FIF foCR KA e, 3d-4F BERL &M & 7BE 520 (QTM), MRS mr it A
3d-4f SMMs [4]-[10].

1E Co(INE ¥, d ¥l Eadt 7 AMF, H 3 NRAENET. S#HASEEFHEL, BR
3d WVES RS T RCE IR B EHUE RS AR, (B2 2 A R K. 8, BRAs S
FARFHESFERS Z M d HUBREE 7 REERTE/N, SR A TRPUER & oKk, IS S ) 5
PE[11]-[13]. [FEF, Col'%Z %k Coll, FEMCAL LS Hhid i R I HPTRENEAT . A T SEILXS T 457 3d-4f
FaE MRS, AT R E R SRRIR TR DA D, ARSEIR, WiRSSME R @, MiZe &)
SR IR R B ARRC A, (HEAR, SEIIX— ARk —MEK AR, B, ASCEd i
SRR LT () A L R T RER AT SRR, DA 3d-4F B8RRI e B — e (1 2t

2. $ - BL R TFHANMRER

HAT, CIRIERE - M LR FHA R 1 os, RRSCOUER 280 7 TRiig, JFRIE X
Hokar 2k, VWSS SHEVEAT N Z 1A IR &R
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MI[Co2Dy2(LY)2(CH3CO0)4(OH)2(H20)2] (Cl04)2 4CH3CN (1, HoLl= N1, N3-XU(3-FHEIEK I IK) — 24
=IR) [14] (F 1) BT HAMRAYIN S, FiEley 1 4Mee. s ARY, fEmT 6 K1k
IR R E TS Orbach . HRIEAXIA, A RAEELL N 338K, 10 93.73x10°%s. LT 6 K, %
W2 T Orbach 5th %, 2 BAFAIE sth T8 FEZ W bk E RS RE AT EUAR . (i FAEAEBUREME Coy BL &9 1
IR TR B PUAS R ER RO A& Y Dy, RGt. BURLR A UK T Dy, — SRR 2 [ FIREAE BLAE
H, IS 7 SMM 14 3Lk

Table 1. The magnetic data of Co-Ln SMMs
F 1 Hh - BB THIRIHIME R

Complexes chék Uett/K /s \'/|{/r2 Te/K  Ref
[COszz(Ll)z(CH3COO)4’(\IO(|1|))2(H20)2]-(C|O4)2-4CH3C 0 338 373 x 10-6 [14]
[Co2Dy(valdien)2(OCHs)2(chp)2] (2) 2 71.4(42) 5.6(0.3)x 1076 [15]
[Co2Th(valdien)2(OCHz)2(chp)2] (3) 2 32.3(26) 2.5(1.1)x 1070 [15]
Dy2Co2(L2)10(bipy)2 (4) 0 118(3) 1.85 x 1071 [16]
[DyCo(CN)s(hep)2(H20)4] (5) 2 63 7.1x101 [17]
[Dy2Co"(C7Hs02)g]-6H20 (6) 0 127.27(2) 1.69 x 107° [18]
[Co2Dy((L3)Br)2(H20)]NO3-3H20 (7-3H20) 0 422 2.4x 1071 [19]
[Co2DY((L3)B)2(H20)]NOs (7) 0 600 1.4x 1071 [19]
[Co2Dy((L3)B")2(H20)]NOs (7-Hz0) 0 522 1.8x 10710 [19]
[Co2Dy(TTTT)2(MeOH)]NOs-3MeOH (8) 0 401(13) 1.3(6) x 10710 [20]
[Co2Dy(TTTTC>(MeOH)] [Co(HTTTTEN] (9) 0 536(10) 3.8(10)x10% 20 10  [20]
(PPh4)[Dya2(bbpen)2{Co(CN)s}]-3.5MeCN (10) 2 1075(22) 451 %107 [21]
[L*CoYCoL*INO3-CH3s0OH 2 53 K 7.66 x 1077 [22]
[LCoYCoL®]NQs-CH3OH 2 51.3 2x107 [22]
[L5CoGdCOLS]NO3 0 29.4 1.47 x 107 2 11 [22]
[L5CoGdCOLS5]Cl04-2CHClI3 0 27.4 1.50 x 107 2 16 [22]
[L5CoGdCOLS](CsHF602) 0 29.5 1.3x107 2 16 [22]
[Co2Dy2(LY)2(pdm)2(CH3COO0)2(CH30H)] 0 64.6(1) 1.3(7) x 1078 [23]

Dy2Co">(OMe)2(teaH)2(02CPh)a(MeOH)4 ~

by ENOs)z-fVIeOI)—L(HzO (11)( : 0 888()  564x10° [24]

Th2Coll(OMe)2(teaH)2(02CPh)a(MeOH)4 .

