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The plasma consisting of the lithium endohedralefehe positive ion (Li@&") and the fullerene
negative ion (G) is generated by an electron beam ionization ntefoo purification of Li@G,. The
ionization potential of Li@gp is measured for the first time and it is found&lower than that of g In
addition, it is implied that argon positive ionsr{Acan dissociate the Li@g Cgo cluster more effectively
than the high energy electron beam, resulting iregation of high density Li@d - Cs; plasma.
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~ Alkali metal endohedral fullerenes, such as ., . rumace Electron Beam Substrate /+ b
lithium endohedral fullerene (Li@g), have (000 ;
attracted much attention [1] because they are Ill N 7
expected to be used in the field of single molecul& oy 1 “1_3 g
electronics, owing to their unique electronic* - - | o
properties which have roots from the lithium — B« Grid Langmuir probe \

— iti I L | |
off-center position in the g cage [2]. 5 360350 550 \-Vub

Although Li@G has been isolated fromydby a
chemical method [3], this method takes a long time
and needs to chemically modify the surface of
Li@Cqo, which makes it difficult to be used for a

practica_l applicatio_n. In this sense, a plasmac60 and Li@G, in a copper furnace is sublimated
separation method is expected as one effective W&My heating up to 650C. High energy electrons
to purify the LI@Go sample' which IS easily ionize Li@G, molecules into Li@&" while
mass-produced by Ideal Star Ink. in coIIaboratlonIOW energy electrons produced as a result of
with Tohoku University, because the plasma proces?)ositively ionizing Li@Go are attached on &

is fast and sjmple, and no chemical modification ismolecules. The LI@§ - Ces plasma is generated
neet()jled dL]f”T]Q the ;/]vhdolg prqocess.h Hﬁweveg theradially outside of the electron beam by a magnetic
E% Cemcgn tblefcc:?r?et OOS:ZV; ?;[)nsOt[ 4]t tﬁ%?nh an filter effect. An end plate is located at z = 33thm
ideal Gl(i' v ) FI) . A d f gth which cuts the electron beam and thus produces a
ideal Li@Geo .Cﬁo plasma IS required 1or e .o | i@, - Cyq plasma behind it. Stainless steel
plasma separatlon._ T_herefore, the dn‘ference_ in th ubstrates are located at z = 650 mm. TheaGd
plasmq characterlst.lcs, €.9., elgctron |mpact|_i@ceo ions are deposited on the substrates by
lonization cross section, between L}@(and Go applying positive and negative bias voltages to the
[5.] ShO+UId be found out to selectively generatesubstrates (Mp- The deposited materials are
L@Ceo measured by laser-desorption time-of-flight mass
spectrometer (LD TOF-MS).
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Fig. 1: The schematic illustration of
experimental set up.

2. Experimental Setup

The fullerene plasma is generated by an electroré Experimental Results

beam ionization. The plasma source setup is Figure 2 shows the typical Langmuir probe

S(I:he:[matlcally Shf[)twgf n F'Qt]' 1.t The;?'gn'cbvoltage \}, - probe current ¢l characteristics of
electrons are emitted from a tungsten cathode by, 5= « ", -"nlasma measured at z = 390 mm.

apf;{]'t'.‘gl 3]? ?eﬁgg%;fagdnirhe a;;ileagtgﬁ dbg a Remarkably, positive and negative saturation
p?o nolled Ir% located 6\3’ e_ 0 r?wm Tr?e mixture Ofcurrents are almost the same unlike the ordinary
grou gri Z= : Ixtu electron - ion plasma and both the floating po&nti
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Fig. 2: The typical , - |, characteristics ¢ _ £(eV) . . £e(eV)
Li@Ceo' - Ceo plasma Fig. 4: ¢ - |, characteristicof Li@Cso compoun:

(a) with and (b) without Ar plasma.

and space potential arealmost zero because the
positive and negative ions weights are the same.
Figure 3 presents positive probe currenfy @f
(a) Goplasma and (b) Li@& - Cs plasma as a
located at 2 = 370 mm. Hiere the cathode ourrent i STy .
) ’ The LI@Gy - Cs plasma is successfully

constant (the current between the cathode and th&enerated which is confirmed by the Langmuir

grid: I, = 1 mA) and probe bias voltage fgf hnd S : R
; ) probe. The ionization potential of Li@gs found
negative probe current,)l are -100 V and +100 V, to be lower than that of¢g It is the really valuable

(rﬁfsfssecrfglslg;c trlltrelsshoPdOteGr\:(va?rthh% fé?feggﬁée eIZk 2 result in terms of realizing the selective ioniaati
9¥ P of LiI@Csq from Gsoand more efficient purification

_betyvegn Go anq L@Go' ) CGF’_ plasma_s. The of Li@Csgo. Furthermore, the Ar plasma is found to

;?r!\z/affvce?if:ﬂ]gi tgfeé_ Igrﬁslsr:saior)ﬂimﬁ:e& be useful to increase the density of Li@@lasma

very useful in terms of the selective gengration Ofbecause the Ar ple}sma dissociates the LidCeo

Li@Cq and Gg cluster more effectlvely_than the electron pgan*r. Ou

Figzore 4 gi\(;és the change of land | as a current result is very important for realizing the

function ofe, (a) without and (b) with introduction separation of L@ and Go- More detailed

of the Ar pleasma in the furnace area. It is shownexperlments are required to understand the
' ionization mechanism of Li@& The deposited

_that the plas_ma_ _denS|ty in the diffusion area 'Smaterial on the substrate will also be studied as a
increased significantly by the Ar plasma future work

introduction, which is considered to dissociate the
cluster of LI@Gy - Gy inside the furnace. The
LiI@Ceo - Cy cluster consists of one Li@E

plate. The content described above is the
mechanism that the Ar plasma can increase the
Li@Cgo - Cso plasma density.
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