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Abstract

Nickel(II) ions possess electronic configuration of 3d8. In an octahedral field, they tend to adopt a
high-spin, exhibiting paramagnetism, whereas in a square-planar field, they typically adopt a low-
spin, manifesting as diamagnetism. Ni(II)can engage in ferromagnetic coupling with lanthanide ions
having electronic configurations of f7-f11, such as dysprosium(III). Additionally, the second-order or-
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bital angular momentum within Nickel(II) ions can provide substantial zero-field splitting parame-
ters, implying the potential for significant magnetic anisotropy. Therefore, this paper reviews the
typical nickel-rare earth single molecule magnets in recent years, in order to lay a certain founda-
tion for the development of 3d-4f single molecule magnets.

Keywords

Ni-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. 5]

0T R4 (Single-Molecule Magnets, SMMSs) & —2REG WL F 0K G,  fis o RIEEZ, 43718
FHEAEFHARSS, @A B RV T DUR (A R TR & 0. e i IR 73 LAGROK R R PTG & 0 1
NI BT AR A O T RE . SMMs £E AR R I 2 00E,  EER N HAE S T7K-F el gk R
JEE P 1o 55 P52 A SR AT 7 THD PR TS £E B FH[1]-[4]

1993 £, Sessoli R.E K3RIE T H1 12 4> Mn BT [Mn12012 (OCMe)16(H20)4] (Mni2-ac) 2B 1) 4 J& 7%
FEARIR T B A AL T AW 1R 5 2 B IAYE[S], AT 1 o AR A T it . I B, Bt
PG 3d LB E RS, Frale Mn ZEE SRR, AEIBERSE AV T NEEE T EE L
TS B IR, MM SR P TR g Mo E e Re . S FREAR R R R KREE DT 7 =10
Bt: nd-SMMs [10]-[12]. nd-nf-SMMs [10]-[12]#1 nf-SMMs [13]-[16].

Ak, EAMRE BT A I R B B TC S0 L BB & e i 51 kS 7 AT k.
RO ENEMAE T, 0 Dy". To'". Ho" Al Erf, S &2 H/EHE SMMs RyREMEF L. Bk
ik Cu'-Gd" A & HARIE 5 [11], 3d-4f & BB AV T RERIDGE, FONATR A BN E )
TEFEAR 3d A AF 2 (R IREAC e T8 B8 7, el e — 1% 3d-4f E8E/E N SMMs. 3d il 4F 557 2 I8 () 5 G A
AR 5 o) SMM AT =448 51 E2AH Cu''s Ni''s Co'' fil Mn'" &, B IEEZ N
R FBRIC A KAL) 22 3d-4f 742 J@ SMMs [17]. Hifil 5 <8 56 HUBCAATE 1) 2 Dh e e & YILE Vi 2 S8R
P T AR RN A L8] [19]. 1 5E, BN Ln (1N)&E 7 BA 58K M B IE - Pus s & fs K m
S, BONTT R i RE B T R (SMMS) I T 1% H bR, 3X 28 [l IO RERFPEfE A Ln-SMMs 7 %5 A5 5
il BT, BEPERS . BIRH RS A WEN N Bk, BT B A S R g5
AERT, MRS AEMANEARLS G S, R RPO6HA R LB RO & Sieeai IERA S
VIR TR OR BE AR ROGRER =5k A [20] [21].

SRIM, SEIEET SMM HIAEERARICAAER N FE R R, — N2 SMMs (2RISR EE, 73—
M HT SMMs A, MELLDUR R BRAE R [1[22] b, FAAf A& HIE @ 3] TR RHIIRME. BR,
W8 70 BRI — KRR 2 — AR R T G =i 2 SMMs. A4 IR AR — i L P 7y Bl Ak ) PR
FMBATERIR, g 7T H - ML iy TR S R A CHRGE, DU REIT R =i 1 BE ) SMMs.

2. R - B BN THEHNRER
HAT, CHOBRE - F s FRAEINE 1 PUR, ARSI b — S FHATRE, JFARE AL

ik
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Table 1. The magnetic data of Ni-Ln SMMs
= 1 R - B o PRI RIE

Hac/k vim Ts
Complexes Oe Ueri/ K 70/S Tis /K Ref.
[Dy2Niz2L X (bipy):] (1) 0 105(1) 1.85x 1011 [23]
[Dy2Ni(C7Hs02)s]-(C7H502)2 (2) 15 55.19 5.21x10°8 [24]
[Dy2Niz(bipy)2(HCeHsCOO)10] (3) 0 57.06 1.80 x 10°8 [25]
[Dy2Niz(bipy)2(CHaCsHsCOO) 1] (4) 0 37.04 1.16 x 10°° [25]
[Dy2Niz(bipy)2(NO3CsHaCOO)10] (5) 0 4.0 5.47 x 1078 [25]
[Ni2Dy2(L2)4(NOs)2(DMF)2] (6) 0 185 54x107 140 11 [26]
[Ni2Dy2(L2)s(NOs)2(MeOH)2]-3MeOH (8) 0 213 15x10°6 [26]
[Th2Nia(L3)2Cl2(OH)2(CHsO)2(CHsOH)e] (11) 0 30 2.09 x 10°° [27]
[Dy2Nia(L2)2Cl2(OH)2(CH30)2(CHsOH)e] (12) 0 32 141 x10°8 [27]
i 5V, (12 .

