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PCP ςporous coordination polymer

Interactions with different types of substrates: adsorption, absorption, chemisorption 

Dynamics of structure: 
mutual arrangement of the elements of the crystal lattice (gates opening, breathing)
interaction with substrate (coordination on the metal atom, H-bonding)

t/t ǿƛǘƘ ǇŀǊŀƳŀƎƴŜǘƛŎ ƛƻƴǎ Ҧ ƳŀƎƴŜǘƛŎ ǇǊƻǇŜǊǘƛŜǎ 

Spin crossover effect,
Magnetic ordering, 
IȅǎǘŜǊŜǎƛǎ ƭƻƻǇ Χ

Modulation of the magnetic properties of PCP in the interaction with diamagnetic 
substrates 
1. Change of coordination environment of paramagnetic metal ion
2. Formation or breaking of bond in the group, which transmits exchange interactions
3. Change of bond lengths and angles without new bonds formation or bonds breaking 
in coordination polymer
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L.G. Beauvais, M.P. Shores, J.R. Long. J. Am. Chem. Soc. 2000. 122. 2763ς2772.

å 20 % decrease of ɢʄT at T > 100 K



(tetrenH5)1.6{Co(H2O)2[W(CN)8]}4ϊмнI2O (tetren = tetraethylenepentaamine)

Podgajny, R.; ChoraŨy, S.; Nitek, W.; Budziak, A.; Rams, M.; G·mez-Garc²a, C.J.; Oszajca, M.; 

Ğasocha, W.; Sieklucka, B. Cryst. Growth Des. 2011, 11, 3866ï3876.
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(tetrenH5)1.6{Co(H2O)2[W(CN)8]}4ϊмнI2O (tetren = tetraethylenepentaamine)

Podgajny, R.; ChoraŨy, S.; Nitek, W.; Budziak, A.; Rams, M.; G·mez-Garc²a, C.J.; Oszajca, M.; 

Ğasocha, W.; Sieklucka, B. Cryst. Growth Des. 2011, 11, 3866ï3876.

Ғ нл ҈ ŘŜŎǊŜŀǎŜ ƻŦ ˔˸Tat room temperature



KCo7(OH)3(1,3-bdc)6: SL = 510 m2/g (N2, 77 K)

KCo7(OH)3(1,3-bdc)6(H2O)4ϊмнI2O ҭ KCo7(OH)3(1,3-bdc)6 (1,3-bdc = 1,3-

benzenedicarboxylate)

120 oC

Cheng, X.-N.; Zhang, W.-X.; Lin, Y.-Y.; Zheng, Y.-Z.; Chen, X.-M. 

A Adv. Mater. 2007, 19, 1494ï1498



[Cu(pz)2(NH3ύϐ ҭ ώ/ǳόpz)2ϐ ҭ ώ/ǳόpz)2(H2O)]

[Cu(pz)2(H2O)][Cu(pz)2] [Cu(pz)2(NH3)]

J= ς145.5(3) cm-1

[Cu(pz)2] [Cu(pz)2(H2O)]

J= ς141.8(7) cm-1

Bencini, A.; Casarin, M.; Forrer, D.; Franco, L.; Garau, F.;
Masciocchi, N.; Pandolfo, L.; Pettinari, C.; Ruzzi, M.;
Vittadini, A. Inorg. Chem. 2009, 48, 4044ς4051

H = ςJʅ{iSi+1



[K2(H2O)4Mn5(H2O)8(MeCN){Mo(CN)7}3ϐϊнI2h ҭ ώY2Mn5{Mo(CN)7}3]

Milon, J.; Guionneau, P.; Duhayon, C.; Sutter, J.-P. New J. Chem.2011, 
35, 1211ς1218



[Mn3(hpdc)2(H2O)6ϐϊȄI2O (H3hpdc = 2-hydroxypyrimidine-4,6-dicarboxylic acid)