[ gN03)Z-§\/IeOI)-I-( H20 (1)2)( a 1 1431(1)  284x10° [24]
[Dy2Co"2(OMe)2(dea)2(02CPh)s(MeOH)4] (13) 0 102.9 6.05x 108 [25]
[Dy2Co!",(OMe)2(mdea)2(02CPh)a(NOs)2] (14) 0 78.6 1.03x 107 [25]
[Dy2Co"2(OMe)2(bdea)2(02CPh)s(MeOH)4] (15) 0 114.4 3.38x 1078 [25]

[Dy2Co">(OMe)2(teaH)2(acac)4(NOs)2] (16) 0 27 8.1x10°® [26]
[Dy2Co,(OH)2(teaH)2(acac)s(NOs)2]-4H20 (17) 0 28 74x10° [26]

[Dy2Co'",(OMe)2(mdea)2(acac)s(NO3)2] (18) 0 38 2.6 x107 [26]

[Co'2Dy2(OMe)2(02CPh-2-Cl)a(bdea)2(NOs)z] (19) 0 114.9 1.8x10-8 [27]
[Coulszz(OMe)z(OzCPh]-L‘E-Z‘(I?)u)zt(bdea)z(NOs)(MeOH)3 0 1373 5.6 x 108 [27]
[COHIZCOHDy(OH)(OzCPf]l-(42-8H)(bdea)a(NOa)a(MeOH) 15 1673 34%x107 [27]

[Co™2Dy2(OMe)2(02CPh-2-CF3)a(bdea)2(NO3)2] (22) 0 125.8 1.4%x10°8 [27]

[Co™2Dy2(mdea)s(hfacac)s(02CCF3)(H20)] (23) 0 32.3 1.4 %107 [27]
[Co"2Dy2(u3-OH)2(0-tol)a(mdea)2(NO3)] 0 116.9() 9.8x10° [28]
[Co"'2Tha(us-OH)z(0-tol)s(mdea)2(NOs)2] 5 49.2 6.6x 101 [28]
[Co2Dy2(L8)a(NOs)2(THF)2]-4THF (24) 0 117.4 6.2x 107 235 3 [29]
[Co2Dy2(L5)s(NOs)2(MeOH)2]-2CH:Cl2 0 104.8 9.2 x 107 [30]
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[Co2Dy2(L8)4(NO3)2(DMF)2]-2C2HsCO
[Dy2Co02(L%)4(NOs)2(DMF)2]-2DMF
[Dy(4-MMNO)(H20)s][Co(CN)e] (25)
[CoDys(HBpz3)s(dto)s]-4CH3CN-2CH-Cl: (26)
[Co4Dy2(3-O)2(u-N3z)2(OH)2(H20)2(HL)4]
[L8:Co'"2Gd™][NOs]
[Co2Dy10(L®)4(OAC)16(SCN)2(MeCN)2(H20)a(OH)2(uz-
OH)4]-2C0(SCN)4-H20-2MeCN-2H,0
[Co™2Dya(OH)2(ib)s(bdea)2(NO3)a(H20)2]-2MeCN
[CoM3Dys3(ju3-OH)4(02C'Bu)s(teaH)s]- (NO3)2-H20
[Dy2Co2(2, 3-DCB)10(2, 2’-bpy)2]
[Dy2Cos(u3-OCHs)2(L1%)4(HL)2(OAC)2(NO3)2(CH3CN

)2]
[Dy4Cos(L1%)a(HL)2(OAC)s(OCH2CH20H)2(HOCH,C
H20H)(H20)]
[Dy2Co4(L1)4(NO3)2(OH)4(C2Hs0H)2] -2C2Hs0H
[Co'"4Dya(L*?)a(u1,3-Piv)a(u1,1,3-Piv)2(i71-Piv)2(us-OH)a(
MeOH)]
[Co"Dy(CH3CN)o.5(L*3)3(NOs)s]
[Co™2Dya(uz-OH)2(NOs)a(OAC)4(L32)4(DMF)2]-2C2Hs
OH

[DyCo(CN)s(HaL 2)(H20)(DMF)J2-5H20
[Co™2Dy3Na(CH3CH2C00)s(OH)s(NO3)4(H20)2]
[Dy1sCo''Colls(OH)14(CO3)s(CH3CH2CO0)s(dea)12(Ha
0)a0]
[Ni(L*%)Dy(H20)4][Co(CN)e]-3H20
[Dy(pyzic){DysCoz(pyzha)s(*pyzha)(NOs)2(H20)(MeO
H)2}12
Dy CONCN)]
[(L*6)sRu2C02](BF4)4
[Nd(18-crown-6)(H20)4][Co(CN)s]-2H20
[Co"4Dys3(L1")a(ua-0O)2(u-OMe)2(u1,3-OAC)a(H20)2(NO3
)2]-NO3-3CH30H-1.5H20
[Co™4Gd(OH)2(chp)a(saloh)s(H20)(MeCN)(Solv)]
[Co™4Dy(OH)2(chp)a(saloh)s(H20)(MeCN)(Solv)]
[Co"Dy (R-HL'8)(hfac)s]
[Co2Eu(NOs)(Piv)s(EtPy)2]
Co(u-L1%)(u-CClCO0)Y (NO3)2]
[Co(u-L19)(4-CHsCOO)Y (NO3)z]- CHsCN
[Co(u-L%)(-PhCOO)Y (NOs)2]-3CHsCN-2H,0
[Co(u-L1%)-(4-'BUCOO)Y (NO3)z]-CHCls-2Ho0
[CosDy2(0)2(dhpb)s(NO3)2(DMF):]
[CosH02(0)2(dhpb)s(NO3)2(DMF)2]
[Co"2Dy2(HLZ)L2°{(py)2CO2}{(py)2C(OCH3)O}(NO3)
4CH3OH]
[Co"™{(py)2C(OH)O}:][Co™ 2Dy 4Dy (HL20)4(L?)4]
[Co2Dy2(L?)4(Ac)2(DMF)2]-3CH3CN
Na[Co">Co""Ceo.65Dyo.35(H3L2)2(OAC)2(NO3)2]Cl2-
4H.0
[CozLa(HL*?)4(NO3)] (NOs)2
[CosPr(HL*)s(NOs)] (NOs)2
[Co2Gd(HL?4)4(NO3)](NOs)2
[CosTh(HL2)4(NO3)](NOs)2
[Co2Dy(HL?*)4(NO3)](NOs)2

