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One-dimensional (1D) nanostructures with well-controlled com-
position and crystallinity have become the focus of intensive
research on the structur@roperty relationships and the scientific
and technological applications due to their dimensional anisofropy.
The field of nanoscale electronics has received a growing interest
with fundamental issues on operating principles and valuable
fabrication techniques of nanoscale deviebteanwhile, endohedral
fullerenes have attracted special interest since they could lead to  (c)
new spherical molecules with unique structures and properties that
are unexpected for empty fullerenedmong them, endohedral
metallofullerenes is of particular interest from the point of view of
its application as a building block of future nanoscale-electronic ; : : : :
de\éices and con?uctri]ng mﬂaet;rials,t:aecfause tc_>f a nfrrowtblfljl_nd gap 700 Energngoss sy 1190
and paramagnetic characfeRecen ormation of crystalline
fiberspof Go V\E/Jith a diameter of submiz;ometers by a quu):ﬁt]uid Figure 1. (a) SEM image of the nanorods of La@d) formed by the
. : e ; liquid—liquid interfacial precipitation method; (b) Fourier-filtered HRTEM
interfacial precipitation method was reporfeaind it was revealed  jmage of the nanorods. Inset: selected area electron diffraction pattern; (c)
to show n-channel enhancement-type FETThe formation of EELS spectrum of the La@gAd) nanorod.
crystals of endohedral metallofullerene, however, remains diffi-
cult. Recently, we have successfully obtained the columnar crystals ~ Structural analyses of the nanorods of La@&d) were

La M-edge

Intensity / a. u.

of endohedral metallofullerene derivative La@@d) (Ad = performed by means of measurements of a scanning electron
adamantylidene) by slow evaporation of the ,C®lution and microscope (SEM), a high-resolution transmission electron micro-

clarified its packing structuré.Chemical derivatization may be  scope (HRTEM), and electron spin resonance (ESR) spectroscopy
one of the efficient stepping stones for accomplishing the orderly measurements. First, the contour of the LaggD&d) nanorods was
alignment of endohedral metallofullerenes followed by crystalliza- observed by SEM, as shown in Figure la. It shows the fine
tion. needlelike shape, which has 6:8 um width and aspect ratio of

In this Communication, we report for the first time the prepara- ca. 30:1. SEM observation of the precipitates obtained from the
tion and characterization of the nanorods of the endohedral pristine La@G, was also performed; however, no needlelike
metallofullerene derivative La@g&Ad) as a well-arrayed 1D precipitate was found so far, and only an amorphous substance was
nanostructure, which showed thaype FET property and oriented  observed. Thus, functionalization of endohedral metallofullerenes

with the nanorod axis perpendicular to the magnetic field. plays an important role in the preparation of the nanorod of
The endohedral metallofullerene derivative La@{&d) was endohedral metallofullerenes. The TEM image of the La@Xl)

formed and isolated by the selective reaction of La@With nanorods in Figure 1b shows the close-packed crystalline structure

2-adamantane-2,348-diazirine as reported previouslyThe na- of La@G(Ad) with the endohedral feature. The selected area

norods of La@@(Ad) were prepared by a liquigliquid interfacial electron diffraction pattern (SAEDP) is shown in the inset of Figure
precipitation method. After the two layers became homogeneous, 1b. The existence of the La atom was finally confirmed by the
needlelike precipitates (nanorods) were obtained, whereas thetypical electron energy loss (EELS) spectrum for the edge of the
needlelike precipitates could not be obtained by using the samenanorods showing the Lisl-edge (Figure 1c). These observations

method for pristine La@§. clearly suggest that the fine needlelike precipitates are single-
crystalline fibers of La@g3(Ad), that is, the nanorods of La@£

IUniversity of Tsukuba. (Ad). To shed light on the magnetic property of the nanorods, the
%%?\?;‘ég”g‘}{%ﬁ'ﬁé Edward Island. ESR experimgn_t has been performed. A pi_ece of the Lgy@@)

Il Josai University. nanorods exhibited an ESR spectrum which resembled that of a

Y National Institute of Advanced Industrial Science and Technology (AIST). ; _ ;
#Kyoto University. single-crystal sampfén appearance at the temperature range from

v Institute for Molecular Science. 6 K to room temperature. A magnetic intermolecular coupling
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Figure 2. 1sp curve of nanorod and amorphous film of La@@d). observation indicates that the nanorods of Lag&l) have a

negative magnetic anisotropy (i.e., the magnetic susceptibility in
the direction parallel to the rod axis is smaller than that in the
averaged out the octet structure due to the La nucleus hyper-fine-direction perpendicular to the rod axis). The molecular origin of
coupling into a single broad line having the line width of ca. 25 G this anisotropy is unknown at present time. These orientations of
at 6 K® The anisotropic character of tlievalue line width was nanorods were observed in the magnetic field at the regian3of
inherited from the anisotropic magnetic intermolecular interaction T. Clearly, the construction of the nanostructures would be
in the single crystal. Thg-value and the position of the spectrum  controllable by the appropriate choice of nanorods.
center varied with the rotation of the nanorod around the magnetic ) .
field of the ESR apparatus, and the line width decreased with an Agknowledgment. This work was supported in part by a Grant-
increase of temperature. The ESR properties of the nanorods alsdn'A'd' the 21st Century COE Program, Nanotechnology Support

could be understood from the partially aligned single-crystal sample. Project, from the Ministry of Education, Culture, Sports, Science,
In this context, the physical properties of the Lag@&d) and agrant.fro_m the A_ssouaﬂon for_the Progress of New Chemistry

nanorods are of great interest. To clarify the FET property of the and Mitsubishi Chemical Corporation.

La@Gx(Ad) nanorods, the Sigdoped-Si substrates with thickness Supporting Information Available: Complete ref 7, materials and

of an oxidized layer of 200 nm were prepafed.La@ G(Ad) methods, VT-ESR spectra of La@Ad) nanorod, and illustration of

nanorods were dispersed in 2-propanol as a very diluted solution, FET substrate. This material is available free of charge via the Internet

and the obtained suspension was spread on the FET substrate. That http://pubs.acs.org.
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