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Abstract

Single-molecule magnets are magnetic materials composed of individual molecules, which exhibit
exceptional magnetic properties at the nanoscale due to the unique molecular structures and quan-
tum effects. With the development of single-molecule magnets, neodymium single-molecule mag-
nets have gradually attracted widespread attention as an important class of magnetic materials.
Over the past few decades, numerous scholars have conducted in-depth research on neodymium
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single-molecule magnets, resulting in a series of significant advancements. Therefore, this paper
aims to provide a review of recent studies on representative neodymium single-molecule magnets,
with the aim of laying a foundation for the development of lanthanide single-molecule magnets.
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1. 518

O FREAR S — P A R R B TR UK R R . R — 2R A T AL R, LRy
PRIRE YRR 1] [2]. S8 MBEAE MBI, B FREAE N TR A 1) Rb—8/hT 3nm, HE&
AP AR, RERS AR ORIV B0 — 2t 2) 1 15 T, BT CUA RS @E R, 5T i,
A PR A o X7y il I 4 8 B 1 B B AL, A FRICA7 5 A LG A4 T A e RO 45460 [3] [4]
[5]c SMMs AR ATET, EATTAT DATESURILE N RO AT 2 AR AT Dy, s e 2 RO
Wi [6]. SMMs [IEZAT N 3 B2 BIBAE 1M 564 B0 0% m et E A REAE BRI 7] B+
W25 1) AP SRIR T2 1 N ISR L7 AR S RO 3 2 AR EAE R, 38001 B [ 8 R REVE R ) o T
FHEAER TR Z A SMMs ZRIRAH EAER, WA R EAT . G U4 T, SMMs A AR
TR AN, RIE S & BEIE I R AEAN R A 2 (R R AR 8] [9] [10]. PRy T-RIMATE(S BA74, &
T, BHER SN EE N Y S, FN, B TR, PTCARN T ARG R AE
TG bR R B [11]-[17].

SRIM, SMMs (LT A RRRIRAEVI IR THI G — Lo Bk, 5l e 4 va L T AU 3 R R IR e
B, 6T SMMs FIERNHIF TR R FHER RATH IR 2 M BT REF I TR 2 — o TR TREAR R Hh—2%
BB R TRER, R TR T A, FRE I A AT AR e 4k, LA A = R PR [18]

HAT, S FRARI A R EEPENA FH. &, @& 8RR LS &Y, Tadis
G5 R R SR S R RS M SR R . LUK, I I A EC A 2 TR IR ELVE AN AR S5 A, S BRI
REI R AR AL o IX RERIF F0 o S e PR R (A AR o) T RE AR B T kit

LR A TR IR Ay T RIAR I A ORI BRI Lo XA RO, WFR RS
AR RIS A R, VA FIFGEL9]. /KGR [20)FIAUK 2818 & O 555, RIS ECA 4 TRER . 53—
AN TE T 7] Rl 5853 T REAA B R AT AR S U EAT R 7 o I AR 5R, B U N R & A 22 0K
YA PR SR B o T [ 2R 0 B AR W LR 25 [21] [22] [23] [24], Mo EL B0 T REAR A REPE P B HEAT TR
NHFFTE . Rl ARSI I 0 ok SR (R Bl B 7y T REAREAT 2738, DA L B0 0y P REAA IR R i 338 —
JE [ BRI A 78 Al [25] .

