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Abstract

Single-molecule magnets (SMMs) can show magnetic relaxation behavior at low temperatures,
which have a wide range of application prospects in quantum computing, high-density storage
materials and molecular spintronics, but their research is still in the theoretical research stage,
and there is still a certain distance from practical application. For more than two decades, re-
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searchers have synthesized a large number of complexes in order to construct high-performance
single-molecule magnets. Combined with the current research results, starting from the complexes
synthesized by different transition metal centers, this paper reviews the research progress of var-
ious single-molecule magnets in recent years, aiming to provide new ideas for the design and syn-
thesis of single-molecule magnets with high energy barriers.
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1993 4F Sessoli ZF4E 1 {MnpACHILEHI[L], %BCEYIAE D T/KT LRI T i@ e 5, Kk
PN MR Ay THEAR, B MITIF 7RO PRI IR T R IR RS E A GOR R I81
HEAAEI SR B R R, — S TR A B 7RG AR T TSN, X0 7 A
¥ BB FAEBROFER; 75— 75 80 7 A B R G AN TAE ST LRgBR ], AR
TP e 35 FEAE A AT R2] [3] [4] [5] BRo3 T HEAR BT L B M BOAR R, A2 M BLAT ST R # i [6] -

By TG BAT DR AR, REAEMRIR T RIS RAT Oy, B0 T HAAR R VI 5 iR A A% 1) 57
A B R T80 %, HF a4 U 2 ik R I0EEES B (A (S)M 1 K% 37 70 REESEU(D) LR B 1, 5%
FAAKIEN U = S|D| (BH E 1E)2(S? — 1/4) D] (S E A NE) [7]. BN T & s P RE ) s o T Hlifd, B
FENAWARR, Boba R T KRR BAT AR S, HATiw e s £26 5 3d TEER,
Feal &Ll Fe. Cov Mn. Ni S5& g DS TRIE, ASTRIR 4 TR T ARSI E 7L
B TR A ORI UL

2. B THHER
2.1. Mn [RFHIGE R 57 F ik

H M Sessoli #1125 —FI{Mn,ACY 5> THEA LU G, B A8 Ay B4k 826 B 2 SR I A -
T A0 A BOR R T 43 1 0 A 8 e 2530 T 189 0 3643 WA PO R 7R IX S8 2 IS A9 4 Min
MR &Y E %2, Christou %6 A[8] [91& K T 25 M Mn (IDA Mn (I)RAENEE S
[Mn5015(OH)2(N3)12(pdm)e(pdmH)g]Cly, BCEHI B A A 73 EX PRI S5 R (] 1), Ko &Y IAS G 2 A D H
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N S=51/2.
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AER(E 2), EILBTIE B 2 i RINEFFH Uer = 18 K, st ERIFA] 7= 5.7 x 10° %,
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Figure 1. Centrosymmetric core of the cation of [Mn,s05(OH),(N3)12(pdm)e(pdmH)s]ClI, (a) and out-of-phase
ac magnetic susceptibility ( xy, ) vs. T for complex [Mn,5014(OH)2(N3)12(pdm)g(pdmH)g]Cl, at the indicated ac
frequencies (b)
E 1. [Mnyg018(OH)a(N3)ia(pdm)s(pdmH)e]Cl, FAE FHI R L WM M iZ Q) A EN X RIME T,
[Mn5015(0H)2(N3)12(pdm)s(pdmH)]Cl, B EE ER 32 AR 1. 2 (b)
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Figure 2. The structure of the {Mng,} torus, excluding hydrogen atoms (a), and Arrhenius plot constructed by using a
combination of out-of-phaseAC susceptibility ( y;, ) data and DC magnetization decay data (b)
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Figure 3. The molecular structure of [Mn"';0,(Et-sa0)s(O,CPh(Me),),(EtOH)s] (a) and Arrhenius plot using ac
(green) and dc (red) data (b)

3. [Mn"'40,(Et-sa0)5(0,CPh(Me),),(EtOH)s]| IR (2), FIERFZR TR /B 2 HrE (b)
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2.2. Fe R FHIFB 2 5 THkdk

