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Abstract

Since the first {Mniz2Ac} single molecule magnet (SMMs) is reported, the study of high nuclear Mn-
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containing SMMs has aroused great interest, and has become a research hotspot in mesoscopic
physics, magnetism, nanomaterials and other fields. Mn-Ln heterometallic monomolecular magnets,
because the system contains two metal ions with different properties, exhibit different coordination
characteristics. For the same ligand, there is often competitive coordination, and the reaction is of-
ten more complex than that of homonuclear monomolecular magnets. Thus, compared with homo-
nuclear monomolecular magnets, Mn-Ln heterometallic monomolecular magnets have relatively
few reports. Therefore, this paper reviews the typical Mn-Ln SMMs in recent years, in order to lay a
certain foundation for the development of 3d-4f SMMs.
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1. 5]

Mn P E A KERRI BT, AR ZRHAMLES. 75 M s, N0 F3uE
BFEIUAN T M =AET I b PUE, MM TALT e BUE, P AEmEES, AT RS MG
BUFHIE A . JEH, 4 M M ZE [ —BC S SRR, SRR B BTG R T
H{MNLACHI IR AN A IRIEC G [1], FRRII& G R 7 AT BE, KEREEEY)
B EG G0{Mngs} [2]. {Mnso} [31%5. AT A H EREASE RGN, #ETERE IR A T

2008 4 Eliseo Ruiz &5 [41% PAAN{Mne}C & 4 HOREAH ELAE F St % v S VEREAT T 0F9T, A ST 45 SRR
T2 ) S MR B RN R B YOE T B SERS G BIBR T, ANRRIEIE R4k B e RS AE B A5 I e 1 O/ ke
il B ) E RS ASEAR B 13 S AN BE RN 3645 . BRGS0 e R A A A 5 BRI AR & P
Fa S BRI, ERECA P R R LA T 0 1 A BRI K I % 1 5 P P s - 5 1 A 4 B R SR i
SRR EE ISR . HlTH L8 4f B4 52 5 5s Al 5p LT IR, (2 E R 21 02 1]
(AR EAE R4S, 1 B B T R S AFAERGAL R B T RE N, TS 300 % ) e e R 22 B AIK, 1
X TR B R R L A R — SR BRI . DRLICER R G A S T R T R AL
SR A re 1 % ) S M i 22— LR W L R T A AT 9 v R AR ke 1) SRR A ) R

AR, BRI ERL A, SIS ARESEA RS R LT, TR TR
MErERE. — 7, BT IIEESRE S FRACHAERRGR, 5T, ML mm E RS A KR
S, il 3d-4f FE&BEAWEA R T RSB SN, Rt — R85 =R 3d-4f SMMs #i 4k
TE[5][6]. HA, MnEiFHEaRERREN BT, FHAERFZAREMNE, Kk Mn-Ln SMMs H T3
I e PRI U AT S 2 B T R FAT) 2 RE .
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HAT, CHRIERE - MR 7Rk R 1 s, R SC0GEH b — 241 7Tk, JFR4E A
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Table 1. The magnetic data of Mn-Ln SMMs
1 - BRSO FHAREE IR

