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cupied orbitals and [5f%] denotes all possible excitations of three
high-spin electrons among the seven 5f-like orbitals. For NpMe,
and PuMe,, the CAS-SCF calculations involved 5f* and 5f°
configurations, respectively.!! For each of these three molecules
there arises a dense manifold of very low-lying excited states
involving 5f" configurations which span several electronvolts in
energy.

For the ground electronic state of each molecule, the optimum
geometry for both pyramidal (1) and planar (2) AnMe; forms
was determined,'? and in each case the pyramidal structure (1)
was found to be the stable form (Table I). The angle « corre-
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sponding to the angle between the An—C bond and the 3-fold axis
was calculated to be 113.1, 111.7, and 110.2° for the series UMe;,
NpMe,, and PuMe,. This is in very good accord with the known
X-ray structure for U[CH(SiMe,),], for which & = 111°. The
calculated An-C bond lengths decrease by 0.07 and 0.12 A as
one proceeds from U to Np to Pu. The planar structure (2) with
C;, symmetry in our model system corresponds to a transition state
between the two equivalent pyramidal structures with C; sym-
metry. The barrier along the umbrella bending mode decreases
in the order 3.7 (UMe,), 3.3 (NpMe,), and 2.4 (PuMe,) kcal/mol,
and some lengthening (0.04-0.05 A) is noted in the bond length
compared to structure 1 in each case.

The result that the pyramidal structure observed experimentally
can be obtained in these model compounds indicates that the
geometry does not arise from steric interactions involving bulky
ligands or from lattice packing interactions. The similarity of the
structures with varying f-electron count also suggests that the
occupancy of f orbitals is not playing a major role. The influence
of spin—orbit coupling can also be discounted as a major factor
since the energies of the entire manifold of 5f* states for NpMe;,
for example, all decrease by approximately 3 kcal/mol as one
proceeds along the path from planar to pyramidal geometries.
While spin—orbit coupling would alter the relative ordering of states
within the manifold, it would not significantly influence the overall
envelope of states.

Rather, the driving force for the preference of the pyramidal
structure (1) relative to the planar form (2) appears to be the
involvement of 6d character in the An—-C bonding orbitals as a
function of bending angle. This admixture occurs primarily in
the e set of U-C bonding orbitals (Figure 1). For the planar
structure, the d= and U-C bonding orbitals have ¢” and e’ sym-
metry, respectively, and cannot interact; as one bends, the orbitals
can acquire d character in the C; symmetry as shown in the figure.
This role of d orbital participation is reflected in the increase in
d,, and d,, populations in the Mulliken analysis from 0.04 to 0.34
electron fyor UMe; as the bending angle « increases from 90° to
113° while the overall f orbital population remains relatively
constant along the bending path.

A more convincing demonstration of the role of d orbitals is
provided by a series of calculations in which the d orbitals are
deleted from the basis. For the case of PuMes, for example, where
the calculated energy difference, E(planar) — E(pyramidal), is
+2.4 kcal/mol in the full basis, this difference becomes 9.6
kcal/mol (i.e., planar lower in energy) when d functions are

(11) This results in 35 (S = 3/,), 35 (§ = 2), and 2] (S = ¥/,) states in
the CAS-SCF calculation for U, Np, and Pu, respectively.

(12) The C-H distances were held fixed at 1.09 A assuming tetrahedral
geometries. The orientation of the CH, groups was such that the molecule
had C; symmetry for pyramidal (1) forms and C;, symmetry for planar (2)
forms. The angle 8 is determined from « and is not a free parameter.

removed from the calculation. Similar results were obtained for
the other compounds.
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The use of molecular materials for the development of new and
novel electronic devices has attracted much attention in the recent
scientific literature.! Molecule-based devices offer prospects for
enhanced sensitivity and selectivity that are not possible with
conventional solid-state materials. Molecular transistors which
mimic solid-state semiconductor devices have been prepared from
conductive polymer, metal oxide, and redox polymer films coated
on electrode surfaces.? In virtually all previous macromolecular
devices, the active elements have been fabricated by organizing
molecular systems onto a metal or semiconductor template surface.
With the recent discovery of high-temperature superconductivity,’
new opportunities exist for the development of hybrid molecule-
superconductor components. In this paper, we describe methods
to fabricate and demonstrate the operation of an optical sensor
based on a molecular dye-coated superconductor junction.

Josephson junctions fabricated from high temperature super-
conductor thin films have been utilized previously to fabricate light
detectors with high sensitivity (103-10° V/W), fast response time
(~nanosecond), and a working wavelength range from the ul-
traviolet to the far infrared.* The data presented in this paper
will illustrate for the first time that a molecular dye can be utilized
to enhance the sensitivity of these devices and provide them with
wavelength selectivity (i.e., certain frequencies can be sensed more
readily than others).

