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This result can be interpreted by assuming that in pure HFP
the conformation is determined by the unmodified Lys side chains
protonated by the acid solvent; as a consequence, the polypeptide
assumes a coil conformation which is not affected by the isom-
erization of the photochromic groups. Addition of a moderate
amount (3-15%) of NEt; removes protons from Lys side chains,
whose basicity depends on the isomeric composition of the pho-
tochromic moieties.!! In the range between the transition curves
of the dark-adapted and irradiated sample (Figure 2), the chain
folding = unfolding is then controlled by the isomerization of the
photochromic side chains: when these last are in the charged
merocyanine form, the polypeptide chains are in the random coil
arrangement; photoconversion to the apolar spiropyran form causes
the macromolecules to assume a helical conformation. At NEt;
content greater than 15%, the high concentration of a NEt;-HFP
saline complex!? can probably exert a shielding effect of the
charged side chains, allowing the polypeptide to stay in the helical
conformation at any photoisomeric composition.!'?

The subject system provides a well-defined example of the
combined action of light and environment on the secondary
structure of polypeptides. Thus it can be considered as a mac-
romolecular model resembling the behavior of naturally-occurring
photoreceptors.'

Registry No. I, 55779-26-5; I (n-butylamide), 139168-54-0; poly-
(Lys*HCI) homopolymer, 26124-78-7; poly(LyssHCI) SRU, 28575-12-4.

(11) Addition of NEt; to the HFP solutions kept in the dark does not
produce significative variations of the absorption spectra, thus excluding
possible variations of the isomeric composition.

(12) Purcell, K. F.; Stickeleather, J. A.; Brunk, S. D. J. Am. Chem. Soc.
1969, 91, 4019-4027.

(13) Alternatively, the system might behave as other polypeptides which
are random coil in pure solvent but become helical in a mixed solvent such
as formic acid/water and DMSO/dichloroacetic acid mixtures. These effects
were attributed to complex formation between the solvent components. (a)
Lotan, N.; Bixon, M.; Berger, A. Biopolymers 1967, 5, 69-77. (b) Wen, K.
J.; Woody, R. W. Biopolymers 1975, 14, 1827-1840.

(14) Erlanger, B. F. Annu. Rev. Biochem. 1976, 45, 267-283.
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While organoactinide compounds are traditionally characterized
by high oxidation states and coordination numbers, the synthesis,
chemistry, and electronic properties of low-valent actinide com-
plexes have been receiving greater attention in recent years.!™
Specific examples of complexes in the AnL, family are represented
by U[N(SiMe,),];,! U[CH(SiMe;),]5,%2 and Np and Pu ana-
logues,? for which cases the ligands adopt a pyramidal arrangement

t University of New Mexico.

!Los Alamos National Lahoratory.
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(3) (a) Zwick, B. D.; Sattelberger, A. P.; Avens, L. R. Inorg. Chem., in
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Chemical Society: Washington, D.C., in press.
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Table I. Calculated Structural Parameters for An(CH,); Complexes

R a B E.y
compd A) (deg)®  (deg)®  (kcal/mol)®
Pyramidal Structures (1)
UMe; 2.543 113.1 105.6 0
NpMe, 2536 1117 1072 0
PuMe, 2,523 110.2 108.7 0
U[CH(SiMe;),}; 2.48 111.2 107.7
exptl®
Planar Structures (2)

UMe, 2.586 904 1204 3.7
NpMe, 2.577 90 120 33
PuMe, 2.558 90 120 24

“The C-An-C angle is denoted by S and the angle between the
An—C bond and the 3-fold axis is denoted by a. ®E,, = E(planar) -
E(pyramidal). “Reference 2. ¢ Angles o and 8 held fixed for planar
structures.
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Figure 1. Schematic diagram of the changes in the bonding orbitals in
UMe, for planar (2) and pyramidal (1) structures.

around the actinide. In this communication, we report the results
of one of the first studies of such low-valent complexes to be carried
out using ab initio electronic structure techniques. Related
molecules include lanthanide species of the form LnX;, which also
adopt pyramidal geometries’ and which have been the subject of
semi-empirical theoretical investigations.6 Transition metal MX,
species, by contrast, can exhibit either planar or pyramidal forms,
depending on the nature of the metal and the ligand.’
Complete active space (CAS-SCF) calculations® were carried
out in a valence double zeta basis set employing relativistic effective
core potentials (RECPs) for the actinide atoms.>!© In this type
of calculation, the electronic structure for UMe;, for example,
can be described in terms of the open-shell configuration
[¢) @1 ... en®a) [5£3], where ¢, through ¢, denote the doubly oc-

(5) (a) Andersen, R. A,; Templeton, D. H.; Zalkin, A. Inorg. Chem. 1978,
17,2317, (b) Ghotra, J. S.; Hursthouse, M. B.; Welch, A. J. J. Chem. Soc.,
Chem. Commun. 1973, 669. (c) Eller, P. G.; Bradley, D. C.; Hursthouse, M.
B.; Meek, D. W. Coord. Chem. Rev. 1977, 24, 1. (d) Fjeldberg, T.; Andersen,
R. A. J. Mol. Struct. 1985, 129, 93.

(6) (a) Culberson, J. C.; Knappe, P.; Rosch, N.; Zerner, M. C. Theo.
Chim. Acta 1987, 71, 21. (b) Myers, C. E.; Norman, L. J., II; Loew, L. M.
Inorg. Chem. 1978, 17, 1581.

(7) (a) Yates, J. H.; Pitzer, R. M. J. Chem. Phys. 1979, 79, 4049 and
experimental references therein. (b) Jolly, C. A.; Marynick, D. S. Inorg.
Chem. 1989, 28, 2893.

(8) (a) Lengsfield, B. H., I1L.; Liu, B. J. Chem. Phys. 1981, 74, 478. (b)
Calculations employed the MESA electronic structure code by P. W. Saxe,
R. L. Martin, B. H. Lengsfield, 111, and M. Page.

(9) (a) A [5s4p2d2f] contracted basis was used for U, Np, and Pu in terms
of an original (6s5p2d4f) basis to describe the outer 6s, 7s, 6p, 7p, 6d, and
5f orbitals. (b) [3s2p] and [2s] contracted bases were used on C and H,
respectively: Dunning, T. H,, Jr.; Hay, P. J. In Methods in Electronic
Structure; Schaefer, H. F., I1I, Ed.; Plenum: New York, pp 1-31.

(10) ECP and basis set for U: Hay, P. J. J. Chem. Phys. 1983, 79, 5469.
ECPs and basis sets for Np and Pu: P. J. Hay, manuscript in preparation.

0002-7863/92/1514-2736803.00/0 © 1992 American Chemical Society



J. Am. Chem. Soc. 1992, 114, 2737-2738 2737

cupied orbitals and [5f3] denotes all possible excitations of three
high-spin electrons among the seven Sf-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 a corre-

{: CH, -
- An '\- An CHy

CHy =" CHy
B CHj

1 2

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,),]s, 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;) keal/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 ¢’ 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 PuMe,, 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 21 (S = 5/,) 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 resuits 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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