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Davidson™ has described how continuum opacities limit the
spectroscopic excursions of these stars during outburst. The
Nova Cas 1993 formation consequently illustrates how such an
environment can succeed in forming dust. Once enough material
has reached large distances, at high enough densities, the grains
coalesce. O
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THE mechanism of superconductivity in alkali-metal compounds of
Ceo (refs 1, 2) remains controversial. Electron-pairing mechanisms
based on electron-phonon coupling involving both low-frequency
(intermolecular) vibrations® and high-frequency (intramolecular)
modes**—the strong-coupling and weak-coupling cases respec-
tively—have been proposed. These two mechanisms have different
associated energy scales, which is reflected in the magnitude of the
superconducting energy gap. Measurements of the gap for these
compounds have been reported previously for powder samples®®,
but are somewhat discrepant or ambiguous, perhaps owing to
grain-size or grain-junction effects. Here we report measurements
on large single-crystal samples of K;Cgo and Rb;Co using optical
reflectivity. We obtain values for the reduced gap ratio, 2A/kgT,,
of 3.44 and 3.45 respectively, consistent with predictions for a
mechanism based on standard Bardeen-Cooper-Schrieffer (BCS)
electron—phonon coupling to intramolecular modes.

High-quality single crystals of K;Cs and Rb;Ce were pre-
pared by doping vapour-transport-grown Cg, crystals with alkali
metals. The synthesis follows a method similar to that described
previously”'’. The crystals had a superconducting transition
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temperature 7T, of 20.3 and 30.5 K (that is, where the resistivity
p(T)=0 (refs 9, 10)), and had large and shiny surfaces with
dimensions 1.5x2mm and 2x2mm for K;Ce and Rbi:Cq,
respectively.

Reflectivity measurements (R(v)) were performed between
2 meV and 6 ¢V as a function of temperature using three different
spectrometers, with overlapping frequency ranges as described
in previous work®. The absolute accuracy of the measurement
is ~0.8%, whereas the relative accuracy (important for the tem-
perature dependence of R(v)) is better than 0.3%.

The reflectivity of Rb;Cqg in the normal state is displayed in
Fig. 1 (results for K;Cg are similar). Besides the overall metallic
behaviour (see inset and ref. 8), we recognize in the mid-infrared
frequency range two well defined absorptions at 0.07 and
0.17 eV, which are ascribed to the infrared-active 7', phonon
modes'''>. These modes were missing in our previous investiga-
tion of the pressed-pellet specimens (probably because of the
large surface scattering due to the grains)®. Their appearance
and the fair agreement with the expected frequency of these
modes for this alkali-metal doping level (that is, A ,Cso with x=
3)'"'2 are evidence for the very good quality of the samples and
the outstanding resolution of these new optical measurements.

Figure 2 presents the reflectivity spectra in the far-infrared of
K3Cso and Rb;Cq, single crystals. It is clearly seen that below
0.014 eV, R(v) is enhanced and the onset of this BCS-like
enhancement is coincident with 7,.. At the lowest temperature
(~6 K) the reflectivity is, within experimental error, 100% below
a threshold frequency of ~6 and 9 meV for K;Cq, and Rb;Cq,
respectively. By performing Kramers-Kronig transformations®,
we obtain the optical conductivity o,(v), which is displayed in
Fig. 3 at several temperatures. The optical conductivity at 6 K
is zero up to the threshold frequencies indicated above, which
we ascribe to the optical identification of the superconducting
gap. These values correspond to a reduced gap ratio of 2A/
ksT.=3.44 and 3.45 for K5Cy and RbsCy, respectively, which
suggests a weak coupling BCS limit. Our earlier measurements®
on a pressed pellet hinted at this conclusion; but scattering due
to grain-size effects may play an important role in polycrystalline
samples, reducing or partially smearing out the intrinsic gap
value.

