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New free-solute ferrocene/ferricinium electrochemistry, in liquid electrolyte on TI-containing oxocuprate 
superconducting electrodes studied at several temperatures above and below T, shows no discontinuities or 
abnormalities at the transition, in contrast with solid-electrolyte behaviour but possibly in accord with theoretical 
predictions regarding vibronic interactions or reorganisation barriers. 

Apart from a preliminary study by us,* electrochemistry on 
HTSC (high-temperature superconductor) oxocuprate elec- 
trodes through T, as a probe of the superconducting state, has 
hitherto been restricted to HTSC/(solid electrolyte) inter- 
faces,23 which show a 'hump' in the faradaic current over the 
approximate range T, k 6 K, and to nonfaradaic processes at 
an HTSC/(liquid electrolyte) interface .4 Because of the 
metastability of the original liquid electrolyte we employed, 
our experiments on oxocuprates, necessarily as microelec- 
trodes, were of brief duration.1 Later, with an improved 
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Fig. 1 CVs with temperature of Fe -+ Fe+ + eHTSC on ?'I 1223 with 
insets of conductimetry and magnetometry showing transition at T, 
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liquid,S we were able to study liquid-electrolyte faradaic 
electrochemistry on macro Pt electrodes down to 99.5 K (<Tc 
of several oxocuprates.) Here the oxidation response of 
ferrocene (Fc), Fc --+ Fc+ + ept, appears quasi-reversible, i.e. 
the current is partly limited by the charge transfer (CT) rate at 
the electrode. Comparable experiments now on oxocuprates, 
again employing liquid electrolyte , hence allow comparisons 
with the solid-state studies, and with aspects of theoretical 
treatments. 

Electrodes comprised segments of compacted discs of the 
oxocuprates, TI 1223 { (TltPbt)Sr2Ca2Cu30b} (sintered after 
compaction), and T1 2223 {T11.7Ba2Ca2C~30b) (sintered, 
crushed then compacted), encapsulated in Stycast resin as 
previously outlined,' but with larger exposed area (diameters 
ca. 0.1 mm). Four-point leads were attached1 to the inner, 
buried, end of the oxocuprate fragment, for in situ conduc- 
timetric monitoring of the superconducting transition. Fer- 
rocene rnol dm-3), in the 16:7:1 EtCl-THF-2- 
MeTHF/LiBF4 (0.6 rnol dm-3) electrolyte, was introduced 
into the cell pre-cryostatted down to ca. 130 K. While the TI 
2223 sample, having appreciable grain-boundary resistance, 
allowed the expected resistance drop at ca. T, to be observed, 
such changes in the more highly conductive T1 1223 segments 
were masked by the unavoidable lead resistances in the 
miniaturised electrode assembly , l  and T, here was established 
by conductimetry and magnetometry on separate sections of 
the same sample. The CVs (Fig. 1) on T11223, for Fc -+ Fc+ + 
eEiTSC and its reverse, yielded peak anodic currents i, (related 
to the zero current base for electrolyte alone) plotted vs. Tin 
Fig. 2. The electrode of TI 2223, <0.1 mm in diameter, from 
CVs (Fig. 3) of more microelectrode-like response, gave the ip 
(here plateau) values also presented in Fig. 2 (together with ip 
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Fig. 2 ip vs. temperature for TI 2223 (X ) ,  TI 1223 (+), Pt (0) 



1422 J. CHEM. SOC., CHEM. COMMUN., 1994 

for the Pt electrodes). In general the HTSC CVs are more 
'smeared out' than those obtained previously5 on Pt, an effect 
which has been attributed to surface roughness6 which also 
accounts for the capacitative hysteresis-like looping of Fig. 3. 
Both HTSC plots of i p  vs. T (Fig. 2) over the transition range 
show small excursions from smooth curvature, in either 
direction, which however resemble those on Pt; thus no 
clearcut discontinuities or abnormalities about T, are evident. 
The absence of the current hump observed with solid 
electrolytes,3,7-14 which from theory's ensues for the transfer 
of single (non-superconducting) electrons with weak electrod 
solvent-mode coupling, could thus imply stronger coupling in 
the liquid-electrolyte case. If , alternatively, the hump is14 
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Fig. 3 As Fig. 1 but on T1 2223; inset shows in siru resistance 
monitoring of T, 112 K (onset 119 K) 

directly a consequence of Cooper-pair transfer,ls its suppres- 
sion for liquid systems is then ascribable to the larger liquid- 
electrolyte reorganisation energy16 associated with E, -1  - 
~ 0 - l  (the inverse high- and low-frequency permittivities 
respectively), arising from the higher e0 of polar liquids. As 
the gross current in our experiment is governed by17 diffusive, 
CT-rate, solution-resistance and double-layer effects, com- 
bination(s) may mask a more subtle T,-related response, 
which would require resolution from these factors. 

The achievements reported here of observing macro-scale 
faradaic current at an HTSC/(liquid electrolyte) interface 
through the superconducting transition provide the opportun- 
ity of distinguishing between the possible origins of T,-induced 
effects, outlined above, on one- and two-electron (Cooper 
pair) CT currents, by impedance-spectroscopy resolution of 
the gross current. Since Cooper pairs can undergo transfer to 
two electroactive sites, the paired-electron current is16 gover- 
ned by the separation of the electroactive sites as set by 
concentration squared16 for single-electron electroactives, or 
the separation within dual-site electroactives like biferro- 
cenes, both simply varied in liquid electrolytes. 
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