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A solution-based procedure, requiring reaction times less than 2 h, has been developed for 
the rapid preparation of Rb3C60 (T, onset = 29.0 f 0.1 K) with superconducting shielding 
fractions near 50%. A 9:l (vol) toluene/benzonitrile solvent system was used, which prevents 
premature precipitation of c 6 0  as a monoanion. The Rb,c60 material prepared in this manner 
from solution has been characterized by an ESR line-shape analysis a t  room temperature. In 
rigorously dried toluene, the primary product is RbCso, but as the solvent polarity is increased 
with the addition of benzonitrile as a “redox catalyst”, a greater fraction of superconducting 
Rb3C60 is precipitated. The different room-temperature ESR line widths and integrated spin 
susceptibilities of these two products are used to quantify the relative yields of these two Cmn- 
species. The superconducting shielding fraction of the as formed “Rb,Cso” product is found to 
correlate linearly with the Rb&o content obtained from ESR line-shape analysis, confirming 
that Rb&o is the only superconducting component prepared via this solution phase technique. 
ESR analysis revealed that RbsC60 samples (with shielding fractions near 100%) prepared by 
the conventional vapor phase technique contained a few percent RbCm. X-ray powder diffraction 
confirmed the presence of trace amounts of RbCN in the solution-phase prepared materials. 

Introduction 

Samples of M3Cm with superconducting shielding frac- 
tions near 100% have been obtained by combining c60 
with stoichiometric amounts of alkali metals (M)14 or 
M6C605 in sealed quartz reaction tubes followed by heat 
treatment at 200-250 “C for 10-15 days. The reaction 
initially involves the formation of M6C60 on the fullerene 
grain surfaces.2 Upon reductive doping, the tetrahedral 
and octahedral sites of the face centered cubic (fcc) c 6 0  
lattice are filled, with a fcc lattice being maintained for 
M3C60 with x I 3.69 c 6 0  has also been doped with mixed 
alkali metals,1°-12 resulting in 7’:s as high as 33 K in the 
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mixed-metal compound C~2RbCm.l~ With time, the alkali 
metal diffuses through the solid forming the desired MsCm 
salt. Samples prepared by this doping method generally 
require from several days to a few weeks of heat treatment 
and annealing. 

A solution-phase preparation of M3Cm is desirable for 
several reasons. Compared to the vapor-phase prepara- 
tion, lower temperatures are required, reaction times 
should be substantially reduced, and the products formed 
should be more homogeneous. The phases formed from 
solution-based reactions have not been thoroughly inves- 
tigated and controlled synthesis of the desired M&m not 
perfected. Small superconducting shielding fractions, 
generally less than 7 % , have been reported from solution- 
phase reactions.lP16 Here we describe a much improved 
solution phase synthesis of Rb3Cm involving reaction times 
of less than 2 h which results in superconducting shielding 
fractions in excess of 50%. ESR spectroscopy and X-ray 
powder diffraction have been used to quantify and 
characterize the various products formed by use of this 
procedure. 

Experimental Section 
Starting Materials. Toluene (Mallinckrodt AR) was freshly 

distilled from sodium under a nitrogen atmosphere prior to use. 
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Formation of Superconducting Rb3C60 from Solution 

Benzonitrile (Fluka AG) was distilled from P205 under reduced 
pressure and stored under an argon atmosphere. c60  (Texas 
Fullerenes and Strem Chemicals, Inc.) was purified according to 
literature methods by extraction from carbon soot with toluene 
followed by separation from higher fullerenes on an alumina 
column with hexane chosen as the eluant.17 Rubidium (99+ % , 
courtesy of J. E. Schirber, Sandia National Laboratories) was 
used without further purification. All reaction glassware was 
assembled in an argon-filled drybox and reactions carried out on 
a vacuum/argon manifold due to the highly flammable nature of 
rubidium and rubidium doped CN. 

Solution Synthesii of RbCaO. In an argon drybox, c60 and 
elemental rubidium were combined in a 1:l ratio in a Schlenk 
bottle. This reaction flask was transferred to a vacuum/argon 
manifold, and 30 mL of freshly distilled toluene was added via 
syringe. The reaction was allowed to reflux (111 “C) overnight 
under an argon atmosphere. The precipitated reaction product 
was collected by use of a Schlenk-type filter and dried under a 
vacuum of -10-2 Torr for 1 h. 