1.2
12
12

15
0.6
0.8

1.5

O O oOoOnN

945
125.1
595(3)
52
735
272

25

26.6
175
2

14.89

5.49
27.50
125
2.58
27.8

11.17
60.3

3.53
47.02
1.46

58.3(5)
1258
37.0

735

86
66
297.4
4
8.4(6)
11.0(4)
13.7(8)
18.7(6)
1.1
7.3

59.4(9)

10.9(6)
15

2.13

10.65
15.03
6.69
1.0
0.58s

2x107
2.67x 107
129 x107% 50 25
3.6x10°8
1.86 x 1078
1.7 %1077

3.14x 107

2.26 x 107°
2.3x107®
7x10°°

1.68 x 1077

2.88x 103
3.36x10°8
1.51x1076
3.11x10°°
1.94 x 1077

1.36 x 10°®
9.6 x10°®

6.03 x 1076

6.7 x 107°

24 %105
1.76(13)x10°

3.1x10°°
2.9x1078

9.40 x 1077

6.95 x 10712
3.43x 107
4.7 x10710
47x10°
3.2(4) x 10
2.5(2) x 107
2.6(4) x 107
7.4(9) x 107
2.8x107
2x107

3.1(1) x 10-8
3.5(3) x 10-
2.37 x 10-5
1.03 x 10~

1.6 x 104
2.63 x 10-7
3.73x10-8
3.15x 105
3.86 x 10-5
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Co'";Dya(us- .

OH)z(NOa)4(OA[\C)4(L25§;(%MF)z]-ZCszoH 0 316 56610 [64]
[Dy2Co(2, 3-pzdc)a(H20)4]-4H20 2 5 107 [65]
[L26Co"Br2Dy(acac)z]-CH2Cl2 0 1670':2?(0' 8.28(5) x 1078 5 35  [66]
[L2’ColllCl,Dy(acac)Cl(MeO)] 0 1182';)2(4' 476(2)x107 5 3 [66]
[L2’CollICl,Dy(acac)CI(H0)] 0 75'3%”' 347(1)x10° 5 3 [66]
[LZ7CollCl, Dyo.0sYoss (acac)Cl(H20)] 0 1286'%7(9' 451(1)x 107 5 4 [66]
[Co'sEus(OMe)s(OAC)12(NO3)2(MeOH)s]-4MeOH 2 16.4 [67]

[Co''sDy"4(OH)2(OMe)s(OAC)10(NOs)4(MeOH)s]-4Me 0 74
OH ' [67]
[(113-CO3){C0"Dy"L?8(s13-OH)(OH2)}3] (Cl04)-3H20 1 9.2 1.0x 107 [68]
[Co(HosL2%)Dy(DBM)2(H20)](Cl0s)o5-3H20 2 88.9 1.34 x 10710 [69]
[Tb2Coz(hfac)1o(NITPhPybis)2] 0 7.98 5.4x10° [70]
[Dy2Co2(hfac)1o(NITPhPybis)2] 1 6.03 52x10° [70]
[Dy45C07(OH)ea(COs)lz(SOH)igOO)zs(CH3CH2COO)6(H 0 434 3.95 x 107 [71]

1L [\ /111 .

