PHYSICAL REVIEW B VOLUME 61, NUMBER 5 1 FEBRUARY 2000-I

Lithium diffusion and C g5 dynamics by quasielastic and inelastic
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We have performed inelastic and quasielastic neutron-scattering experihd@BiéS) on the highly lithium
doped fulleride Lj,Cgy covering theT range from 150 to 600 K, across a tetragonal to cubic fcc phase
transition which was shown to occur aroufie- 550 K by synchrotron x-ray diffraction. In this work we focus
on the dynamics of the Li ions ands@molecular units. The QENS data suggest a dynamical model in which
the Li ions diffuse in the confined environment of the octahedral void of the pristijpenGlecule, in agree-
ment with the structural information that we have obtained on the same compound. These results are discussed
together with our previously reported analysis of the changes in the vibrational density of states across the
phase transition. The emerging picture is thgtCy at high temperaturécc phase has the same dynamical
features as pure g with the addition of Li localized diffusion within the octahedral void, while the low-
temperature tetragonal phase is characterized by a broadening and disappearance of many dynamical features,
i.e., of the Li diffusion and of the g librations and molecular modes.

. INTRODUCTION display superconductivityT.=33 K in Cs$RbCq, (Ref. 10]
with a positive correlation between the critical temperature
Lithium doping of fullerene has recently attracted special'rC and the lattice parametex (which can be varied by
attentiort also because of subtle structural and chargechoosing the radius of the dopant alkali-metal)jdn agree-
transfer effects that take place in alkali metal dopedment with local-density approximation (BCS-LDA)
fullerenes A,Cqo (A=alkali metal,x=1,3,4,6...) when predictions'' For all these compounds a natural limit in the
the radius of the alkali metal is much smaller than the typicaldoping level is reached at=6 due to the complete occu-
radii r of the tetrahedral and octahedral voids of the pristinepancy of the voids of the pristine cubic structure. On the
Ceo pseudocubic structurer €1.12 A andr=2.06 A re-  contrary the intercalation with small radius alkali metéls
spectively. In large radius alkali-metal doped fullerenes ( and Na, ionic radi0.63 and 0.97 A, respectivélymay
=K, Rb, Cs) the crystal structure can be modefeith the  yield phases with higher alkali-metal content, due to the ten-
only exception ofA;Cs() as intercalation of the alkali-metal dency to form metallic clusters located in the voids of the
ions into the pristine g, cubic structure. Moreover these pseudo-cubic-fullerene structure, as is the case of
compounds show full electronic transfer from the alkali- Nay;,Cqy.%*2 In addition, in the case of Na and Li doping
metal ion to the G unit, thus the stoichiometric parameter there are indications that the charge transfer from the alkali
reflects the charge state of thg,@nit. This class of mate- metals to the g unit is only partia*>* which might imply
rials has commanded much interest because of its supercogeordination between the alkali metal and thg Gnits.
ducting and magnetic propertiészor instanceA;Cg com- Parrinello and co-worker$ based on Car-Parrinello first-
pounds are cubic at high temperature, while the low-principles molecular-dynamics calculations, proposed that
temperature equilibrium phase displays unusual oneti,,Cq, could be a stable, highly symmetric fullerene cluster,
dimensional (1D) polymeric chaind confirmed by the a “superfulleroid,” with the 12 Li ions coordinated with the
presence of a distinct interggvibrational signature of poly- 12 pentagonal faces ofggthus preserving the icosahedtgl
meric bond®’ Moreover, A;Cq, supports a magnetic spin- symmetry. Clearly such a system should have an interesting
density wave transitidi? below T=50 K. A;Csocompounds  dynamics, in particular due to the coupling of the largg C
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tion suggests the possibility of the formation of intej;C
polymeric bonds.

