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New College (founded 1379)
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Computational Inorganic Chemistry

Zintl ions ((IMn@Pb,]*) Organometallic reaction mechanisms

Non-innocent ligands
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‘Molecular wires’

Fe COT derivatives: Zn porphyrins:
Huang, Li et al., Anderson et al.,
J. Phys. Chem., 2010. Nat. Nanotech., 2011.
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Transistor count

Microproc~n=n= Trnmnintar Mannis 40712011 & Moore’s Law

16-Cone SPARC T3
Siv-Cone Cone i7
Elp-Corm Xaon 7400

2,600,000,000 -

£ @ 10-Com Maon Wasimana-EX

)

Duaklom Hamium 28 \"' i g\-nn\-]n Pi.'.l'n'u'_IFl;iﬁ?
a T uad-pore &
1,000,000,000 - e g S~ A T e
Hanum 2 wih SWME cacho @ " Suc-Core Optercn 2400
AMD KD Core |7 | Cuad)
tanium 2 & lEEF # e
100,000,000 - - AN R
ZX Spect u m Pl 4 @ # Larian ® Am
'iﬂﬂ i;-m
curve shows transistor AMD ke
10,000,000 + eounl doubling every g, ® Fomum
W years SAMD ES —
A Paintivim
—
1,000,000 - =\
B\
100,000 .
10,000
2,300 -

Unicom 141P

[ T |
1971 1980 1990 2000 20M

Date of introduction

UNIVERSITY OF

moore’s Law

March 14, 2013
Page 6



Extended Metal Atom Chains (EMACSs). Cotton, Peng, Berry
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Homotrimetallic: 1strow
Crg, Cog, Nig, Cug

Homotrimetallic, 2"4/3d rows
Rus;, Rhy

Heterotrimetallics

CoPdCo

W, Fe

Mo,Mn, Mo,Fe, Mo,Co
Cr,Mn, Cr,Fe, Cr,Co, Cr,Zn
CrMoW

Longer chains

Crg7, COys/670 Nisjerzi0i11
Rusg

NiRu,Ni,
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STM

Experiments: trimetallic chains

a) 400
G/nS STM c-AFM
200
e Cr, 1110 370
Cos, 530 21
-200
Ni 290 5.8
~400 Ru, 760

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

Angew. Chem. Int. Ed. 2006, 45, 5814,
Chem Comm., 2010, 46, 1338.

Sas) UNIVERSITY OF

‘¥ OXFORD

March 14, 2013
Page 8




M; vs Mg chains
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a)

Resistance/ Q

l()I(\

Models for length dependence:

alkane
t-PP
p-PP
OPE
OPV
PF
ct-PA
-PA

1 i ¢ 1 "
0 10 20 30 40

Length of molecule/ A-!
Exponential decay:

R=Re™”

Zhao, ChemPhysChem, 2008.
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Odd-even oscillations in Na,:

Sim, PRL, 2001.

March 14, 2013
Page 10



M chains

b)
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Questions:

What is the origin of the length dependence?

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

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

What is the relationship between ‘delocalisation’ and conductance in these
systems?
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Current flow in macroscopic and nanoscale conductors:

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

— ‘bias window’

"""""""""""""""""""" ] G,=7/nS
Es eV
------------------------------------ (quantum of conductance)

Electrode Molecule Electrode
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at finite T
|Nﬁpfﬁjwyxnmyywﬁawwv

transparency driving force

Electrode Molecule Electrode
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Transmission:
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source

T(E)~

source

4a’(C,) (

drain
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Methodology:

ol THE JOURNAL OF
e PHYSICAL
CHEMISTRY

ENERGY CONVERSION AND STORAGE, OPTICAL AND ELECTRONIC DEVICES,
INTERFACES, NANOMATERIALS, AND HARD MATTER

ACS Publications wwwacs.on
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Transport calculations (LSDA+PZ):  ATK2008/2010/2011 (NEGF)
Periodic boundary conditions perpendicular to transport direction (SIESTA)
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Co,, chains: ‘the fruitfly’ for transport calculations
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Cogj: zero bias transmission

2.0 —

1.0 .

0.5 A

E-E;/ eV

-1.0

: -
0 1.0 2.0
T(E)

232 232
Co—Co—=Co

(b)

March 14, 2013
Page 20




Cog: finite bias transmission
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Cog: finite bias transmission
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Cog: finite bias transmission
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What is ‘delocalisation’?
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2.0

1.04

Cog: finite bias transmission
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Chain length: Co; vs Coz?
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Cos(tpda)y(NCS);

Cos(dpa)(NCS),

Coy(teptra)s(NCS),
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Bends and breaks
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Structural diversity in Cr; EMACs
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Co; vs Cry

G/uS STM c-AFM  DFT

Cr 1.11 0.37 4.48

Co 0.53 0.021 0.42
G(Cr,)

. ¢c-AFM (17.6) > DFT (10.6) > STM (2.1)
G(Co,)
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Conclusions

Structure/function relationships are subtle and often counterintuitive:
(first row) transition metal ions are not the same as carbon!

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

Low-symmetry distortions can increase conductance
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