2. BiEa s FHRENHRTER

HAT, CHGEREE Dy TR 1 s, ARSCOUEH b — 2] T BT Hid, IR ot AT
R, WS M SREEAT N Z T 5 AR
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EFEYE, TR
Table 1. The magnetic data of Nd SMMs
1 RS TR RIE
Complexes Hg. kOe Uerlcm ™t /s Ref.
LN
Li(DME)3[Nd(LY),] 1 14.6 55x10°  [18]
[(6-CgHg)Nd(179-CoHo)] [26]
[Nd"'(TTA)3(MeOH),]-0.5Az0-py 1 13.68 37x107  [27]
[Nd"'(TTA)s(MeOH),]-0.5Az0-py (heated) 1 18.96 85x10°  [27]
Cp,Nd(BPh,) 1 29 14x10°  [28]
[Nd"'(NO3)5(18-crown-6)] 1 23.2 16x10°  [29]
[Nd"(NOs3)5(1,10-diaza-18-crown-6)] 1 50.7 1.4x10%°  [29]
(n-Bu,N)[Nd(HL?),(DMS0)]-nH,0 1 24 10x10%  [30]
(n-Bu,N)[Nd(HFppa),(DMSO)]-nH,0 1 7 95%x107  [30]
[Nd(L3)3] (1) 0.1 2.8 42x10°  [31]
{[Nd(L*3(H;0),]-2CH,CN}, (2) 2 19 41x107  [32]
{[Nd(L®)2(CHsCOO)(H,0),1}x (3) 35 20 31x107  [32]
[NAL8(NO;),]PFg-MeCN (4) 1 23.6 1.1x10°%  [33]
[L°Nd(H20)s] [1]s-L"-(H,0) (5) 2 2723 898x10"  [34]
{[Nd(ant); s(DMF),]-(DMF)}, (6) 1 229  157x107  [35]
{[Nd"(pzdo)(H,0).] [Co"(CN)g]}-0.5(pzdo)-4H,0 (7) 1 35.56 45x10°  [36]
(NH,Me,)5{[Nd(M0,013)(DMF),]5(BTC),}-8DMF (8) 05 2365  4.69x10° [37]
[Nd(ntfa)s(EtOH),] (9) [38]
[Nd(ntfa)s(phen)] (10) 15 18 22x107  [38]
[Nd(ntfa)s(bipy)] (11) 15 31 1.0x10°  [38]
[Nd(ntfa)(5,5’-Me,bipy)] (12) [38]
[Nd(ntfa)s(4,4-Mt,bipy)] (13) 15 19 87x10°  [38]
[Nd"(H,0)3] [Ag(CN),]5 (14) 2 13.06 36x10°  [39]
[Nd"(H,0)3] [Au(CN),]5 (15) 2 1771 7.22x107  [39]
-3
{[Nd,(2,5-pzdc)s(H,0)4]-6H,0}, 2 35.4 25x10°  [40]
{[Nd,(CNCH,COO0)5(H;0)4]-2H,0}, (18) [41]
[Nd,(us-9-AC)4(9-AC),(bpy).] (19) 2 8.0 75%x10°  [42]
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Continued
=
[NdsClg(L®)5(0),ICI (20) - [43]
[Nd3(dbm)g(H,L®)3] - 3CH;0H [44]
[Nds(mptbc),]Cl-solv [45]
2%
Nd(W,0,,), | 1 51.4 355x1071°  [46]
[ ( 518 )2:|9
[Ndé”(,us-OH)z(L1O)4(L10H)2(DMF)Z(HZO)SJ (21) - - - [47]
[Nd';' (yS-OH)(,u3-772-F0rm)6(Form)z(NO3)2(BMPC)3(HZO)2] (22) 3 2.36 31x10%  [49]

L = bis(trimethylsilyl)cyclooctatetraenyl dianion; L? = N-(4-chlorophenyl)oxamic acid; HFppa = N-(4-fluorophenyl)
oxamicacid; L3 = trispyrazolylborate; L* = (N'E, N*E)-N*, N>-bis([2, 2’-bipyridin]-6-ylmethylene)ethane-1, 2-diamine; L®
= 2, 4-dinitrobenzoic acids; L® = 3,5--dinitrobenzoic acids; H,ant = 9, 10-anthracene-dicarboxylic acid; BMPC = (9E)
-N’-(1-(6-((E)-1-(5-(pyridine-2-yl)-1H-pyrazole-3-carboylimino)ethyl)pyridin-2-yl)-ethenamine)-3-(pyridine-2-yl)-1H-pyr
azole-5-carbohydrazide; BTC = 1,3,5-benzenetricarboxylate; L’ = 'BuPO(NH'Pr),; L® = N’-(2-carboxide-imidazole)
-[(2-hydroxy-3-methoxyphenyl)methylene]hydrazide; L° = bis(2-pyridinal)ethylenediamine; bpy = 2,2’-bipyridine; 2,
5-pzdc = 2, 5-pyrazinedicarboxylate dianion; pzdo = pyrazine-N,N’-dioxide; Htta = thenoyl(trifluoro)acetone; Azo-py =
4,40-azopyridine; ntfa = 4, 4, 4-trifluoro-1-(naphthalen-2-yl)butane-1, 3-dionate; phen = phenanthroline; Cp” = pentame-
thylcyclopentadienyl anione; bipy = 2, 2’-dipyridine; 5, 5’-Meshipy = 5, 50-dimethyl-2, 20-dipyridine; HsLX® =
N’-(2-hydroxybenzylidene)-3-(pyridin-2-yl)-1H-pyrazole-5-carbohydrazid.