The normal-state properties (spectra above T in Fig. 3) devi-
ate considerably from the simple Drude behaviour expected for
conventional metals (that is, ¢,(v) should be constant in the
frequency range of Fig. 3), as discussed in ref. 8. This is due to
a broad mid-infrared absorption at ~60 meV, which produces
a shallow minimum in o,(v) around 12 meV. The presence of
such a mid-infrared absorption might lead to another explana-
tion of the data: that the behaviour of R(v) below T is due to
a type of plasma-edge effect'’. Both the coincidence with 7T, of
the onset of the temperature dependence of R(v), and particu-
larly the absence of any zero crossing of the real part of the
dielectric function &(v) (which would define the screened
plasma frequency)'® in the far-infrared frequency range, clearly
rule out this explanation.

The experimental electrodynamic response is in a fairly good
agreement with the Mattis-Bardeen calculation within the BCS
framework' or, in a more sophisticated way, with the pre-
dictions of the standard Eliashberg theory, as discussed previ-
ously for polycrystalline specimens®. Within the Eliashberg
formalism, one considers a realistic phonon spectrum and
directly singles out those phonon modes that are relevant for
superconductivity. This approach reduces to the weak coupling
BCS Mattis-Bardeen calculation in the limit of the average
phonon frequency being much greater than 7., but impurity
scattering effects can also be incorporated. We found that the
self-consistent Eliashberg calculation within a phonon model
spectrum dominated by high-frequency intramolecular modes
gives a reduced gap ratio of ~3.5 and moreover reproduces per-
fectly the experimental dynamical conductivity®. On the con-
trary, an important disagreement is found when low-energy
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phonon modes are considered; then, 2A /kgT. turns out to be of
the order of 5. This is counsistent with the conclusions of other
experiments. The specific-heat isotope effect and the normal-
state susceptibility investigations'>'¢, the pressure and tempera-
ture dependence of the nuclear spin lattice relaxation'’, and the
muon spin relaxation (uSR) experiments’, are also strongly indi-
cative that the relevant excitation for the pairing mechanism is
related to high-frequency intramolecular phonon modes, thus
being consistent with a BCS weak-coupling limit.
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FIG. 2 Far-infrared reflectivity spectra above and below T, of K5Cso {a)
and RbsCeo (D).
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Although tunnelling measurements® show a BCS-like density
of states in the superconducting phase, they indicate a reduced
gap ratio (2A/kgT,) larger than 5, implying a strong-coupling
limit. On the other hand, a recent pSR experiment shows a
reduced Hebel-Slichter peak, compared to the BCS prediction’.
This latter result might indicate a significant broadening in the
density of states D(F) in the superconducting phase. However,
it remains to be seen whether this discrepancy of the gap ratio
could be traced to such a breading of D(E).
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FIG. 3 Optical conductivity in the far-infrared above and below T, of
KsCeo (@) and Rb3Cep (D).
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FIG. 4 Temperature dependence of the experimentally obtained super-
conducting gap (renormalized to A(0)=1.76kgT,), compared with the
weak-coupling limit of the BCS theory (solid line). The empty and filled
circles refer to RbsCso and KsCeo, respectively. The error bars corre-
spond to £1 K and £0.25 meV.