[Dy2Niz2(H2L>)2(us OM(e])-é()CH3CN)2(N03)4] 4H.0 0 482 36x 108 [28]
[Th2Ni2(HL*)2(u3-OMe)2(CH3CN)2(NOs)4]-4H20 (16) 0 86.2 2.3x107 [28]
[Dy2Ni2(HL*)2(u3-OMe)2(CH3CN)2(NO3)4]-4H20 (17) 0 56.6 3.3x1078 [28]

. U1 =535 n=23x10"%
6
[NizDys(HL®)4]Cl (18) 0 viegs  misgxigr 0 3 [
; 7 . . .
[NisDys(OH)s(HL )e(NO(3%33])2MeCN 27ELO24H0 23,84 263 x 10 [30]
Ur=327 w= 36152) .
[HoNis(quinha)sF2(dfpy)1o] (25) 0 2= 3.3(5) x 20 4 [32]
Uz = 825.1 by
[NizDy2(COs)2Cl2(L8)2(L%)2(CHsCN)2]-4CH3CN-2H20 9 43(7) 3% 10-12 [32]
(26)

[{Dy(hfac)s}2{Ni(bpca)z}]-CHCls 1 4.9 1.3(0.2) x 10 [33]
[(L1®)2Ni2Dy][CIOx] 35 10.8 23%x10°5 [34]

Me2pi -H,0-
[{LMe N|(HzO)Tb(dmf)z.ggl'r:]ZS)l.s}{W(CN)a}] H20-0. 0 153 45 %107 [35]
[Ni(u-L 1) (2-NO3)Dy(NOs)z]s-2CHsOH 1 19.1 7.2x107 [36]
[DyzNiz(,u3-OH)2(OH)((3)GZé$_I|—|le)z(MeOH)s](C|04)- 12 76 75x 106 [37]
[Ni(u-L1)(2-OB2z)Dy(NOs)z]-CHsOH 1 9.2 4.4x10° [38]
[Ni(-L 1) (-9-An) Dy/(9-An)(NOs)2]-3CHsCN 1 10.1 3.4x10° [38]
[Dy42Ni1o(u3-OH)es(CO3)12(CH3COO)30(H20)70]- (ClO4 0 343 127 x 10°5 [39]

)24-80H20 ' '
[(1a-CO3)2{Ni(3-MeOsaltn)(MeOH)Tb(NO3)}] 1 12.2(7) 4.6(11) x 1077 [40]
. 0 6.6(4) 1.6(3) x 10°¢

[(14-CO3)2{Ni(3-MeOsaltn)(MeOH)Dy(NOs3)}-] 1 18.1(6) 1.8(4) x 107 [40]
[(,uA-CO3)2{NI(3-MeOS’l’:lll-tzn&(zlgzO)Tb(NOQ}z]'2CH3C 1 6.1(3) 9.7(15) x 107 [40]
[(,u4-COa)2{Ni(3-MeOSIE\iIIvtzn&(ZI-(I)zO)Dy(NOa)}z]'2CH3C 1 14.5(4) 4.2(8) x 10°° [40]
[Ni(3-MeOsaltn)(MeOH)x(ac) Tb(hfac)2] 1 14.9(6) 2.1(5) x 1077 [41]
[Ni2Dy2(CH3CO2)3(HL3)4(H20)2](NO3)s 0 19 423 x 1077 [42]
[NizDy3(us-O)(u3-OH)3(L*)3(u-OOCCMes)s] 3 10 106 [43]
[Ni2Dy2(uz-OH)2(02C'Bu)10[EtsNH]2] 0 20 6.0 x 107 [44]
[Ni2Er2(us-OH)2(02C'Bu)10[EtsNH]2] 1 18 3.9x10° [44]
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{[NH2(CHz3)2]2[NiDy2(HCOO)2(abtc)z] }n
{[Ni(Mezvalpn)]2Dy(H20)Cr(CN)s}2-14H.0-2DMF
{[Ni(Me2valpn)]2Dy(H20)Cr(CN)e}2-24H20-2PPPQO-2
CHsCN
{[Ni(Mezvalpn)]2Dy(H20)Co(CN)s}2-8H20-2DMF 6
CHsCN
{[Ni(Meavalpn)]sTh(H20)Cr(CN)s}2- 12H20-3DMF
{[Ni(Mezvalpn)]2Th(H20)Fe(CN)s}2:13.31H.0-2DM
F-2.69CHsCN
[Ni2Dy2(Hhms)2(CH3COO)s(CH3OH)2(H20)2]- (NOs)2
[NisDy(L%)4(Htea)s](C104)2.5(NO3)os-5.5MeCN-H20
[DyasNiz(OH)es(CO3)12(CH3CO0)26(CH3CH2CO0)s(
H20)70]
[Niz2Dy2(L6)4(NO3)2(H20)2]-2H20
[NisDy2(us-OH)2(L1")a(OAC)s]-H20
[NisDy2(L8)2(u-Cl)2(3-OH)a(H20)s] Cla- 2H20
[NiaTh2(L8)2(u-Cl)2(us-OH)a(H20)s] Cla- 2H20
[NiaDy2(L8)2(u-NCS)2(us-OH)a(NCS)a(H20)2]-2MeO
H-4H20
[NisTb2(L8)2(1-NCS)2(uz-OH)a(NCS)a(H20)2]- 14.1H:
O