N IR R AR L R AR B RS TR AT N, BTSSR A TR IR T R SR . J R
Long HBA[14]7E 2010 4%, 4Rl B MM S M & B K &9 K[(TPAMS)Fe] (HstpaMes =
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AL, R X FREC AL 5 SAENRE P 5 T I AE M S B AR AR E R, R AR B S A R 22
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Figure 4. The molecular structure of
KI(TPAYES)Fe']
4. K[(TPAMES)Fe" By 254 B

N TSR, PR R SE TAE A 4 Fe 7, I S EC A 2 1 EC A EE R —1
WEPIK (crypt-222)][Fe(C(SiMes)s);] [15] (1 5). HEARMIRLALEFHAR 7Bk /e A h e sy, IEF2&
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AR 226 cm Yo X I T I 4R () 243 TR PR RRE 22 R R -
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Figure 5. Structure of the [Fe(C(SiMeS)S)Z]z anion (a) and components of theac. magnetic susceptibility
data collected for [K(crypt-222)][Fe'(C(SiMes)s),] under a zero applied dc (b)

B 5. [Fe(C(SiMes)s),], A FRIZEM(2), ETIMNEREE T A[K(crypt-222)][Fe'(C(SiMes)s), U
SRR R BUE(D)

2012 4F Joseph M.Z5 Al 45 7 — &5 Fe (1) A f &40[16], HAA &Y 1: Fe[N(SiMes)(Dipp)]l2»
fie &%) 2: Fe[C(SiMes)slos TE Fe(1)F 0¥ B 2R JLATEAR (B 6), RIL A 15 BIHIHE RUBE 2293 3N Uest
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Figure 6. Structures of the complexes 1 (a) and 2 (b)
6. BL&4 1 foLE(a), ELE4 2 B&EH(b)

IEAMIEFEFA A HE T =401 Fe B TR T B B0 FREAT NIEC &), S.Mossin [ BAE R4 & i)
T[(PNP)FeCly] (Kl 7) [17], ZECAMTE 80 K LA R S=3/2 2] S =5/2 ¥7%, 7F 10~1042 Hz &~ AT
FRARA LT 58 R4S Je 2 B ], FEasA R aliff) S = 312, ffﬁxE T IHIRES, ﬁniﬁﬁﬂe
(VE AL SE I (R S = 52 AR A —HUBME, 113 Uer =32~36 cm™, & Tl B fb 1M EIREF S5
D FT3 219 2 (U = 22 cm ™), SFRINHE] 7= 6 x 10° #).
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Figure 7. Molecular structure of complex [(PNP)FeCl,] (a) and Out-of-phase ac magnetic
susceptibility of 1 in zerofield as a function of temperature at frequencies from 10 Hz (black)
101042 Hz (blue). Insert: Arrhenius plot and linear fit of the maxima (b)

& 7. [(PNP)FeCl ]9 FHILHIE(a), F110~1042 Hz $i%E T, T T[(PNP)FeCl B &4
R EMRE T, BE: MeRSETEFMRKENZEINEE(D)

2.3. Co RF19HHY . 5 F Rk (5

Co JETIEM B/ TR R i+ EE R M6, JLFORFENIRIA T 4TIk K/ANFIXRAR
PRI . — I Co B FRiERD, mifaREIZ7E 2015 -4 B T [Co(IMes),][BPh,JEL &4[18] (/4 8),
XPEC ARSI BT H 3% N R I BOK K S IR R 12 (MRES 34T A, 3L Uer = 21.3 cm ™, St RIS /]
70=6.6 x 10 °s, HAA[G NHC Eiik Co(sIMes),][BPh A1 [Co(IAd),][BArF] IR XU EL AL &5 e & A Bom
X BB T REARAT N o IR XHX = ARG A0S R EL BRI M GR R B AN NHC V-1 2 8] ) 1 £ A0
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Figure 8. Structures of the cations [Co(IMes),]* of [Co(IMes),][BPh,]
& 8. BAESF[Co(IMes),] " HILE#4
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Figure 9. The Arrhenius plot in the high-temperature region under a staticapplied
field of 1000 Oe

