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X-ray diffraction and magnetic-susceptibility measurements have been carried out for single
phase K,C7 (x=1, 3, 4, 6 and 9) compounds synthesized by heating stoichiometric amount of
KyC7 and Cyg. The x-ray diffraction profiles show no structural transition down to 10K. The
fairly large temperature-independent paramagnetic contribution was observed in x=3 and 4.
The clectrical resistivity has been measured for K evaporated Cy film with increasing K
thickness. Twao resistivity minima were observed at x=1 and 4.

Keywords: Caq: fulleride; x-ray diffraction; magnetic susceptibility: resistivity
INTRODUCTION

Since the discovery of superconductivity in K,C,, by Hebard et al.", many
attempts to dope a wide varicty of atoms or molecules into fullerenc have been
made. As for K C,,, four doped phascs, namely the fec phasc at x=3, the bet
phase at x=4, the bce phase at x=6 and the K-saturated fcc phase at x=9 werc
reported” . Wang et al. reported metallic behavior of K,C,, film with x=4 by
using FIT model™. Superconductivity in K C,, has not been reported except an
appearance of a small diamagnetism in K C,, which resulted from C,, im?urity

by Imacda et al.'"! and doped thombohedral phase by the present authors™.

In this paper, we report the x-ray diffraction and the magnetic-susceptibility
measurements for K C,(x=1, 3, 4, 6 and 9) togcther with the resistivity of
K,C,, film as a function of K concentration in order to scarch metallic phase.

EXPERIMENTS

The starting materials were sublimed C,, polycrystal(99% up purity, MER
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Co.) and purified C,, powdered crystals extracted with toluene(99% purity,
MER Co.). The toluene-extracted C,, was washed using THF(tetrahydrofuran)
and heated at 300 °C for 6 h under a vacuum of the order of 10" Pa to remove
the solvent. The fcc C,, was prepared by I, intercalation. After removing [, the
fec C,y with a=14.97 A was obtained®. Figure 1 shows this process and the
removal of I, was also checked by weight measurement.
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FIGURE 1 X-ray diffraction profiles for (a)sublimed C,, (0)Cl,
and (c)fcc C,(after I, de-intercalation).

Single-phase K, C,(x=1, 3, 4, 6 and 9) were synthesized by annealing
stoichiometric amount of K,C,, and C.,.. For SQUID measurement, sample was
transferred to a quartz tube with a partition in the center. For x-ray diffraction
measurement, specimen was transferred to a capillary in a glove box.

The x-ray diffraction analysis was performed by a system equipped with an
18-kW rotating molybdenum anode as the x-ray generator and an imaging
plate(IP, MAC Science, DIP100) as the detector. The synchrotron
radiation(SR) at Photon Factory(KEK-PF, BL6C1 and BL1B) was also used.
For resistivity measurement , about 1000 A-thick C,, film was prepared on
glass substrate at 150°C after evaporating four gold strips as contacts. Base
pressure was 10 Pa . K metal was cvaporated onto C., film at 150°C and the
resistance of the film was monitored continuously by means of four-terminal
method. Composition was estimated from the thickness ratio of C,, to K. The
temperature dependence measurement was performed in a liquid nitrogen
reservoir. A SQUID magnetometer(Quantum Design, MPMS-5SH) was used
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for magnetic-susceptibility measurements.
RESULTS AND DISCUSSIONS

The x-ray diffraction profiles at room temperature(RT) for K C,(x=1,3, 4, 6
and 9) from fcc C,, using MoK & radiation are shown in Fig.2. K,C,, and

K, C,, can be assigned to fcc structures with a=14.84 and 14.96 A, respectively.
K,Cy, can be assigned to a bet structure with a=12.63 A and ¢=10.95 A. K C,,
has a bec structure with a=12.00 A. The K-saturated phase K,C,q has an fcc
structure with a=15.67 A.

Intensity (arb. units)