[NiDy(L®)(Pc)(CH3s0OH)]-CHsOH
[NiCe(L?)(NO3)s]
[NiNd(LZ)(NO3)s]
[NiDy(L?)(NO3)s]
[NiEF(L2)(NO3)s]
[NiYb(L%)(NO3)3]

[Niszz(LZl)z(CH3CN)3(H2)O)(NO3)6] -(CH3CN)2:(H20

[Ni2Dy2(L??)2(CH3CN)4(NO3)s]- (CH3CN)x
[Dy2Ni2(3, 4-DCB)10(2, 2’-bpy)2]
[Ni(L2%)Dy(H20)4][Co(CN)s]-3H20
[Dy2Nia(L24)a(e1,
+-CH3CO2)a(u3-OH)s(MeOH)z]-4CHsOH
[Dy2Ni2Mn2(L2*)4(ua,
3-CH3CO02)2(uz-OH)a(MeOH)2] (NO3)2-2CHz0OH
[{(NiL%)2Th}2(u2-Cl)2Cl2(u3-OH)a(OH2)2] Cl2- 12H20

[{(NiL?%)2Dy}2(u2-Cl)2Cl2(us-OH)a(OH2)2] Cl2- 16H20

[{(NiL?%)2H0}2(u2-Cl)2(u3-OH)4(OH2)4]Cls- CH3CN- 1.
8H20

[NizDy(L?6)2(LH)2(CH3CN)3Cl]-5H20-CH30H
[Ni4Er(L26)2(LH)2(CH3CN)3Cl]-2H20-2CHsOH
[Ni2Dy(EtOH)(L?")a(NOs)2Cl]-CH3sCN
[NiDy(L?8)(dca)2(NO3)]
[Tb(hfac)sNi(hfac)2NIT-4py(H20):]
[Dy2Nia(L?%)s(CH3sCO0)4(NO3)2]
[DyaNis(u3-OH)g(L°)s(OAC)a(H20)4]-3.5EtOH-0.5CH
3CN-5H20
[Niz(valpn)2Dy2(DMF)s(H20)][Fe(1-CHsim)(CN)s]s-4
DMF-12H20

o -

O OO OO o0 O oo o o o o

o

o
U_II—\

N R R PR R

0.8
0

o o

O O Ok W hsd b

o

42
38.9

37.2

244
219
29.6

16.9
10

3.42

35.75
11.2(2)
23.0
26.3

26.0

30.6

6.2
8.5
9.2
9.3
184
18.1

19

15.9
7.0
47.02

13.4(5)

13.0(5)
13.3(5)
Ui =19.4(8)
U, = 19.8(3)

Ui = 19.8(8)

Uz = 18.5(6)

35.9
316
9.48
26.2(5)
7.0
7.43

7.66

14.8(3)

4.7x10°8
4.89x107°

6.44x107°

4.94x1077
4.71x10°8
4.52x10710

6.5 x 1077
1.5x 103

9.25 x 1077

8x10°8
8.9(6) x 100
452 x107°
1.07 x 107°

1.56 x 1078

5.03 x 107°

7.7%x107°
1.9x%x10°
2.1x10°
1.7x10°
21x10°

1.6x1078

2.6x1077
6.8 x 1075
6.7x107°

34(2) x107 60

2.8(5) x 1077

3.8(8) x 10°°
n1=5(1) x 107!
2=9(1) x 10710

1= 1.6(5) x

10710
72 = 2.4(5) x
10°°
4.36 x 107°

7.94 x 1071

2.25x1076

2.8(4) x 1077

7.8x1077
9.19 x 107

1.45x 107®

1.4(9) x 10°

[66]
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%
[Dy2Ni2(2, 3-DCB)10(2, 2°-bpy)2] 2 4.4 3x10°5 [67]
i _ 31 . .

[Dy:Nig(us-OH)s(L )B(Oé(li\)l4(H20)4] 3.25EtOH-4CHs 1 81.14(3) 6.21(2) x 1071 2 [68]
[Gd2Nis(dto)s(H20)10]-12H20 25 22.7 1.54(5) x 10°® [69]
[Gd2Nis(dto)s(H20)10]-2H20 25 18.33 3.25(5) x 107° [69]

[NIEr(L32)2(NO3)3]-0.5H.0 1 12.1(2) 3.49(2) x 1077 [70]
[NiDy(H2L3%)(NOs)s]- (CH3OH)2 0.6 17.01 4.09 x 1078 [71]
[Ni2Dy2(L3*)a(Ac)2(DMF)2]-3CHsCN 0 18 6.85x 10°® [72]
[Ni2Dy(Hhmmp)2{(py)2CO2}(CH3sCOO0)2]OH 0 6.44 1.29 x 1077 [73]
[Ni2Dy(TTTTMe)(DMF)]BPhs 0 582 1.4(4) x1071 [74]

0.3 582 1.3(4) x101 [74]

