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Electronic properties of small silicon clusters (r < 11), produced by a laser vaporization method, were investigated by
photeelectron spectroscopy of their anions. The doping of F or Na atoms enables us to substract or add an electron from/inte
the siticon clusters without any serious geometric rearrangement, revealing electronic structures of the silicon clusters. Both
the doped F and Na atoms are attached onte the surface of the silicon clusters, which is in agreement with ab initio theo-
retical calculation on electronic and geometric structures of the Si-F and Si-Na binary clusters. The cluster size dependence
of HOMO-LUMO gaps in the neutral silicon clusters were measured experimentally with the F atom doping, and the elec~
tronic structures above the LUMO of the neutral silicon clusters were revealed with the Na atom doping. The deping of C
atoms, furthermore, induces some geometric change of the silicon clusters, and the substitution of Si atoms to C atoms results

in a phase transition.
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Fig. 1 A schematic diagram of experimental setup; this apparatus consists of three
parts of laser-vaporization cluster source, time-of-flight mass spectrome-
ter, and magnetic bottle type electron spectromerer.
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Fig. 2 Photoelectron spectra of {a) Si,~and (b) Si.F™ (n = 4-11) at 266 nm (4.66 ¢V} detachment laser.
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Fig. 3 Time-of-flight mass spectrum of silicon-flucrine binary cluster anions, $1,F, .
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Fig.4 Theoretically optimized structures of silicon-fuorine o1 Cale., (MP2/6-311+G%)
binary cluster anions, Si,F,~. 0 S —

FIRFPFMOpigo A7 b (Fig. 2a & Fig.2b) #%
gk, 7R84 6 7, 8 10, 11K
BT, FEPHIMNZE o TRIMO/NS Y — 7 3%
L. F0OH3EH AR A OBRITIZERER
TWASZ Edbhsd, Zor bix, (1) MEks,2 5
AR —AAF L ORELANY PARBREERTWEED
OIhERE I RAPEF IHENA o TWEEE» D
HETHHETHEZ L, 2 FRTHESLZ SAZ—F#
EEAEZRLSZERENTS, kY, Sl FAx—
ORMCFRFBHFELTND, L5 200HELT
LTW5h, ZOI L2 5EIDBILDIC, SIiFr3
AE Aty (n=da~7) OfEER 2B LT 4D
Méller-Plesset FEEIERIC & 2 JERRERATHIMRETH (MP2UMP4;
HEEE 6 ~31G6%) TRHTHRE (Fig 9%, RizmEL
FBY, SIF 4T AY - ORRERHELFRYSLEF
HOEMSCESEGS LB LD, FRTISLY 52X
—OREICNEL, FOBICSLERIZIELASELL
BN bitbirol, FLTZOHGRHETELNLDSE
B ROBEFEF AT Fig. SR LRV ERICE <~
B, HETROEBERIZRTER L LI FAF—D

12 3 45 6 7
Number of Si atom (n}

Fig. 5 Electron affinity of silicon-fluorine binary cluster, Si,F.;
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Table1 HOMO-LUMO gaps of neutral silicon clusters (in ¢V).
HOMO-LUMO gap

Cluster size (1)

4 1.0
5 degenerate
6 1.1
7 1.5
8 0.5
9 degenerate
1¢ 1.5
11 0.5
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Fig. 6 Photoelectron spectra of silicon-sodium binary cluster anions (8i,Na, ™, n=7-10, m = 0-3) at 355

nm {3.49 V) detachment laser.
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