The composite dye—superconductor devices are fabricated ac-
cording to the following steps. First, ~1000 A of the high-tem-
perature superconductor YBa,Cu;0,_; is deposited onto the surface
of a clean MgO (100) substrate using the method of laser abla-
tion.> Second, a superconductor microbridge ~3 mm long and
~50 um wide is created on the film by reapplying the laser to
selective regions of the film using an imaging method similar to
that previously described.® In the final step, a dye film such as
octaethylporphyrin is deposited onto the microbridge by vacuum
sublimation (or spin coating). A more complete description of
device fabrication methods will be published in the near future.
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Figure 1. Optical response vs wavelength for a 3-mm-long X 50-um-wide
YBa,Cu;0,_; microbridge device operating at a temperature just below
T.(mid): (A) unprocessed signals for bare junction (lower curve) and
junction coated with 3300 A of octaethylporphyrin (upper curve); (B)
comparison between the absorbance spectrum of an octaethylporphyrin
film (1.1 um thick) as measured by UV-visible spectrophotometry (lower
curve) and the normalized optical signal of the dye—superconductor de-
vice with the uncoated junction response subtracted (upper curve).

In order to study the optical response of the device, the thin
film assembly is mounted into an optical cryostat and one voltage
and one current lead are attached to either side of the microbridge.
After characterization by resistivity vs temperature, current-
voltage experiments, and critical current measurements, the device
is cooled down to just below the transition temperature of the
superconductor film and a constant direct bias current is applied
across the junction. The optical response of the dye-supercon-
ductor device is measured with a lock-in amplifier as a function
of wavelength by monitoring the in-phase voltage which develops
across the microbridge when chopped (20-25-Hz) monochromatic
light is focused onto the junction area.

The unprocessed optical response at a YBa,Cu,0,_; microbridge
with and without the octaethylporphyrin film is illustrated in
Figure 1A.7 In both cases, the largest response is recorded at
around 600 nm, corresponding to the maximum throughput for
the monochromator/quartz halogen light source combination. The
bare junction exhibits a rather featureless response as has been
described previously for similar systems.* The dye-coated su-
perconductor structure, on the other hand, exhibits enhanced
sensitivity as well as sharp features in the response curve that are
absent for the bare junction. The frequencies at which enhanced
responsivity occurs correspond to those wavelengths which are
absorbed strongly by the dye film. Figure 1B provides a com-
parison between the absorption profile of the dye film and the
response of the dye—superconductor microbridge. The latter has
been normalized to the light intensity at a given wavelength, and
the response of the uncoated junction has been subtracted. It is
interesting to note that those wavelengths which are absorbed most
strongly by the dye lead to the largest response for the hybrid
dye—-superconductor device. Thus, molecular dyes can be exploited
to sensitize superconductor junctions to enhance both the re-
sponsivity® and the wavelength selectivity of the device. Moreover,
since the normalized optical response of the composite device
parallels the absorbance spectrum of the dye overlayer, the device
can be exploited to measure the absorbance characteristics of a
solid dye film.

To date we have prepared hybrid devices using dye films such
as octaethylporphyrin (free base and copper), phthalocyanine, and
rhodamine 6G. In all cases where degradation of the underlying
superconductor was avoided, the molecular layer served to alter
the response of the underlying superconductor structure in a

(7) The optical response curves were recorded at a temperature of 48 K
using a bias current of 5 mA. The transition-temperature midpoint for the
device was 55 K.

(8) Since there was a small increase in the microbridge resistance following
the dye deposition, some of the increase in signal for the dye-coated device
may be attributed to this resistance increase.

reproducible fashion. Moreover, the magnitude of the response
is greatest when the device is operated near T and no appreciable
response is observed for T > T,.°

With the discovery of the above-described hybrid dye~super-
conductor devices, new opportunities arise to study energy-transfer
and electron-transfer phenomena which occur between molecules
and superconductors. Work is now in progress to decipher the
mode of operation of the hybrid devices and to expand upon the
number and types of dyes that can be exploited to sensitize su-
perconductor junctions.
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(9) The temperature response of the hybrid device parallels dR/dT, which
suggests that an indirect bolometric mechanism is operative for the system
described herein (see ref 4).
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Cross-coupling of metal alkyls with haloalkenes provides general
and convenient method of preparing olefins. Among several
organometallics already surveyed, organocopper reagents are the
most powerful tool.!  Additionally, Grignard or organozinc
reagents with the assistance of transition metal catalysts have
alternative values.> The scope of their power is somewhat limited
to iodo- and bromoalkenes, and cross-coupling with chloroalkenes
is seldom employed in practical synthetic applications. Further,
the isomerization of carbanions is sometimes encountered in the
cross-coupling of metal sec-alkyl derivatives.?? In order to get
over such a limitation, aluminum alkyls and other group 13 or-
ganometallics must be applied further in the cross-coupling re-
actions, because they have greater tendency to form a Lewis
complex with several chlorides in contrast to Grignard and or-
ganozinc reagents. Such complexation perhaps contributes to the
activation of the chloride, promising a higher reactivity toward
alkenyl chlorides without any isomerization through a dissociative
cross-coupling manner.*
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