Complexes Hac/kOe Ueri/K 70/s vimT/s Te/K Ref.
[Mn''Dy(H.L 1¥)(NOs)s](CHzOH)2 1 12.98 2.33x 107 [7]
[DyMn(opch)2(OAC)(MeOH)(H:0)z] 1 o o [8]
[Mn'"La(dpm)a(MeO)2(MeOH):] 4 15.0 40x10°% [9]
[Mn"'Pr(dpm)s(MeO)2(MeOH):] 4 8.2 41x107 [9]
[Mn'""Eu(dpm)a(MeO)2(MeOH):] 2 13.0 3.6x1078 [9]
(OEIIIMC R A OUHONY ) gy szt (o
[ThaMn(C7Hs02)g] (1) 0 18.79 (4) 2.56 x 10°8 [11]
[Dy2Mn(CrHs02)e] (2) 0 oaw) 2900, [11]
TBA2[MnaDyz(teaH)a(Na)17] (3) 0 438 1.47 x 10710 [12]
[Th2Mn(QCl)s]-CHCls (4) 0 203 (6) 37x10°8 [13]
[Dy2Mn(QCl)s]-CHCl (5) 0 44.5 (1) 1.06 x 1079 [13]
[Mn2Dy2(LH)a(i-OAC)2] (NO3)2-2CH3OH-3H:0 (6) 0 24.0 8.30 x 10°9 [14]
[MnzThz(LH)a(u-OAC)2] (NOs)2-2H20-2CH:OH-EO (7) 0 483 1.63x 1078 [14]
[Mn"'2Nd2(bdea)2(bdeaH)2(piv)6]-2MeCN 0 10.0 1.4 %107 [15]
Emzrg)z;gbz(hmp)e(N03)4(CH30H)2][Mn”szz(hmp)e(N03)4 05 3.84 6.43 x 107 [16]
£|(\|/|_|I’21'(')2)|2]y2(hmp)6(NO3)4(CH3OH)2][Mn”szz(hmp)e(NO3) 05 386 1.24 % 10°6 [16]
[Dy2Mn2(L5)a(NOs)2(DMF)2] 0 11 1x10°8 [17]
[Mn"2Dy(u3-OH)z(p-Me-PhCO2)s(L7)z] 0 19.32 5.64 x 1078 [18]
[Mn"2Dy(u3-0)2(02C'Bu)1o] [EtsNH]2 0 29 46x10° [19]
[LDyMn'V304(OAc)3(DMF)2][OTT] ° 2! 213107 [20]

0.8 32 1.77 x 1078

[Mn";Dys(L3H)4(NO3)(HOCH3)]C104-NO3 2 13 5x 1076 [21]
[Mn"4Dy(HL")4{(py)2CO2}Clz](OH) 0.8 7.9 4.67 x 10 [22]
[MnzDy(HL")2(hmp)2(CH3CO0)2Ns]n-H20 15 9.6 5.8(5) x10°8 [22]
[Mn"603(sa0)s(OCHs)sLaz(CHsOH)a(H20)] (8) 0 3258 5.8 x 10710 07 18 [23]
[Mn"603(sa0)s(OCH3)s Th2(CH30H)a(H20)] (9) 0 103 1.6 x 10710 07 45 [23]
H\ﬂ\)/lez;]z[Mn"'zDyz(tmp)z(OzCMe3)4(N03)4]-2MeCNvO.5 0 15 331 x 107 [24]
[MnaTh202(02CBut)s(edteH2)2(NO3)2] 0 203 1.4 x 1071 35 09 [25]
[Mn"2Mn"2Thz2(pa-O)2(edteH2)2(benz)s]-2MeCN 0 212 4.0x10° [26]
[MN"2Mn"';Tha(pa-O)2(edteHz)2(piv)s(NOs)z]-4MeCN 0 20.9 5.7 x 107 [26]
[Mn'"2Mn""2Th2(sa-O)2(edteHz2)2(piv)s]-4MeCN 0 19.9 1.3x10°° [26]
[Mn4Dy2(L1?)4(CH30)2(H20)6Cle][CI]-2H20 0 15 [27]
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E\Z/In Mn":Dya(mosao)2(mosaoH)4(piv)a(N-mdea)a]-x 0 9.27 737 x 106 28]

eCN

il i . )

[Mn!"™Mn"Y 4(mosao)2(mosaoH)a(piv)4(N-mdea)4]-x 0 13.83 350 x 107 [28]
MeCN
[Gd2MnsO3(OMe)a(Et-sao)s(acac)2(MeOH)4]-0.7MeCN (10) 0 24 1.7x10° [29]
[Tb2MnsO3(OMe)s(Me-sao)s(acac)2(MeOH)s(EtOH)]-0.5 0 6 [29]
H20 (11)
[MnsTba(O)s(mdea)2(mdeaH)2(Piv)s(NO3z)a(H20)2]-2 0 33 45 x 109 [30]
MeCN
{VIMnsDy4(O)s(mdea)z(mdeaH)z(Piv)e(N03)4(HzO)z]-2 0 38.6 3.0 x 10 5 19 [30]

