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Electron-beam analysis of polymerized K@,
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We have conducted high-resolution transmission electron micros@¢dR¥EM) and electron-energy-loss
spectroscopy(EELS) studies on polymerized Kg. The chainlike structure proposed for the polymerized
material is confirmed. Lattice constants extracted from the HRTEM images are consistent with those deter-
mined earlier by x-ray diffraction. The fine structure in the EELS spectrum g KBows thes p? nature of the
carbon bonds along with features which distinguish the bonding in this alkali fulleride from that of other
fullerenes. Both the HRTEM and EELS studies show that polymerizegh KCexceedingly resilient against
damage induced by a 200-keV electron beam, in sharp contrast to the behavior of prigtine C

Since the discovery of a method to produce macroscopiage distinctly reveals the chainlike structure of this material;
guantities of Gy and its related structurésnuch interest has the inset(not to scalg is a schematic showing the spacing
been generated for the study of fullerene materials. The urseen in the micrograph. From the clarity with which the
usually large siz¢7 A diametey (Ref. 2 of this molecule  dominant unitsCgg) can be imaged, we deduce that thg C
places it within the resolution of imaging using high- balls are not rotating in Kg, in contrast to their behavior in
resolution transmission electron microscoffiRTEM).  Pristine, van der Waals bondedCThe strong on-chain co-
lijima has imaged nested fullerenes where the innermost bayalent bonding in the polymerized fullerene seems to hinder
was the size of a g molecule® Yet because at room tem- the rotation of the balls. o _ _
perature the g molecules in pristine crystals are rotatihy, In order to further study the bonding in polymerized alkali
imaging a single g, molecule in G, compounds is problem- fuIIerlde_, we conducted an electron-energy-loss spectroscopy
atic. Recently an alkali-fulleride compountiCq, (A=K, Rb,  Study. Figure 3 shows the EELS spectrum taken from g,KC
C9, has been synthesized which forms an air stable, corcrystal. We note the characteristic 284-8vedge onset for
ducting polymef. X-ray studies suggest bulk kgis com- the carbon in the m_aterlal; the potassilinedge lies at 294
posed of polymeric fullerene chaifsVe have used HRTEM €V and therefore rides on the carbon edge and cannot be
and e|ectron_energy-|oss Spectrosc({ﬁELS) ana'yses to dIStInCtly observed in the SpeCtl’um. The fine structure of the
image and study the bonding nature of this material. Wecarbon peak in this spectrum is different than the standard
confirm its chainlike structure and find Kgto be remark- SP’ bonding seen in graphite. Thus, while the carbon atoms
ably immune to 200 keV electron-beam-induced structural
damage.

Crystals of KG, were produced by a slow-cooled
techniqué described in detail elsewhefdn order to avoid
any effects of solvents on the material, samples were pre-
pared for HRTEM analysis simply by grinding the crystals
between two glass slides and mounting powdered specimens
onto holey carbon grids. HRTEM images were produced us-
ing a JEOL JEM 200CX microscopy using a 200-keV accel-
erating voltage.

Figure 1 is a high-resolution electron micrograph ofdsC
taken under phase contrast imaging conditions. From the lat-
tice fringes, we observe the sample to be crystalline over
fairly large domains. The variation in lattice spacing arises
from the different orientations of the individual crystalline
domains. The edges appear amorphous in some regions but
this is due most likely to the possible curling effects of the
thin crystals at the unsupported edges. The lattice spacings
extracted from HRTEM images a@=9.0 A, b=10.1 A,
c=14.3 A. The values are consistent with those determined
from previous x-ray-diffraction studies, which fird=9.138,
b=10.107,c=14.233'

Figure 2 is a high magnification micrograph of crystalline
KCgo imaged with the electron beam perpendicular to the FIG. 1. High-resolution transmission electron micrograph of
polymerized directior(a axis). The lower region of the im- KCg, showing large crystalline domains.
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. . T FIG. 3. Electron-energy-loss spectrum of the g¢@naterial.
_ FIG. 2. Higher magnification image of Kg:showing the chain-  carhonk edge at 284 eV is clearly visible while the potassium
like structure of the polymerized material. edge at 294 eV rides on the carbon peak and cannot be separately

. . . distinguished.
in a pristine G, molecule are believed to have mosty? g

bonding with somesp® character due to the slight curvature
on the ball, KG, clearly shows somep? character but has a material. The breakup of theggballs in pristine G, but not
distinctly different bonding overall as compared to otherin polymerized KG, also implies that the changes made to
fullerenes. Due to the closeness in energy of the ca¥on the carbon bonding when the material is polymerized using
edge and potassiuimedge, extraction of further information potassium strengthens thgg@nolecule and prevents it from
of the carbon bonding in the K& spectrum is not meaning- damage under the electron beam. It is possible that the met-
ful. allization plays an important role in the carbon-bond energy
We comment on the remarkable stability of jgGvhen  absorption of polymerized Kgg.
subjected to a 200-keV electron beam, during both the HR- |n summary, our HRTEM images clearly resolve in real
TEM and EELS studies. The crystallinity of kgin the  space the chainlike structure of K confirming the poly-
HRTEM studies was observed to be unaffected by irradiationnerization of this alkali-fulleride material. We find, through
from the 200-keV electron beam for the duration of the im-poth HRTEM and EELS studies that the K{naterial, un-
aging experiment, about 1 h. This structural stability is injixe pure G, crystals, remains crystalline and is unaffected
sharp contrast to the behavior of pristine, unpolymerized,, 5 500-kev electron beam. Because this alkali-fulleride
fullerene material. Previous HRTEM stuc_ﬁerm pristine QO_ compound shows extensive resilience under the electron
and G have demonstrated that pristine, unpolymerlzedbeam and has properties such as air stability and metallic

fLiIIereng méa(t)%rlslsvtulrn ?mortt)hous W'g.]”:. a moatter of mt'n(;conductivity, KGy stands out as among the most inert of
utes under -keV electron-beam irradiation. Our own stu tonducting fullerene materials.

ies on pristine g confirm these findings. Consistent with
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