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ᵝ  

 

ᴂ B202&L424 

wangxy66@nju.edu.cn 

2013̇ 11̇ 27 

א ∆ 



Ӏ  

üב Ѓⅎ Є  

ü ҅ ἥ 

ü ῗ  

ü ֙ Ί װ  

ü ԋ Ї
Ї ָ֙ Ҙ  

 
ñFew subjects in Science are more difficult 

to understand than magnetismò 
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ԅ ѿҩ ᵣ̆
ғ ԅ ᵬ Ȃ 

 

5. 1819 Ørsted ֟ Ȃ 

 

6. 1831 Michael Faraday Ȃ 

 

 

ñ Magnetòѿ Ҭҕ Ҁ  ̂Ὲᾝ1440 ̃ 



 

,1088 ʃ ʄ ԋ
┼ᵲ ᶕ  

15 ҕ ֲᶏ  
(Fe3O4) 

100AD   

Ӑ҅ 

ҲҒ ש ᵲ  1405  
1492  

1498  



 

18қ ᵩ 19қ  

20-21қ  

1750 ҅  



Everything is magnetic? Yes or No.  
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Born May 25, 1865, 

Zonnemaire, Netherland.  

Died Oct. 9, 1943, Amsterdam  

Nobel Winner, 1902 : 

for his discovery of the Zeeman effect 

Pieter Zeeman 

Magnet of Pieter Zeeman Pieter Zeeman and Niels Borh 

Pieter Zeeman, Albert 

Einstein, Paul Erenfest 



American physicist and mathematician who shared the Nobel Prize for Physics 

in 1977 with Philip  W. Anderson and Sir Nevill F. Mott . The prize honoured 

Van Vleck's contributions to the understanding of the behaviour of electrons in 

magnetic, noncrystalline solid materials. 

Van Vleck developed during the early 1930s the first  fully  articulated quantum 

mechanical theory of magnetism. Later he was a chief architect of the ligand 

field theory of molecular bonding. He contributed also to studies of the spectra 

of free molecules, of paramagnetic relaxation, and other topics. His 

publications include Quantum Principles and Line Spectra (1926) and the 

Theory of Electric and Magnetic Susceptibilities (1932). 

John H. Van Vleck  
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Pierre Curie,                                 

1903 Nobel Laureate in 

Physics  
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100Kװҏ ⅎ ᵩ 
 Tc 

Ni2A(O)x(H2O)y(OH)z : A = DDQ (2,3-dichloro-5,6-dicyano-1,4-

benzoquinone, A = TCNQ, A = TCNE                  Nature 2007, 445, 291 

405, 480, 

440 

[{Ru2(O2CPh-m-F)4}2(BTDA-TCNQ)]                     Angew 2008, 47, 7740 107 

KV
II[CrIII(CN)6] 376 

V(tcne)2·0.5CH 2Cl2                                                                     Science 1991, 252, 1415 350-400 

Cs0.82V
II

0.66[V
IVO]0.34[CrIII(CN)6]0.92[SO4]0.203·3.6H 2O  315 

VII
0.42V

III
0.58[CrIII(CN)6]0.86·2.8H 2O 

VII
0.45V

III
0.53[V

IVO]0.02[CrIII(CN)6]0.69[SO4]0.23·3H 2O·0.02K 2SO4  

315 

310 

[CrII
0.36CrIII

1.76(CN)6] ·2.8H 2O  270 

CrII
3[Cr (CN)6]2·10H 2O,  Cs0.75[Cr 2.125(CN)6]·5H 2O  240, 190 

(Et4N)0.5Mn1.25[V(CN)6] ·2H 2O, Cs2MnII[VII(CN)6]  230, 125 

Phthalocyanine-Mn (2D)                                      JACS 2011, 133, 15113 150 

