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Abstract

A horizontal thermal analysis system was adopted for the measurement of vapour pressure of Cg, using the vapour transport
technique. The experimental precautions taken in order to ensure measurement of equilibrium vapour pressure by the
transpiration method are described. The equilibrium nature of these measurements was ensured by the existence of plateau
regions in the isothermal plots of apparent vapour pressure as a function of flow rate of the carrier gas. To verify the
applicability of this TG based transpiration method, vapour pressure of Csl was measured to be log(p/Pa)=
11.66740.013—(939040.078)/T (K) over the range 737-874 K yielding a value of 195.6 kJ mol ™" for the third-law enthalpy
of sublimation, AH?,, ,4s of CsI, the value which compares well with the literature data. The vapour pressure measurements on
Cgo over the range 789-907 K could be represented by log(p/Pa) =9.018 +0.061 — (7955 + 0.280)/7T(K). Third-law
treatment of the data yielded a value of 183.54:1.0 kJ mol ' for AHS, 505 0f Cgo which is in good agreement with some of the
other vapour pressure measurements in the literature, if subjected to third-law processing using the same set of free energy

functions reliably reported in the literature. © 1998 Elsevier Science B.V.

1. Introduction

Following the discovery of fullerenes in 1985 by
Kroto et al. [1], considerable work on their synthesis
and characterization were reported in the literature
[2-4]. Notable among the physico-chemical measure-
ments made on the fullerenes were the vapour pressure
measurements which clearly demonstrated the metast-
ability of the fullerenes in comparison with other
polymorphic forms of carbon. However, the number
of reports in the literature [5-12] on the vapour
pressure of Cg, C7o and their solid solutions are quite
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a few which included techniques such as the conven-
tional transpiration Quartz Crystal Microbalance
(QCM), Knudsen Cell Mass Spectrometry (KCMS),
Knudsen Effusion Weight Loss (KEWL) and Optical
Absorption Spectra (OAS) measurements. Despite a
reasonable number of such vapour pressure measure-
ments employing diverse techniques, there is a con-
siderable scatter in the vapour pressure data and in the
values of the standard enthalpy of sublimation,
AHY, 505 for even the well-studied fullerene Cgp.
Hence, the present investigation was undertaken in
order to assess the reliability of the vapour pressure
data by employing a modified transpiration
method. Since this method facilitates adaptation of
a commercial thermoanalyser functioning in the
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horizontal configuration as a transpiration apparatus,
the reliability of such a technique needs to be estab-
lished by measurements on a well characterised mate-
rial whose vapour pressure is well assessed in the
literature. This was accomplished by carrying out
vapour pressure measurements on cesium iodide
and comparing the results with the literature values
prior to the initiation of vapourisation studies on the
fullerene Cg.

2. Experimental
2.1. Materials

Reagent grade Csl of purity better than 99.9%
(supplied by Aldrich Chemicals, USA) pulverised to
a mesh size of between 200 and 350 was used for the
transpiration runs.

The Kratschmer’s carbon arc method [2,3] was used
to produce the fullerenes. The soot so obtained by
arcing the graphite electrodes was extracted by using
Soxhlet extractor followed by chromatographic
separation on an alumina column. Toluene/Hexane
mixtures which was used as the eluent was removed
by vacuum annealing of the product at 523 K for 24 h.
The purity of C¢o was ascertained by XRD and UV-Vis
spectroscopy within 1 mass% limit of detection of
impurity phases, namely C;y and other higher full-
erenes by these techniques. For a more stringent
analysis of purity, the fullerene sample was subjected
to HPLC technique which showed that the fullerene
Cgo was of 99.8% purity with the impurity phases of
toluene and C to be <0.2% threshold of detection by
HPLC.

2.2. Transpiration apparatus

A horizontal thermal analysis system (Model —
Seiko 320) was adopted for vapour pressure measure-
ments. A Pt-13% Rh/Pt thermocouple (Type-R) which
formed an arm of the microbalance beam was used for
temperature measurement in the vicinity of the sample
located in the uniform temperature zone (UTZ)
of a compact tubular furnace. A flat Pt crucible
was used to spread the samples in order to maximise
surface-to-volume ratio. High purity (better than
99.999%) helium was used as the carrier gas.