In this context we now want to focus on the dynamics of
the Li ions in conjunction with that of the & units, as a
function of the temperature. In particular we are interested in
the changes of Li diffusion across the tetragonal-cubic phase
transition, and how such changes affect the vibrational and
librational dynamics of the £ molecules. For this, in prin-
ciple, IQENS (inelastic and quasielastic neutron scattering
should be an eminently suited technique. There are, however,
difficulties, as is common with fullerides, due to the overall
weakness of the signal, the combination of the coherent sig-
nal from the carbons of § and the incoherent contribution
arising from the’Li nuclei, and finally the interference of

FIG. 1. Li sites in the octahedral void of 1,Csy at T=553 K Bragg peaks from the g crystalline structure, which creates
from high-resolution x-ray diffraction. The surrounding@inits  holes in the usabl€ space.
are indicated as large meshed sphévéwse radius is reduced by In a preliminary work'® nevertheless, we have presented
for clarity). The Gy located at the corners of the unit cell are omit- §atg on the changes in theriginated vibrational density
ted for clarity. The fully occupied (i and 32) Li sites are indi- ¢ gtates across the phase transition. Here we correlate such
cated by gray balls, and the half oc9up|ed S|te$§2;§/ black ballg, behavior with changes in quasielastic scatterfl@ENS,
;fasrfwzcrt'];\frllz/é tThh::;;er:evélrrael fsrft‘eme is the fcc unit cell, and the inner ik e were able to model quantitatively; all this leads to

' a more detailed and specific interpretation of the dynamical
changes across the phase transition in this particular ful-
molecules to the intercalated Li ions: Vibrational, librational, leride.
and diffusional motions of both components could mix and
influence each other yielding quite complex behavior.

In a previous work® we reported the successful synthesis
of bulk quantities of different LiCsy compositions, and we The samples were prepared using the azide decomposition
have shown that LiCg, in the solid state is a single phase technique?® In particular, stoichiometric quantities of puri-
compound. With a high-resolution x-ray-diffractigXRD)  fied G and 99.9% isotopically puréLi azide LiN; were
experiment® we were able to identify its crystalline struc- mixed —and  pelletized in an Ar glove box
ture, that is, of an intercalation compound, face-centered cu=5 PPm HO0,0,). "Li purity is required to avoid problems
bic Fm3m at high temperatureT(=553 K) with the Li ions gf ?e_lutrobn a?tsr? rption flr om the Paa,:j[grr]aé;rnagiofg%ga I'\zolirzeef 15
concentrated in the octahedral void of the contractattice etal’s aboutthe sample preparall una o

- . The samples were then characterized by NMR, XRD, super-
parameten=14.089+ 1 A) fullerene pseudocubic structure. conducting quantum interference devik@QUID), and Ra-

The structure distorts to tetragonal upon cooling below 5531an spectrometry. Here we just recall that up to 373 K the
K and stays tetragonal down to 4.2 K. In the high- 135 N\vR spectrum shows the full chemical shift anisotropy
temperature cubic phase we have obtained strong evidence @fhout 180 ppintypical of static fullerides, indicating that
coordination between the carbon density on thgubit and  he G, rotational dynamics is frozen on the NMR time scale.
the nearest L| iOﬂS. We aISO found that the L| i0nS are a.” Neutron inelastic Scattering measurements were per-
grouped in a cluster located at the octahedral void, while th@ormed at the Institut Laue Langevin, Grenoble using the
tetrahedral site refines to zero Li occupancy. As shown inN6 time-of-flight (tof) spectrometer, operating in neutron-
Fig. 1, the refined Li sites are4(1/2,1/2,1/2 at the centers energy gain with incident neutron wavelength of
of the octahedral void; 32(x,x,x),x=0.6641), located at 512 A (E;=3.12 meV). The 450 mg sample was hosted in
the corners of a cube centered in the octahedral voids; arg flat, air-tight (sealed with lead winealuminum sample
24e(1/2,1/12y), y=0.69(1), located at the centers of the holder placed inside the cryoloop. Data were collected at
faces of the above mentioned cube. While the sitesadd 150, 300, 450, and 600 K. Given the weakness of the signal,
32f refine to full occupancy, the sites 4efine to partial  in order to obtain an acceptable signal-to-noise ratio we had
occupancyN~ 3, which is compatible with diffusion of Li to use a typical accumulation time of 12 h. The tof spectra
ions between the various 24ites. were collected over the full range of scattering angles
The emerging picture for kiCqg is that of an hybrid be- (10.3°-114.2°). Corrections were made for the aluminum
tween the superfulleroid cluster, where the Li atoms are atean contribution by running an empty sample can. Vanadium
tached to the g unit and therefore show dynamical featureswas used as a calibrant, allowing determination of the rela-
similar to those of pristine £ (Ref. 17 (e.g., librations or tive efficiencies of the counters. The measured instrumental
rotational diffusion and aconventionalintercalation com- resolution at the elastic line was on average full width at half
pound such a&;Cgy, Where the G, units may have some maximum(FWHM)=0.10 meV . In order to avoid contami-
kind of dynamic$® (typically free rotations or librations nation by elastidi.e., Bragg peaksand inelastic (G lattice
which is, at least in first approximation, decoupled from thephonon$ contributions, only six groups, comprising 173 out
alkali-metal vibrational or diffusional processes. In the lowerof a total of 235 tof spectra, were used in the subsequent
temperature tetragonal phase the lattice parameters contraanalysis, as shown in Fig. 2. The average exchanged mo-