Solution Synthesis of RbsCeo. In an argon drybox, CN and 
elemental rubidium were combined in a 3.9:l ratio in a Schlenk 
bottle. A slight excess of rubidium was found to be useful in 
preparing samples with high superconducting shielding fractions. 
This reaction flask was transferred to a vacuum/argon manifold. 
Freshly distilled toluene (27 mL) and benzonitrile (3 mL) were 
added via syringe. The reaction was allowed to reflux 2 h under 
an argon atmosphere. The black, precipitated reaction product 
was collected by use of a Schlenk-type filter and dried under a 
vacuum of 

Vapor Synthesis of RbCso. RbCm, prepared by vapor-phase 
synthesis, was used as a calibration standard for X-ray powder 
diffraction and ESR. In an argon drybox, elemental rubidium 
and Cm were combined in a 1:l ratio in a 6-mm quartz reaction 
tube. This reaction tube was transferred to a vacuum/argon 
manifold and evacuated to an argon pressure of - Torr. The 
tube was flame sealed and heated at 200 OC for 14 days. 

Vapor Synthesis of RbaC60. Rb3Cm, prepared by vapor-phase 
synthesis, was used as a calibration standard for X-ray powder 
diffraction, ESR, and susceptibility measurements. In an argon 
drybox, elemental rubidium and c60 were combined in a 3:l ratio 
in a 6-mm quartz reaction tube. This reaction tube was 
transferred to a vacuum/argon manifold and evacuated to an 
argon pressure of - Torr. The tube was flame sealed and 
heated at  200 OC for 8 days. The reaction mixture was then 
ground and pelletized in an argon drybox, resealed, and sintered 
at 250 OC for 8 days. 

Chemical Analysis. As an independent check on the molar 
percentage calculation, one of the nonsuperconducting Rb,C6o 
samples prepared from dry toluene was quantitatively analyzed 
with atomic absorption (AA) technique. On the basis of ESR 
analysis (see text), the sample contained 28 mol % of Rb&o (m 
= 14.4 G) and 72 mol % of RbC6o (6.4 G). The bulk stoichiometry 
was (RbsC~)02@bC60)072 = Rb15&, The results from AA 
analysis were Rb,,Ceo, n = 1.70,1.76, and 1.80 * 5%. The slightly 
higher AA rubidium analysis also indicated that there were small 
amounts (- 5 % ) of other non-ESR active rubidium species such 
as RbOH and a-Rb02 in the samples (see text). 

X-ray Powder Diffraction. Samples of Rb,Cm were sealed 
in glass capillaries and the X-ray powder diffraction patterns 
recorded at room temperature in a Debye-Scherrer film camera 
(radius 57.3 mm, Ni-filtered Cu Ka radiation, X = 1.542 A). The 
samples were surrounded by 0.025-mh-thick Ni foil to suppress 
the fluorescence background. The width of the diffraction peaks 
was limited by the instrument geometry, indicating particles of 
>200-A size. 

Ac Susceptibility, Ac susceptibility measurements were 
performed with a Lake Shore Cryotronics 7221 ac susceptometer, 
operating at 1-G modulation field with a frequency of 111.1 Hz. 
The real (x’) and imaginary (x”) components of the magnetic 
susceptibility were recorded between 4.5 and 50 K in temperature 
increments ranging from 0.1 (in the region of the superconducting 
transition) to 2.25 K (well above Tc).  The superconducting 
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shielding fractions were taken as the measured ac diamagnetic 
volume susceptibilities (x‘in SI units) at  5 K for zero-field cooling 
of the samples, relative to perfect shielding. In SI units, perfect 
shielding (100%) is represented by x’ = -1. Sample volumes 
were based on the mass and theoretical density determined from 
reported X-ray structural studies. The instrument was factory 
calibrated to  yield absolute susceptibilities, with calibration 
factors incorporated into the computer software used for in- 
strument control and data acquisition. This calibration was 
checked with the use of a pure niobium metal cylinder with large 
length-to-diameter ratio (small demagnetization factor), which 
yielded a diamagnetic susceptibility of -0.98 on completion of a 
sharp superconducting transition with onset at 9.46 K. The 
susceptibilities of the fulleride samples were uncorrected for 
demagnetization because these are unknown quantities. The 
usual approximation used for powdered materials is to treat the 
particles as spheres with a demaignetization factor of 1/3 (SI units). 
Application of this factor would lower the susceptibility by about 
15% for shielding fractions of 50% (x’ = -0.5) and by 3% for 
shielding fractions of 10% (x’ = -0.1). Although not studied in 
detail, the Meissner fractions of some of our samples were found 
to be 14-28% of the shielding fractions. 
ESR Spectroscopy. An IBM ER-200 ESR spectrometer (X- 