(VIVO)3[CrIII(CN)6]2·10H 2O 115 

[Mn2(tea)Mo(CN)7]                            IC 2003, 42, 1625; JACS 2007, 129, 13872 106 
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single-molecule magnets (SMMs) 
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Angew. Chem. Int. Ed. 2003, 42(3), 268 
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If    the Mn12 molecule is magnetized by an applied  

field, the molecule retains magnetization for a long time , 

approximately 108 seconds = 3 years at 1.5K  
Applications:  

quantum computing , memory storage elements in one molecule 
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Magnets 

(SMMs) 
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Nature 96 

QTM  
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Nat. Chem. 11 

Tb3+-N2
3--Tb3+ 

Ueff = 227 cm-1 

TB = 14 K ! 

High BarrierЇHigh TB 

Ueff > 800 K 

Nat. Chem. 13 

JACS 12 



[Pc2Tb] opened 

marks 

Tb/Y=1/4 filled 

marks 

 

 

 

Tb/Y = 1/50 

Relaxation Phenomenon for Rare-earth-

based double-decker molecules, [Pc2Tb]  
[Pc2Tb] opened marks 

Tb/Y=1/4 filled marks 

 

 

 

     Tb/Y = 1/50 

Naoto Ishikawa et al., J. Am. Chem. Soc. 2003, 125, 8694 

Naoto Ishikawa et al., J. Phys. Chem. B 2004, 108, 11265 
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Mononuclear Lanthanide (Er3+) Single-Molecule 

Magnets Based on Polyoxometalates 

AlDamen, M. A.; Clemente-Juan, J. M.; Coronado, E.; Mart²-Gastaldo, 

C.; Gaita-Ari¶o, A. J. Am. Chem. Soc. 2008, 130(28), 8874-8875. 



Single-Chain Magnets 

(Nobel winner for Physics in 2005) 

Predicted 45 years ago! R.J. Glauber, Phys. Rev. Lett. 1963, 10, 84. 

Ferromagnetic Chain? 

Three Strategies towards Single-Chain Magnets: 

 

(1) Ferromagnetic-chain strategy   

 

(2) Ferrimagnetic-chain strategy  

 

(3) Spin-canted-chain strategy   
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ᵣҬ  

A. Caneschi, D. Gatteschi et al. Angew. Chem. Int. Ed. 2001, 40( 9), 

1760. 

[Co(hfac)2(NITPhOMe)]  

t0 = 3.0³10-11 s 

DE/kB = 154(2) K. 

The first 

example! 



R. Clªrac, H. Miyasaka, C. Coulon, M. Yamashita, J. Am. Chem. Soc., 2002. 124, 12837. 

[Ni-MnMn -Ni-MnMn -Ni-] 

t0 = 5.5³10-11 s 

DE/kB = 72 K.  

            JF    JAF    JAF   JF 

Mn-MnéNiéMn-Mn 
JAF = -21.0(1) K, JF = +0.7(1) K, g = 1.97(1) 
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Nature 408, 447 - 449 (2000)  

Coexistence of ferromagnetism and metallic 
conductivity in a molecule-based layered compound  

EUGENIO CORONADO*, JOSÉ R. GALÁN-MASCARčS*À, CARLOS J. GÓMEZ-GARCÍA* & 
VLADIMIR LAUKHIN*À  

* Instituto de Ciencia Molecular, Universidad de Valenc ia, Dr. Moliner 50, 46100 Bur jasot, Spain 

À Present addresses: Department of Chemistry, Texas A&M University, College Station, Texas, USA (J.R.G.-M.); ICMB-
CSIC, Campus de la UAB, 08193 Bellaterra, Spain (V.L.) 

