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Fig. 2 Plot of potential energy versus magnetization direction for
a single [Mn12012(0:CR}16(H20)4] molecule in zero
applied magnetic field with a S = 10 ground state
There is an axial zero field splitting, characterized by
H = DS}? where D <0
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Fig.3 Hysteresis loops recorded for FesBr
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Table 1 Structure Types and Magnetic Properties of Large

Mn, (7 > 4) Manganese Clusters

compound structure ground state
n=5
[Mn"{Mn?® (sal) }s(OAc):(dmf)s] la
n=6
[ Mny "Mn.® (0:CPh} 10 (py):(MeCN }.] 2a 0
[ Mna "™Mn,® (Q2CPh) 1o (py)4] 2a 0
[ Mn, "™Mn.® (0:CPh} o(EtOH }4(H20) ] 2a 0
[ Mns "™™n,® (0:CBu'} 10 (py)+] 2a 0
[Mn,"Mn." (3, 2, 3-tet)s0s(OAc ) ]1°* 2b
n="7
[Mn "Mne® (trien }:(dien)20s(OAc)s]** 3a
[ Mn;"™Mn,® (OH }»Cls (hmp)s]** 3b =210
n=8
[ Mn2"Mne® 04 (0:CPh) 2 (Et:mal )-(H:0) ]~ 4a 3
n=9
[Mn"Mns® 04 (0,CPh}s(sal)a(Hsal)2(py}s) S5a 0
n=10
[ Mns "Mn.® Q4 (biphen . Xi2]*~ 6a 12
[ Mn2"Mns® O:Cls { (OCII2}:CMe }o] 6b
[ Mns®MneV Ous(tren)q)®* 6c
n=12
[Mns'Mn4NO|z(OAC)Ib(HZO)4] Ta 10
[ Mns®Mns" 0,2 (0:CPh} 1o(H20}4] Ta 9
[ Mn"Mn;"Mna" 012 (0:CPh) 16(H10) 4} - b 19/2
[ Mn "Mn; "Mns" 0:2(0:CEt) 1 (H20)4] - 7b 19/2
[Mn"Mn."Fes"012(0Ac) 15 (H.0)) Te

Abbreviations used: Hsal = salicycaldehyde; dmf = dimethylfor-
mamide; 3, 2, 3-tet=N, N’-bis(3-aminopropyl) ethane-1,

2-diamine; trien = triethylenetetraamine;  dien = diethylene-triam

-ine; hmp = 2-hydroxymethylpyridine; Et:mal = pentane-3, 3-dicarb-

oxylate; biphen = biphenoxide; tren = tris (2-aminoethyl) amine.

Mn:O EAEYEHNRE L, HFRELRZE Mn;0
FEgS TRk, BTRAEIHRARNAEREKR
BEEYHMEZERM, BT [Mn0(0.CR) ¢Li] *(z
=0, Mn", 2Mn"; z = +1,3Mn") (R = Me!*®!, PRl #
CCLM, MR &, L7 414) ot
?E'TE%oM[MH;O(O:CR)sLJ]I ﬂuéf& an, Bﬂ%_@
Mn.,, ZRI5ER Mn:,, Mns, Mn:,, Mns, Mno, Mny,
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Schemes of the structural types of manganese clusters with more
than four metal ions (del in 6b stands for delocalized)
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BFEAEN 43, S=19/2, BEHEWS, BERELST
A B (Mns"Fes" Mns™ 012(0:CMe) 16(H,0) 4] (7T
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Bl M R R BLA B Ar F REA
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METERMMEBER, MEBBREZY T HREE
RPREM, EREFARERSD, BEEBBRAENR
B, —RMER MEKRTEH M1, —REBELRTF
BREF N TE— X R MRERIBIBRE . B4 FREMK
., EFGE, EREBRKKN —XTRER B AIFEKRE, 1k
B ot B BE AR TR . B SMFHET, BER + M KRR
BB TS - M BRI AN, B4/ 6 FEFR
B, BER+ M5 - M+n(n=1,2, -, etc) FERAH
M, M AFRE, FRRHOBET ., XEEFINTIE
HRESBANFETREBRMERZE, MAF
ETHREBRSORB AR ZNE, HIEHKIAYH

TR TR B RN,

B®5IAEB S R4 T BAK R [FeisMO,0(OH) 50
(02CPh)20) "), FE W A 45 T H AR IR Mossbauer i
BIARIER, LA ARANERBRBEEE 7, XA
TR ERT K BIMENET N

BERS W EKKEE SMM A Fen-Fes
(1995 ) ERH [Feir(us-0) 4 (us-OH) 6 (112-OH) 10
(heidi)s(H20) 121 * Fl [Fes ( p3-0) 6 t3-OH) 6 ( p12-OH) 5
(heidi) w(H:0) 2]+ 3G G, —FE W EHWRAERL, Fen
BB B4 55 [NaFes( u2-OMe) 12(dbm) ] Cl 4H
M, AR T —/ Na, & BIE S=33/2(F81H), &
Uit R ARBRKHES  HREAESR EE5EH
SR, MEHE g HEMT -S4 15
A, ABHMEXLXESYTERTHERRE
M,