Since the flow rate for the gas is the most important
parameter in the transpiration measurement, the
flow rates were monitored by a capillary type glass
flowmeter. This capillary type glass flowmeter was in
turn calibrated by the soap-bubble method using a
horizontal calibrated burette [13]. A wet test meter
(Model — Toshniwal, India) which was also used for
total volume measurement at the outlet was in
turn calibrated with the help of the glass capillary
flowmeter. Though the precision in the flow rate
measurements by the glass capillary flowmeter was
+0.5%, the overall precision in the integral volume
flow was of the order of 2% of the total volume of the
carrier gas.

The horizontal design of the thermal analysis sys-
tem facilitated the minimisation of errors in weight
measurement due to convection while the location of
the sample and reference pan in the same UTZ of the
furnace minimised errors arising from effects such as
buoyancy and thermal expansion of the beam. A
narrow tube of the furnace was helpful in achieving
saturation of the carrier gas with the vapourizing
species at moderately lower flow rates. The high purity
of the helium gas (which was independently moni-
tored for its oxygen content using a solid electrolyte
oxygen sensor [14]) minimised the possible weight
gain due to oxidation of fullerene to its sub-oxide [15].
Since the vapour pressures were proposed to be
derived from weight-loss measurements, other sources
of errors that could be incurred by processes such as
desorption of volatiles also needed to be minimised by
preheating the sample in the range 373-573 K for 1 to
2 h. In addition, correction factor was generated for
apparent mass gain as a function of time at different
isothermal temperatures in the range 700-1000 K
under flow rates of 6 to 18 dm>h in the blank runs
carried out with empty sample and reference pans
under helium atmosphere. It was found that the cor-
rection amounted to an average value of 9.04 pg per
hour for an apparent isothermal weight gain in the
blank runs encompassing the ranges of temperature
and helium flow rates as mentioned above. The scatter
in the correction factor between the extremes of
temperature and flow rate ranges mentioned here
was found to be only £0.9 ug/h (=10%). Hence, a
constant correction factor was employed for the
weight losses which were resulting from mainly tran-
spiration phenomena. The lower temperature limit of
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vapour pressure studies was restricted to that tempera-
ture at which this scatter in correction would tend to be
<1% of the measured weight loss.

In the preliminary transpiration runs where CsI was
employed for the purpose of establishing the horizon-
tal thermoanalyser as a transpiration apparatus, ade-
quacy of the quantity of the sample as well as its
exposed surface area for saturating the carrier gas with
the vapour was also tested, besides identifying the
plateau region (in the plot of apparent isothermal
vapour pressure against flow rate). It was found that
a quantity of ca. 20 mg of Csl was required to be
spread on a platinum foil-tray of nearly double the
surface area of the standard sample crucible in order to
give a flow-rate-independent plateau (between 10.4
and 12.4 dm>/h at the highest temperature of 874 K).
In the remaining three sets of experiments with CsI at
lower temperatures, a flow rate of 10.9 dm>/h was used
which should be lying within the broader plateau
regions (these being lower temperature measure-
ments). However, 10 mg of fullerene sample spread
as a thin layer in the standard sample pan was found to
be adequate to give rise to plateau region in the plot of
isothermal apparent pressure vs. flow rate. In addition,
efforts to establish plateau not only at the highest
temperature of vapourisation studies, but also at the
lowest and middle temperatures were made for Cg,
being the material taken up for reassessment. The
general experimental procedure is the same for the
runs with both CsI and Cg,. The furnace was purged
with the carrier gas at a flow rate of 10 dm>/h at room
temperature prior to heating. A heating rate of 10°C/
min was employed to raise the temperature to 473 K at
which it was maintained for ca. 1 to 2 h. After this
step, the temperature was raised to the experimental
temperature at the rate of 100°C/min. Once the set
temperature was reached, the sample was maintained
at the same isothermal temperature for the required
time followed by natural cooling. Each time a fresh
sample was loaded for vapourisation studies instead of
recycling the same sample for obvious reasons of
avoiding errors owing to sintering, surface depletion,
oxidation, etc. For the configuration and sample size
(10 mg) employed for Cgp, the same flow rate of
12.4 dm’/h was found to be in the middle of the
plateau region determined independently for three
different isothermal temperatures, namely 791, 844
and 907 K. Nearly five sets of experimental runs were

carried out on Cgq for different isothermal tempera-
tures.

3. Results

If Wis the mass loss of the sample at the isothermal
temperature 7, which was caused by the flow of V.
(dm?) of the carrier gas, the apparent vapour pressure p
could be calculated using the Dalton’s law of partial
pressure for ideal gas mixtures as given by

P = WRT /MV, (1)

where M is the molecular weight of the sample.

