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FT-ICR (Si,", n=10-30)

Chemisorption of Silicon Cluster lons (Si,*, n = 10-30)
with Ethylene (C,H,) by Using FT-ICR Mass Spectrometer.

Masamichi KOHNO, Shuhei INOUE and Shigeo MARUYAMA™

“Department of Mechanical Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Mass-selected silicon cluster ions were levitated in a Fourier transform ion cyclotron resonance (FT-ICR)
mass spectrometer and monitored during chemisorption reaction with ethylene (C,H4). Through
measurements of "time-dependency” of this reaction process, large change of the reactivity depending on
the number of absorbed ethylene was observed, in addition to the strong dependency to silicon cluster size.
From Sis™ to Si;g” shows a special stability of SiyE,” when x +y = 19, such as SijsE4". The large decrease
in the reactivity of Si," was observed due to the contamination of hydrogen atom to Si,". Rate constants for
the adsorption of the first C,H, molecules on Si," were estimated. The reaction kinetics data suggest that
structural isomers are present for all clusters except Siy," in the size range investigated.

Key Words: FT-ICR, Chemical Reaction, Silicon Cluster, Mass-Spectroscopy,
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Fig.1 = FT-ICR apparatus with direct injection cluster
beam source.
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Fig. 2 Reaction process of SilS+ with C,H,.

(a) Mass spectra measured by the direct-injection. (b)
After mass selection by SWIFT technique. (c) Reacted
for 0.5 s. (d) 5 s. (e) 15 s. The Siy(C,Hy)y chemisorption

products are marked

with the symbol E,.
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Fig. 3 Saturated reaction products of Si,” (n = 10-20)
with C,H,. Signals marked in circle had almost 100%
hydrogen atom.
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Fig. 4 Saturated reaction products of Sijs" with C,H, (a).

Expanded view of (a) is shown in (b). (c) shows the ideal
mass distribution of Si;s" calculated from natural isotope

distribution

with C2H4.
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Fig.5 Saturated reaction products of Si,” (n = 21-30)
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Fig. 6 Further reaction of selected once reacted product,
Si;sE,". (a) After the mass selection by SWIFT technique.
(b) Reacted with C,H, for 15sec. (c) After the second mass
selection. Reaction of Si;sE;" with C,H, for Ss (d) and 10s

Fig.7 Further reaction of selected once reacted product,
Si;sE,". (a) After the mass selection by SWIFT technique.
(b) Reacted with C,H, for 1.0s. (c) After the second mass
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Fig. 8 Reaction kinetics of Siy,~ with C,H,.
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Fig. 10 Laser annealing study of Siss", Size’ and Siy, .

(a) Mass spectra measured by the direct-injection. (b)
After the mass selection by SWIFT technique. (c)
Reaction of clusters with C,H, for 2.0s without laser
annealing. (d) Reaction of clusters with C,H4 for 2.0 s.
The clusters were annealed prior to reaction by irradiation
of the third harmonics of Nd:YAG laser.
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