HE—H PR B, B Himetheidi #1 Hsetheidi
% Hiheidi, {# Fe.; # Fes BEA B, BET S=
35/2 B Fewo PEE XEEMIEK, FRZMEEHEEK,
HEAHEAE AW, MTFRRESWENERER
Fij et

4 HRWMRE

HHEAREEYHHRECREH EAZRNE
M. BHERAfER FRIBWERBTEMEKERSA
RAJLE, BHEFRROERRM ., 5 Mn, Fe
Al BRI SUNBEEHTTHR, LEE
B {0 2 W 8 Y 25 M B9 [ V.0:(0.CEt) L2 ]*(L = bpy or
pic, z=1, -1), BIELHIZMEIARN ETRXE
BE BRI M, BT LUACH 2 B4 FREMR (70, 1998 4F
M CrO &M T & BIES F [Cr02(0:.CMe) 1 (bpy) 2]
(C10s) ",

EFEFHESOERRN, ERKNERZR
ARE, X Mn. WBIFERE, FHEERRM#EED
AN K, ENBRGEMAEEAFRERERY
Mn,, BIXXE R E,

TS+ KRR R E T T
5, ZHSM KVI[C" (CN)6].H.0 B B BE S
iE 373K, BE &R [Cr" {(CN) Ni(tetren) } 6] (CIO) s
(tetren = tetraethylenepentamine) = Cr™ B iE 3/2,
|BN"BRE S=1, FiEBRETT, LB S=
1572, RRAHHERESYE B S Fo

BERESEHFHAZT [Mn"{Mn"(EOH);)};
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(u-CN) 3 (WY (CN)»}6] * 12EtOH, H - ju4> Mnlfy
AIE S=45/2, AT WYMALE S=6/2, Mn'-WY
ZRGES CN RGBS, B A $S=39/2,
XRYNEZIAMARER KNS FRED.
BEAZE, 54 RERIBTEULEHY
[Mn!{Mn"(MeOH):}s(u-CN)s[Mo Y (CN)}s}s] -
5MeOH - 2H,0, BT Mn'-Mo" Z [a):fi it CN #F &k #4
B, BREEHERE S1/207, xedkaiEER
FE#FE 30 ~ SOK, T 8 T 48 K f IR L8 Mn-O #E 5
BREHHLE < 10K,
JLEMEREAGRT M BANERELRE
£k (NHe) 2[ {VO(H:0) } 6 {Mo(u-H:0) 2 #-OH) Mo} 5
{Mois(MoNQ) **20s(H20) 2} 5] * 65H;0, 1 Nas
(NH4) 12[ {Fe ™ (Hz0) 2} 6{Mo(u-H:0) 2(u-OH) Mo}
(Mo"i5s (MoNO)?*,0ss(H20)2}5] * 76H,0!, 7EiX &
HEPHPERRERS AT ERBEFHRE 1219 (O
PMABEEEFFASNS Mo (V) BEMH 7, BHEFESE
HPER/PNESYEERARE TXMHSFRE
ZELITPMEARSFENEEY. XX THEKR
HEEER SR — R ERERRKE,
BHEILRSFREKCATAMME, CFEHRE
FIREYE, BB ERWES QIEM, BR EHHEER
B, THEHYREE ., EMRAKESYN, k¥4 T
FEMAL, FHESHRAFEMB S PR
AK 15 B 757 B o B4 B HE¥ (Spintronics) 1 B g
B 7% (Spinelectronics) XK EX R K~ X, B

SRRTYHEAMEB N’ —LEE, VEEDR
AKKE R BRGE R R,
2 ¥ X W
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Single-Molecular Magnets

WANG Tian-Wei LIN Xiao-Ju WEI Ji-Zong HUANG Hui YOU Xiao-Zeng*
(Institute of Coordination Chemistry, State Key Laboratery of Coordination Chemistry, Nanjing University, Nanjing 210093)

Many polynuclear clusters with nano-scale have high spins ( S) in the ground states, which have large mag-
neto-anisotropy and zero-field splitting. They could be magnetized by external magnetic fields and hold this state
while below a critical temperature. These compounds are called single-molecular magnets (SMM), whose be-
haviours are similar to those of bulk magnets. The most important of these properties are slow relaxation and
quantum tunneling. The research on nano cluster is important not only for fundamental point of view but also for
their application. The synthesis of clusters comprising mixed-valent transition-metal ions and organic ligards, for
example, [Mni:0:2(0.CMe)16(H20)4], has been attempted with the aim to get new SMM for about ten years. Some
other types of SMM such as some cyanide-bridge clusters have also been found recently.

SMM is a novel area which is involved in several frontier sciences including synthetic chemistry, advanced
material and condensate-state physics, etc. The main properties, functions, physical methods, and prospect on
SMM are briefly introduced with the emphasis on two typical clusters of Mn and Fe. For achieve the goal of ap-
plication, we need to search new class of SMM in the future which have higher magnetization and can be use at room

temperature.

Keywords: single-molecular magnets cluster nanomaterial information material

quantum tunneling
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