II. EXPERIMENTAL
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FIG. 3. Neutron-weighted-DOS measured aE=600 K after
normalization, background, and elastic peak subtraction and mul-

FIG. 2. The diffraction profile of Li,Cso measured on IN6 asa ¢ 7
tiphonon correction. The vertical bars mark the modes of pyge C

function of the scattering angled2at 300 K. The profile is divided
into eight different regions, only six of which are not contaminated
by elastic contributions and were used in the present study. gain setup of IN6 and the multiphonon effe¢enly partly

1 taken into account by the data correction proceguhe
mentaQ were 0.39, 0.60, 0.89, 1.10, 1.69, and 1.93'Kor Ceo-originated modes are broadened and overlap resulting in
the six selected regions. From the modeling of the scattering . other unstructured couple of bunches laying between 30

f“”ﬁtﬂof‘ S(fQ'“’)thW% (Eou_llgih extracl'i_ the Weic‘kl th_'aSiel":tStk_: and 110 meV and between 130 and 200 meV, respectively.
scattering from the data. 'he resuiting quasielastic SCattering o game,-poS is detailed in Fig. 4 for the lower en-

function can be then fitted with an appropriate model. In ourergy transfer region as a function of the temperature. Note

case we chose a jump diffusion model for the motions of th - . -
Li ions in the octahedral symmetry of the voids between the‘%hat the mode originated by the,£'squashing” Hg(1) (33

Cqo Molecules meV), is distinguishable in the 600 K data set as a shoulder
The neutron-weighted vibrational density of statB®©S) emerging from thg broader bunch. The ‘same mode disap-
G(E) was obtained summing up the inelastic data from the’®ars completely in the-DOS measured in the lower tem-

six regions. Within the framework of the incoherent approxi-Perature tetragonal phase.

: e T N P This may indicate that the Li ions clusters act as a “vis-
mation, the spectral distribution functi ,B) is given b . ) .
P (a.f)is g y cous” dampener of the vibrational mode of thg,@nits,

o B\ [S(Q,0) which appear to be freer only at 600 K. In the same figure the
P(a,B)=2B sinf(E)( ) , (1)  broad peak between 10 and 20 meV could be identified with
the overlap of Li ion excitations and possibly with vibrations
of polymerized G.
In Fig. 5 we show the scattering 1a8(Q, ») as measured
in the first region Q=0.39 A1) as a function of the tem-

o

whereS(Q, w) is the uncorrected symmetrized scattering law
and the dimensionless variablesand B8 are related to mo-

mentum and energy transfer through=7%2Q%2MkT;
=hw/KkT, whereM is an average atomic mass. The spectral

distribution functionP(«,8) was corrected for instrumental
background, Debye-Waller, and multiphonon contributions
to yield the neutron-weighted vibrational density of states
G(E) using thelLL suite of programs. Particular care was
used in modeling the theoretic@®(E) for the multiphonon 0.006
corrections at the higher temperatures.

0.009

G(E)

I1l. RESULTS
A. Vibrational DOS

The Gg-originated molecular modes, together with the Li
ion excitations are the main features of the vibrational den-
sity of states y-DOS), which is shown in Fig. 3 for LjCgq o
at T=600 K. The vertical bars in the figure mark the posi- 0 10 20 30
tions of the vibrational modes in pure;{as obtained by a
variety of techniques: neutron-scattering, Raman, and IR FIG. 4. Low-energy part of the-DOS as a function of the
spectroscopy-??As is usual in this kind of experiment, due temperature after normalization, background, and elastic peak sub-
to the limited experimental resolution in the neutron-energy-raction and multiphonon correction.
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FIG. 5. Scattering lav®(Q, w) at the lowest exchanged momen- FIG. 6. Scattering law8(Q,») measured al =600 K andQ
tum Q=0.39 A™* at the different temperatures marked on the — gg A-1. The heavier continuous line is the fit model compris-
graph. Note the appearance of a well defined excitatiorl at ing of one Lorentzian QElight line) and the elasti¢dashed ling
=600 K peaked at 2.8 meV. contributions each convoluted with the instrumental resolution.