band, 9.4 GHz) with a TEloz rectangular cavity was used for ESR 
studies. Low-temperature measurements were carried out with 
either a 4111 VT liquid nitrogen variable temperature controller 
(300-100 K) or an Oxford Instruments liquid helium cryostat 
(300 to 4 K). The instrument was calibrated with a strong pitch 
(g = 2.0028). A locally developed computer program was used 
to fit first-derivative ESR spectra to a linear superposition of 
Lorentzian derivatives.18 Because of the cubic symmetry of the 
ESR-active products, no corrections for g-value anisotropy were 
applied. 

Results and Discussion 

Solution Preparation of Rb,Cw. In the original report 
of the solution phase synthesis of “RbxC6~*, a 7 % shielding 
fraction was determined at  5 K.15 This preparation was 
carried out with a large (about 60-fold) excess of rubidium 
in reagent-grade toluene. In an attempt to increase the 
fraction of superconducting Rb3C60, experiments were 
performed in rigorously dried toluene with 3 equiv of 
elemental rubidium. The products obtained in these 
experiments showed little (less than 0.3%) or no super- 
conductivity and were subsequently characterized as 
containing significant amounts of R b c 6 0 . ~ ~  

We found it important in producing Rb&o to increase 
the polarity of the solvent to solubilize the c60- anion and 
prevent premature precipitation of c60 as Rbc60. The 
more polar benzonitrile was chosen as a solvent because 
of its miscibility in toluene and its ability to act as a “redox 
catalyst” in heterogeneous  reaction^,^^.^^ transferring elec- 
trons from the molten alkali metal to the c 6 0  molecules 
in solution. The reaction of c60  with 3 equiv of rubidium 
in neat benzonitrile resulted in a dark red solution 
characteristic of c60 anions,2l but no precipitate formed. 
Subsequently, reactions in solvent mixtures of rigorously 
dried toluene and benzonitrile, with intermediate polar- 
ities, were attempted. 

~ ~~ ~~ ~ ~ 
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Scheme I. Stepwise Reduction of CW 
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Figure 1. Variable-temperature ac magnetic susceptibility of 
RbsCso prepared from a 9:l toluene/benzonitrile solution phase 
synthesis (Table I, sample 5 ) .  x’ and x” represent the in-phase 
and out-of phase components, respectively. 

Benzonitrile is known to react slowly with alkali metals 
forming a trimeric species,22?23 but the short reaction times 
used in these experiments minimized the formation of 
this byproduct. The solubility of this trimer allowed it to 
be removed by filtration when the RbxC60 was collected. 
In some samples, traces of RbCN, also formed by the slow 
reaction of rubidium with benzonitrile, were detected by 
X-ray powder diffraction. 

The proposed mechanism of Rb3C60 formation is out- 
lined in Scheme I. Our ESR study indicates that the 
reduction of c 6 0  in solution initially gives rise to C60’- 
radical anions. When rigorously dried toluene is used as 
the reaction solvent, paramagnetic RbC6o precipitates and 
further reduction of the RbC6o solid by molten rubidium 
in the heterogeneous solvent mixture is expected to be 
slow, thereby resulting in low superconducting fractions. 
RbC6o is more soluble in a solvent system such as 10% 
benzonitrile in toluene, and the c60- anion remains in 
solution being further reduced to CsO3-, before being 
precipitated as Rb3C60. Superconducting powders were 
collected from mixed solvents with benzonitrile concen- 
trations between 5 and 20 vol %, with yields (based on 
initial c 6 0  mass) generally near 75 % . As the benzonitrile 
fraction increased, the yield decreased due to product 
dissolution and loss in the more polar filtrate. 

The black precipitates obtained were vacuum dried, 
weighed, and sealed in capillary tubes. Superconducting 
shielding fractions were determined by use of ac suscep- 
tibility measurements. The variable-temperature sus- 
ceptibility curve of the highest fraction sample is shown 
in Figure 1. The superconducting onset temperature is 
29.0 f 0.1 K with a shielding fraction of 51 % a t  5 K. The 
observed transition is much broader (AT 10-90% tran- 
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Figure 2. Variable-temperature ESR peak-to-peak line width 
of RbCso prepared from solution-phase synthesis. 

sition width = 13.9 K) than in materials obtained by vapor 
synthesis (AT 10-90% transition width = 9.2 K). This 
broadening may be due to the occurrence of very small 
particles with sizes comparable to or smaller than the 
London penetration depths, because one observes in Figure 
1 that the diagmagnetic susceptibility (x ’ )  does not reach 
full saturation even at  5 K (see subsequent discussion of 
penetration depths). 