2.1. BESREB S TRk

2012 4, Jeffrey D. Rinehart [31]55 AN4RGT T A f JGE B4 T HEAMAR NdTps (1)F1 UTps FIREYERT, $24t
T HE A HE R R RN 55 F 750 R A R R T RER 0 (B 1) BRARN RS T IR A BA% I
A VMBS HEYERT, R T eI ERT F . AT R IANRC &) UTps RG] LU L &4
NdTp; 18 X502 5 0] LUAE T8 R0 R 0 R0 A AR, XEEMERERSRE T TIEM Ry
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Figure 1. (a) Crystal structure of 1; (b) Plot of inverse temperature vs. the natural log of
the magnetic relaxation time
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2015 4 Amanpreet Kaur Jassal [32] 152 2.4 3 A Ak [ R ) Nd™ 884k &0 6 B T H{INd (12-LY)3(H20),]
-C,HsN}, (2)F[Nd(ua-LA)(LA)(CHCOO0)(H,0), ], (3)o MR 1 Heplhbh it o X PI/ME SR S8 1Rtk
R, FHNN R AL B TR . SRBRRI, Nl 2 1A AE T 55 5 AT U PR A A
P 7 1 R T A 3 255 B R P A 4 L o I8 HEAT T il CASSCF + RASSI i+ 5 (11 50 72,
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Figure 2. (a) The asymmetric unit of 2; (b) One dimensional structural diagram formed by complex 2; (c) In-phase (top) and
out-of-phase susceptibilities (bottom) of 2 (left) and 3 (right) applying an external dc magnetic field and frequencies from 1
Hz to 1488 Hz

2.(a) BLE&Y 2 IAXFRETT; (b) BLA&Y 2 FREH—4EHE; (0) 2 ()M 3 (B)HISEER( L) FE SR LR (T)HE
IRSNERER BAIAFNSTZR M 1 Hz #l| 1488 Hz

2016 4F, Hisami Wada [33]55 AW 9T & A WL AR I8 R (N BCE4, WL 2] Nd(11)A1 Dy (1) RS54
HA 5 S (0 500 TG AT (5 3)o [NAL(NO3),]PFeMeCN (4) X FLH 5 SMM 1T 4, H R34 2AE/kg =
36 (1) K, b= =43 (9) x 107 s. SEM AR FALL, B/NG I HFE Nd(TIR W8 318 Rt 75
% . SMMs K& BRI, A4 R E A To(LIFT Dy(111), A 28 Nd(11) A FERE ) SMMs . 755
) FC A7 AR AR B B -, A R AN A B, PR BRAR B - B At S O S A C AR AR i R AR
P 27K 3858 SMM HFAE, PROR 571 F far 28 (AR R 7 1 LU AE RS IR AR L sE v, SECERM A THEF .
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Figure 3. (a) Molecular structure of 4; (b) Arrhenius plot of 4 measured under an applied DC field of 1000 Oe
& 3. (a) EeAY) 4 M F45449; (b) 7E 1000 Oe MERIA T E 4 HFT{S B S ETE

2016 4, Sandeep K. Gupta [34158 N#RIE T — BRI &), FHXH A BRARAEEAT T (1 4).
Zm AR T A, SN R-EEAL ) Nd" Bl & 4-[LoNd(H,0)s] [1]a-La-(H20) (5), FH8 Al eih 4
RFAET SARGEH . A T A EFIAE A 2R 55 2 Fh U & 5 0 E A WIIHEVEREAT T . 45 R R
N, RS MAEZIRN B shs) /1%, RPGAERE TR MG, thih, @i sMnERpis sk
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Figure 4. (a) Molecular structure of 5; (b) Out-of-phase ( y,,) component of the frequency dependent ac susceptibility
measured in an oscillating ac field of 1 Oe and zero applied dc field for 1; inset: plot of the relaxation time z (logarithmic
scale) versus T * obtained, the solid blue line corresponds to the fitting of the Arrhenius law and the green line to the mul-
tiple relaxation pathway

