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Crown ethers have the remarkable property of recognizing and
binding specific metal cations in complex mixtures. Consequently,
since their discovery they have found numerous applications in
science and industry and stimulated the field of molecular recogni-
tion and hostguest chemistry. One area remaining unexplored is
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reasonable result8.We then launched a density functional theory
(DFT) calculation, with the B3LYP functional and 6-31G*/
LACVP* effective core potentials (using Jaguar program). To test
the adequacy of this DFT, we calculated the gas-phase binding
energies and found good agreement with recent measurements

the conductance properties of crown ethers. Of particular interest (Table 1).
is the change in conductance as the crown binds and relinquishes

a cation. Such a chemical system could possibly be used as Aithout S

Table 1: Binding Energies (eV) of Cations to C-6 (Figure 1

and Au Atoms?)

molecular sensor or a switch. These questions are, in fact, accessibl
to experimentalists. Recent synthetic advances enable researchers

to form molecular wires (MWs) by binding elongated organic

molecules to metallic leads such as gold. The conductance of these

MWs is readily measured as their currenbltage characteristics?
This has led to the development of various new prototypes of
molecular scale electronic devicésmong them, rectifiery!®
memory deviced! switches!? and transistor§.

This communication combines molecular recognition and mo-
lecular electric conductance to form a single electronic device. On
a slightly larger scale, such an attempt was recently succéssful,
where biotin molecules functionalized a silicon nanowire, and
conductance dropped by 12% upon exposure to m-antibiotin.

Here, we study a short molecular wire containing a crown-6
molecule connected via sulfur atoms to two long atomic gold wires
(AGW), as shown in Figure 1. This is a realistic system since AGWs
are perfect quantum conductdfslt is possible that the present
model has a wider scope of applicability, beyond AGWs. The wires
have an average HOME&LUMO energy of —6.49 eV, in close
proximity to ab initio computations of the bulk géfdand gold
clusters® work functions. Furthermore, there are indications that
conductance in organic MWs connected by sulfur to gold surfaces
is insensitive to the geometry of the latiér.

Figure 1. MW-containing crown-6 connected via sulfur atoms (orange)
to atomic wires of gold (yellow). The cation binds electrostatically into the

negatively charged region surrounded by the 6 oxygen (red) atoms of the

crown.

The molecular geometries, with and without the metallic cations,
were determined by molecular mechanics meti®&epwn to yield
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B3LYP B3LYP gas-phase
cation LACVP LACVP* MP220 experiment?
H+ 6.8 6.8 n/a n/a
Li+ 4.2 3.7 4.2 n/a
Na+ 3.0 2.7 35 3.05(0.19)
K+ 2.1 1.8 3.1 2.12 (0.15)

aB3LYP are present results using two basis sets.

With the DFT computation, one obtains an excellent zero-order
Hamiltonian that describes the unbiased MW. The zero-bias
conductance should now be calculated using time-dependentDFT.
Yet, at present, this method is not well developed and is too time-
consuming for the present system. An alternative approach is to
use the noninteracting particle motfedf Landauer, by which the
currentl associated with a voltage bissis:

| = 2¢% [{(1+ exp[B(E — w)]) " —
(1+ exp[B(E — u?)]) "} T(E)E

Here, 3 is the inverse temperature (room temperature in present
calculations) andu; (vi = L, R) are the chemical potentials
(including voltage bias) of the two leads. The cumulative transmis-
sion probabilityT(E) (“transmittance”) is calculated using methods,
introduced by others in this fieRf,;2° which we briefly describe
here. To the KohaSham Fock-matrixFs (calculated for the
optimized geometries), we add two absorbing potentials stretched
along the two gold wires. This results in a complex Fock mérix

= Fgs — i(I* + I'R). Here,I'- andIR are positive diagonal matrices

in the atomic orbital basis located on the left and right gold leads.
These potentials allow the computation of quantum transmittance
using techniques adopted from reaction scattering th&te
transmittance at energy can be determined by the Seideman
Miller formula:3!

T(E) = 4T{G'E)T"GETT

whereG(E) = (E — F)~1. This model is appropriate only for small
bias since the Hamiltonian is independent of the bias. Some
information on the reliability of the method is available. For some
systems it has been tested against experiments, and the present
experience is that the absolute conductance is grossly overestimated
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by the method, yet the shape of th&/) curves is often repro-
duced?”26Not being able to use the more rigorous TDDFT method,
we resort to the LandaueDFT approach in the present work.
The conductance of the molecular wires in three binding
situations is shown in Figure 2. Molecular wires containing a
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