3.1. Vapour pressure of Csl

Weight losses amounting to 3290 and 3550 pg were
observed at a temperature of 8§74 K for the passage of
carrier gas exactly for 60 min, each time correspond-
ing to flow rates of 10.9 and 12.3 dm>/h, respectively.
By using Eq. (1) and assuming Csl to be essentially
monomeric (with negligible dimer concentration
below the melting point of 904 K [16,17]), values
of 8.43 and 8.21 Pa, respectively, could be calculated
for the vapour pressure. For subsequent runs at lower
temperatures, a flow rate of 10.9 dm*/h was employed
so as to be within the plateau. Weight losses of 320,
640 and 2100 pg were observed for the passage of the
carrier gas for 8, 4 and 2 h at 737, 777 and 830 K,
respectively, at the same flow rate (10.9 dm’/h).
Together with the runs at 874 K, values of 0.09,
0.36, 2.25 and 8.43 Pa could be calculated for the
vapour pressure of CsI (monomeric) at 737, 777, 830
and 874 K, respectively. These values (shown in
Fig. 1) could be fitted into the least-squares expression

log(p/Pa) = 11.667 £ 0.013
— (9390 £ 0.078)/T(K) )

valid over the range 737 to 874 K.

3.2. Vapour pressure of Cgp

A plot of the apparent vapour pressure p“*" against
flow rate at three different temperatures 791, 844 and
907 K is shown in Fig. 2. From this figure, the plateau
regions characterising the equilibrium vapourisation
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Fig. 1. Experimental vapour pressure results on CsI(s).
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Fig. 2. Plot of apparent isothermal vapour pressure of Cgy as a
function of flow rate.

was identified to be between the flow rates of 10.9 to
12.4 dm*/h at 907 K and 9.0 to 12.4 dm*/h for 791 and
844 K. The variation in the vapour pressure values at
least over a narrower range of flow rates between 10.9
to 12.4 dm’/h (for all the three temperatures) is seen
(cf Fig. 2) to be not more than 2 to 5% of the mean
values. A major part of this variation could be
accounted for by the 2% uncertainty in the flow
calibration alone. Since the mass loss measurements

Table 1
Vapour pressure of Cgo by TG transpiration method
Run No. T (K) Mass loss V. (dm?) Pressure,
Tk p (mPa)
1 789.3 93.14 9.551 88.9
2 791.0 278.05 31.491 80.7
3 791.0 293.45 36.848 72.8
4 810.3 209.04 10.369 188.7
5 814.3 209.44 10.373 190.0
6 821.7 209.64 10.364 192.0
7 844.0 459.04 10.767 415.7
8 844.0 419.04 8.670 471.3
9 844.0 509.04 10.527 471.5
10 873.4 881.14 10.522 845.1
11 904.2 1481.34 10.546 1467.4
12 907.0 1899.04 12.182 1633.6
13 907.0 1691.04 10.549 1680.0

# Data are given correct to two decimal places which are one digit
more than the significant figures for computational purposes.

subsequent to the determination of the plateau regions
were carried out using a flow rate almost in the middle
of the plateau (10.9 dm*/h), the values of p*P could be
approximated to be the true equilibrium vapour pres-
sure p as calculated from Eq. (1) by substituting the
values of mass loss W in the respective experimental
run. The results of mass loss, total volume of the
carrier gas V. and equilibrium pressure p determined
by transpiration experiments are summarised in
Table 1. A least-squares expression for the values of
log p plotted against reciprocal temperature as shown
in Fig. 3 is given by

log(p/Pa) = 9.018 £ 0.061
— (7955 £0.280)/T(K) (3)

4. Discussion
4.1. Vapour pressure of Csl(s)

The results of the vapour pressure measurements on
Csl using an inert gas (namely He) as the carrier,
shown in Fig. 1, was represented by Eq. (2). These
measurements were carried out essentially to verify
whether the modified transpiration method (adopting a
horizontal thermobalance) could yield reliable vapour
pressure data for a well characterised material whose
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Fig. 3. Temperature dependence of the equilibrium vapour pressure of Ceo.