[Dy2Niz2(2, 5-DCB)1o(phen)z] 2 10 4.0x10°8 [75]

HL? = 3, 5-dichlorobenzoic acid; bipy = 2, 2’-bipyridine; CrHeO2 = salicylic aldehyde; H2L? =
(E)-2-(2-Hydroxy-3-methoxybenzylideneamino)phenol; H2L® = N1, N3-bis(3-methoxy-salicylidene)-diethylenetriamine;
HsL* = 2-(2, 3-dihydroxpropyliminomethyl)-6-methoxyphenol; HaL5 =
2-(((2-hydroxy-3-methoxyphenyl)methylene)amino)-2-(hydroxymethyl)-1, 3-propanedio; HaL® = (E)-2,
2’-(2-hydroxy-3-((2-hydroxyphenylimino)methyl)-5-methylbenzylazanediyl)diethanol; HsL’ =
2-(p-naphthalideneamino)-2-hydroxymethyl-1-propanol; Hzquinha = quinaldichydroxamic acid, dfpy = 3,
5-difluoropyridine; H2L8 = N-salicylidene-N’-3-methoxysalicylidene-1, 3-propanediamine; HzL® = N,
N’-bis(salicylidene)-1, 3-propanediamine; hfac =1, 1, 1, 5, 5, 5-hexafluoroacetylacetonate; bpca:
=bis(2-pyridylcarbonyl)amine anion; L% = (S)P[N(Me)N=CH-CsHs-2-0-3-OMe]s; Hdpk = di-2-pyridyl ketoxime; LMe? =
6, 6’-((1E, 1’E)-((2, 2-dimethylpropane-1, 3-diyl)bis(azaneylylidene))bis(methaneylylidene))bis(2-methoxyphenol); dmf
= dimethylformamide; HoL = N, N’, N”-trimethyl-N, N”-bis(2-hydroxy-3-methoxy-5-methylbenzyl)diethylenetriamine;
H2L'? = 2-(benzothiazol-2-ylhydrazonomethyl)-6-methoxyphenol; OBz = benzoate; 9-An = 9-antharecenecarboxylate;
3-MeOsaltn = N, N’-bis(3-methoxy-2-oxybenzylidene)-1, 3-propanediaminato; HL® =
2-methoxy-6-[(E)-2’-hydroxymethyl-phenyliminomethyl]-phenolate; HoL'* = 6,
6’-{(2-(dimethylamino)-ethylazanediyl)bis(methylene)}bis(2-methoxy-4-methylphenol); Haabtc = 3, 3’, 5,
5’-azobenzene-tetracarboxylic acid; H.Mezvalpn = N, N’-bis(3-methoxysalicylidene)-2, 2-dimethyl-1,
3-diaminopropane); Hzhms = 1-(2-hydroxy-3-methoxybenzylidene)-semicarbazide; Hstea = triethanolamine; HL!® =
11H-indeno[1, 2-b]quinoxalin-11-one ligand; H2L'® = 3-ethoxysalicylaldehyde with 2-aminophenol; HLY =1,
3-diamine-2-propanol; HaL8 =
2-((2-(2-(2-hydroxy-3-methoxybenzylideneamino)ethylthio)ethylimino)methyl)-6-methoxyphenol); HsL*® = 1, 1, 1-
tris[(salicylideneamino)methyl]ethane; HzPc = phthalocyanine; H2L?° = (RR)/(SS)-1, 2-diphenyl-ethylenediamine with
o-vanillin; Hz2L?! = N, N-bis(2-hydroxy-3-methoxy-benzyliden)-1, 4- diaminobenzene; H2L? = N,
N-bis(2-hydroxy-3-methoxy-benzyliden)-1, 5-diaminonaphthalene; 3, 4-HDCB = 3, 4-dichlorobenzoic acid; H2L23 = N,
N-ethylenebis(3-methoxysalicylaldiimine); H2L?* = 2-{[(2-hydroxy-3-methoxybenzyl)imino]methyl}phenol; HL? =
2-((3-aminopropylimino)methyl)-6-methoxyphenol; H3L%6 =
(E)-2-(hydroxymethyl)-6-(((2-hydroxyphenyl)imino)methyl)-4-methylphenol; HL? = 2-methyl-8-hydroxyquinoline;
H2L28 = N, N’-bis(2-hydroxy-3-methoxy-5-methylbenzyl)homopiperazine; dca = dicyanamide; hfac = hexafluoroacety-
lacetonate; NIT-4py = 2-(4-pyridyl)-4, 4, 5, 5-tetramethylimidazoline-1-oxyl-3-oxide; HL? = 8- hydroxyquinoline; HaL3°
= 1-[[(2-hydroxyethyl)imino] methyl]-2-naphthalenol; Havalpn = N, N’-1, 3-propylenebis-3-methoxy-salicylideneamine;
2, 3-HDCB = 2, 3-dichlorobenzoic acid; Hz2L3! = 4-bromo-2-[(2-hydroxypropylimino)methyl]phenol; dto = dithiooxalate;
HL3? = [2-(methylsulfanyl)phenyl]salicylaldimine; HsL3® = N, N’, N”,
N”’-tetra(2-hydroxy-3-methoxy-5-methylbenzyl)-1, 4, 7, 10-tetraazacyclododecane; HoL3* =
(E)-2-((2-hydroxy-3-methoxybenzylidene)amino)-4-methylphenol; Hz2hmmp =
2-[(2-hydroxyethylimino)methyl]-6-methoxyphenol; HsTTTTMe = 2, 2°, 2”-(((nitrilotris-(ethane-2,
1-diyl))tris-(azanediyl))tris(methyl-methylene))tri-phenol; 2, 5-HDCB = 2, 5-dichlorobenzoic acid; phen =1,
10-phenanthroline