9. 7£ 10000e ##7SHMNERLA T =nE X BRI 1E e ST E

KT )\ HARF R MM S FIIE IS A IR Z, Palii NG T M Co MELAY EtyN[Co(hfac)s]
(hfac = hexafluoroacetylacetonate) H: At 2215 # 14.3 cm * [20], JLF[F—4F S’witlicka-Olszewska #i& 7 —4>
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BT BN EA (K A Co B4 T AR [Co(dca),(bim) JRE PR 7t iR B 2204 5 13.81 em™ [21] (/4] 10). ik
Hh, XS NG T — R B 4R B AT RS [Co(ppad),], [22], HAERIAF 11.37em ™. FEAEHK T =
Y F- 1 i 4 9 [Co(bmzbc)y(1,2-etdio)], [23], fE£ L F] 116 cm™. —FH MK — 1 Co L&YW
{[Co(bmzbc),]-2DMF}, A2 A 8.7 cm ™" [24]. WFFLRMA, KB A/\HAK 4 Co IRL A HIRE 2 #EA T -

(b)

Figure 10. Crystal structure of compound Et;N[Co(hfac)] (a) Perspective view of the metal environment in [Co(dca),(bim),]
together with the atom numbering (b)

[ 10. L&) EtN[Co(hfac);]HI & H#£E#3(a) [Co(dca),(bim),]+ & BIFMERIE R E LUK R T4 (b)

5N TBIAE )52, VMR el B TR M B iR ik, 2017 4%, m5%A
WIE T = e & [25], [(IPr)CoNDmp] (1, Dmp = 2,6-dimesitylphenyl); [(cylPr)CoNDmp] (2)4ll
[(sIPr)CoNDmp] (3), RAMEMIAF M, 7E 1.5 kOe MAMINE TS T, LAY 1 A MAE2 A 317 em ™, &
Y12 k4308 cm™, MECAY) 3 HIRERIER] T 413 em ™t (& 11), XATHE T 240 1% 4 8 B0 TGRS R
22105

Figure 11. Molecular structure of complex 3
11. Be&4 3 M FLEH

BfE—42 )5, J. R. Long @A /E — & = 7 1L &4 Co(C(SiMe,ONaph)s), H K iR 55 1 1%
BRI T E[26]. fEiZEYF Co(I) B MBhE L = 3 150 7 HAa E KIS m =1,
AR A 15 2 ()45 R AE 2200 450 et Al T I I B0y T REAR A R e 22 il S (1 12).
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Figure 12. Molecular structure of Co(C(SiMe,ONaph)s),. The purple, gray, turquoise, red and yellow spheres represent Co,
C, Si, O and H atoms, respectively. Most of the hydrogen atoms have been omitted for clarity (a) and the variational temper-
ature molar susceptibility collected under a DC field multiplied by the temperature plot (b)

12. Co(C(SiMe,ONaph)s), B4 F45#, £, k. FNAR. AEFMEGIKASHNKE Co. C. Si. OFIHE
Fo. ATHEER, BB TAZHERET(), TRIERA FTHERMEILE®D)

2.4. HAbJR TR TRl

KT Ni R FRHSR R  F AR D, iR 19 B — 528 1 1 5800 T REARAT e — o i) &
Poulten Z57E 2013 4E{ I K2 L JLTAR[NI(6-Mes),]Br [27], # iz MBS THE R, T EIRM4E
FEPIELIRY) 2:1:2 2. X FIEUE R S ECT R RS R, BT B TR (SIM)
Th. A MAER2 N 11.8em

2015 4, Jozef Miklovic %5[28]E XHRIE 1 HAZ/NELAL Ni(1)2% &4 [Ni(pyde)(pydm)]-H.0, %4 &4
HAMRBERS R, A MAER Ug = 14 cm™. REFRIRMT RN, SRR e AEdE
R ) S [29],  AHBHR Y 2 L A AL 8 st R AT

2015 X34 N [3014RIE T PR L% Cr(IN LA PI[Cr(N(TMS),),(pY)2] (1) FI[Cr(N(TMS),),(THF),] (2) (&
13), IXRLEATAT 4 JE B 10 5 T [ O A U] A i OW 82 31 1) B0 40 T REARAT R+ ELE9 1 A
A2 Ugr=6.3cm Y, FLAY 2 A RAESR Ugr = 8.2 cm e M6 Cr Ji FRIIRIE IR, B Cr RS RA
*Cr, %Cr, *Cr, HRFERERIA 90.5%, HEAENE, UILBRATREE 75N 32 ATATAERE 40 (RI55 0 T B
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Figure 13. Molecular structures of 1 (a) and 2 (b)
13. FFHEMEE 1 (a), BLE4 2 (b)
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