X-ray Powder Diffraction. X-ray powder diffraction 
was used to identify the various phases obtained by 
solution-phase synthesis. As expected, samples with 
higher shielding fractions were found to be richer in the 
Rb3Cm phase. Samples prepared from solution with lower 
shielding fractions contained traces of RbOH, RbOHeH20, 
and cu-RbO2. These products are produced by the reaction 
of elemental rubidium with trace amounts of water or 
oxygen. In the higher fraction samples, the above impu- 
rities were absent, but small amounts of RbCN were 
observed, which is formed by the decompoaition of 
benzonitrile in the presence of rubidium. 
ESR Characterization. The room-temperature ESR 

signal of RbCm, prepared from solution, was analyzed by 
use of a locally developed least-squares line-shape analysis 
program.’s The data were fit to a single Lorentzian line, 
with an agreement factor (100%*Clcalc - obs(/Clobsl) of 
3.8%, indicating a good fit. Since minor paramagnetic 
impurities can easily be observed from ESR line-shape 
analysis, we concluded that the sample contained only 
one ESR-active component. The ESR spectrum showed 
a peak-to-peak line width a t  300 K of 5.7 G. The g value 
of 2.0006 is slightly larger than the values (1.999-2.0006) 
previously reported for the Cm- monoanion in solution.2P26 

Variable-temperature ESR measurements were also 
performed and the resulting peak-to-peak line widths were 
plotted against temperature in Figure 2. The line width 
decreased monotonically with temperature from 5.7 G at  
300 K to 2.5 G at  100 K. Below 100 K, the line width was 
nearly temperature independent. This behavior was 
similar to that reported for a frozen solution of electro- 
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Figure 3. Plot of ln(PHT - A&) versus 1/T of RbCeo prepared 
from solution. The equation used for the linear fit is: ln(AHT 
- 2.5) = 3.29 - 628/T. 

chemically generated c60- a n i 0 n ~ . ~ ~ 9 ~ ~  The reported C6O2- 
dianion yields a distinct triplet ESR s p e c t r ~ m , 2 ~ - ~ ~  which 
was not observed in our RbCm samples. The temperature 
dependence of the line width of the c60- monoanion 
samples was rationalized as a splitting of the triply 
degenerate tl, orbitals of the parent c 6 0  molecule due to 
a symmetry reduction.26*28 The splitting was such that 
the doubly degenerate orbitals lie below the nondegenerate 
one. Assuming that the splitting is small, the two available 
electronic states of the monoanion would allow a thermal 
averaging, and the line-width behavior can be described 
with a thermally activated process as indicated in the 
following equation: 

ln(AHT - AHo) = A - E/kT 

where AHT is the ESR peak-to-peak line width at 
temperature T and A H 0  is the constant ESR line width 
at low temperature. The increase of the ESR line width 
with increasing temperature is associated with an acti- 
vation energy, E. To check the validity of this argument 
for the RbCw powder, the data above 100 K were fit to eq 
1 with A H 0  = 2.5 G, and the results plotted in Figure 3. 
The linear relationship observed suggests such that the 
above model is applicable, and the fitted activation energy 
is 0.063 eV. This is comparable to that observed for the 
Cw- monoanion in frozen solvents, with activation energies 
ranging from 0.036 to 0.065 eV, depending on the organic 
s0lvent.~7 

The inverse of the ESR spin susceptibility for RbCeo is 
plotted versus temperature in Figure 4. The data scatter 
slightly below 20 K, but in general, Curie-Weiss behavior 
is observed. This result demonstrates that RbCso is a 
paramagnetic species with localized spins, indicating 
semiconducting electrical properties. The large negative 
Weiss constant (--450 K) suggests that the spins are 
coupled antiferromagnetically. 