[CoMsDyMg(us OH)a(r(l)b.dze(f:i?_t:ggNCH3C6H4COO)16] 2H2 1 20.8 85x 107 [72]
[Co"2Dy(Hhms)2(CHsCOO)s(CHsOH)2(H20)2]-(NOs)2 0.8 13.8 3.2x10° [73]
[COHI4Dy4(/t-F)4(/xa-OH)4(:(-)t|(3||)a(mdea)4]3HzO-EtOH-M 0 5577 1.0 x 105 [74]
[Co(u-L2)(4-NO3)Y (NOs)2] 1 23.9(8) 15x10°¢ [75]
[Zn0.9C00.1(u-L3)(u-NO3) Y(NO3)2] 1 24.8(1) 14x10° [75]
[Zn0.9Co0.1(1-L*°) (-benzoate) Y (NO3)2] 1 33.2(4) 25x%x 1077 [75]
[Zn0.9C00.1(u-L3%) (1-9-anthracenecarboxylato) Y (NOz)2] 1 34.6(9) 2.3x107 [75]
[Co™2Yb2(OCHs)2(teaH)2(Piv)s] 15 32.89 21x10° [76]
[Co™2H02(OCHs)2(teaH)2(Piv)e] 3 42.9 62x10° [76]
[Co™>Dy2(OCHs)2(teaH)2(Piv)s] 0 51 6.1 x 1077 [77]
[DyaCo2(u3-OH)2(NO3)4(CH3COO)4(L3Y)a(DMF)2] 0 41.9 1.21x1077 [78]
[(vdpyCH20)2C02Dy2acs] 2.4 15.9 25x10° 140 05 [79]
[CO",Th(L%)5(1-02CCHa)2(H20)s3] 15  15.6(4) 1x107 [80]
[Co"2Er(L3?)2(u-02CCH3)2(H20)3] 1 9.9(8) 8x 107 [80]
[Dy2Co'"';(OH)2(teaH)2(acac)s]- MeCN 0 71 2.7 x10-7 [81]
[Dy2Co'">(OH)2(bdea)2(acac)s]-2H20 0.5 38 2.7x10-7 [81]
[Dy2Co'">(OH)2(edea)z(acac)s]-2H20-4MeCN 1 16 1.3 x10-6 [81]
[Co™2Dy(L33)2(u-02CCH3)2(H20)3]-NOs-MeOH-4H20 1 88(8) 1.0x10°8 [82]
[Co"Y (L3¢)(DBM)s] 2 8.56 1.01x 10 [83]
[Co2Dya(us-OH)2(piv)a(hmmp)a(ae)z]- (NO3)2-2H20 0.8 32.4 4.2 %107 [84]
[(CoM)3(Co"™)2Dy3(us-OH)s(02CBu)12(L3)2]-2H20 0 3.8 1.5x10°6 [85]
[(COHI)sDy3(,u3-OH)4(02C;I_|32LJ(%6(L35)3](N03)2-2CH3CN-2 9 174 25 x 10-6 [85]
[Co(3-MeOsaltn)(MeOH)x(ac) Th(hfac)z2] 1 17.0(4) 6.1(10) x 1078 [86]
[Co™2Dy2(OH)2(bdea)2(acac)2(NOz)4] 0 169 1.47 x 1077 [87]
[Co(u-L%%)(u-OAc)Y (NOs3)2 1 22.6 8.9x107 [88]
[Dy22C0"9Co™ (13-OH)es(CO3)12(CH3COO)30(H20)70] 0 3.67 9.78 x 1077 [89]
[L3CoGdCoL%"INOs 0 21.3 1.52 x 1077 2 11 [90]
[L3"CoThCoL¥]NOs 0 145 3.0x10° 140 11 [90]
[{(S)P[N(Me)N=CH-CsHz-2-0-3-OMe]s}2C0:Th] 15 25.8 3.7x10° [91]
[{(S)P[N(Me)N=CH-CsH3-2-0-3-OMe]s}2Co:Dy] 0 14.2 5.1x10° [91]
[{(S)PIN(Me)N=CH-CsHs-2-0-3-OMe]s}>CozHo] 0 8 13x 105 [91]
[DyaCo2(HL3®)2(u3-OH)2(piv)10(OH2)2] 0 26.3 8.7 x 107 [92]
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HoL! = N1, N3-bis(3-methoxysalicylidene)diethylenetriamine; Hzvaldien = N1,
N3-bis(3-methoxysalicylidene)diethylenetriamine; Hchp = 6-chloro-2-hydroxypyridine; HL? = 3, 5-dichlorobenzoic acid;
bipy = 2, 2’-bipyridine; hep = 1-(2-hydroxyethyl)-2-pyrrolidinone; C7HsO2 = salicylic aldehyde; (L%)B" = 2, 2’,
2”-(((nitrilotris(ethane-2, 1-diyl))tris(azanediyl))tris(methylene))tris-(4-bromophenol); HsTTTTC¢ =2, 27,
2”-(((nitrilotris(ethane-2, 1-diyl)) tris(azanediyl)) tris(methylene))tris-(4-chlorophenol); Hzbbpen = N,
N’-bis(2-hydroxybenzyl)-N, N’-bis(2- picolyl)ethylene diamine; H2L* = 2-hydroxy-3-methoxybenzaldehyde with 1, 1,
1-tris(aminomethyl)ethane, Me-C(CH2NHz2)3; H2L® = 2-hydroxy-3-methoxybenzaldehyde with N, N”,
N”-trimethylphosphorothioic trihydrazide, P(S)[NMe-NH2]z; HoL! = N1,
N3-bis(3-methoxysalicylidene)diethylenetriamine; pdmHz = 2, 6-pyridinedimethanol; teaHs = triethanolamine; Hadea =
diethanolamine; Hamdea = N-methydiethanolamine; Hzbdea = N-n-butyldiethanolamine; acac = acetylacetonate; hfacacH
= hexafluoroacetylacetone; o-tol = o-toluate; Hz2L® = o-vanillin with 2-aminophenol; HzL5 =
(E)-2-ethoxy-6-(((2-hydroxyphenyl)imino)methyl)phenol; 4-MMNO = 4- methylmorpholine N-oxide; dto? = dithiooxa-
lato dianion; HBpz® = hydrotris(pyrazolyl)borate; HaL’ =
2-[Bis(pyridin-2-ylmethyl)amino]-2-(hydroxymethyl)propane-1, 3-diol; HsL8 = (S)P[N(Me)NHz]s with o-vanillin; Hz2L° =
2-Bis(2-hydroxy-3-methoxybenzylidene) hydrazine; Hib = isobutyric acid; 2, 3-HDCB = 2, 3-dichlorobenzoic acid;
HsL1= 3-amino-1,2-propanediol with 2-hydroxy-1-naphthaldehyde; HaoL = 2-(((2-hydroxy-3-methoxybenzyl)
imino)methyl)-4-methoxyphenol; Hz2L'? = 2-((2-hydroxy-3-methoxybenzylidene)amino)benzoic acid; Piv =
(1-OH2)(02CCMe3)4(HO2CCMes)s; HL3 = 8-hydroxyquinoline; HaoL%? =
(E)-1-(((2-(hydroxymethyl)phenyl)imino)methyl)nap- hthalen-2-ol; HoL4 =
2,6-diylbis(ethan-1-yl-1-ylidene)-di(isonicotinohydrazide); H2L'® = N, N-ethylenebis(3-methoxysalicylaldiimine);
Hzpyzha = pyrazinehydroxamic acid; Hpyzic = pyrazinic acid; HL® = bis(tridentate) pyrazolate-bridged ligand; HoL'" =
3-methoxysalicyl-aldehyde with 2-amino-2-methyl-1-propanol; Hchp = deprotonated 6-chloro-2- hydroxypyridine;
Hzsaloh = 3,5-ditert-butylsalicylic acid; HL® = chiral nitronyl-nitroxide ligands; HaoL'® =
Fe[(CsH4){-C(Me)=N-N=CH-CsH3-2-OH-3- OCHs}]2; Hzdhpb = 6, 6’-dihydroxyl-2, 2’-bipyridine; HaL% =
2-((2-hydroxy-benzylidene)amino)propane-1, 3-diol; (py)2C(OH)2 = the gem-diol form of di-2-pyridyl ketone (dpk);
(py)2C(OCHs)OH = the hemiacetal form of dpk; HzL? =
(E)-2-((2-hydroxy-3-methoxybenzylidene)amino)-4-methylphenol; HeL?? = bis-tris propane; H2L% =
2-methoxy-6-[(E)-2’-hydroxymethyl-phenyliminomethyl]-phenol; HaL?* =
2-[(2-hydroxymethyl-phenylimino)-methyl]-6-methoxy-phenol; H2L.% = (E)-4-chloro-2-(((2-(hydroxymethyl) phe-
nyl)imino)methyl)phenol; 2, 3-Hzpzdc = pyrazine-2, 3-dicarboxylic acid; H2L? = N,
N’-bis(2-oxy-3-methoxybenzylidene)-1,2-phenyl-enediamine; H2L>" = N, N’-bis(2-o0xy-3-methoxybenzylidene)-1,
2-diaminocyclohexane); HaL?® = 6, 67, 6”-(nitrilotris(methylene))tris(2-methoxy-4-methylphenol); HsL?® = 2, 2°-[1,
2-ethanediylbis[(hydroxyethylimino)methylene]]bis[6-methoxy-4-methyl-phenol]; HDBM = dibenzoylmethane; NIT-
PhPybis = 5-(4-pyridyl)-1, 3-bis(1’-oxyl-3’-oxido-4’, 4°, 5°, 5’-tetramethyl-4, 5-hydro-1H-imidazol-2-yl)benzene; Hahms
= 1-(2-hydroxy-3-methoxybenzy-lidene)-semicarbazide; H2L.3° = N, N’, N”-trimethyI-N,
N”-bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylenetriamine; H2L3! =
2-((2-(hydroxymethyl)phenylimino)methyl)-6-methoxyphenol; HavdpyCH20OH = 1, 5-dimethyl-3-[3’- (hydroxyme-
thyl)-2’-pyridine]-6-oxotetrazane; HsL3? = 2-methoxy-6-[{2-(2-hydroxyethylamino)ethyl-imino}methyl]phenol; edeaH:
= N-ethyldiethanolamine; HsL33 = 2-methoxy-6-[{2-(2-hydroxyethylamino)ethylimino}methyl]phenol; H2L34 = N,
N’-dimethyl-N, N’-(2- hydroxy-3-methoxy-5-methyl-benzyl)ethylenediamine; Hzhmmp = 2-[(2- hydroxy-
ethylimino)methyl]-6-methoxyphenol; Hae = 2-aminoethanol; H2L% = n-N-butyldiethanolamine; 3-MeOsaltn = N,
N’-Bis(3-methoxy-2-oxybenzylidene)-1, 3-propanediaminato; H2L% = N, N’, N”-trimethyl-N,
N”-bis(2-hydroxy-3-methoxy-5-methylbenzyl)-diethylenetriamine; HsL®” = N, N’,
N”-tris(2-hydroxy-3-methoxybenzilidene)-2- (aminomethyl)-2-methyl-1, 3-propanediamine; HzL®® = 2-(2,
3-dihydroxpropyliminomethyl)-6-methoxyphenol.