E 4. (a) BEAY 5 B9 FE#; (b) 7E 1 Oe MHRSH 3 MIHFFHE NN B B 1% M 8 RO STER A L 3SR R ERD 1,
S8 EE: FSMNAIEETIE ¢ RIBHRE) T T ME; IS RT Arrhenius ERRIBE, FEEHNTSE
ShiRIRE

2016 4, Antonio J. Calahorro [35]55 N& R 172 T80 R B 1 FEHAK 9,10- R — HERER 8T 3D-
MOF KI5 (1E Yb I &5 T A 2D), {[Ln(ant).s(DMF),]-(DMF)}, (6), FFHEAT T kS RAE (K 5).
9,10- B4 — HIRIE AL 7E X M6 b Ay b e B R R RC A sk il U A . B AGAS, Nd®* . Gd®*. Dy™. Er**
YDA IR SR TR . N ARLR 01 B 3D MM Trifk, ISR B nin ik
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Figure 5. (a) Structure diagram of a group of symmetric units of complex 6; (b) The temperature dependent
ac Magnetic susceptibility imaginary part diagram of 6 under 1 kOe dc field

E 5. () BL&4 6 B—AXFRETTLEME; (b) 7£ 1 kOe ERIAT, ELAH 6 HIRE REI 3T RML
R EERE

2018 4, Szymon Chorazy [36]%5 \ & S FERAE T — 51 Nd(1)EE&47{[Nd" (pzdo) (H20).] [Co"(CN)e]}
-0.5(pzdo)-4H,0 (7), HEEHINAHL - TTHIRGEERGH(A 6). % Nd(N)AC &4 WoR B 4L 4RI
F BRI . TR N 75 TEHL[Co(CN)e]® B 7 A HLILmE-N, N - — S84 4h & T 1%
PhREE . BERZE R B — AN WM Nd-Co B 7855 — > pzdo MR Nd-Nd £ V428 8 . B 11 Nd
B A5 4 S5 7 HH T SR AT 2B AR (1) BRI DU 7 S B R TLART TR o X e Yo R A P AT RS, B B 4
A KA pzdo 43 FIE G 4 T M 4% o R ACTREVERT TR IR 78 1 Nd(I) B S B8 G TS, 082 21
WiE SNSRI SR . S TGRS IR TR, e T b IR R I AR . B TR R T —
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Figure 6. (a) The symmetric unit structure of compound 7; (b) Linear fitting in the temperature range of 4.8 K~6.2 K, ac-

cording to Arrhenius’ law, with the red line indicating the best fit to consider Aubach and Raman relaxation processes, and

quantum tunneling magnetization effects in the wider range of 1.8 K~6.2 K

6. (a) &Y 7 MIXFREETTLEEM; (b) £ 4.8 K~6.2 K RESEENMLZL NG, REMCESHERE, MAL%ER

REESEEEHREHKHMASHIFITE, MEBFREMUMBAEERZH 1.8 K~6.2 KEE

2018 4, Hai-Long Zhang [37]55% ARIEFT 1 —Flugi B = MR A 2 & Jm SR £ (POM) 5 AL P )5
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Figure 7. The schematic tailoring-reassembly of trigonal propeller-shaped: (a) Polyhedral representation of the parent
Lindqvist-type [MogO1s]*"; (b) The planar {Mo,} fragment obtained by tailoring the bilateral Mo = O groups of [M0gO10]* ;
(c) A cationic [Nd(DMF),]** segment is capped on one side of the planar {Mo,} fragment to form a {NdMoj} unit, which is
further bridged by BTC-3 ligands; (d), () Temperature dependence of out-of-phase ac susceptibility at 40 different ac fre-
quency under a 500 Oe dc field

7. ZARBREFRBREME R - EEFEE: (@) B4F Lindgvist B[MosO]* S EERT; (b) Bidig%E
[MogO1g]* BTN Mo = O EFIFR 1SR FEE{Mo K ; (c) [Nd(DMF), > FREF A B 5 EE{Mo,} K EXHEiER B {NdMo,}
g, Hif—$4 BTC-3 BLiRHHE; (d), () £ 500 Oe HRIAT, 40 MBI RIE FHESR R REE
KigE