To characterize the ESR properties of the supercon- 
ducting powder prepared by the solution phase technique, 
a Rb&w sample was first prepared by the conventional 
vapor-phase method (vide supra) which showed a nearly 
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Figure 4. Inverse ESR spin susceptibility of RbCm prepared 
from solution versus temperature. 
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Figure 5. (a, top) ESR spectrum (circles) of a vapor phase 
synthesized RbaCN. The calculated ESR spectrum with two 
components (see text) is shown with a solid line. (b, bottom) 
ESR spectrum (circles) of sample 4 (Table I) with calculated 
ESR spectrum (line) assuming three Lorentzian Components. 
The difference between the original and calculated spectra is 
also plotted. 
100 % superconducting shielding fraction (without cor- 
rection for demagnetization) and an onset T, of 29.4 K. 
The ESR spectrum at  300 K showed two components 
(Figure 5a), a 12.7-G line (RbsCw) and a 6.3-G line (RbCm). 
By use of the previously analyzed RbCm sample as a 
calibration standard for the paramagnetic components, 
this "high-fraction" sample was calculated to contain a 
93:7 molar ratio of Rb& to Rbc60. Thus, even in high- 
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Tab le  I. E S R  Line-Shape  Analysisa a n d  Superconduct iv i ty  of the Rb&o Synthes ized  from Solu t ion-Phase  Technique*  

line line line line line 

RbiCso 28 7.9 23 5.3 23 8 8 6.0 4 8.8 
RbsCso 70 23.1 76 22.4 77 21 91 25.0 96 32.1 
minor phase (see text) 2 2.6 1 1.8 O C  none 1 1.8 O C  none 
R factor,d % 1.8 3.1 3.5 3.1 5.8 
superconducting shielding,' % 10 23 25 40 51 

a All analyses are based on ESR spectra recorded at 300 K. * All samples are prepared from rigorously dried toluene with 10% (volume) 
benzonitrile. No detectable RbzCso in the sample. d R  factor % = 100%*&alc - obsl/Clobsl. e Shielding fraction determined a t  5 K with ac 
susceptibility measurements. 

sample 1 sample 2 sample 3 sample 4 sample 5 

molar % width (G) molar % width (G)  molar % width (G) molar % width (G) molar % width (G) 

fraction samples obtained from vapor phase synthesis, 
small amounts of RbCso appear to be present. 

The solution-phase superconducting samples were 
characterized by ESR analysis to contain two significant 
paramagnetic species. A typical spectrum is shown in 
Figure 5b. The major component has a line width of 22- 
32 G, with the smaller component having a width of 5-9 
G. Occasionally, an unidentified impurity with a very 
sharp (1.8-2.6 G) line width was observed in less than 2 % 
abundance. The 5-9-G line is attributed to Rbc60 based 
on the previously described results herein for the material 
produced by direct solution synthesis of this compound. 
The broader 22-32 G line is assigned to the supercon- 
ductingRb3C60. Due to the broad solid state spectra, there 
is a large uncertainty associated with theg values (*0.002), 
which prohibits meaningful comparison among theg values 
of RbC60 and Rb3Cm. The results of five such analyses are 
summarized in Table I. The range of shielding fractions 
is most likely a result of small differences in the starting 
Rb/Cso ratio and minor variations in the handling of these 
air sensitive materials. As shown in Figure 6, the molar 
fraction of Rb3C60 calculated from the ESR studies is 
linearly correlated with the superconducting shielding 
fraction determined by use of ac susceptibility. 

Samples prepared by this solution-based synthesis were 
observed to contain some residual solvent that could not 
be removed by drying at  100 "C under a reduced pressure 
of lo4 Torr. Removal of solvent from solution prepared 
M3Cm has previously been shown to be difficult, with 
heatingto near 300 O C  required to remove THF or NH3.16,39 
Adhesion of phenyl groups to Cm- anions has been observed 
previously,30 suggesting that solvated benzonitrile would 
also be difficult to remove. This residual solvent is 
expected to broaden the ESR line width.27 
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Figure 7. ESR peak-to-peak line width and the inverse of the 
spin susceptibility of a 23% RbCm and 76% Rb&m (sample 2) 
sample plotted against temperature.  

The molar fractions of RbsCm obtained by use of ESR 
are significantly higher than the superconducting shielding 
fractions obtained for the same samples. This likely 
originates in the smaller grain size expected to have been 
produced from solution as compared to the materials 
obtained from vapor-phase synthesis. Low values of the 
superconducting shielding fractions are obtained unless 
the grain size is muchlarger than the penetration depth."Ql 
The reported penetration depths for K3C60 and RbaCso 
are approximately 2400-4800 A32-34 while the grain size of 
M3Cm prepared from vapor phase synthesis is on the order 
of 10 000 A.16832 No direct measurements of the grain size 
in samples prepared from the solution-phase reactions are 
currently available. 