vapour pressure values were well established in the
literature. Measurement of vapour pressure on stan-
dard metal powders might be prone to interference by
the ubiquitous oxygen impurity in the inert carrier gas.
Many other substances with vapour pressures which
are amenable for measurement by transpiration weight
loss were found to exhibit complex vapourisation
behaviour owing to the stability of their polymeric
forms in the gaseous state. It was found that Csl
exhibited vapourisation as monomer with only 2%
of dimer concentration near its melting point of 904 K
[17] and with negligible dimer concentration up to
873 K [16]. The vapour pressure of Csl was a subject
of study from 1921 onwards until recent years by
employing diverse techniques including the conven-
tional boiling point method. The vapour pressure
measurements on this material prior to 1982 was
reviewed by Viswanathan and Hilpert [18] and hence
is omitted here. Including the study using the KCMS
by Viswanathan and Hilpert, there are at least three
reports in the literature on the vapour pressure of Csl
subsequent to 1982. A comparison of Eq. (2) from the
present work with the results from these three inves-
tigations is warranted to uphold the applicability of the
modified transpiration method for measuring the
vapour pressure. Table 2 shows that there is a reason-

able agreement among the values of p (Pa) at an
overlapping temperature of 800 K between the present
work and those from the recent literature. To assess the
temperature dependent errors in the vapour pressure
results, third-law method was employed for the four
data points shown in Fig. 1. For this purpose, free-
energy functions, FEFs, were computed from the S¥ 50
and Cg values listed for Csl (s and g) in the recent
Thermochemical Tables by Knacke et al. [19]. Corre-
sponding to the four values of p (CsI) at 737, 777, 830
and 874 K, values of 194.9, 195.6, 195.8 and
196.0 kJ mol ' were derived for the standard enthalpy
of sublimation, Angb,298 which is averaged to give
195.6+0.5 kJ mol ™" (Table 2). It is seen that all the
four values in Table 2 for AHY, ,o, lie within a band
of 4KJ. ’

4.2. Vapour pressure of Cgp

The vapour pressure expression given by Eq. (3)
from the present work is compared with those from
seven other reliable reports [6—12] from the recent
literature. Since different investigators had employed
different techniques ranging from KCMS and KEWL,
on one hand, and the transpiration and optical absorp-
tion measurements on the other over different ranges
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Table 2

Comparison of vapour pressure and sublimation enthalpy of CsI (s, monomer)

S.No. Method log(p/Pa)=A—BI/T(K)

p (Pa) at 800 K AHS 55 ™ References

A -B

KCMS 11.99 9573
KEWL and transpiration 12.59 10029
Transpiration 11.95 9549
TG transpiration 11.67 9390

W N =

I

1.1 191.1 [18]
1.1 193.1 [16]
1.0 193.1 [17]
0.9 195.6 This work

# Third-law values.

of temperature, a meaningful comparison is possible
only if the same set of FEFs are used in the evaluation
of AHY, ,os for all the eight sets of vapour pressure
data. Fortunately, Korobov and Sidorov [9] had com-
piled the thermodynamic functions for Cg(s) from 10
to 1000 K using precise heat capacity data. They had
also evaluated FEFs for Cg( gas from the experimental
vibrational wave numbers derived from IR, Raman,
neutron scattering, high-resolution energy-loss tech-
niques, etc. from the literature. Making use of the
FEFs for Cgo(s) and Cgo(g) as listed, in conjunction
with the relation

AHg,, = AG,,, — TAFEF 4)

for the vapourisation process, values of Angb of Ceo
were calculated for the 13 points in Table 1 and were
plotted against experimental temperature (third-law
plot) as shown in Fig. 4. There is a very slight
temperature dependence in the values of AHY, ,o
which shows the absence of significant temperature-
dependent errors in the present work. The same set of
FEFs from Korobov and Sidorov [9] were applied to
the vapour pressure values at the two extremes of the
temperature range of each technique (given in
Table 3) in order to calculate Angb. The value
183.5+1.0 kJ mol ' for AH?, from the present work
is in good agreement with four other investigations,
but is somewhat different from those reported by
Popovic et al. [10] and Piacente et al. [11] using
KCMS and from Gong et al. [12] by optical absorption
measurements. In the earlier reports on the vapour
pressure of Cgg, the emphasis was more on the com-
parison of AH?, at the mean temperature of measure-
ment Tean, Values of which could differ considerably
from one to the other. Uniform application of the same
set of FEFs to all the reported values has thus facili-
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Fig. 4. Third-law plot of the enthalpy of sublimation for Cg; the
horizontal line is the mean result.