2021 4F, Ramon Vicente [38]55 ABFFT T T1/1N¥ ) — LB & P [Nd(ntfa)s(EtOH),] (9). [Nd(ntfa)s(phen)]
(10). [Nd(ntfa)s(bipy)] (11)- [Nd(ntfa)s(Mebipy)] (12)FI[Nd(ntfa)s(Mtobipy)] (L) & AN AL, X EEft &
W3 H SR8 FORE PR SRR I BE (P 8) o B A 4,4,4- = 8- 1-(2-Z5 3L T il & T A R AS [+ () SO e .
WHHT AR BTHL T XL AR RE, RIILH = AN B E R DU B FREARAT R, A &5
PERERRE . il B AR UL i AT A i AN TG A B P OV B 1 I SRR R e #, IROK IS 58 1 TC A& e T o AN
AR A KT SR T, GRS T, BT 4f-4f BTl im B A B A rOLSUOeE R, S
B T 1R SRR A (R0 B o ASHIT 9045 VB 40 E T LRI 1) A RS e R R i 7 A 7R SR A/ T e
FE LT AN A S tHAEIEAS F A AR S AU T AE L o AR T B S ARt ThRe, BRI
M@ HEHIE AN ERAT R o FL S S MR 1 B X SR ATSH e R B T LA GIE AT T RAE.
RPRUL, XIS B TR G 2 IhRE MR I TR B TR, W RIS EAT A
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FEE, T

Figure 8. (a)~(e) Perspective view (left) and coordinate view (right) of complexes 9~13

8. (a)~(e)BL &4 9~13 HYIELE (Z) R AL AR [E(F)

2023 4£, Kunal Kumar [39]2 ABE5E T B8 WL Kramers B 1~ (E AR 32 Nd(HHT)FT Sm(IT) 4RI
AR AL I 44 (R AL R (] 9) - A& 422 A [Ln" (H,0)] [MI(CN),]5 (Ln"" = Nd; MI = Ag, Au) (14),
(15)iX Le 2 feos 1 Wit AR O RE, IF HBA MR N H I 77 M2 s i) Nd()F Sm(1) s+ A
A AN I RES ) S e, NA(I)ZR B 5555 ) e, 10 Sm(I)ZRILH 55 P i R (B 10). X
SeAp A YDE BRI S, HhE A Nd(I)RIHEZR SR ok Bt . XX s B R 8 TR = 4Efc i R &
VI 5 BT 0T R B 1B R AT A RUR G RE B BL T Re M B}, X SEM RIEEMS . St BiEd
TR T S AU A TR R

(@) QY Yy Yy ” (b)
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“ b Oa &
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Figure 9. (a) Representative curtailed crystal structure along the crystallographic a-axis reveals the coordi-

nation environment around the central Nd(I11)/Sm(lI)ions; (b) The view of the cyanido-bridged 3D crystal-

lographically packed structure along the ab-plane

I 9. (a) AERME a B RMMEBREERIER T 0 Nd()/Sm(1)EF B BB AIERE; (b)
A& ab FHEREENEN 3D RIFFHREHRINE
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Figure 10. AC magnetic properties of the NdAg and NdAu under Hy, = 2000 Oe and H,. = 3 Oe: frequency dependences of
the out-of-plane, (a) and (d) components of the compounds magnetic susceptibility for the measured temperatures shown in
the inset, the temperature dependence of relaxation times presented as Inz versus T plots (b) and (e) and the calculated
Kramer doublets (KDs) of Nd(l11) ions shown as a function of the magnetic moments (c) and (f)
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Figure 11. (a) Nd coordination environment; (b) %’*(T) at constant field H = 1.5 kOe at different temperatures;

(c) at constant temperature T = 2.0 K, at different applied fields
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Figure 12. (a) Structure diagram of the compound 19 and (b) Magnetization relaxation time of Nd compounds
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Figure 13. (a) ORTEP diagram for compound 20; (b) Variable temperature magnetic susceptibility
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Figure 14. (a) Molecular structure for compound 21; (b) DC Susceptibility of Complex 21 and
Three Models for Testing (Blue: Superexchange, Orange: ZFS Model, Green: ZFS + MFT)
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Figure 15. (a) Molecular structure of 22; (b) T vs T plot for the complex 22 (Ndg) from 5
K~300 K measured under an applied dc field of 0.5 T
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Figure 16. Crystal structure of 23 showing: (a) The butterfly-like orientation of the molecule;
(b) The molecular unit as a three blade propeller (green, yellow and blue coloured ligands)
structure; (c) Metallation to a single ligand molecule and (d) A basic Ndg core unit
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