2.1. [Dy:Ni,| B B 5> F R

K, BB NIABIRAG R L SREEY), HRER 5 EEATE R SY51HE 1Bk

ZWFFE IE. 2014 5, B BT B 7N Ni"EUR T ECA Y Dy2CoLY)wo(bipy). H1H) Co", 1%
BT MBS LAY, DyaNi(LY)1o(bipy)a(1) [23]. MHE T HAMR SIS, FERay 1 414
fAi B, TWBACRATREN, 1 EXE FHRIE SMM 178, HREeH 20 105(1) K (nE 1). FIH
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Arrhenius & B EHEHEAT 0 AT R, AE 1B AR AN AR . miR I R AR A Dy
TEHUBEAS R A . B JREE, RIB A Y{Dy.Co} 1 1 1 Dy 55— MR & Kramers X(
575104 66 A1 61 em™, 5SEIGINE AR R A 2 — 8 RIRIE AR T B S5 AC RS I A o, SR
HOFHRY, 1M ReEA 2248 8em™, MAEEEY 27, RAEREMKT 1 KB4 gemss)|
I S e 2z o (RIS RT DAHEWT, FCE 4 27 AT L (st PR R 32 Bt Dy S T (5 % ) S MR I
EATT S TEALE B 22 7 v] BRI DS T U 42 )8 1 AR Ak

-12

T T T T
010 015 020 025 030 035 040 045 0.50
T/K?

Figure 1. Inz versus T plots for 1 under zero dc field. The red points have been obtained
from the ac susceptibility measurements. The black points have been obtained from the fit
of the Cole—Cole plots. The red line is obtained by a least-squares fit.
E1L1EZTERITH I 5 THE. ISRHRHMAENEFIN. BESREIXS
Cole—Cole EIFIHIA BRI . TZ&2FIAHZ/N_REEEE

2015 4, EEHBHREHRDER T 5H—ME&AF NP = 3d4f B9 Tk, tridk
[Dy™:Ni"(C7H502)e]- (C7HO2)2(2) [24]. Z%HL A P A% 0 45 4 5 C & W) [Ln2Co"(C7H502)6]-6H20 (Ln=Dy
(28), Th (29)) = AAHF, {-FF T Dy-Ni-Dy ZetEHES . 1Ak, 2 &7+ Dy ™R Ni'e§ 7 e A 2R 5% S
1) 28-29 HECAL A EAR [F] o ACTRBAAGZRIMEUESE T 2 7 1.5 kOe 14M7 T 1) SMM 4724 (E15EE M
2, 5RGFAMATIEIARL, 52 1SR S R AL 2R A 1 BAR IR S . 75 In (7)F1 T
B, 755 K &1 A2 XRITE 2 B R AAEXG RS RS, SECAY 1 25l. FIH Arrhenius & 014
Him, e RRAREA RN 1224 K, SiARCAREA %29 55.19 K (] 2), mREAA A2 ZEA K.
XF R KRBTGS Dy BB 147 A0 DyS NIV 2 (8] B 5586 A A0 BLAE A .

-4

-6 4
=7 -8
-
&
£ .10

-12 - 02
=== Arrehenius
0.0 0.2 0.4 0.6

T/K?

Figure 2. Magnetization relaxation time, In(z) vs T~* plot for 2 under 1500 Oe. The solid lines
are fitted with the Arrhenius law
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2016 1F, BN, XNF[25]F NI T =A2tE{Dy:Ni} 1%, HI[Dy:Niz(bipy)2(RCsHsCOO)10)(R =
H(3). @A ZHEIE(5), BRI S, F ERMEAWAHLL, RIS S48 %
BONE . B3 fl, WA FR Dy RS TSR AELE — RPN R IR R pentigt R it SRE R, FEL
Dy )R E AR F BRI ST, TR — MR I =M+ k. BEjS, {Dy.} %k
I = XHRIR IS — P R A B N ARRC A AR 1 NS 7 b, TEl— R0 3(a). 58
MEAL RN E RN, AW 3 M 4 ER5 AW EME, RUFE SMM 1478 ERI &8 — A
o, 1530 3 14 A REE 2 5 B0 57.06 K AT 37.04 K (W 3(b)). 7F 4.6 kOe MIAMAHIERH R, 4 HIA &he
HAaINF| 77.08 K, £ QTM # A ¥ . #/1, X TR A3, 5.8 kOe HIN L&A B A
Ees. MHILZ T, WA 5 EE 10 K LA RS TG 2 R I A2 A 147 0, A ] L
U o ARIR T AR 5 10 B E Nt —PAESE 7 QTM W FRAE 5 Higdi & 3= Sz, Bk, BeAW 3-5 ik
A ANRIHGRMIR . PSR, AL AW 3-5R 4l(—H, —CHs Bk—NOp) A LA i 8% 5 o} 3 5 25 w7
AR AR IR S B R AT 20 AT, DT BE AR S RN 3 — WO 2 Dy "R 2 Sl 75 1), itk — 2D g2 2 % )
PEAESAE BAE . DR, R MO 35K P 1) LT 23 A 0] 520 SMIMs TR RE D DGR

(b)
(a) // -10
=
‘- {1-11
> |oa2 0.14 o

0.09 0.12
T1/K?