N"“Co-”N
O/\D\o
Y
O/ o

= S

Figure 1. The molecular structure of 1 (a) and structure of ligand HzL! with two types of coordination sites (b). Color code:
Co, green; Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

E 1. 1 895 FEMFIELA HoL EBFRME AR EE(b). B ED: Co, f; Dy, £&; O, M4e; N, Ik
&; C, kB, ATEMERNERT HRF
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2014 4, WF I/ AR AT AR R B AR B & T — A = 4% Co"-Dy"' SMM
[CozLn(valdien)2(OCHs)2(chp)2] ClO4 5H,0 (Ln = Dy (2), Tb (3), Hovaldien = N1, N3-X¥(3-H &Itk #L
[i%) . 2.3 =, Hchp = 6-&-2-FFEMEIE[15]. fEFIH MBI RIRp, BAY 2 fl 3 ¥ EoR H 5=
ORI IBAE, (HE A MR e R MIE(E . SR, FEHEIN 2 kOe AN IE, X WIFIEC A Y AE ik
PR 2SI R R F T B S I . AT Arrhenius SEHEENG, RS RIS 2 M3 A RLREL AN
71.4 (4.2) K f132.3 (2.6) K, 70474 5.6(3) x 100 s M1 2.5(1) x 10 s, Kk, 53U 4f &JEHILAY 1
FE, SRALRC &) 2 TE P RE A 10 S 07 T BE 25 5 S