[Mn3(hpdc)2(H2O)6ϐϊI2O [Mn3(hpdc)2(H2O)6ϐϊнI2O

calc A1ĀH2O

exp A1ĀH2O

exp A1ô

exp A1ô + H2O

calc A2Ā2H2O

A1ĀH2O Ÿ A2Ā2H2O

A2Ā2H2O Ÿ A1Ā2H2O

calc A2Ā2H2O

calc A1ĀH2O

exp A2Ā2H2O

exp A2Ā2H2O 

+ water + 150 oC

exp A2Ā2H2O 

+ ñvaporò + 150oC

J(in absolute value), cm-1 zJΨ, cm-1

!мϊI2O ς0.88 ς1.57

!нϊнI2O +0.02 ς0.47 

Jian-KeSun, Xu-HuiJin, Chao Chen, and JieZhang, Inorg. Chem. 2010, 49, 7046ς7051



Cu3[W(CN)8]2(pym)2ϊуI2h ҭ /ǳ3[W(CN)8]2(pym)2ϊоκнtǊhIϊфκпI2O

n-PrOH

H2O

CNCu= 6 CNCu= 5

TC= 9.5 K TC= 12 K

˔˸T(293 K) = 2.22 cm3 K mol-1 ˔˸T(293 K) = 1.99 cm3 K mol-1

Ohkoshi, S.; Tsunobuchi, Y.; Takahashi, H.; Hozumi, T.; Shiro, M.; Hashimoto, K. Synthesis and Alcohol Vapor 
Sensitivity of a Ferromagnetic CopperςTungsten Bimetallic Assembly. J. Am. Chem. Soc.2007, 129, 3084ς3085

10 % decrease of ˸̝T at 293 K



[{Mn(Hdmal)(H2O)}2Mn{Mo(CN)7}2ϐϊнI2O (L = N,N-dimethylalaninol)  

Loss of 4.7H2O at 120 oC.
Fully reversible process. 

SBET = 15 m2/g

TC= 85 K. TC= 106 K. 

120 oC

H2O

Milon, J.; Daniel, M.-C.; Kaiba, A.; Guionneau, P.; .ǊŀƴŘŝǎ, S.; Sutter, J.ςP. NanoporousMagnets of Chiraland Racemic[{Mn(HL)}2Mn{Mo(CN)7}2] with 
Switchable Ordering Temperatures ( TCҐ ур Y ҭ млс Yύ 5ǊƛǾŜƴ ōȅ I2O Sorption (L = N,N-Dimethylalaninol). J. Am. Chem. Soc.2007, 129, 13872ς13878



[Na(H2O)4]4[Mn4{Cu2(mpba)2(H2O)4}3]ϊ56.5H2O 
(mpba2-Ґ bΣbΩ-1,3-phenylenebis(oxamate))

Cu2(mpba)2

Ferrando-Soria, J.; Ruiz-DŀǊŎƝŀ, R.; Cano, J.; Stiriba, S.-E.; Vallejo, J.; Castro, I.; Julve, M.; Lloret, F.; !ƳƻǊƽǎ, P.; tŀǎłƴ, J.; Ruiz-tŞǊŜȊ, C.; Journaux, Y.; Pardo, E. Reversible 
SolvatomagneticSwitching in a SpongelikeManganese(II)ςCopper(II) 3D Open Framework with a Pillared Square/Octagonal Layer Architecture. Chem. Eur. J. 2012, 18, 1608

ҟ
-85H2O

[Na4Mn4{Cu2(mpba)2}3]

TC= 22.5 K 

TC= 2.3 K 

JCuMn = ς31.1(2) cm-1

JCuMn = ς13.4(3) cm-1

ҟ



1. Change of coordination environment of paramagnetic 
metal ion

2. Formation or breaking of bond in the 
group, which transmits exchange 

interactions

3. Change of bond lengths and angles without new bonds 
formation or bonds breaking in coordination polymer



Kaneko, W.; Ohba, M.; Kitagawa, S. A FlexibleCoordinationPolymerCrystalProviding
ReversibleStructuralandMagneticConversions. J. Am. Chem. Soc. 2007, 129, 13706ς13712.