Figure 3. The molecular structure of 3 (a) and plots of In(z) vs T2 for 3 (top) and 4 (bottom) under zero dc field (b). The
solid lines represent fits to the Arrhenius law for 3 and 4. Color code: Nill, green; Dy, purple; O, pink; N, blue; C, gray. H
atoms are omitted for clarity

E 3. EEERFAD0).T, 3 (L)F4 (T) @O FEHI In ()5 THESELRRETS 3 M4 89 Arrhenius E&. B
BYA%: NI\ 4k#; Dy. £@; O. H4&; N, #6; C. &k&. ATEWEN, EBTHET

2.2. §RBA Dicubane BB 9 F R

2011 4F, Powell Hff5¢/NAL[26]4 & 1 AT B AT BB X T (SO i A 2 O R AN IS &4, 00k
[NizLn2(L%8)4(NOs)2(DMF),] (H2L*® = (E)-2-(2-Hydroxy-3-methoxybenzylideneamino)phenol, Ln = Dy (6, Th
(7)) FI[NizLn2(L58)4(NO3s)2(MeOH),]-3MeOH (Ln = Dy (8), Tb (9)). FE&iH ., ELEW) 6-9 ;245 Hft, M
—MXAEIERL A 6 A1 7 H, 5 NI FECAL 1) DMF # MeOH 7 FHUR . TERCED 6 1, BN NiTEg
T T SR SRR AL B, TS Dy AL TR AL E (K] 4(a)). PRASXTRRIR) HoL? Bl A
KH psmtmEmtm? BCALA R, SE A1 Y Dy AT NiTES 1o 53 /M HoL? FeAA R A pam®mtmtm® FLA A2,
HEHEPIA NiDy =M (K 4(b)). L4t DMF FIRHER 2 15 Ni'A1 Dy"™8 oAz, 20 Niti )\ T 44
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ZFhigHe 55

RUNK A HL e, T Dy O HH VY 7 SO A R . R B T A DU A S AT T S R
FC &0 6 A1 8 AR I H e AR AT AR e (1 [RIA AN S AR 5, 6 A1 8 A RURE 3 4273 7 04 18.5 K A 21.3 K.
LN 4 kOe HIAMII, 8 ARENHI T QTM MBIHIFFAE, AR AeL2gnz 285 K (14 5). 4h, 9
75 6 K LA N R I S54RI S 5, 7 78 1.8 K DL R RO ARS8 1 i 3645 5. IRk,

LEFE B EY) 6-9, Ln"E TR [ A K R SMM PERERI G R E R R, XS5 RATMEC &9 1
27 i3 IS5 R A — 2, W] WL[Dy,Niz] B4 170 5B AR MR Dicubane A H 7y WA AR AEPE 5 AT S L AH
[Flzhb. sthh, WEERIRES: 8 =T DMF [ 6, ZRH] Ni' L FIHC Az BURCAT B8 525 520 Ln'M% 6] 5 % 5K 01

VRN
(c)
~N
b | qoy—o !\1
Ony/ N@ NI: :@
A o)
o /
N7 i Dy
Hyn®ntintnd MzintinZniin?

Figure 4. The molecular structure of 6 (a) and the coordination modes of (L?)>~ with metals in complexes 6-9 (b). Color
code: Ni', green; Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity.

[E 4.6 ()M FERFIEC S 6-9 (b).FHI((2) 2-5 e BMEIER . HieamiE: Ni', Z&; Dy, £8; 0, BU#&;
N. E#; C. &kt ATEMER, BT HERF

10° T g
00e,8

101 | 4 kOe, 8 00e, 6

10% |
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104 |

105 ' - - - -
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Figure 5. Arrhenius semi-log plots of the relaxation time, z vs 1/T of complexes 6 and 8
from ac susceptibility measurements both under zero and an applied dc field of 4000 Oe.
The solid lines correspond to a linear fit in the thermally activated range of temperatures.