2014 4%, WFFLHIBFIA 3, 5- 5K R (HLAME MR BCAC A4 AN 2, 2'-I5CHHENE (bipy) VE by oA ity X014 Fic s
AT —F TURZBER BH 25 7% Dy2Coz(L2)10(bipy)2 (4) [16]. Dy"™5-tA~ LZHI4%E EFHCAL, R FHHE =
FAREAETCAL 450« TEREPETT T, TCAY 4 TEAS TR 2 B R I ZAS IR T84T o T8I hr 2 0 72
BT B AR RS, 2 BIAE BRI 1 kOe AN S 15214 ke £ 0y 118 (3) K A1 114.2 (7) K,
AR ZEA K

2015 4F, Powell &5 Nl i H B A B FellB 4y Col, & ik 1 L& ¥ [DyCo(CN)s(hep)2(H20)4] (5)
[17]. TE4EH) b, SHESRIMML. ERMETTH, BRBEAENREY, BEY 5 P R AR k-15
WM ELAE R 55 kAR & . 7F 2 KOe ELiitIn FMT IAS G 2RI, LA S 159 30 10 2k
2063 K, FEEATA T ()N 7.1 x 10 s, HELAEDY) 2 MHREHEAHZEA K. BT CoflPirtE R K 1)
Dy-Dy FEES, RUHRCEY) 5 M8 AT vl G2 i 5 25 7 Dy" 3= 5 1.

2015 4, JHEE R LA RO U G A P i M 3y Co'ly A Rk T A [Ln2Co'(C7H502)s] 6H20
[18]. EMBAALIESE R EIR, TERC A E 8k 2 AAFTE R R BAE R . 75 1.9 K £ 16 K 1iRE
JEHEW, LAY 6 RIH AL EIEFE. FIFH Arrhenius @EMLA, MEEMET 5 KK, #E2H
16.77 (4) K, HATIEEA T v 355 x 10°s. fEmT 5 K IIHOL N, K13 TREEAES N 127.27 2) K,
RIFREUN 7 09 1.69 x 10°° s, PEHHIR X I B 72 [MAER =L T E R m . fERmSRE T, B4
DYy"E 5k Kramers XA LA %, MR, Dy"fl Co"E v [ FI 5545 A o 3= FHuAL .
B, I 5] N BAG EA SRS R ) R 4F )R 257 BOE P& E MY 3d &8 51, FIH d Ff
B =R AR AR, FTLAR S SMMs [TERE .

7F 2015 4, HEHRBENER T — RHLIER SMMs, [CoDy((L3)B)2(H20)] NOs 3H.0(7 3H,0),
[Co2Dy((L3)B")2(H20)] NO3 H20 (7 H20), LA [Co2Dy((L3)BN2(H20)]NOs (7) [19], FEk 1 —Fh#r (K & ¥ 45
. FEHRII, ZAAEY T Dy T B A w0 oA SUHETE (Dsn) BU AL LRS54 . BEA& K 7 T4k,
WARIE T 05 Dy™E& 1 A AR T SL AR s N &, AL AR R AE L2 )\ 422 K 5 E) 600
K(7). XTI TAERSEIE T TEA AL SMMs BF,  7F & A 45 1) sk e e 590 2 181 4 7 [ e i B2, AR
VEFIEOK 3§17 LLSREVE SR TR BB, AT IS 58 5 44 AN [R] [CoDy Col # st B IR B &, FE 2 EUE
PRI RN TR o

2018 4, ZMFAHIBNG B T — MM =AY, [CoDY(TTTTC)(MeOH)INO3-3MeOH (8) [20].
Pk, @I [Co™(TTTTCI] 5 [CoDy(TTTTN)(MeOH)* 3L 4E &, LR TRCEH 9 (K 2), MiiEE 4w
T B TR PERE . TEASTREALZR AR, PIFRTC G 4 X5 2R 30t A 2 AR 1 1) R S A I A e (5 45
PRI, TERMRIRE TN, WA R E S En KBRS, XRPPFE S #HAA = TR
BRI AE . 43 #H7 Cole-Cole BRI MK HL T & AFAEZ Dot B . B AXIUE, el & 8
A9 B R 225 401 K F1 536 K, HATHREA 1737108 1.3 (6) x 1071%s #13.8 (10) x 10 's, HK
R MHZEAR, HEfREHETARAZEE. BaY 9 Prae2ticay 8 hitim, XrlfE2 HT Dy
BC AL FR SR BE 400 T OUHE, RN T sk Co, Mk T RATEAH AR A
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Figure 2. Molecular structures of the complexes [Co2Dy(TTTT¢)2(MeOH)]NOs-3MeOH (a) and [Co2Dy(TTTTC)2(MeOH)]
[Co(HTTTTY] (b). Color code: Co, green; Dy, purple; O, pink; N, blue; Cl, orange; C, gray. H atoms are omitted for clarity
& 2. BL&H[CoDy(TTTT)2(MeOH)]NO3-3MeOH (a)FA[Co2Dy(TTTT)2(MeOH)] [Co(HTTTTC)] (b)BI 4 FL&4.
®R: Co, 4E; Dy, %£®; O, M4E; N, I&f; Cl, #E; C, k&. ATEMWERL, dBT HERETF