tated a meaningful comparison of AHY, 4. It is not
possible to carry out such a third-law analysis on the
data given in some of the literature reports [20-24]
owing to lack of reporting of original p values. How-
ever, it is interesting to compare the AHSub at Tean for
some of these measurements. Thus, the value of
163 kI mol™' at 840 K by Chen et al. [20] using
DSC and TGA, 139 kJ mol " at 600 K by Tokmakoff
et al. [21] using desorption kinetics, 180 kJ mol ! at
907 K by Dai et al. [22] using UV-visible absorption,
155 kJ mol " at 859 K by Coheur et al. [23] using UV-
visible absorption and 171 kJ mol ' (temperature not
specified) by Ruoff using valence molecular connec-
tivity theory, etc. could be compared with the values of
193, 181, 159, 191, 158, 175, 175 and 152 kJ mol " at
the respective Tyean for the eight investigations listed
in Table 3 in the same sequence. As mentioned,
comparison of AH, at Tyean, for different values
of Tinean, could cause confusion and is therefore
omitted in Table 3.
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Table 3

Comparison of vapour pressure of Cgo with literature data

S.No.  Technique employed log(p/Pa)=A—B/T(K) P(Pa) at 800 K AHS 55 ™ References
A —B

1 QCM and transpiration 11.609 10059 0.1 184.1+3.1 [6]

2 KCMS 11.185 9475 0.2 183.2+3.5 [7]

3 KEWL 9.587 8281 0.2 180.6+1.5 [81

4 KCMS 11.875 9963 0.3 181.1£2.6 [9]

5 KCMS 10.490 8267 1.4 168.5£1.2 [10]

6 KEMS and torsion effusion 11.280 9154 0.7 169.3+£6.9 [11]

7 Optical absorption spectra 10.565 9136 0.1 179.243.5 [12]

8 TG transpiration 9.018 7955 0.1 183.5£1.0 This work

# Third-law values.

Many authors [5,9-11,23] had made the observation
that the impurities in Cgo could give rise to erroneous
values of p. These impurities would include C;, as
well as traces of solvent such as toluene, used in the
extraction of Cg from the soot. Taking note of this, the
purity of Cgg used in the present work was ascertained
to be better than 99.8% through various analytical
techniques including HPLC (cf Section 2). Pan et al.
[5] recommended preheating of the sample to above
440 K for greater than 12 h to achieve stable vapour-
isation. In the present study, during the course of
synthesis of the sample, a vacuum heat treatment at
523 K for 24 h should have yielded the desired stable
vapourisation conditions. Further, the samples were
generally heated to temperatures between 373 and
573 K for 1-2 h (as mentioned earlier). Sundar et
al. [25] had indicated that amorphisation might
become significant at temperatures comparable to
973 K which could lead to lower vapour pressure
values. In addition, there are possibilities of deteriora-
tion of Cgg owing to a host of reactions such as
intercalation [26-28], photo-polymerisation [29,30]
and oxidation [31] by traces of ubiquitous oxygen
(present even in the highly pure He stream) which
could be facilitated by higher temperatures. Hence, the
high-temperature experiments on Cg, were limited to
just about 1 h.

Thus, the conflicting factors such as the need to heat
at higher temperatures to achieve stable vapourisation
and the need to avoid high temperature heating in
order to minimize the deterioration of Cg requires
careful planning of the experimental runs. In the light
of these factors, the vapour pressure data from the

present work should be considered as quite reliable
with the proposed value of 183+1kJmol ™' for
AH?ub,ZQS of C60~

Acknowledgements

The authors are indebted to Dr. V.S. Raghunathan,
Head, Metallurgy Division, and to Dr. T.S. Radha-
krishnan, Head, Materials Science Division, for their
useful discussions and keen interest throughout the
course of this work. The authors express their deep
gratitude to Dr. Baldev Raj, Director, Metallurgy
and Materials Group of this Centre for his constant
encouragement and support for carrying out these
investigations.

References

[1] HW. Kroto, J.R. Heath, S.C. O’Brien, R.FE. Curl, R.E.
Smalley, Nature 318 (1985) 162.

[2] W. Kritschmer, L.D. Lamb, K. Fostiropoulos, D.R. Huffman,
Nature 347 (1990) 354.

[3] W. Kritschmer, K. Fostiropoulos, D.R. Huffman, Chem.
Phys. Lett. 170 (1990) 167.

[4] C.S. Sundar, Y. Hariharan, A. Bharathi, V.S. Sastry, G.V.N.
Rao, J. Janaki, T. Geethakumari, T.S. Radhakrishnan, A.K.
Arora, T. Shakuntala, M. Yousuf, P. Sahu, N. Subramanian,
V.S. Raghunathan, M.C. Valsakumar, Ind. J. Chem. 31A-B
(1992) F92.

[5] C. Pan, M.P. Sampson, Y. Chai, R.H. Hauge, J.L. Margrave,
J. Phys. Chem. 95 (1991) 2944.