[E 5. 7£ 0 #1 4000 Oe WERIAT, ELA4) 6 A 8 HISTMHIL RN ERIEITE < 5
1T 89 Arrhenius X1 #E . SREN N TRAERESEERRLEMEME

2014 4F, FEEEAUS W BN27] B & B 1 5 AN ASZBL &4, 72 B RS2 L&, 435
N[LN2Nig(L3)2Cl(OH)2(CH30)2(CH30H)6] (Ln = Gd (10), Tb (11), Dy (12)), and [LnzNia(L?)2Cl(OH)4(CH3OH)s]
(Ln =Ho (13), Y (14)). BLAY) 10-14 RILH BE M ERIARRIE. DIECEY) 12 ], FHAZO PR FEE A
PR A S R AL, RPN T BG[Ni2DyOsCl] . AN [NizDyOsCI1 ¥ It & B M A~ Ni' 85
TH—A DY il A A, AR, ANFES T, AEET, S8 Dy SR Yy
SR, T NI B R B AR TR R (5] 6). EERIA T, 11 1 12 F I B 35 5 A
FAARM FAHFIAEA AC I MEAL 215 5, B UE(E, RHENH SMM 178 &% 13 7E 6 K LA NMUE/R
H TS IR M R RAE , BIETE 2 kOe HIAMIREIA T, BB LM B (. 10 114 7F 1.8 K

DOI: 10.12677/japc.2024.133055 515 Ly PR R=Svi


https://doi.org/10.12677/japc.2024.133055

DL ANG NI A BT B BB AL RS S X 11 A 12 BIREEEAT MR R B, AT B s TR R AT
REIEHIOE L. B Arrhenius SEBHLA, 753 11 1 12 A RRES2 70 5108 30 K fil 32 K. BAREL &4
6 1 8 LRI T R AP MG E Y SEFR A RS 5, (HAA Rk Re 222 11 A 12 i —23f. tkAh, 117013
AT Ni-Tb 1 Ni-Ho BL &I — N2, £S5 T WS B R AU EE T

Figure 6. The molecular structure of 12. Color code: Ni', green; Dy, purple; O, pink; N,
blue; C, gray. H atoms are omitted for clarity

E 6. 12 My F4EM. BiEYAD: Nil, 4RE; Dy, &&; O, M4 Et; N. #&Ef; C. &
B, ATEMER, 2T HETF

2015 4, Fu-Pei Liang %5 A[28]1 I P ARAN IR (22 2 3 BT A4 i 1 = DRI FR ) SMM:
[Dy2Niz(H2L5)2(us-OMe)2(CH3CN)2(NOs)a]-4H,0 (15, HalS = 2-(((2-hydroxy-3-methoxyphenyl)methylene)
amino)-2-(hydroxymethyl)-1, 3-propanedio), [LnzNiz(HL*)2(us-OMe)2(CH3CN)2(NOs)4]-4H20 (Ln = Th (16),
Dy (17)) (¥l 7(a)). Bhor#rEox, =Fic &Y BB R T I R I SR Bk &, 7E IR ML Z A AL
R B SMM AT R, &I R k342 530 48.2 K. 86.2 K i1 56.6 K (4] 7(b)). MbAh, X=A84H
VIR B W R 3h . A BRTHRSE R, ARWIE, Dy"™ M T e 7 BA 5 i )l ) % o) S
FEIX 2 FAT IR AR i iy RTC S0, LnVES A 3d )8 B8 1 2 [ W A Bl & m RE B2 59 T Ln"-Lni 58
HAEH . X —Z5 R FIRIE T Powell BF 70 /N H IBIF 70 45 18 1 TE R 1

(b) . complex 15
* complex 16

1E-4 5 complex 17

0.1 0.2 0.3 0.4 0.5
T1/ Kt

Figure 7. The molecular structure of 15 (a) and Arrhenius semi-log plots of the relaxation time vs. 1/T of complexes 15-17
(b). The solid lines correspond to a linear fit in the thermally activated range of temperatures. Color code: Ni", green; Dy,
purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

[E 7. 15 (a) FFEESHTS 15-17 (b). SHTRET AR X BB L4t N T ARUERESERE R &I G . BMEadRmG:
Nils 2. Dy. £, O. &, N, &, C. &kKE. ATEWEN, KT HET

2.3. HbAABY 8 o FRkE

2013 4, Vadapalli Chandrasekhar & F [F 55 [29] & % 1 4 NS5 FLE% SMM, 16 8{NizLns} (Ln = Dy
(18), Gd (19), Tb (20), Ho (21)). EC-&4) 18 A1 19 €4 4 N =2 2 FEARHLY®, HwA TR &Y
AR S, AR ML TR A YR o 18 F1 19 [ o o 9 4N K 3 PO 4% 5. 76 [NiDy O] R 5 4 IU JE 34 [Dy05]
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A EATRAMEERP(E 8(a). FLAY 20 Al 21 A L5 18 F1 19 2 RILEHIE, ME—X e A
Yy 20 F1 21 o, FLBCE BRI AN REUR TR AL, TR SRR TR (HLS)?, MR =
ANECARAT SR ORFE = I T (HLS)® . 7E BVl &b, 18 RILHERIARERS, T 19-21 FRILH [ 2k
B MBI EN E RoR, 18 RILHEA AN MBS RIS AR R SMM AT, 5 FiRK 11 F1 12 A3l
7E 10~17 K VSR , milifa 3Lie 22 85 K, wffi N 5.9 x 107 s, MR EREEALT 7 K I, (KA
R 42N 53.5 Ko {EHEIE 50 mT/s MR T, 18 AIRET 181 42 (T UR B ik 3 K, NEL sy TRifA
17 AL TIEHE (1 8(b))

Figure 8. The molecular structure (a) and magnetic hysteresis (b) of complex 18. Color code: Ni, green;
Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