eCN
[MnsY 4(0)s(mdea)2(mdeaH)2(Piv)s(NO3)a(H20)2]-2MeCN 4.5 20.2 2.6x1078 [30]
[Mn"4Tha(OH)a(C4)4(NOs)a(DMF)s(H20)s](OH)2 0 3.0 1x107 [31]
[Mn"4Dy4(OH)4(C4)4(NO3)2(DMF)s(H20)e] (OH)2 0 5.0 3x10°® [31]
[Mn4Dya("Bu-dea)s(us-HCOO)4(u-OMe)4(u-O2CEt)4 7
(02CE)a(MeOH)u] 0 12 3.5x10 140 0.5 [32]
[MnsSma("Bu-dea)s(us-HCOO)s(u-OMe)a(u-O2CEt)a 8
(O2CEt)s(MeOH)q] 2 5 4.9x10 [33]
[n-PrNHzJs[MnsLaOs(OMe)s(SALO)s(SALOH)3] 0 6 6x 107 [34]
[n-PrNHzJs[MnsThO3(OMe)s(SALO)s(SALOH):] 0 2 2x10° [34]
[n-PrNH2]3[MnsDyO3(OMe)3(SALO)s(SALOH)s] 0 1.3 6x 101! [34]
[MngTh202(0OH)2{(py)2CO2}4(teaH)s(CH3COO)s]-6 -
CH.CN 2150 0 18.97 1.71x 10 [35]
[Mn"sMnVTbs(0)a(OH)a(OMe)2(bemp)2(OAC)10(NOs)s] 0 17.76 4.76 x 10°8 [36]
[Mn"'sMn''2Ho(O)s(OH)(piv)1s (NO3)(CH3CN)]-2 "
CHLCNL0 S 0 6.0 8.6 x 10 140 1.0 [37]
[Dy2Mn1008(02CPh)10(hmp)s(NO3)4] 0 30 6 x 10710 140 1.6 [38]
[Ho2Mn1008(02CPh)10(hmp)s(NO3)4] 0 41 3x107%2 [38]
[Tb2Mn1008(02CPh)10(hmp)s(NO3)4] 0 42 [38]
[DysMngOs(O2CPh)1s(dmhmp)4] 0 17.2 9(2)x10°® 140 1.6 [39]
[MneDy2(is-OH)a(11a-0)(AC)a(H20)2(R-LE)e]-NOs-OH 0 14.85 2.38x 107 [39]
[Mn1GdOs(02CPh)15(02CH)(NOs)(HO:CPh)] 0 16.0 2.4 x 10712 8 0.7 [40]
[Mn"'eMn"2Gda(uea-O)7(ue3-O) (1es-OH)2(piv) 106 12
(02CC4H30)6.4(NO3)2(OH2)]3-13CH3CN-3H20 0 184 2x10 [41]
[Mn'"'9Mn'12Gd2(0)8(OH)2(piv)10.6(fca)s.s(NO3)2(H20)]-13 12
CHICR L0 0 18.4 2% 10 [42]
I[vl\l/leré;1NDy408(OH)e(OMe)2(02CPh)16(N03)5(H20)3]~15 0 9.3 4% 10 35 1 [43]
[Mn1oDys(R/S-L8)s(L%)2(Ac)12(us-0)(ua-O)6(u3-OH)s
(12-H20)2][MneDy2(R/S-L8)6(L%)2(Ac)2(us-O)2(uz-OH)2 0 25.1 2.0x1078 [44]
(H20)2]
[Dy10Mn'"'aMn"204(OH)12(OAC) 16(L9)a(HL)2(EtOH)s 0 11.38 1.99 x 107 [45]
[DysMn1207(OH)10(OAC)14(Mpea)s]- 20H0-4MeOH (12) 0 35.1 (5) 1.00 x 10°8 [46]
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E][-)g}/)eMn1209(0H)a(OAC)lo(mpea)a(mp)z(MeOH)z(HzO)z] 0 18.2 (5) 302 x 10°8 [46]
[TbeMn1207(OH)10(OAC)14(mpea)s]-13H20-7MeOH 0 36.6 (7) 452 x 1010 [47]
[ThsMn1209(OH)s(OAC)10(mpea)s(mp)2(MeOH)2(H20)] 0 19.6 (14) 2.04x 1078 [47]
[Mn"'12Mn"eDy (12a-O)s(uz-Cl)e. 5(13-N3)1.5(HL2)12(MeOH)s] 2 05 [48]
[Mn21DyO20(OH)2(Bu'CO2)20(HCO2)4(NO3)3(H20)7] (14) 0 74 2.0x10712 70 3 [49]
[Mn21GdO20(OH)2(ButCO2)20(HCO2)4(NO3)3(H20)7] 0 27.6 5.0x 10712 [49]
[Mn26Dys016(OH)12(02CCHMez)42] (15) 0 46 [50]

