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FT-ICR Mass Spectroscopy and Initial Reaction of Co/Fe Mixed Clusters
Used for CVD Nanotube Synthesis
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Generation and chemical reaction of Iron - Cobalt mixed clusters were investigated by using the
FT-ICR mass spectrometer. Metal clusters with 2-12 atoms were generated by a pulsed laser-vaporization
supersonic-expansion cluster beam source directly connected to FT-ICR mass spectrometer. In case of
small size clusters (n < 4) cobalt atoms were more selective to form cluster. On the other hand, for large
size clusters (n > 5) mixing rate of atom species was proportional to the material mixing rate. According
to ab initio result, for Fe,Con., (N < 4) a bonding orbital might go down in energy level by a cobalt atom.
That is why cobalt atoms were selected more preferably when small clusters were formed. But for a large
cluster (N > 5) it is predicted that clusters were formed by stoichiometric ratio, because there were a lot

of stable and meta-stable structures.
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Fig. 1 FT-ICR spectrum of Fe,Co,., .
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Fig. 2 A relative difference of cluster composition between

experimental data and probability data.

BRDS 4s, NSRS 4p HLEZ R LTV D, () FeyCo,'
TIEOOEET & — oD a L NETOFNENNBE T
REBIZH D LEFEL SN, (b)D FeCoy  TIE =20 =31

MEFD 5 H DR CIREETH 5 28— 21X Mulliken
Charge DER 72V, HLWIREETIX RV = a0 MR
T L TR ZREOERAEL TV D,

ST JE - IREE T s O34 Fe (3d6, 4s2), Co (3d7,
452) L7 o TWBN, 3k BETTREV L TTHT
& T Fe,Co, TIEEkD 4s #lil, FeCo; Tk 3d #iE & =
sV b0 3d BUEA EICHEEIUEEZTER L TV D Z L3y
25, E5IT (b) FeCos TiX /L b 3d DA HE D HE(T
BRESTRoTEBY LV LZERBEEZ L >TNDZ EN
THEND. 72 (a) TEa/L MR BEAIIEICIEE
A EBG L TWRWZ LRGN D.

5 B EOHREBRENRNTZDEENRZ LIXE A0
DAY 4 BARLLUF TR 3 1R T R 91T Co JR A% < Hito
TFHBICRB W THEAHEN TRY, IV EERT LT —
KxE LD, 2D I TAZ—BROBET & LMITTERK
ENZOTERLS BRI SV NRETEELNHTY
TAZY 7T HEBEZ LGNS, Ll 5 &L ETIIHE
R 2 5 2 LIS X B BHEOHEM, BICiTEg ek
& & ELERMED TRV F — ORI L o =¥ —1E
A OBEBULEZ, FFFROZERED LTV, 208
BBV NETERSID LT VX AT TAH
Vo7 oMEnEm< Ry, R LTI 72X -0
JEFDOEIGRIZEHFET DR FHOEE TRE I N TN
EEZLND.

KBICIREB 7 TAX =L TN a—LORIGIZONTTH
2, FFEFICRISEEN RS BERR SN TN L0 1 &
RO 2 BRIZONTOHETHS. 2 ERIZEBVTIEAHR
& i>H (Fe,, FeCo, Coy) THRIGEENT/RD Z LnTHE
SHFERE LTE Co, DFERLMELR TR, A F )
— /L & DI ST Biestad & Uggerud® DR & —E+ 5 X
278 Co JRF-D—20MNDFUENETH LIERAFZ ) — 145
FRRETDLVIRERPBELNTND.

5. BEXH

(1) Nikolaev, P, et al., Chem. Phys. Lett., 313, 91 (1999).

(2) Maruyama, S., et al., Chem. Phys. Lett., 360, 229 (2002).

(3) Corbett, J. D. et al., Chem. Rev., 85, 383 (1983).

(4) Frisch, M. J., et al., Gaussian, Inc., Pittsburgh PA (1998).

(5) Adachi, Y. et al., J. Phys. Soc. Jpn., 45, 875.

(6) Eiestad, A. M. L. & Uggerud, E., Chem. Phys. 262, 169
(2000).

— 3

———4s
—--—4p
g

-, iron
cobalt
cobalt

energy (eV)
!
|
03
energy (eV)

——
—

—25¢ —25

(a) Fe,Co,"
Fig. 3 DOS of Fe,Co,™ and FeCo;™.
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