perature. In the 600 K data we observe a well defined exci
tation peak atE=2.8+=0.2 meV with half width at half
maximum (HWHM)=1.0+0.2 meV. Its intensity is much
reduced in theT=450 K data, while the scattering law is

essentially featureless at the lowest temperatthi®8 K, 300 jq the elastic intensity follows the normal Debye-Waller

K). We identify this feature with the & librational peak,  pepavior. In Fig. 8 we report tHe dependence of the ratio of

which is found, e.g., @=2.6 meV in pure G at 80 K. IS {he glastic intensities measured at 600 K versus that at 450
redU(_:tlon_ and flnal_ d|s§ippearance upon cooling implies thak  This ratio is related to the Debye-Waller factdr

the librational motion is dampened at the lowest tempera—:I o iated to Li diffusi F thi
tures in the more compact tetragonal phase, while it is re- 0 €Xp( .Q u) associated to Li di usion. From this we
stored in the highT cubic phase. This is a remarkable result_COUId estimate fo_rz the mean—squanza @splacement of the Li
since at 600 K, the data show also a restoration of the inions the value of’*=0.084+0.014 A%, in good agreement
tramolecular excitation of the ggHy(1) peak at 33 meV. with the value ofu®=0.083+0.015 A? obtained from our
Survival of the G librational peak in the high- phase was Rietveld refinement of the high-resolution x-ray-diffraction
already encounterédlin the case of NgCsGs,. Here the

case seems to be similar, even if in the lower temperature

is confirmed by our analysis of the scattering law in the
quasielastic range. The first qualitative result we wish to
point out is the independence & of the width of the QE
signal (which is about 0.29 meV, see Fig).7At the same

phase the librational peak vanishes. 20 a . 1
15 . 5 8 ]
. i : = 1t . A 4
B. Quasielastic scattering o150k . ¢
The elastic and quasielastiQE) neutron-scattering inten- 05 [eoo * il
sity was fitted with a two component model, the elastic in- 0
tensity being represented by a delta function convoluted with
the experimental resolution functidgiven by the vanadium 01 f R :
scan and the QE intensity by a Lorentzian function convo- & ‘. ¢
luted with the same resolution function, as is shown in Fig. 0.05 | . 0 A a1
6. The intensity of the QE signal decreases on cooling from L, & * .
600 to 450 K but does not completely disappear even at the 0 . . . .
lowest temperatures studied. This will be discussed in the os | ]
following. e
The increase of the QE intensity at the tetragonal to fcc E 025 [ % i + f $ : ]
phase transition, where theggunits exhibit strongly in-
creased librational motion, indicates that the increased mo- of Y : T L

tional freedom of the Li ions is somehow connected with it.
However, the librational mode of thezgCunit indicates also
that the Li ions are not totally free to diffuse between differ-  FIG. 7. Elastic(top panel and quasielastitmiddle panelinten-
ent voids of the G structure, which would result in a smear- sities and quasielastic HWHM as a function@for different tem-
ing of the reorientational potential felt by thelnits. This  peratures in Li,Cgp.

1 o
QA™
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FIG. 8. Q dependence of the ratio of the elastic intensities mea-
sured at 600 K versus that at 450 K. Note the logarithmic vertical 0 03 1 15 2
scale and the quadratiQf) abscissae. The continuous line repre- QA™

sents the best fit to the Debye-Waller law, from which we estimate

with U2=0.084+0.014 A2. FIG. 9. Q dependence of the QE intensity, after Debye-Waller

correction, aff=600 K andT=450 K. The continuous lines rep-

resent the theoretical fit to octahedral jumps as described in the text.
datal® We used the same Debye-Waller factor to correct the jump

