JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by The Libraries of the | University of North Dakota

Communication

LiC: A Polymeric Fulleride with a Two-Dimensional
Architecture and Mixed Interfullerene Bonding Motifs
Serena Margadonna, Daniele Pontiroli, Matteo Belli, Toni Shiroka, Mauro Ricc, and Michela Brunelli

J. Am. Chem. Soc., 2004, 126 (46), 15032-15033+ DOI: 10.1021/ja0448380 * Publication Date (Web): 30 October 2004
Downloaded from http://pubs.acs.org on April 5, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

Supporting Information

Links to the 2 articles that cite this article, as of the time of this article download
Access to high resolution figures

Links to articles and content related to this article

Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja044838o

JIAIC[S

COMMUNICATIONS

Published on Web 10/30/2004

Li4Ceo: A Polymeric Fulleride with a Two-Dimensional Architecture and Mixed
Interfullerene Bonding Motifs

Serena Margadonna,*" Daniele Pontiroli,* Matteo Belli, Toni Shiroka,” Mauro Ricco,” and
Michela Brunelli®

Department of Chemistry, Usrsity of Cambridge, Cambridge CB2 1EW, U.K., Dipartimento di Fisica&sita
degli Studi di Parma, 43100 Parma, Italy, and European Synchrotron Radiation Facility, 38042 Grenoble, France

Received August 26, 2004; E-mail: serena.margadonna@ed.ac.uk

An unexpected discovery in fullerene chemistry has been the
ease with which & units can covalently bond together to give
rise to polymerized fullerene networks with a variety of structural
architectured. Such fullerene-bridged arrays display varying di-
mensionality and interesting electronic (metallic behavior) and
magnetic (ferromagnetism above room temperature) properties. The
predominant € C bridging structural motif, encountered in photo-
and pressure-polymerized neutrado@nd in the AGy (A = K,

Rb, Cs) solids arises from [2 2] cycloaddition reactions, which
result in the formation of four-membered carbon rings (Figure 1a),
fusing together adjacent molecules and propagating in one (1D
chains) or two (2D layers) dimensiohgAn alternative bridging
mechanism involves the formation sefngle interfullerene C-C
covalent bonds (Figure 1b), as encountered in 38 GNaRbCs)?

and 2D Gg*~ (NayCeo)® fulleride polymers. Recent work on the
related fulleride salt, LiCso, described its structure as 2D tetragonal
with interfullerene bonds formed by [2 2] cycloaddition* Here

we report that when we probed the structural properties Zdsi

by high-resolution synchrotron X-ray diffraction, we found that it
indeed adopts a layered polymeric structure. However, contrary to
all other known fullerene polymers, eacho@nit now bonds to its

four nearest neighbors in the layers using both theH22] i -
cycloaddition and the single -€C bridging motifs (Figure 1c), '_,;(,.__{\__h__'\-:_\_'HM,.__Q-,_J-W,“_._.,«M_“Am_._.m..w
thereby giving rise to two types of differently bonded chains running S DU . L .
perpendicular to each other. The resulting 2D fulleride network 26(°)

has neither been observed before experimentally nor been antici-rigure 2. Final observed @) and calculated ) synchrotron X-ray
pated theoretically. diffraction profile for LisCeo at 295 K &= 9.3264(4) Ab = 9.0478(4) A,

The synchrotron X-ray powder diffraction profile of JQgo® ¢ = 15.03294(2) Ap = 90.967(3), space group2/m, agreement factors

obtained at ambient temperature (Figure 2) revealed that its structure‘;fh;hﬁ)vs;t‘s’g:% ﬁ;”g?o‘wﬁgg Ef?éﬁfé%?%ﬁel';?do/"thfii; i%i?ﬁé)éhow

was body-pgntered monoclinic. Anqusis ‘_Nith the LeBail pattern e refiection positions. Inset: geometry of the frontier (C(5) and C(16))
decomposition technique resulted in lattice parameters: ef and bridging (C(15)) carbon atoms on adjacent fullerenes along the direction

Figure 1. Schematic drawing of the interfullerene-C bridging structural
motifs in polymeric fullerides. (a) [2- 2] cycloaddition in Rb, (b) single
C—C covalent bonds in N&bGCso, and (c) mixed bonding in LCso.
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9.3267(3) A,b = 9.0499(3) A,c = 15.03289(1) A, angs =
90.949(3j (space groud2/m; Ryp = 4.24%, Rexp = 1.53%). A
notable feature of these results is that the structure gEqbiis
strongly anisotropic with the closest center-to-center contacts
between the & units of ~9.33,~9.05, and~9.95 A along thea
andb axis and the body diagonal, respectively. While the latter

(a axis) of single C-C polymerization.

the high @ region. At this stage, we note that shortC contacts
are also implied along the axis, with the interfullerene distances
comparing well with earlier observations in fullerides with single
C—C interfullerene connections, like the 1D G and the 2D
Na,Ceo polymersz23in which the shortest center-to-center distances

contact is comparable to those encountered in monomeric fullerenesare 9.38 and 9.28 A, respectively

and fullerides £10.0 A), the one along is reminiscent of that in
monoclinic polymerized Ag (~9.11 AP in which there are two
bridging C-C bonds between & ions (Figure 1a). Therefore,
the starting structural model used in the Rietveld refinement of the
LiCgo diffraction data was based on that of RigQvith linear
fulleride chains running alonlg (Figure 1a). However, the Rietveld
refinement did not proceed smoothly within this model with the
diffraction profile described poorlyR,, = 18.6%), especially in