The low-temperature ESR properties of sample 2 (76% 
Rb3C60, see Table I) were measured between 200 and 4 K. 
The spectra are dominated by the paramagnetic RbCGO, 
because of its narrower line width. Below 200 K, the ESR 
signals of the two components are similar in width, and 
thus the signal deconvolution procedures could not be 
applied because of high correlations. The dependence of 
the overall line width and inverse total spin susceptibility 
on temperature is shown in Figure 7. The total spin 
susceptibility between 200 and 30 K indicates a Curie- 
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Figure 8. ESR spectrum of sample 2 (Table I) at  20 K. The 
vertical offset of the forward and reverse scans is caused by the 
magnetic hysteresis of the superconducting state and not by 
instrument settings. 

Weiss behavior. Below 30 K, the intensity due to the 
paramagnetic Rbc60 component is expected to continue 
to increase, while the contribution from Rb&60 is expected 
to vanish with the onset of superconductivity. A notable 
difference from single phase RbCso is that the line width 
increases below 30 K. This is explained in terms of a 
paramagnetic species (RbCm) suspended in a supercon- 
ducting matrix (Rb3C60). Below T,, the ESR line width 
of the paramagnetic species is broadened by the inho- 
mogeneous magnetic field associated with the occurrence 
of a magnetic flux lattice in the superconducting spe- 
cies.36136 

Additional evidence for the coexistence of RbCeO and 
Rb&m in the superconducting samples is shown in Figure 
8 where the forward and reverse ESR scans of sample 2 
at  20 K are illustrated without any change of the vertical 
offset. In the normal state, the forward and reverse scans 
are superimposable, but in the superconducting state a 
strong hysteresis loop due to the superconducting Rb3C60 
is clearly evident. The appearance of the hysteresis loop 
of a modulated microwave absorption is caused by the 
screening supercurrents which are synchronous with the 
modulated field, and which shift the phase by 180' as the 
direction of the sweeping is r e ~ e r s e d . ~ ~ ~ ~ ~  The resonance 
with the 3.8 G line width observed below T, is attributed 
to RbC6o done. 
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Conclusions 

A solution-phase method of preparing Rb&m has been 
developed by use of a mixed solvent system (toluene1 
benzonitrile) that yields samples with relatively high 
(-50% ) superconducting shielding fractions. The short 
reaction time (<2 h) makes this route attractive for large- 
scale synthesis. ESR line-shape analysis is a powerful tool 
that has been used to characterize the Rb,Cm radical anion 
system. The major side product formed in the solution 
phase synthesis of Rb3Cm has been identified as RbCm, 
with a room temperature line width near 6 G. Rb&m 
prepared by use of vapor phase reactions gives a line width 
of 12-14 G. The broader (22-32 G) line width observed 
in Rb3Cm prepared from solution is attributed to traces 
of remnant solvent. 

Rbc60 can be prepared from a solution reaction using 
rigorously dried toluene as the solvent. This less polar 
solvent results in the precipitation of the c60- monoanion. 
The possibility that the sample has a bulk stoichiometry 
of RbCm but is actually a mixture of Rb3C60 and unreacted 
c60, can be ruled out for several reasons: (1) The peak- 
to-peak ESR line width of Rb3C60 is significantly broader 
(12-14 G) than that observed (5.1 G) for the RbCm sample, 
and a line-shape analysis indicates that only one para- 
magnetic species is present. (2) The Rbc60 sample shows 
no sign of superconductivity. (3) Unreacted, neutral c 6 0  
would be soluble in hot toluene solution and removed in 
the filtrate. 

Traces of rubidium oxides and hydroxides have been 
identified in some products by use of X-ray powder 
diffraction techniques. The presence of these impurities 
is likely due to the reaction between rubidium and trace 
amounts of moisture during the chemical synthesis. 
Additional heat treatment near 250 OC of the solution 
phase synthesized samples does not increase the super- 
conducting shielding fraction. This is likely due to the 
presence of chemical impurities. Our future efforts will 
involve the use of high-vacuum techniques, which will 
eliminate possible side reactions with water or oxygen, 
and potentially result in the rapid preparation of samples 
with even higher superconducting shielding fractions. 
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