[Mn(NNdmenH)(H2O)][Cr(CN)6ϐϊI2h ҭ ώMn(NNdmenH)][Cr(CN)6] 
(NNdmen= N,N-dimethylethylenediamine)

-2H2O
t = 100 oC

3D2D

Tc = 35.2 K for 2D
Tc = 60.4 K for 3D

Hc = 12 Oefor 2D
Hc = 60 Oefor 3D



[Mn(rac-pnH)(H2O)Cr(CN)6ϐϊI2h ҭ ώMn(rac-pnH)(H2O)Cr(CN)6ϐϊI2O 
(rac-pn = racemic1,2-diaminopropane)

100 oC
-2H2O

н5ҭо5 

+2H2O

TCҐ ос Y ҭ ¢C= 70 K

Yoshida, Y.; Inoue, K.; Kurmoo, M. Consecutive Irreversible Single-Crystal to Single-Crystal and Reversible Single-Crystal to Glass Transformations and 
Associated Magnetism of the Coordination Polymer, [MnII(rac-pnH)(H2O)CrIII(CN)6ϐϊI2O. Inorg. Chem.2009, 48, 10726ς10736



[Cu2M(tzdc)2(H2O)2ϐϊнI2O (MII = Fe or Mn, tzdc3- = 1,2,3-triazole-4,5-
dicarboxylate)

Zhang, W.-X.; Xue,W.; Chen, X.-M. Flexible Mixed-Spin YŀƎƻƳŞCoordination Polymers with Reversible 
Magnetism Triggered by Dehydration and Rehydration. Inorg. Chem.2011, 50, 309ς316.

Cu2Fe: JCu-Cu(chain)= ς195(7) cm-1

JCu-Cu(chain)= ς182(6) cm-1

Cu2Mn: JCu-Cu(chain)= ς174(4) cm-1

JCu-Cu(chain)= ς151(2) cm-1

M =Fe

M =Mn

t̝olalҐ н˔ό/ǳ
II-/Ƙŀƛƴύ Ҍ ˔όaII)
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Guest-Dependent Spin Crossover in Fe2(azpy)4(NCS)4ϊ{ƻƭǾ όazpyis 
trans-4,4'-azopyridine)

Halder, G. J.; Kepert, C. J.; Moubaraki, B.; Murray, K. S.; Cashion J. D. Guest-
Dependent Spin Crossover in a NanoporousMolecular Framework Material. 
Science 2002, 298, 1762ς1765



Thermal Induced Spin Crossover [FeII
2(ddpp)2(NCS)4ϐϊп/I/ƭ3

Amoore, J.J.M.; Neville, S.M.; Moubaraki, B.; Iremonger, S.S.; Murray, K.S.; [ŞǘŀǊŘ, J.-F.; Kepert, C.J. Thermal- and Light-Induced Spin 
Crossover in a Guest-Dependent DinuclearIron(II) System. Chem. Eur. J.2010, 16, 1973ς1982

1ϊп/I/ƭ3

1ϊ3CHCl3
1ϊ/I/ƭ3

1ϊп/I/ƭ3

1ϊ2CH2Cl2



Chuang, Y.-C.; Liu, C.-T.; Sheu, C.-F.; Ho, W.-L.; Lee, G.-H.; Wang, C.-C.; Wang, Y. New Iron(II) Spin Crossover 
Coordination Polymers [Fe(˃-atrz)3]X2ϊнI2O (X = ClO4

-, BF4
-) and [Fe(˃-atrz)(˃ -pyz)(NCS)2ϐϊпI2O with an 

Interesting Solvent Effect. Inorg. Chem.2012, 51Σ пссоҍпстм

[Fe(˃ -atrz)( -˃pyz)(NCS)2ϐϊȄI2O (atrz= trans-пΣпΩ-azo-1,2,4-triazole, x = 4, 2, 0) 