sa0O = Salicylaldoxime; Hmp = 2-hydroxy-5-methyl-isophthalaldehyde; Hompea = 2-hydroxy-3-((2-hydroxy-ethylimino)
methyl)-5-methylbenzaldehyde); HsL! = 2,2°-(2-hydroxy-3-methoxy-5-methylbenzylazanediyl)diethanol; C7HeO2 = salicylic
aldehyde; TBA = Tetrabutylammonium; Hstea = triethanolamine; HQCI = 5-chloro-8-hydroxyquinoline; O2CPh = benzoic
acid; Hstmp = Trimethylol; Homdea = N-methyldiethanolamine; HPiv = pivalic acid; Hzbdea = N-Butyldiethanolamine; HsL2
= 2,6-bis-(hydroxymethyl)-4-methylphenol; Hsbemp = 2,6-bis[N-(2-hydroxyethyl)iminomethyl]-4-methylphenol; C4 =
calix[4]arene; "Bu-deaH2 = N-"Butyldiethanolamine; C4H3OCOOH = 2-furan-carboxylic acid; Hsedte = N,N,N’,N’-tetrakis
(2-hydroxyethyl)ethylenediamine; Hal3 = (E)-2,2’-(2-hydroxy-3-((2-hydroxyphenylimino)methyl)-5-methylbenzylazanediy!l)
-diethanol; Hzmosao = 3-Methyloxysalicylaldoxime; H2SALO = 3,5-di-tert-butylsalicylic acid; HsL* = 1,3,5-tris(2-di(2’-
pyridyl)hydroxymethylphenyl) benzene; HOTf = trifluoromethanesulfonate; Hhmp = 2-(hydroxymethyl)pyridine; (py)2CO2H2
= the gem-diol form of di-2-pyridyl ketone; H2L5 = (E)-2-ethoxy-6-(((2-hydroxyphenyl)imino)methyl)phenol; Hdpm = 2,2,6,6-
tetramethyl-3,5-heptanodione; fcaH = 2-furan-carboxylic acid; R-H.L® = (R)-2-[(2-hydroxy-1-phenylethylimino)methyl]-5-
methoxy-phenol; dmhmpH = 2-(pyridine-2-yl)propan-2-ol; Hzopch = (E)-N’-(2-hyborxy-3-methoxybenzylidene)pyrazine-2-
carbohydrazide; HoL” = 2,2’-((pyridin-2-ylmethyl)azanediyl)bis(ethan-1-ol); Ac = acetic acid, HzL® = (R/S)-2-(((1-hydroxybutan-
2-yl)imino)methyl)-5-methoxyphenol; HL® = 2-hydroxy-4-methoxybenzaldehyde; H2L'° = 4-bromo-2-[(2-hydroxypro-
pylimino)methyl]phenol; HsL' = N,N’,N’’,N’*"-tetra(2-hydroxy-3-methoxy-5-methylbenzyl)-1,4,7,10-tetraazacyclododecane;
L2 = ditopic carbohydrazone ligand.