Figure 3 also displays the temperature dependence of the opti-
cal conductivity from the superconducting ground state up to
the normal state. First, we note that the K;Cg, data (Fig. 3a)
might be also suggestive of the appearance of the so-called coher-
ence peak at low frequencies (below 3 meV). But because this
feature 1s at the very lower end of our experimentally accessible
frequency range, at present we consider this possibility very
unlikely. The possibility needs to be investigated, however, by
further experiments in the frequency range below the far-
infrared. Nevertheless, the overall optical conductivity increases
with increasing temperature due to the progressively larger
amount of free charge carriers excited across the superconduct-
ing gap. The temperature dependence of the superconducting
gap can be evaluated either by the maximum of the so-called
relative reflectivity given by the ratio R,/R, of the reflectivity in
the superconducting state over the reflectivity in the normal
state, or by fitting the temperature dependence of the experi-
mental ratio ¢,/ 01, with the Mattis-Bardeen BCS calculation'.
Figure 4 shows the temperature dependence of A, normalized to
A(0)=1.76kgT., as evaluated from the Mattis-Bardeen
approach. While the general trend seems to be suggestive of a
BCS-like behaviour, the gap ratio is always enhanced with
respect to the BCS prediction as 7. is approached. Previous
optical investigations®'®'? also indicated an anomalous tempera-
ture independence of A. Thermal broadening, particularly close
to T, where a realistic determination of A is impossible, might
be important so that the intrinsic temperature dependence of A
is beyond the precision of the optical measurement®. Moreover,
a gap distribution, due to a different 7. (that is, inhomogeneity
of the specimens)'®'? has been also suggested. Such a gap distri-
bution can be, furthermore, the consequence of 4 gap anisotropy
at the Fermi level, so that as the temperature is lowered below
the onset of the transition, the regions with large gaps become
superconducting first, with regions of smaller gaps following at
lower temperatures'®'®. Alternatively, the temperature depend-
ence of the gap (Fig. 4) might be reminiscent of a fairly broad
density of states, as also suggested experimentally by the pSR
investigation’. All these effects cause the apparent weak tempera-
ture dependence of the gap feature when the temperature is
raised towards 7. ]
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CompLEXES of manganese(11) with bipyridine (bpy) have the poten-
tial to act as catalysts for oxidation of alkanes and alkenes when
the complex is oxidized in acidic conditions'™. But their catalytic
activity in solution is limited by their catalase activity’—their tend-
ency to decompose H>O,. Because of their polynuclear nature
such complexes cannot induce epoxidation of alkenes, and other
epoxidation catalysts suffer from self-oxidation and side
reactions®™"', Moreover, all of these homogeneous catalytic pro-
cesses require phase-transfer conditions. Here we report that, when
encapsulated in the supercages of zeolites X and Y, cis-
[Mn(bpy).I>* complexes can catalyse selective epoxidation of
alkenes without complications from competing processes such as
self-oxidation or catalase activity. Epoxidation of cycloalkenes
is followed by acid-catalysed ring-opening, carbon—carbon bond
cleavage and formation of alkenedioic acids (Fig. 1). All of the
various intermediates in the process can be obtained selectively by
controlling the reaction conditions and zeolite acidity. Thus this
supramolecular system provides a clean, one-step heterogeneous
catalytic route to useful industrial products.

Synthesis of cis-manganese(11) bis-2,2-bipyridyl complex
encaged in zeolite NaX and NaY ([cMn(bpy),]>"-X and
[eMn(bpy).]**-Y), is performed by a stepwise method based on
the synthesis of Fe and Ru tris-bipyridyl-Y complex'>", but
using the appropriate transition-metal to ligand ratio. MnY (or
MnX) zeolite was prepared by ion exchange of NaY (or NaX)
with a 2 mM aqueous solution of Mn(CH5COO),. The MnY
(MnX) zeolite containing 8 Mn”~ ions per unit cell (1 Mn*>* per
supercage) was then washed, filtered and dried at 423 K under
a N, flow. This material is used as reference in the catalytic
experiments. In an inert atmosphere glove-box, 0.4 g of the bpy
ligand was added to 2.0 g of the dried MnY (or MnX). The
mixture was heated at 363 K for 24 h in a closed system to
stimulate complex formation, then Soxhlet-extracted for 24 h
with CH,Cl, to remove the unreacted ligand.

Thermo-gravimetric and chemical analysis (CA) performed
on [cMn(bpy),]’*-Y showed that after extraction an average
number of 2.02+0.05 bpy per supercage and per Mn’" ion
remain in the sample. This ratio corresponds to the proposed
stoichiometry of the complex. Chemical analysis and electron
spectroscopy for chemical analysis (ESCA) show that bulk- and
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