26(deg) MoKa

FIGURE 2 X-ray diffraction profile for K,C,: (a) x=1, (b) x=3, (c) x=4,
(d) x=6 and (c) x=9. + symbols indicate unidentified peaks.
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From the rough calculation using free rotation model, K,C,q has cight K atoms
in the O-sitc with a deformed cubic shape and the half of the T-sites is vacant™.
These profiles were obtained under rapid cooling from RT to 77 K. A small
amount of x=4 phase was mixed in x=3 compound under slow cooling from
450 °C to RT. The x=3 phasc scems to be high temperature stable phasc™®.
Structures for these phases at low temperatures were checked by using SR.
There were no structural transition down to 10 K. Figure 3 shows the results for
K,C,, and K C,q. K,C,q at RT and 10 K can be assigned as fce structures with
a=14.90 A and a=14.88 A, respectively. K ,C,, at RT has a bt structurc with
4=12.61 A and ¢=10.97 A. At 10 K thosc slightly decreased to a=12.60 A

and c=10.95 A, respectively.
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FIGURE 3 X-ray diffraction profiles for (a)K,C,( A =0.1200 nm) and
(b)K,C,,( A =0.08500 nm) using SR.
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FIGURE 4 K concentration dependence of the clectrical resistivity
for K,C,, film.
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Figure 4 shows the electrical resistivity of K C,, film as a function of K
concentration. It has two minima:1.0X 10" ohmem at x=1 and 6.1 X 103
ohmem at about x=4. The latter value is about the same order 1o that for K,C,,
film™. The resistivity for x=4 film gradually increased with decreasing
temperature down to 77K consistent with the result of Wang et al.P!

The temperature dependence of the magnetic susceptibility x for K, Cy(x=1,
3, 4, 6 and 9) using a SQUID under ST is shown in Fig.5.
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FIGURE 5 Temperature dependence of the magnetic susceptibility
for K,Cy (x=1, 3,4, 6 and 9).
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FIGURE 6 K concentration dependence of the temperature-independent
magnetic susceptibility x 4. Solid circles show x .. The dotted
line shows the contribution from { x , (C,)+xX x . .(K")}.

The temperature-independent term x , was obtained by fitting the results to the
formula x =C/(T- 8 )+ x ,, where C is the Curic constant and 8 is the Weiss
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temperature. The x, values for K,C,, K,C,, K.C,, K,.C,; and K,C,, are
cstimated to be -5.10, -0.80, -2.15, -2.50 and 0.57 (in X 10* emu/mol units),
respectively, and depicted in Fig.6. The magnetic susceptibility shift A x for
I(‘C'IO defines as A X=X 0'{ b4 mrc(C70)+x X X mrc(K+)}! where the b um(Cvo) and
X (") are the core contributions from C,; and K, respectively. A x for
cach x is shown by vertical solid line in Fig.6. Paramagnetic A x of 4.7 X 10*
cmu/mol and 3.5 X 10* emu/mol were obtained for x=3 and x=4 phascs,
respectively. These paramagnetic contributions may result from Pauli
paramagnetism and show the metallic character for x=3 and 4 phases. The x=6
and x=9 phases also have fairly large paramagnetic A x . The core
contributions for these two phases should be re-estimated because of the
participation of t, -derived band. A small diamagnetism was observed in some
samples with x=3 below 0.5 K, but has highly sample dependence.

SUMMARY

K, C,, has a structure sequence of the doped fce(x=1), the doped fee(x=3), the
bet(x=4), the bee(x=6) and the K-saturated fce(x=9) phases with increasing K
concentration. The electrical resistivity of K C,, film shows two minima at x=1
and 4. The large temperaturc-independent paramagnetic contribution was
obscrved in x=3 and 4. These results show the metallic character of x=3 and 4.

Acknowledgments

This work was partially supported by a Grant-in-Aid for Scientific Research on
Priority Areas from the Ministry of Education, Science and Culture of Japan

(Grant No. 08454102 and 11165238).

References

[1]1 A.E Hebard, M.J. Rosseinsky, R.C. Haddon, D.W. Murphy, S.H. Glarum, T.T.M. Pal-
stra, A.P. Ramirez, and A.R. Kortan, Nature (London), 350, 600(1991).

{2] M. Kobayashi, Y. Akahama, H. Kawamura, H. Shinohara, H. Sato, and Y. Saito, Phys.
Rev., B48, 16877(1993).

[3] Z.H. Wang, K. Ichimura, M.S. Dressethaus, and G. Dresselhaus, Phys. Rev.B48,
10657(1993).

[4] K. Imaeda, K. Yakushi, H. Inokuchi, K. Kikuchi, {. Tkemoto, S. Suzuki, and Y. Achiba,
Solid State Commun., 84, 1019(1992).

[5] M. Kobayashi, Y. Akahama, H. Kawamura, H. Shinohara, H. Sato, and Y. Saito, Mater.
Sci.Eng., B19, 100(1993).

[6] M. Knupfer, D.M. Poirier, and J.H. Weaver, Phys. Rev., B49, 8464 (1994).

[7] T.T.M. Palstra, R.C. Haddon, A.F. Hebard, and J. Zaanen, Phys. Rev. Ler., 68,
1054(1992).