I8 i 1% [ A P I R 4K E € P9 [Co(CN 6] AR, 1 [Fe(CNY6]® #43, MM &% 1 it & #1{Dy»Co}(10) [21],
RGP 5 HARRC S YAHEL, PEBCE k. XA U SR By N A RG22 BN,
iKF) 975 K, WEALRE R 2R TP DR RS T3 15 Ko ibAh, 4itihn 2 kOe (AN HEIZI:, B RRES 2
BP0 A 1075 (22) Ko AF TR FHTE R /S Dy™MES ¥ 2 (A1 AT MR 1 BTGV 7S B 4 @ i & ) ik
PERG, DIARORTTHN . DI, 1E-S AT E o e 1) 3d-4f SMMs IR, 87 8E G SRR 25 1 1) 4
HeH1,

2.2. WHNREL & oy TR A

[4: 7 [CoDy] B 441, [Cozlna]®¥ SMMs 52 Co-Ln SMMs A7isk 1 55 B 4H pl 300 » {H 15 = A2,
Langley 540 & % T — RHI[CoMoLny]) B iy F-Hidfk . RAEEHEARA A IE, (HIX il &P RS
FANMIE I R% 254, R AE SRR RE . 2012 fF4RIE | = Fhas i AH R ) 3d-4f BCAHd, ANk
HALE — NIRRT KA 4372 [Ln",Co™,(OMe),(teaH)2(0,CPh)s(MeOH)4](NO3), MeOH H,0
(Ln = Gd, Th (11a)f1 Dy (12a), teaHs; = = ZEZRZ)FI[Ln",Co™,(OMe)z(teaH)2(02CPh)s(MeOH)2(NOs):]
MeOH H20 (Ln = Gd, Tb (11b)#1 Dy (12b) [24]. 7Ef&T 20 K FIZ&AH T, FAEW 12 AR R R I
SRR AR BB . BASTHRR I, BTAAAEBURATE R CoME T, BLA Y 12 It AT A2 Dy Mg T
FREHl. deAh, BLEY) 12t Dy B2 AR 5551 N RCERIESS BAH BAE A T F% T QTM. 75
—JiH, TERCEY) 11, TEEY T RSB R AE 5 P R SR B VE(E, 7T W[Co Dy] 2 ¥ 53FH
PG 7R B 2y T REARAE PR R A LA [R] 2 Ak SRTH, 7 1 kOe HISMIHEIA T, A 3kRE 22 L JH8 143 K,
H5WAEY 4 HEB K.

2014 4, fAITH = £ (Hadea) . N-HEE — 22 (Homdea) AT N-1E T 5 — 4 i) IR T Hatea (]
3(a)), MRS 13 (4 3(b)). 14 (14 3(c))M1 15 (/& 3(d)) [25]. IXLEHE-A W A% 0 45K 5 455R
S5EEY 3 M. HEEXHIET, EREY 13-15 |, BEAERHAAFEMEMER, S8EREE 7
REIREE R A . LAY 12-15 BRI SMM 178, fEF T RE2 7708 102.9 K, 78.6 K 1 114.4
Ko SXTTAER B, i i e b R 2 14 o Jo L %) C AR DA R A 2 A5 00 5 B 1 v 00 T O 1) JR) BRI IR A,
DL 58 SMMs (1 RE .
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=
48

(@) R

R = (CH;,),0H (Hjtea)

N R=H (Hjdea)
R =Me (Hymdea)
R =nBu (H,bdea)

(b)

Figure 3. (a) Proligands used towards the synthesis of complexes 13-15. The molecular structure of 13 (b), 14 (c), 15 (d).
Color code: Co, green; Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

[ 3. (a) BF&MREA4 13-15 RIATEL (k. B&49 13 (b), 14 (c), 15 ()N TLEM. HieiE: Co, &#E; Dy, &
&; O, Mf; N, ¥5f; C, k. ATHEMEN, EBT HETF