Crystal engineeringðthe planning and construction of crystalline 

supramolecular architectures from modular building blocksðpermits the 

rational design of functional molecular materials that exhibit technologically 

useful behavior such as conductivity and superconductivity, ferromagnetism 

and nonlinear optical properties. Because the presence of two cooperative 

properties in the same crystal lattice might result in new physical phenomena 

and novel applications, a particularly attractive goal is the design of molecular 

materials with two properties that are difficult or impossible to combine in a 

conventional inorganic solid with a continuous lattice. 
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A DUAL ACTION MATERIAL  

By alternating layers of the molecules in a and b,  E. Coronado et al. (Nature) 

have created a hybrid material that supports both magnetism and conduction. 

Molecular 

components: 

(a) The 

organic 

molecule 

BEDT-TTF  
bis(ethylenedithio) 

tetrathiafulvalene 

(b) A ferromagnetic bimetallic complex of  
manganese(ii)tris(oxalato)chromium(iii). 

 Carbon atoms are in pink, sulphur in blue.  

M- magnetic layers, E-conducting layers 
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Science, 2011 
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Science, 1999 
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JACS, 2006 
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-  Electronic Structure : d 4, d 5, d 6, d 7,d 8 
-  1rst line of transition elements  
-  Often octahedral  

2) Which ions ?  

 -  Often :  
  3d4  3d5  3d6  3d7 3d8 
   Fe3+  Fe2+  Co2+ 
 -  Less frequent :  
  3d4   3d6  3d8 
     Mn3+,Cr 2+  Co3+  Ni 2+ 

1) When ?  



֢ : ᶡ  

3d5    3d6    3d7 
Fe3+    Fe2+    Co2+ 

ᵤ  

 
L : H 2O 

L : CN -  L : CN -  L : bipy  

S=5/2  

S=1/2  

S=2 

S=0 

S=3/2  

S=1/2  

 
łoct << P  

 
łoct >> P  



L : CN -  L : CN -   

S=2 

S=1 

S=2 

S=0 

S=1 

S=0 

3d4    3d6   3d8 
Mn3+,Cr 2+   Co3+   Ni 2+ 
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L= CN -  

 
L : H 2O 

 
łoct << P  

 
łoct >> P  
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3) Transition : how ?  T, P, h n, é 

 (łO -  P) å  (kT, é) 

5) Transition Parameters  

4) Types of transition  

-  Solution : Boltzmann  
-  Solid : abrupt, gradual, hysteresis, stepped  

 -  Element : Nature and Charge  
 -  Ligands : Nature and number  
 -  Complex Dilution / matrix without transition  
 -  Anion or solvent non coordinated  
 -  Isotopic Exchange (H / D)  
 -  Crystals Quality é 

֢  
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-  Ҳ : Ї ῞ ⅎ  
-  Ҳ : abrupt, gradual, hysteresis, stepped, incomplete  



6) Transition : which effets (changes) ?  
 Å Electronic Properties  
 Å Magnetic Properties : (SBS / S HS) 
 Å Optical Properties (łBS / łHS) 
 Å Structural Properties (RBS / R HS) 
7) Characterisation Methods  
 Å Magnetic Susceptibility 
 Å Heat capacity  
 Å Mössbauer Spectrometry  
 Å Electronic Spectroscopy, UV - visible  
 Å Infra - red Spectroscopy, Raman  
 Å X- ray Diffraction (absorption)  
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      ᵤ ҅֙ : 

1Є ԑɻ Ҏ ῍ ᵩ ₉ӓ ᵤ Ж 

2Є ᵩ Ж 

3Є ԋ ԑ Ҏ Ӑ Ї F- ᵩ Ж 

4Є ԋCo 3+װ 4d6ɻ5d6 Ї Ж 

5Є CN-ɻRNCɻ phenɻbpy ᵩ ₉ӓ ᵤ Ж 

      ҏ ᵩ Ғ Ї ᵫ ᵤ

ЃLow-Spin-High-Spin Transition) Ὺ Ї

└ ֢ Ὺ ɼ 
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₉ӓ ᵤ Ї ҅ d4, d5, d6, d7,d8
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Co 2+ ɼ 
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Spin Crossover compounds 
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