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A major task in molecular electronics is the precise determi-
nation of the molecutlemetal interface characteristics. This

problem has to be solved before any design approach is adoptec

for molecular circuits. Due to their intrinsic nature, metal and

single molecules have unavoidable electrical mismatches for
which there is not yet an established way to evaluate them. Even
with the intrinsic barrier that the contacts represent, barriers can
be strategically used to favor the design of specific devices;
however, this requires the precise evaluation of such an interface

Methods of quantum chemistry have been probed to success-

fully determine the characteristics of organometallic systems for
molecular electronics? We use these methods to study the
molecule and the atomistic nature of the metallic contacts
extending them with a Green function approach that considers
the “infinite” nature of the contactsThe successfully testéd
B3PW91/LANL2DZ level of theory as implemented in the
Gaussian-98 prograhis used to obtain the discrete nature of the

molecule attached to metal atoms and its electronic characteristics

are obtained under the presence of an external electrical field
representing the external bias potential applied to the molécule.
We compare thé—V characteristics of thio and isonitalligator

clips (defined as the molecular groups attached to the metal atoms)

with metals of groups 10 (Ni, Pd, and Pt) and 11 (Cu, Ag, and

Au). The systems are treated as in the “break junction” experi-
menf where a single molecule is addressed by two metallic tips

that end up practically in one atom on the molecule side as shown
in Figure 1. A typical problem computing metainolecule

interfaces is that the exact boundary between molecule and metal

is not well defined. As shown in Figure 1, the number of Au

atoms that can be considered as part of the molecule cannot be

established.

Table 1 shows the corresponding density of statesthe Fermi
energy (Ef) for all metals used for this study. Tl corresponds
to the negative of the experimental work function for a (111)
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Figure 1. Molecules positioned between two metallic ends. Atoms
connecting the molecule can be considered part of the molecule.

Scheme 1.Metal—Molecule Systems
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Table 1. Density of Statep (1/eV-atom) for the Metalsat Their
Fermi EnergyEr (eV) 8 Used To Represent the Bulk Metal

metal S p Chyg de, Er
Ni 0.0206 0.0176 0.0918 0.0544 -—5.35
Cu 0.0647 0.0852 0.1014 0.0450 —4.94
Pd 0.0242 0.0331 1.8979 0.4078 —5.60
Ag 0.0779 0.1257 0.0471 0.0132 —4.79
Pt 0.0169 0.0265 1.6466 0.5077 —5.93
Au 0.0720 0.0426 0.1286 0.0492 -5.31

surface® There is a strong s contribution on the elements of group
11, roughly three times bigger than that on group 10; group 11
elements also present stronger p and d contributions. This is a
direct consequence of their atomic natirehe geometries of

the molecular systems are shown in Scheme 1. An important
factor for the transport properties is the angle made by the metal
atom, alligator clip, and the molecule. It is considered that angles
of 180¢° favor conduction because it implies the presencer of
character, which we find yields higher conductance than systems
with nonlinear angles. Thus, S as the alligator clip might not be
as effective as CN, which favors linear angles. However, the type
of metal used at the interface and the nature of the bond are the
main factors for determining the transport properties of the
junction.

Figure 2 shows thé—V curves for all cases reported in this
communication. The highest conductance is obtained for Pd. The
S—Pd interface provides the best combination followed by-CN
Pd. These results are in full agreement with the experimental
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Figure 2. Current-voltage curves for all systems—-YX—CgHs—X—-Y
(indicated in the Figure by XY), where X is the alligator clip (S or CN)

and Y is the metal (Ni, Cu, Pd, Ag, Pt, or Au).
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Figure 4. Transmission functions (TF) for NC (solid lines) and for S
(dashed lines) clips. Vertical lines indicate the position of Hae

for Ag at their respectiv&r due to the very poor density of states
around theEg. Contributing to this is the geometry of the contact,
which is linear for Pd but not for Ag. The TF for Pd sl in a

large range of energies around tBe There is a threshold for

the conductance through Ag at about 2.8 V, which can be
predicted observing the TF. Pd does not present such a threshold.

A similar behavior is predicted for Pt and Au. The TFi6.3
for Pt and~0.01 for Au. The angle is nonlinear for Au. As the
bias voltage increases, both metals tend to the same characteristics.
Roughly, as we go down in group 10, the conductance decreases;
however, the reverse takes place with the metals in group 11.
Precisely speaking, Pd is the best of group 10 and Cu of group
11 when attached to S.

When S is the alligator clip, all cases present nonlinear angles,
which are always smaller for group 11. This makes the charac-
teristics for both metals in each row more similar than the case
when CN is the alligator clip. The TF is larger for Ni than for
Cu at their respectivEr values. However, for Cu the TF increases
as the bias voltage increases. Since both interfaces have similar
geometries, their molecular orbitals are practically identical,
resembling similar DOS and TF curves, thus, in this case, the
|-V differences are due to the exact location of Ehe The Er
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for Cu is in a region of smaller density of states, thus of low TF;
however, the NiEg value is in a region where more occupied
states are accessible for conduction.

] ] ) A different trend is observed for the next row. Pd has roughly
results showing that NEPd yields higher conductance than €N a constant DOS with high TF on both sides of febut Ag has
Au.*°The second best metals correspond to the other two in grouppegligible DOS around:, and it increases only on the occupied
10, Niand Pt. This leaves group 11 metals as the worst in making sjde. This yields a TF of-1 for Pd on a large interval of input
interfaces with S and CN alligator clips. Actually Au, one of the energies. However, the TF for Ag40.007 at theEr, increasing
most used contacts, seems to provide one of the worst characyn, the occupied side but decreasing on the unoccupied side. The
teristics. Apparently, Pd, Ni, and Pt appear to yield barrierless comparison with Pt and Au is similar but more pronounced than
contacts. An explanation of this behavior follows from the DOS  the |ast one. Although the TF for Pt decreases for the unoccupied
and TF curves in Figures 3 and 4. states, it remains above 0.1 for the range of practical input energies

Comparing results for CN first and then for S and in each case 4ng increases on the occupied side. The TF for AuGs01 and
comparing between metals of the same row, we find that for NICN remains around the same value with a slight increase on the

and CuCN, the linear character of the-B—Ni angle yields occupied energies.

conducting channels around lE[i:,.thus Ni yiglds much better We present a straightforward method to compare metal
conductance than Cu. The TFE&tis ~1 for Ni but ~0.002 for molecule interfaces. This method can be used for any metal and
Cu. The N-C—Cu angle is 139.6, eliminating the possibility of 5y molecule. It is predicted that the best metal for the metal
having conducting channels around teenergy. However, as  molecule interface corresponds to Pd, followed by Ni and Pt. Cu

the bias potential increases, both metals present complementary.an e considered intermediate, and the worst correspond to Au
behavior: the TF for Ni decreases while the TF for Cu increases, gng Ag. The best alligator clip corresponds to S but it is not much

thus both yield similar currents when the bias voltage approachespetter than CN.

5 V. A voltage bigger tha 4 V is impractical from an
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Figure 3. Density of states for S (dotted line) and CN (solid line) systems.
Vertical lines indicate the position of tHe-.