8. BAY 18 M5 TEMQFIHTE(D). MEHE: Ni', FE; Dy, £&; 0, WIE; N, ke,
C. Rfa, ATEMNEL, S4BT HETF

2015 4=, Constantinos J. Milios A1 [EZ[30]5 & T =/ NEIRECALEC &4, {NisLns} (Ln=Gd (22), Dy (23),
Er (24)). BCEW) 22 F1 24 2554581, MACEY) 23 B TAEEAR RIS a2 7 A A . DS
GV 24 R/l BAFE—ANEM) =M, EiE NN =M. [EMs] =MIEH 6 A 1s-OH JE[A14
€, B pua-OH AT IEREPIAS ErTEg 71— NiTE 1. [Ni"] =M E S 6 4> us-Orkiidk, X 6 K
H 6 NAZ R FRAAR(HLT)> (HsL” = 2-(8-naphthalideneamino)-2-hydroxymethyl-1-propanol), = #1545 /i i)
3 XF[Ni] H TG et BHRRFE 42 (14 9(2)). A T IL 22-24 IFRAEZ 95610 T ITATERE, HEAT 1 ARG
MG EARERERE, JA 23 ZILH SMM HIRHE, 78 3.6 K LT, REEME T A E LRI 9(b)),
PEHARIF] 23.84 K A AEL, 04 3.63%x108s .

1000 Hz

Figure 9. The molecular structure of 15 (a) and plot of ym” vs T for complex 15 (b). Color code: Ni", green;
Dy, purple; O, pink; N, blue; C, gray. H atoms are omitted for clarity

[E 9. 15 (B FEEMIMEL A1 15 ()8 "5 T Ik, EHE®mE: Ni', 4&; Dy", £&; O,
MLIE; N E@; C. k. ATEMRER, EBT HEREF
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2021 F, EUIRGT MO DHBL KA RAR KRN & BAEKTEGHR T EEGY
[Ho"Ni"s(quinha)sF2(dfpy)10] (25, Hzquinha = quinaldichydroxamic acid, dfpy = 3, 5-difluoropyridine). 7EFC&
Y125 1, Ho"f T-[15-MCNi-5]¥F Py, FHirt Ho'l5 73 P % 5 NEAGERE F R ANfla) F iz, A
Dsh FLAL AR . 5 NP ERICHE IS sttt BCA S 5 > NiVES Fi%EH:, JERK[15-MCNi-5)3. 1F
0~2 kOe i3 il N I AMIESATE T R, 25 IIACTREAG 2T 50 K B IA B . B ELIRIAIIE N, VEEAE % N )
B R AN, AR AR R FE B8/ o E il X3, AN N A R RE 22 1 e T LA RN T, Uert A
825.1 K, 1o(1), Vil 3.3 (5)~3.6 (6) x 10°s, & HuIRIMITAE Fo4 FRIATH RBER2H K. XK
B, TEmEAN TRl AR R — AN — ) HOES 7= S0, Bbah, FLRTHE SRR, Holf A
5 MRS Z MR EEL T 825.1 K g2 . EMGRXI, BE2BEsMNntaN B mcg, JuEA
26.6 (1)% 32.7 (6) K, 70 (2)JEEI N 5.7 (1) x 10 £ 9.4 (2) x 10 s, iXEIR [ REk H TR B E &
AR 2 A AE B RS AR S I 8 B A8 R R BB R o XA IR IL G P2 T AR5 22, B4
H RS A RE S 2 [ EART QTM £, B4 I SOk B 722 e WA 1126 Orbach i 2 5 5. 48 FFTIR,
XG5 ) 5 1 4 B T P SRS A0 A B FH B 3L S5 AR AN & R B T A AR A 5 S I

3. &g

Ni'fE— 3% T B BRI 70 R S BUR R AR5 R ek, o 7RO S5 M 1) o, X ey i
SIE T AATHIDGER, P T PG E S I NAZ IR T A @I W45 Ni-Ln 55T RE A I
WL, FATEBLNT SMM PERER) LA B ZHE, a1 Ln'"E 1A% Rk Ni 55 L (8% & AR EAF
I3 Ni &7 B RO A5 e Hgar 70 AT 554, DR 3RATTJiE B4R S0 7T Ni-Ln By T REAR Bt 748 07 1.

EEAR, FAD B FREAR R TRRIEZAGS, A5 Ni-Ln B0 T HER RO FOIR S oA IR &, JF
HRE Ni-Ln FCEWERERM . 718, 87T REmBE R TS E (U 0. QTM)E il & F I HE
PRI G TS, IR R D) se s, HATSE R H 20l . h NI 7T R MUK S5 H, i Hops
PEFAREE, B HBTRHS2A 5% Ni-Ln (8T 70 32 ZAR Th FERAAA RORE A AT 9 ST & BRI 46 BORIX
SeUrI . BARCHUS TS E R, (A I A R AR AN RREAT ORI A RROTVEA
e, DA S R AME . B ST ) A e X ) A AN DB AL TR S B, An SR AT DA F
R, ARG X R AR B N 2 A S 4R T

e HE

VL5 7 AR RV 5 Sz B G138 11 2139 H (KYCX24_3546., SICX24_1995. SICX24 1992)% B, F§iE K
22 KT BRI UHE 4 B (KFIN2471. KFIN2437), 3 gl K220 Bl Aot .

SE ik
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