QE intensity, which could then be fitted to a theoretical dif-
fusion model for the the motion of the Li ions. From tie  phase transition. From the ratio of the quasielastic intensities
independence of the QE HWHM we deduce that the diffu-to the corresponding elastic intensity at 600 and 300 K we
sional motion must be localized at least when studied on th&nd that the number of diffusing Li ions at 600 K is almost
space scale of the IN6 experiment, that is between 3 antive times bigger than at 300 K. In Fig. 10 we overplot the
16 A from the posed limits on th® space. dependence of the increase of the intensity of the QE signal
We recall here that in our structural stdflpf the high-  atQ=1.10 A"* (normalized to the corresponding elastic in-
temperatureFm3m phase of Lj,Cg, we found three differ- tensity with the decrease of the tetragonal distortion of the
ent sites for the Li ions, all of them within the octahedral cubic lattice[ (vV2a—c)/c] as derived from our XRD study.
void of the pristine fullerenic structurebdand 3% that have The two quantities show the same dependencd.oBince
full  occupancy, and 24 [fractional coordinates the QE intensity is a direct measure of the fraction of Li ions
(1/2,1/2y), y=0.6901)] which has fractional occupancy which are free to diffuse, this supports the idea that in the
N= 3. Itis therefore reasonable to assume a model in whichnore compact tetragonal phase the Li ions are blocked,
the Li ions diffuse among the different 84ites(due to their ~ while asT is raised the crystal cell expands and more and
loose occupanoyof a single octahedral void. Within such a more Li ions are free to diffuse and therefore contribute to
model of octahedral jumps in a confined geom@étrihe  the QE signal. Clearly such mobility should increase at tem-
quasielastic intensity consists of two Lorentzian termsperatures higher than 600 K, and therefore one should begin
A(Q)=1[1-2j,(2Qr) +jo(2Qr)] and A,(Q)=3i[1 to observe som& dependence of the QE width; however, to
—io(12Qr)], wherej, is the spherical Bessel function of Probe this issue further, higher temperature measurements
order zero, and is the radius of the sphere containing the are necessary.
sites. The two QE widths are,=1.5/r and w,=1/7, re-

spectively,r being the residence time of the particle on each T -0.005
site. Even if the two QE terms display differe@ depen- I ]
dence, in theQ range of interest to our IN6 experiment, the 017 o ® 1o
complete QE scattering function can be approximated—with I ° ] .
an accuracy of-5%—to a single Lorentzian of average I tooos
width w=1.19/. £ I ]
In Fig. 9 we show the behavior of the QE intensity, after ~ & 998 T . 001
i 1 -

Debye-Waller correction, for two different temperatures, re-
spectively, below and above the phase transition, and the
corresponding theoretical fit, with=2.06 A, which coin-

cides nicely with the radius of the octahedral void. From the o
width of the QE intensity the value of the residence time
=2.7+0.5 ps can be estimated a&=600 K. Here we wish

to note that the measured residence time is, within the ex- FIG. 10. Temperature dependence of the intensity of the QE
perimental accuracy, independent of temperature across tRgynal normalized to the elastic intensity @=1.10 A~ ! (filled
phase transition. This indicates that the temperature acts onljircles, left scalpplotted together with the amplitude of the tetrag-
on the number of ions which diffuse according to the rota-onal distortion of the cubic lattice defined ag2a—c)/c (empty
tional diffusion model we propose; once the Li ions are freeddiamonds, right scaje The latter is plotted in a descending scale.
to move, they move with the given mobility determined by Note that the increase of the QE signal follows the sanuepen-
the local environment, which changes very little across thelence as the decrease of the tetragonal distortion.
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IV. CONCLUSIONS to be responsible for the previously reported changes in the
The complex dynamics of the highly lithium doped ful- Li 12(_360 V|b_rat|0nal_ density of states at the phase transition; in
. : . . particular it explains the observed approachCdE) to that
leride Li;,Cgy has been studied by IQENS. In spite of the f .

o ; d pure Gy, e.g., the restoration of thd (1) mode at 33
difficulties connected with the simultaneous presence Ofnev Higher temperatures studies of QgENS mav be neces-
crystalline and disordered system scattering and the weak-_~"" 9 P o e y .

) ; . ._sary to probe more quantitatively the diffusional dynamics of
ness of the incoherent scattering signal, we were able to ISQhaLiions in LinC
late and model quantitatively the diffusional motion of the Li 1260~
ions across the fcc to tetragonal strqctura_ll phase transition ACKNOWLEDGMENTS
first detected by synchrotron x-ray diffraction. In particular
we propose a localized jump diffusion of the Li ions in the  We thank M. Riccoand W. Andreoni for initial discus-
octahedral voids of the jCgq Structure. Such motion seems sions on Lj,Cg, and superfulleroids.

