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New College (founded 1379) 



Computational Inorganic Chemistry 

Molecular electronics 

Zintl ions ([Mn@Pb12]
3-) 

Non-innocent ligands 
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Organometallic reaction mechanisms 
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Zn porphyrins: 

Anderson et al., 

Nat. Nanotech., 2011. 

Fe COT derivatives: 

Huang, Li et al., 

J. Phys. Chem., 2010. 

‘Molecular wires’ 

(Pd2.5+)~1000 

Ritter,  

Nat. Chem. 2011 
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ZX spectrum 

Unicom 141P 



Extended Metal Atom Chains (EMACs): Cotton, Peng, Berry 

Page 7 

March 14, 2013 

Homotrimetallic: 1st row 

Cr3, Co3, Ni3, Cu3 

 

Homotrimetallic, 2nd/3rd rows 

Ru3, Rh3 

 

Heterotrimetallics 

CoPdCo 

W2Fe 

Mo2Mn, Mo2Fe, Mo2Co 

Cr2Mn, Cr2Fe, Cr2Co, Cr2Zn 

CrMoW 

 

Longer chains 

Cr5/7, Co4/5/6/7, Ni5/6/7/9/11 

Ru5 

NiRu2Ni2 

 



STM 

G/nS 

 

STM c-AFM 

Cr3 1110 370 

Co3 530 21 

Ni3 290 5.8 

Ru3 760 

Peng, Chen  J. Phys. Chem. B 2004, 108, 959,  

                     Angew. Chem. Int. Ed. 2006, 45, 5814, 

                     Chem Comm., 2010, 46, 1338. 
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Experiments: trimetallic chains 
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M3 vs M5 chains 
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G = 100 nS 

G = 530 nS 

M3 M5 
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Zhao, ChemPhysChem, 2008. Sim, PRL, 2001. 

Exponential decay: 

 

 

Odd-even oscillations in Nax: 

r

cR R e 

Models for length dependence: 

 (Co3/5) = 0.2 Å-1 



‘Stochastic  

switching’? 

M5 chains 
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What is the origin of the differences between Co and Cr  (is it really p bonding)?  

Can low-symmetry distortions (bends, stretches) really ‘break’ the wires?  

Questions: 

What is the relationship between ‘delocalisation’ and conductance in these 

systems?  

What is the origin of the length dependence?  



March 14, 2013 March 14, 2013 March 14, 2013 March 14, 2013 March 14, 2013 

Page 13 

Current flow in macroscopic and nanoscale conductors: 
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Ohm’s law: 

 
V I
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Current flow in macroscopic and nanoscale conductors: 

0 77G nS

(quantum of conductance) 

eV 

‘bias window’ 
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driving force transparency 

at finite T 



Transmission: 
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T(E) 

 

E/V0 

quantum 

V0 
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Methodology: 
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Transport calculations (LSDA+PZ):  ATK2008/2010/2011 (NEGF) 

Periodic boundary conditions perpendicular to transport direction (SIESTA) 

Barcelona 2012 
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Con chains: ‘the fruitfly’ for transport calculations 



Co3: zero bias transmission 
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Co3: finite bias transmission 
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Co3: finite bias transmission 
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Co3: finite bias transmission 
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What is ‘delocalisation’? 
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Co3: finite bias transmission 
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Chain length: Co3 vs Co5? 

G = 530 nS 

G = 100 nS 
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Co3(dpa)4(NCS)2 
2A2 

Co5(tpda)4(NCS)2 
2E 

Co-Co = 2.32 Å 

m ≈ mS.O. 

Co-Co = 2.25 Å 

m > mS.O. 
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Bends and breaks 
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Structural diversity in Cr3 EMACs 

(S = 2 in all cases) 
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Co3 vs Cr3 

G/mS 

 

STM c-AFM DFT 

Cr 1.11 0.37 4.48 

Co 0.53 0.021 0.42 

)(

)(

3

3

CoG

CrG
:  c-AFM (17.6) > DFT (10.6) > STM (2.1) 
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incorrect! 

more accurate! 
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Conductance (G/mS) 

Gtot G G 

s-Cr3(L)4(NCS)2 4.48 4.36 0.12 

u-Cr3(L)4(NCS)2    (0.25) 5.22 5.07 0.15 

u-Cr3(L)4(NCS)2    (0.71) 17.25 17.15 0.10 
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Structure/function relationships are subtle and often counterintuitive: 

(first row) transition metal ions are not the same as carbon! 

Low-symmetry distortions can increase conductance 

 

 

Conclusions 

Conductance can actually increase with chain length in metal-atom chains 



March 14, 2013 

Page 36 

Thanks to: 

University of Oxford 

New College, Oxford 

 

Dr. Tobias Krämer 

Dr. Muhsen Al-Ibadi 

Dr. Vihar Georgiev 

Dr. Ekaterina Zueva 

Dr. WMC Sameera  

Dr. Thomas Davin 

Dr. Anna Anastasi 

Dr. Dimitrios Pantazis 

Dr. Julia Padden-Metzker 

Dr. Sushilla Knottenbelt 

Dr. Meike Reinhold 

Dr. Peter Howe 

 

Daniel DeBrincat 

Vitesh Mistry 

 

Funding 

 

EPSRC  

BBSRC 

WestCHEM  

Royal Society 

Royal Society of Chemistry 

 

 

 