2015 4, JHEMELLRIE T R =R ERBECA Y Ln2Mn(C7HsO2)s (Ln = Tb (1), Dy (2), C/HeO2
= IKEE). XL AW — ML M 28 Mn-Ln SMM 5261, X 3 A48 B it 6 A4
IKBEBCAA LK) 6 A po-TBR R T34, TER[DyMn(ua-0O)s]* 1% (1 1(a)). EWBALRIREN, FA
Vi 1 R0 2 TEAMINHEIA N ZE NGO, L SIZ R 0 S I R 1 26 350 R B0 H e e U P R R AR B . % T
1 F0 2 R X Debye BERAUAIFH 2 1 o ZHEUEM X R, 2 RIVH W E M IEE, XATReL T Dy™
BT IR AT A DYy 5 M B F 2 MRS . fERGEIRE T, A DY BT S st R R,
BHRREL N 92.4 (2) K, AR 5.37 x 108 s. ERARIRAE T, BT Dy 1 Mn Z [A1477E 55 I A1
F, Bl R AR, o (VIS ORI A m e, TESE T RS G 1 A1 2 fE R H i F A2 Hish 4
TN, HaemE#H2eh 154 (4) K (& 1(b)).

(b

—— Arrhenius fit
U, (FR) =92.4(2) K|
U, (SR) =15.4(4) K

In(z/s)
|

00 01 02 03 04 05 06
T7'/K™

Figure 1. The molecular structure (a) and In(z) versus T2 plot under zero-dc field (b) for 2. The solid line
is fitted with the Arrhenius law
1.2 B99> FLEH () FBE LSt FRET (8] In()AB3TTF T B9 (b). SLEERIBITINA Arrhenius EREEE]
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2017 4 Powell Z5[12] 45 B T —Fi & B & E W IR AP TBA[MniDy(teaH)s(N3)12] (3, TBA= 4T
Bz, teaHs= — L), ZEC AW — A0 BRI B 287 AE[Mn'"Dy(teaH ) a(-Ns)2(Ns)10]> FHH 4>
VB M Aur AT ) DY T 36 o T4 . 7E45H0 b, A Dy™ 5L TR teaH? TR RLAL, K Dyl 5
Mnl. MnlA fl Mn2 &g K. b, SEADIICIRER: Dyl f1 MnlA 55, T & HRIER+
OXFFRPE, TR T IR I{MnDy} A% . HRSFMYEAES 4 A Mn BSFEAL, {8 Mnl A Mn2
B0 i) S )\ T A AR AN Y 5 AR TC A A Y, TG Dy U R B S Yy SR REE A A B (] 2). iR
EY 3 RS A 2 TN IR BRI (AR A AT v, A I B AR . R SRR A AT
&, BRAMEER N 43.8 K, BRI T 108 1.47 x 10%s, Cole-Cole & &Rt 3 HAEAEAIE—A st it
2, 253 ¥R IE—/ohigid e,

Figure 2. The molecular structure of 3

E 2. 32 T4

2022 4, Keith S. MAE[13HRIE T — R =L AP [Ln2Mn(QCl)s] (HQCI = 5-5(-8-ME kg fE; Ln =
Th(4); Dy (5); Er. fERLEY) 4. 5 F[ERMN(QCHs]H, =487 R4S, WARIRK Ln'" 57
W = AMRRER 5 0 M Mn B HE. 76 8 A QCIERAH, BIANML FELAP 1 Wi, 7F HAXS La'
BSPAHE . AR 6 ANEARER: Ln" R Mn B, S50 Mn B AL I\ FCAZ IR SR (15 3(a)). Fiér
Y1 4. 5 FI[Er,Mn(QCI)s]7E 1.8~10 K 7 il N HEAT A Wi AL 2K . FER BRI T, 5 R B B RSk
s, HRIMHEHA TR, PGl IR T S5EE LN QTM. EEMNREEE N, Intvs
T8 REL T RS, RIS Arrhenius 2, 153 5 B ALY 445 K (] 3(b)). S5
AW 5 AL, BLAW 4 B EHL2EK, N 203K, THEAI[ERMN(QCH]BA BT #1155 .