T University of Cambridge.
#Universitadegli Studi di Parma.
& European Synchroton Radiation Facility.
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Thus, starting from the previous model, we performed a search
of possible alternative £ orientations in theb plane by allowing
the two Go units present in the monoclinic unit cell to rotate about
the [010] direction anticlockwise and monitoring the resulting
quality-of-fit factors Ry) of the Rietveld refinements. Figure 1S
(Supporting Information) presents the evolutionRy, with the
rotation angle,¢, which was varied between 0 and 28
increments ofd¢ = 5°. The refinements were stable throughout
the ¢-range with a single deep minimum Ry, (10.02%) evident
at an anglegp = 100°.7 At this angle, it is remarkable that the
relative orientation of the molecules is such that pairs of carbon

10.1021/ja0448380 CCC: $27.50 © 2004 American Chemical Society
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Figure 3. Crystal structure of polymerized iGgo, as determined by the
present synchrotron X-ray diffraction study: projections on dkgleft)
and bc (right) basal planes. L'iions residing in pseudo-tetrahedral and
-octahedral holes are depicted as blue and red spheres, respectively.

atoms, located on tha axis, from neighboring fullerenes are
brought in proximity 2 A). Therefore, knowing the orientation
of the fullerenes in the lattice determines that they are bonded via
[2 + 2] cycloaddition along thé axis and are connected by single
C—C bonds along thea axis (Figure 1c). The fit improved
significantly in this configuration when we allowed the position of
the bonding carbon atom, C(15), to refine. Neighboring C(15) atoms
move closer together with the resulting C(+%)(15) distance of
~1.83 A. Subsequent Rietveld fits were used to refine further the
molecular structure of the kCso ground state by employing soft
constraints and refining stepwise the fractional coordinates of all
C atoms. The minimum iRy, is attained for an interfullerene
C(15)-C(15) bond length of 1.75(2) A and an inclination-e°
from thea axis within theab plane, while the overall § geometry

is maintained with the on-ball-€C distances varying between 1.4
and 1.5 A. The longest on-ball-6C distances (1.55(1) A) are
between the bonding C(15) atom and its near neighbors, C(5) and
C(16) (inset in Figure 2 and Figure 2S of the Supporting
Information). The geometry of the bridging four-membered rings
alongbis in good agreement with that found in the &@olymer®

with values for the €&C distances of 1.59(2) (fusions of adjacent
Ceo units) and 1.47(1) A (on-ball bonds).

The last set of Rietveld refinements focused on the search for
the precise location of the intercalatedLions. In cubic ACgo
fullerides, one alkali cation per fullerene occupies the large
octahedral site at (0,%;), and two occupy the smaller tetrahedral
site at #/4,%4,%/,). The holes in the LiCqo Structure corresponding
to the tetrahedral and octahedral interstices of the cubic parent
structure are at'(,,0%/4) and (0,0%,), respectively. A difference
Fourier analysis of the LCq diffraction data clearly revealed the
existence of scattered intensity in the vicinity of the tetrahedral
site at (0.416,0,0.748), accounting for two of the" lions per
fullerene. In addition, the Fourier maps showed that while the

octahedral site was empty, scattered intensity was now present at

positions (0.023,0,0.380) and-(.023,0,0.620), symmetrically
displaced on either side of the center of the hole alongthgs.
Splitting of the octahedral interstice and occupation of the two
resulting positions account for the additional two'Libns per
fullerene. The results of the final Rietveld refinements after allowing
the positional parameters and occupation numbers of théohis

to vary are shown in Figure 2 with the fitted parameters summarized
in Table 1S of the Supporting Information.

Perspective views of the refined structure 0fQ4do on theac
and bc basal planes are shown in Figure 3. The origin of the
different structures adopted by /0Jso and the related polymeric
fullerides, NaRbGq (chains bridged by one-6C bond) and N&Ceo
(layers bridged by four €C bonds), is of considerable interest.
The stability of polymeric fulleride structures is strongly associated

with the charged state of the fulleride ions and the steric influence
of the alkali ions? The small size of LT (0.60 A) is of paramount
importance in minimizing steric crowding and allowing the
incorporation of two Li ions in the space surrounding the pseudo-
octahedral site. The closesti=iLi* distance in the octahedral
interstice is 3.65(14) A, larger than that in Li metal (3.04 A). Finally,
examination of the Lfi—Cgo contacts reveals the shortest distances
of 2.42(5) and 2.54(6) A in the tetrahedral and octahedral sites,
respectively. These are larger than the sum of the ionic radius of
Li™ and the van der Waals radius of C. If #bCso or NayCqo
were to adopt structures similar to that of thedd, polymer, severe
steric hindrance would be encountered. The Rietveld refinements
are also consistent with a Li doping level of = 3.49(7).
Considering the usual behavior of Li for partial electron donation
to the fullerene unit8 a formal charge smaller thard is expected
for the Go"~ anions. This is again inconsistent with the adoption
of the 2D NaCgg structure, favored fon ~ —4.

In conclusion, we have shown that theCi, fulleride adopts a
2D monoclinic polymer structure, comprising two types of differ-
ently bonded fullerene chains running perpendicular to each other
in the ab basal plane. This structure is the first example of a
fullerene polymer with a mixed mode of interfullerene bridging
via bothsingleC—C bonds and [2- 2] cycloaddition. The bridging
C—C bond distances refine to 1.75(2) and 1.59(2) A, which are
somewhat longer than typical covalent single bonds, but still
consistent with bonding interactions between neighboring fulleride
units. No anomalous close contacts between either the alkali ions
or between LT and the G units are encountered. Work is currently
in progress to determine the electronic and conducting properties
of the LiyCgp polymer.
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