IM. Kosaka, K. Tanigaki, K. Prassides, S. Margadonna, A. Lap- M. A. Cichy, A. B. Smith, C. L. Lin, and R. Jelinek, Nature
pas, C. M. Brown, and A. N. Fitch, Phys. Rev. 3, R6628 (London 360, 568(1992.
(1999. 3w, Andreoni, P. Giannozzi, J. F. Armbruster, M. Knupfer, and J.
2T. Yildirim, O. Zhou, and J. Fischer, iRhysics and Chemistry of Fink, Europhys. Lett34, 699 (1996.
Materials With Low-Dimensional Structuresdited by W. An- 143, Kohanoff, W. Andreoni, and M. Parrinello, Chem. Phys. Lett.

dreoni (Kluwer Academic Publishers, Dordrecht, 1999 198 472(1992.
SM. Buhl, Z. Anorg. Allg. Chem.(to be publisheg 15, Cristofolini, M. Riccg and R. DeRenzi, ifRecent Advances in
4The Fullerenesedited by H. W. Kroto, J. E. Fischer, and E. Cox  the Chemistry and Physics of Fullerenes and Related Materials
(Oxford, Pergamon Press, 1993 edited by K. M. Kadish and R. S. Ruoffrhe Electrochemical

Sp.w. Stephens, G. Bortel, G. Faigel, M. Tegze, A. Janossy, S. Society Inc., Pennington, NJ, 1998/0l. 6, p. 687.
Pekker, G. Oszlany, and L. Forrtature (London) 370 636 16| . cristofolini, M. Riccg and R. De Renzi, Phys. Rev. B9,
(1994. 8343(1999.

6L. Cristofolini, C. M. Brown, A. J. Dianoux, M. Kosaka, K. Pras- 7J. R. D. Copley, D. A. Neumann, R. L. Cappelletti, and W. A.
sides, K. Tanigaki, and K. Vavekis, J. Chem. Soc. Chem. Com- Kamitakahara, J. Phys. Chem. Sol&3 1353(1992.

mun. 21, 2465(1996. 18¢. Christides, D. A. Neumann, K. Prassides, J. R. D. Copley, J. J.
"H. Schober, A. Tolle, B. Renker, R. Heid, and F. Gompf, Phys. Rush, M. J. Rosseinsky, D. W. Murphy, and R. C. Haddon,
Rev. B56, 5937(1997. Phys. Rev. B46, 12 088(1992.
80. Chauvet, G. Oszlany, L. Forr®. W. Stephens, M. Tegze, G. *°L. Cristofolini, G. Cicognani, A. J. Dianoux, P. Facci, M. P.
Faigel, and A. Janossy, Phys. Rev. L&®, 2721(1994). Fontana, and M. RicgdPhilos. Mag. B79, 2065(1999.

9L. Cristofolini, A. Lappas, K. Vavekis, K. Prassides, R. DeRenzi, 20M. Tokumoto, Y. Tanaka, N. Kinoshita, T. Kinoshita, S. Ishi-
M. Ricco, A. Schenck, A. Amato, F. N. Gygax, M. Kosaka, and bashi, and H. Ihara, J. Phys. Chem. Sobds 1667 (1993.

K. Tanigaki, J. Phys.: Condens. Matf&rL567 (1995. 2IM. C. Martin, X. Du, J. Kwon, and L. Mihaly, Phys. Rev. &,
10K, Tanigaki, T. W. Ebbesen, S. Saito, J. Mizuki, J. S. Tsai, Y.  173(1994.
Kubo, and S. Kuroshima, Natuteondon 352, 222 (1991). 22R. Heid, L. Pintschovius, and J. M. Godard, Phys. Re\5@3

11K, Prassides, ifRecent Advances in the Chemistry and Physics of 5925(1997).
Fullerenes and Related Materialedited by K. M. Kadish and 23| | cristofolini, K. Vavekis, K. Prassides, A. J. Dianoux, M. Ko-
R. S. Ruoff(The Electrochemical Society Inc., Pennington, NJ,  saka, |. Hirosawa, and K. Tanigaki, Physica2B6, 41 (1996.
1994, Vol. 94-24, p. 477. 24L. Cristofolini, P. Damay, and A. J. Dianoux, Physica(® be

127 Yildirim, O. Zhou, J. E. Fischer, N. Bykovetz, R. A. Strongin,  published.



