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ABSTRACT: The single-molecule conductance of metal
complexes of the general forms trans-Ru(C CArC
CY),(dppe), and trans-Pt(C CArC CY),(PPhs), (Ar =
1,4-C¢H,-25-(OCgH13),; Y = 4-CsHyN, 4-C¢H,SMe) have
been determined using the STM I(s) technique. The
complexes display high conductance (Y = 4-CsH,N, M = Ru
(0.4 £0.18 nS), Pt (0.8 £ 0.5 nS); Y = 4-CH;SMe, M = Ru
(1.4 £ 0.4 nS), Pt (1.8 &+ 0.6 nS)) for molecular structures of
ca. 3 nm in length, which has been attributed to transport
processes arising from tunneling through the tails of LUMO
states.

INTRODUCTION

Measurements of the electrical characteristics of a wide variety
of saturated, conjugated, and redox-active organic compounds
have served to drive the development of concepts and
techniques in molecular electronics.” ® However, metal
complexes o er several potential advantages over organic
compounds as components in molecular electronic devices,
including redox activity at moderate potentials, ready tuning of
frontier molecular orbital energy levels to better match the
Fermi levels of metallic electrodes, and magnetic properties.*®
Consequently, attention has been turned to the construction
and study of metal complexes® ** clusters,”® ‘® extended
metal atom chains,"® #* and organometallic acetylide spe-
cies®? ** within molecular junctions.

In the case of purely organic oligo(aryleneethynylene)-based
compounds with pyridyl contacting groups, the molecular
conductance, as determined by single-molecule STM break
junction (STM-BJ) experiments, decreases with length, initially
in line with the exponential decay expected for a tunneling
mechanism before shifting to a shallower length dependence
more indicative of an incoherent hopping mechanism of charge
transport for compounds of ca. 3 nm in length.*> Conductance
values range from 10 3G, (2.45 nS) for the 1.6 nm long
“three-ring” oligoarylenes NH,C;C CC¢H,R,C CCsH,N
(R = OCg¢H;3), decreasing by approximately 3 orders of
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magnitude for the 3.0 nm long “ ve-ring” system NH,C;C
C(C¢H,R,C  C);CsH,N (10 87Gy, 0.015 nS), and thereafter
falling only slightly to 10 %G, (0.01 nS) in an analogous 5.8
nm long “nine-ring” system.

In cases where direct comparison is possible, it has generally
been found that the incorporation of a ruthenium metal center
such as Ru(dppm),** or Ru(dppe),” within a -conjugated
wirelike structure leads to a 2 5-fold increase in conductance
with the conductance value measured likely also being
dependent on the nature of the molecule electrode contacting
group (e.g., trans-Ru(C CC¢H,SAc),(dppm),, STM break
junction 19 + 7 nS;* trans-Ru(C CCgH,C C-
SiMe,),(dppe),, 1(s) method [(5.1 + 0.99) x 10 °]G,/3.9 +
0.8 nS;*° trans-Ru(C ~ C-4-CsH,N),(dppe),, STM-BJ [(25 +
0.4) x 10 “]Gy/19 + 3 nS*®).

In contrast, earlier studies have shown that the Pt(Il)
complex trans-Pt(C CCgH,SAc),(PPh;), behaves rather
more as an insulating species when it is bound within a
mechanically controlled break junction (MCBJ), with resis-
tances (5 50 G ; 0.2 0.02 nS) some 3 orders of magnitude
larger than those of the comparable organic compounds
AcSCgH,C CArC CC¢H,SAc (Ar = 9,10-Cy4Hg, 1,4-CgH,-
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