01 02 03 04 05 06
T'/K!
Figure 3. The molecular structure of 4 (a) and plot of In(z) vs T2 for 5 (Black dots) (b). The red line is fitted

using an Orbach-only mechanism of relaxation
[ 3.4 K5 FEEHIE ()R 5 BY In(2) vs T L BIZL(FBR) (b). L%k2 R Orbach shi&HLHIUEHY
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2013 4, Chandrasekhar #f 5T 41[14] B D) & B 1 — 61 DY #% BC & 4 [MnaLna(HLY)a(u-OAc)]
(NO3)2-2CH30H-3H,0 (Ln =Dy (6), Th(7), HslL!=2,2’-(2-$2%£-3 HI 4 JE-5- LA IE 38 — 2. 8%) . 7£ Ln"
M 28], B PR REURZ A HaL Y RIS AR B 10 A L 3@ AN ek 1 48U 7 AH L
B, TRREAESERN T, R ERIER R E 2% 4(). ESTEENR, 6 17 RILE
W IRAT A, 6+ 7 IS IRIL RN Lnd 1) my S0 36 ¢, 1 HAE— @ fEE FH323] 7 Jahn-
Teller BAE Mn3*rf o B 4% 18] FPE ARSI . 1T Mn-Ln-Ln-Mn 285 238, L35 5 (0% 7 3 A A1 Mn3
PR Jahn-Teller il R AEIL LR R, FRAK T A 2BE 22 (14 4(D)).

b) 1072
(b) 1074 L o°
o
10734 ooo
2 o°
E 104
= 107 o&séfp
10754
o 7
1 0*6 ' : Arrehenius
0.0 0.2 0.4 0.6
T'/K™!

Figure 4. The molecular structure (a) and Magnetization relaxation time In(z) vs T2 plot (b) for 7 (red dots).
The blue solid line is fitting curve with the Arrhenius law
4.7 (A R)K S FEHE ()M In(o) vs T EI(b). HEEELLRIED Arrhenius E RIS 5

2011 4F, Stefanie Dehnen Z5[23] I & ik T & {Mn"'s0sLnz} (Ln = La (8), Tb(9))#. 7t ) Mn-Ln SMM.
EZRAEDF, 64 M B Tl KBS 5 FC AR R 1a-O AFAH HLIERE, TGRS . 4, X6 4
Mn'" B 7 22 g Ln-Ln Bl DUE R 77 RHE (] 5(a)). 52 BURI{MN " sOsLn ML IE & W HE HL[36],  BC AR
R aAE 8 A1 9 PN I B 2 28 S5 6 4> M B 7 (1) Jahn-Teller % (0 JEIL R B A1, (R, 8 A1 9 FHLHIL
F-5E M Co X FREE M, BRHIRSS T B TR TR, HERRE, BT To" 57 EA MR % m 5
P, O B RS RIAF T 103 K (4 5(b)) [13]-

(a)

(®) 10
10" 4
10° 1
10714
10724
10734
10744

Figure 5. The molecular structure (a) and magnetization relaxation time zvs T-* plot for 8 (violet dots) and 9 (red dots)
in zero dc-field (b). The blue solid line is fitting curve with the Arrhenius law

Bl 5. BLAY 8 # 9 B9 TEEHI() TR (L3t 78R8 cvs TLEI(b). $K5m: 8; 41: 9. BE BB SLEAIEIT Arrhenius
ERSR LG EhLE
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2011 4£, Euan K. B. [29]F] FH /K% 1510742 Bid i (R-saoH2, R = Me, EY) I A& K T /S i # AT 3d-4f
B & {Mn'sLn",} (Ln = Gd (10), La, Th(11). FCA4) 10 FI{Mn"sLa'} 4 J& H 2L i 6 4> Mn"' 41 R 1)
P NI AER, TR SA —4 L Ln" @it 3 4 1a-O Al 4 4 ps-MeO#FEER] M |, T
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Figure 6. The molecular structure of 10 (a) and plot of the out-of-phase (ym") ac susceptibility for 10 (top) and 11 (bottom)
measured at the indicated temperatures and frequencies (b)
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