[6] C. Pan, M.S. Chandrasekharaiah, D. Agan, R.H. Hauge, J.L.
Margrave, J. Phys. Chem. 96 (1992) 6752.



108 R. Pankajavalli et al./Thermochimica Acta 316 (1998) 101-108

[7] C.K. Mathews, M. Sai Baba, T.S. Lakshmi Narasimhan, R.
Balasubramanian, N. Sivaraman, T.G. Srinivasan, P.R.
Vasudeva Rao, J. Phys. Chem. 96 (1992) 3566.

[8] J. Abrefah, D.R. Olander, M. Balooch, W.J. Siekhaus, Appl.
Phys. Lett. 60 (1992) 1313.

[9] M.V. Korobov, L.N. Sidorov, J. Chem. Thermodyn. 26 (1994)
61.

[10] A. Popovic, G. Drazic, J. Marsel, Rapid Commun. Mass
Spectrom. 8 (1994) 985.

[11] V. Piacente, G. Gigli, P. Scardala, A. Giustini, D. Ferro,
J. Phys. Chem. 99 (1995) 14052.

[12] Q. Gong, Y. Sun, Z. Huang, X. Zhou, Z. Gu, D. Qiang,
J. Phys. B: At. Mol. Opt. Phys. 29 (1996) 4981.

[13] O.M. Sreedharan, S.R. Dharwadkar, M.S. Chandrasekharaiah,
BARC Report No. 1-239, 1973.

[14] R. Pankajavalli, O.M. Sreedharan, M. Arumugam, S.
Vaidyanathan, J.B. Gnanamoorthy, Bull. Electrochem. 2
(1986) 189.

[15] J.A. Nisha, V. Sridharan, J. Janaki, Y. Hariharan, V.S. Sastry,
C.S. Sundar, T.S. Radhakrishnan, J. Phys. Chem. 100 (1996)
4503.

[16] V. Venugopal, R. Prasad, D.D. Sood, J. Nucl. Mater. 130
(1985) 115.

[17] E.H.P. Cordfunke, Thermochim. Acta 108 (1986) 45.

[18] R. Viswanathan, K. Hilpert, Ber. Bunsenges. Phys. Chem. 88
(1984) 125.

[19] O. Knacke, O. Kubaschewski, K. Hesselmann (Eds.),
Thermochemical Properties of Inorganic Substances,

2nd edn., vol. I, Springer-Verlag, Berlin, 1991, pp. 557,
558.

[20] H.S. Chen, A.R. Kortan, R.C. Haddon, D.A. Fleming, J. Phys.
Chem. 96 (1992) 1016.

[21] A. Tokmakoff, D.R. Haynes, S.M. George, Chem. Phys. Lett.
186 (1991) 450.

[22] S. Dai, L. Mac Toth, G.D. Delcul, D.H. Matcaff, J. Chem.
Phys. 101 (1994) 4470.

[23] PF. Coheur, M. Carleer, R. Colin, J. Phys. B: At. Mol. Opt.
Phys. 29 (1996) 4987.

[24] R.S. Ruoff, Chem. Phys. Lett. 208 (1993) 256.

[25] C.S. Sundar, A. Bharathi, Y. Hariharan, J. Janaki, V. Sankara
Sastry, T.S. Radhakrishnan, Solid State Commun. 84 (1992)
823.

[26] A.F. Hebard, M.J. Rosseinsky, R.C. Haddon, D.W. Murphy,
S.H. Glarum, T.T.M. Palstra, A.P. Ramirez, A.R. Kortan,
Nature 350 (1991) 600.

[27] J. Winter, H. Kuzmany, Solid State Commun. 84 (1992)
935.

[28] K. Tanigaki, I. Hirosawa, T.W. Ebbesen, J.I. Mizuki, J.S. Tsai,
J. Phys. Chem. Solids 54 (1993) 1645.

[29] AM. Rao, P. Zhou, K.A. Wang, G.T. Hager, J.M. Holden,
Y. Wang, W.-T. Lee, X-X. Bi, P.C. Eklund, D.S. Cornett,
M.A. Duncan, I.J. Amster, Science 259 (1993) 955.

[30] Y. Wang, J.M. Holden, X-X. Bi, P.C. Eklund, Chem. Phys.
Lett. 217 (1994) 413.

[31] J.A. Nisha, J. Janaki, V. Sridharan, G. Padma, M. Premila,
T.S. Radhakrishnan, Thermochim. Acta 286 (1996) 17.