dbAk, ARATTRIF 2B 4R (acac) BUAR K F R lic 4, 7331 7 =AM WIgR M R & B &, 25k
[Dy2Co';(OMe)z(teaH)z(acac)s(NOs)2] (16), [Dy2Co'z(OH):(teaH)z(acac)s(NOs)2]-4H.0 (17) F1[Dy2Co',(Om-
e)2(mdea)z(acac)s(NOs)z] (18) [26]. FL &4 16-18 ML 05 12 A &b BEJG, (R - 2 uREid
4 Hobdea FIPUFMRERBCAA: 2-FR IR 4-BUT HEOR IR . 4-F2 50K H R AN 2-(= 98 F BE) R R & . 1 T
G 19-22. LAY 19, 20 F1 22 S 2 H 5 12 MUK MIERE5 1) . Britbz 4b, Langley #5841 D) &
BT LSRR T RCA 44 7 1) Homdea A1 Hhfacac ATCR (BAMGEIREL &4 23 [27]. FEARIR ARSI AZ i id Ak
FMA, BCEY) 19-23 F I H A A R B2 AR R IR R S A (5 5, SRCE) 6 AL, e
GV 2L FEF Y TR B A . TCAY) 19-22 437 Wom B35 1) & ) et Re 2208 114.9 KL (110.1 K A1
137.3K). 167.3 K fil 125.8 K, BAAELAY) 12-15 R I T R AR MM [ S AU B E 5, (B
RURE 2 BEAT 19-22 (. {EIXLEEEL A, 19 A1 22 i A74E 1 HE IR 51 3 G B T3 i e A TR % 1) S 1k g
22, 1 20 WRIBHE E MG ISR . BLAY 19-22 78 1.8 K DL AR AL S, MlcAY 7 HIBH%E
EERHE N 2.2 Ko IXFKIESE T 7E it 3d-4F SMMs B, Im A\ Wi H -~ 55 P A3k 1A s s /e R i) 3d
Flaf & )8 E M.

BT RS CoMfigiast Al 3d-4f SMMs 4k, &5 Co''f) SMMs & B E L4 . 2012 4, Powell
WL A R T — FHAC A YI[Co2Dy(LO)a(NO3)o(THF)] 4THF(24, HoL® AR B/E A 2-52 FE Wy 46 515 2 (1
FKebg), AL FRIHES, A TN G Bl (L2 Moo, T RO EtR (BRER B 32 e )
INER[29]. ELMMLALINERY], ERCEY) 24 TAFAERBISS M BEAE . FEZEHRS T, SCRBALER
SRR 0 1) 2 AL b T P AU AR M, P RE AR TG S 24 Y B ET DYUIDTRRATEL, BRI T
fIRE 2205 Dyl Co' (M MR & <. BLaW 24 Hhal W BINGHEILS, SHcEaY) 20 2200, AfEL
BT CofIAFAERTEL, X FBURBEH A e /> 2L L Ai{ Dy }ic &K 1%

2.3. HbAABY 8 o FRkE

B T 2R PR SE R AN I A 041, WE RN RIE A R T B HA 45 R Co-Ln SMMs. - THE &4 8,
B N CoMRE Crilg il 1 4 & 4{DyCo}(25) [32]. HRSHL &Y 8 HILs k1L, (H 25 2Ef: 77
HHFERZEER. £ 20 K, BLEW 25 MR RIZAAF 0, &+ 10 K iy, Sic&Y 8 MLk, Hif

DOI: 10.12677/japc.2024.133051 475 YAk el


https://doi.org/10.12677/japc.2024.133051

ot

il

S

%

TR RN AR AR 5 P . UhAh, BT CoMPBLRETE, 7ERCAY 25 Hh, 55 Dy™-Dy"MEHAH B A1E A
RS R, 5EAEY 12 251, QTM R4 DY) Den mtt BRIEFTHIMG] . % & Fhoth 70 78
MRS, EFER M3 595 (3) K 1A &

2012 4F, JEE R Al T AARE S B BT (dto? ) # [Dy"(HBpzs), ] ¥ ot (HBpz® = = (Fkmkdt)
R ER) 5id P &)@ CoMAASTE—itT, MI& M 7 =LA =R e 3 0R 4544 1 Tic & 4 [CoDys(HBpzs)s(dto)s]
4CH3CN 2CH,Clx(26) [33]. ZEEH AR, LAY 26 7630 H A 2 FE B I 0 A2 R RE AL 26, 1A I R
WE(E, SECEY) 11 AL, REEE QTM IR .. EIfE7E 800 Oe W& MIA F, QTM IISRRIIE . @id )
HREIMACEY) 26 A 2 EE2 N 52 K.

3. &

YT HEARAE Dy — SR EAT MRS R A BB RE, S| TR OB AT 2 BT ST . H AT CARE R Co
BT HEACE AN B, WE 7 B TR AR B AR RAAR AR AT O AN BT, S0 A AR A R . AT
TR, Xf Co-SMMs [ 4% AR I e A XS FLR 2% R VR R U5, T LR 2% 17 ek T BRI T RS 1%
W B, M EIERIBm . B CBUs 17— S E B R, ERAR, JAT R TR T e
EANE, A% Co-Ln o FRERKIBE TR BoA ARF 4, JFHKH 2 Co-Ln BC &7 B EAF . .
B X BRI RE P S H (Ve 10v QTM) 32 A BEVEBIEM S PTE, IR ARt , K
AR A

GV EWH R R, AL T A RS RTY B R T kAR YEREDE R 1K) Co-Ln By THEAR. BEEF
ERORRIAWTE LD, MERX AR R AN BEVEAT B i T AR e B FET [ 5
— RIS IEN R R FT DR B, MG X TR N A B4 e S B AT LR
Co-Ln FI» TREAANANDIKEAR Y, SEHUE @ ZON AR 6], I TR T2 MPORBEE 25, N
Mt - ISR R B TR A N AT AR R T B TR

E&WE

LA AR 5 92 B B8 TR0 H (KYCX24_3546. SICX24_1995. SICX24_1992)%Bh, Fgili A
FRFABEE ANEIZR TR T H (2024116), 1l K5 KA TT T80 4 B B (KFIN2471, KFIN2437), /%
R I R 22 I
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