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Extended Metal Atom Chains (EMACs)

M3(dpa)4Cl2

D4

M = Ni2+, Cu2+, Rh2+, Ru2+

dpa = anion of 2,2’-dipyridylamine

F. A. Cotton, C. A. Murillo, R. A. Walton, Multiple Bonds between Metal Atoms, 3rd Ed. Springer: 2005. 



M-M Bonding in Extended Metal Atom Chains (EMACs)
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M-M Bonding in Extended Metal Atom Chains (EMACs)
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M. Benard, J. F. Berry, F. A. Cotton, C. Gaudin, X. Lopez,  C. A. Murillo, and M.-M. Rohmer, Inorg. Chem. 2006, 45, 3932.
J. F. Berry, F. A. Cotton, L. M. Daniels, C. A. Murillo, X.P. Wang, Inorg. Chem. 2003, 42, 2418.



Polymorphism in Co3(dpa)4Cl2
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F. A. Cotton, C. A. Murillo, X. P. Wang, J. Chem. Soc., Dalton Trans., 1999, 3327.

Pseudopolymorphs?



Crystal Structure of s-Co3(dpa)4Cl2

Crystal data for y
[Co3(dpa)4Cl2]·CH2Cl2

Orthorhombic,  Pnn2 
12 8145(9) Åa = 12.8145(9) Å

b = 13.955(1) Å
c = 11.1660(9) Å
U = 1996.8(3) Å3

Cl(1) Cl(1A)
Co(1) Co(2)

Co(1A)

Dc = 1.685 g/cm3

Z = 2

T =296(2) KT =296(2) K
R1 = 0.036
wR2 = 0.090

Cl(1) — Co(1) — Co(2) — Co(1A) — Cl(1A)   ( ) ( ) ( ) ( ) ( )
2.4881(8)    2.3369(4)   2.3369(4) 2.4881(8) Å



Crystal Structure of u-Co3(dpa)4Cl2

Crystal data for y
[Co3(dpa)4Cl2]·2CH2Cl2

Tetragonal, I4 
27 378(2) Åa  = 27.378(2) Å

c  = 12.318(1) Å
V = 9 233(1) Å3

Dc =1.58 g/cm3

Cl(1) Cl(2)
Co(1)

Co(2) Co(3)

c
Z = 8

T = 298(2) K
R1 = 0 041R1 = 0.041
wR2 = 0.101

Cl(1) — Co(1) — Co(2) ···· Co(3) — Cl(2)   

F. A. Cotton, C. A. Murillo, X. P. Wang, J. Chem. Soc., Dalton Trans., 1999, 3327.

( ) ( ) ( ) ( ) ( )
2.434(2)     2.299(1)     2.471(1) 2.363(2) Å



Temperature Dependence of Co─Co Distances in u-Co3(dpa)4Cl2

2.51

2.4712.466
2.4567

2.43982.46

Å
)

2.3844
2.36

2.41

D
is

ta
nc

e 
(Å

Co(1)-Co(2)

Co(2)-Co(3)

2.3034
2.2948 2.2943 2.299

2.2958

2.31

2.26
0 50 100 150 200 250 300 350

Temperature (K)
u-Co3(dpa)4Cl2

Clerac, R.; Cotton, F. A.; Daniels, L. M.; Dunbar, K. R.; Kirschbaum, K; Murillo, C. A.; 
Pinkerton, A. A; Schultz, A. J; Wang, X. P, J. Am. Chem. Soc. 2000, 122, 6226  



Magnetic Property of s-Co3(dpa)4Cl2·CH2Cl2
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Magnetic Property of u-Co3(dpa)4Cl2·2CH2Cl2

The magnetic data from powder sample could not be explained.
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Magnetic Property of u-Co3(dpa)4Cl2·2CH2Cl2
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Magnetic Property of u-Co3(dpa)4Cl2·2CH2Cl2
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A Three-State Model for the Polymorphism in Co3(dpa)4Cl2

D. A. Pantazis, and J. E. McGrady, J. Am. Chem. Soc. 2006, 128, 4128

Spin State Isomer:      2A → 4B

Bond Stretch Isomer:  2A → 22A
2A → 2B



New Linear Tricobalt Complex

Co3(dpa)4Cl2 +  2 AgPF6      → [Co3(dpa)4(NCMe)2][PF6]2

Clerac, R.; Cotton, F. A.; Dunbar, K. R.; Lu, T. B.; Murillo, C. A.; Wang, X. P. Inorg. Chem. 2000, 39, 3065-3070.



Crystal Structure of [Co3(dpa)4(NCMe)2][PF6]2

Flack x 0.05(2)Flack x            0.05(2)

A chiral crystal !

Spontaneous resolution via crystallization?

Δ-[Co3(dpa)4(NCMe)2][PF6]2

Spontaneous resolution via crystallization?



Origin of Chirality in [Co3(dpa)4(NCMe)2][PF6]2



Δ and Λ Enantiomers of [Co3(dpa)4]2+

Δ Λ



Racemic Form of [Co3(dpa)4(NCMe)2](PF6)2

rac-[Co3(dpa)4(NCMe)2](PF6)2·3CH3CNrac [Co3(dpa)4(NCMe)2](PF6)2 3CH3CN



Crystal Structure of Λ-[Co3(dpa)4(NCMe)2](PF6)2

-51.1o

Flack x           -0.01(2)

Λ-[Co3(dpa)4(NCMe)2][PF6]2Λ [Co3(dpa)4(NCMe)2][PF6]2



Circular Dichroism (CD) Spectra of [Co3(dpa)4(NCMe)2][PF6]2
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Each CD spectrum was recorded with a solutionp
prepared from a single crystal of known chirality. 


