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Fig.1 TOF Mass spectra of Si/ P clwster ions produced by laser ablation
of mixture of Si and P (Si:P=1:1)
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Table 1' " Photedissociation channels and photodissociatioon efficiency of grouplV /P binary cluster cations

Eﬁ:m Channel R i)ar:m Channel R; i‘:::'m Channel R
Ge:P™  Gej+P (. 04. SmP*  Sny+P 0.09 Pb:P*  Pbi+P 0.08
GeP* +Ge 0.02 PbP* + Pb 0.05
Ge™ +GeP 0.02 Pb* + PbP 0.07
Ge:Pi Ge:P' +P; 0.13 SnaP} SnP* + Py 0.09 PbP;  PbP* + P 0.03
PbP: + PbP 0.10
GesP*  Gei+P 0.01 Sn:P” Sny+P 0.02 PbsP* Pb; + P 0.03
Ge.P* +Ge 0.09 Sn.P* +Sn 0.19 Pb:P* +Pb 0.03
Ge: + GeP 0. 02 Sny + SuP 0.07 Pb; + PbP 0. 14
Ge* +Ge:P 0.0l Sn* +Sn.P 0.02 Pb* + Pb;P 0. 03
GesPs  GeP' 4P 0. 01 SmuPy SwP* + P 0.03 PbPs  Pb; +PbP; 0. 42
Gei+P 0. 04 Sny + P 0.07
GeaP" + GeP 0. 61
Ge: + GeP: 0.01
GesP* GelP +Ge 0.10 SnP*  SnP* +Sn 0.25 PbP* Pb; +PbP 0.09
Ge:P” + Ge 0.02 Snj + SnP 0.02 Pb:P* +Pb; 0.18
Ge; + GeP 0.01 Sn:P* + Sn; 0.12 Pb: + PbP 0.03
S + Sn.P 0.04
GesP® GeP' +Ge 0.12 SnsP*  SnP* +Sn 0.28 PbsP*  PbiP* +Pbe 0. 66
GesP* + Geq 0.05 SnsP* + Sng 0.15 Pb:P~ + Pbs 0. 02
SnzP* + Sny 0.06
GesP*  GesP™ +Ge 0.15 $nP*  SnP* +Sn 0.27
SniP* + Sn, 0.05
Gei + GesP 0.02 Sn; + SnoP 0.02
SnsP* + Sn; 0.06

Note: a the photodissociation efficiency was calculated by R =1/ > I; , wherel, was the intensity of studied fragment ion and
i

2. 1, was the total intensity of fragment ions including remaining parent ions.
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®2 M HF/3-21G B3 GesP # SnP* BEME( DRMEFEEZSMBEHIH
Table 2 Atomic distances and atomic charges in Ge;P* and SnsP* obtained by HF /3-21G*

GesP* SnsP*

Atomic distance x 10’ (nm) Atomic distance x 10" (nm)

Ge2 -Gel 3.024 Ge3 ~Ge2 4.069 Geb5-Ge3 2.546 Sn2-~Snl 3.489 Sn3-Sn2 4.794 Snd-8n3  2.916
Ge3 -Gel 4.056 Ged -Ge2 2.702 P6-Ge3d 4.620 Sn3 ~Snl 4.829  Sn4 - Sn2 3.172 P6 ~Sn3 5. 255
Ged -Gel 2.705 Geb-Ge2 2.562 Ge3 —Ged 2.684 Sn4 -~ Snl 3.166 Sn5-S$n2 3.029 Sn5-Snd  3.081
Ge5-Gel 2.563 Po-Ge2 2.375 P6-Ged 2,321 Sn5~Snl 3.026  P6 - Sn2 2. 594 P6 ~ Sn4 2.554

P6-Gel 2.373 Ge4-Ge3 2.406 P6-Ge5 3.725 [P6-Snl 2 39% - Sud - Sn3 2.851 P6 -Sn5 4.133

Atomic charge Atomic charge
Gel 0.250  Ge3 0.520 Ges -0.022 {Snl 0.392  Sp3 0. 545 Sns -0.075
Ge2 0.251  Ged -0.136 P6 0.136  {Sn2 0.390  Sn4 ~0.040 P6 -0.211
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Formation ,Photodissociation and Structures of Si,Ge ,Sn,Pb/ P

Binary Atomic Cluster lons

Liu Jianbo  Han Chunying Zeng Rong  Gao Zhen  Zhu Qihe

( State Key Luboratory of Molecular Reaction Dyna mics , Institute of Che mistry, Beijing 100080)

Abstract  The formation and photodissociation of group IV(Si,Ge,Sn,Pb)/P binary cluster ions,
produced by laser ablation, were studied with a tandem TOF mass spectrometer. The stability of
these cluster ions is influenced by their electronic and geometric structures ,and the geometric stabili-
ty becomes more important for heavier group IV/ P cluster ions . Two types of binary clusters marked
with the magic numbers were observed :one type of magic clusters may be explained by the Wade’s
rule ,in which P atom either attaches as electrom donating ligand to the closo-skeleton of group IV
atoms ,or joins the closo-skeleton directly ; another type of magic clusters are isoelectronic with magic
species of neutral group IVclusters or P clusters . The possible structures of magic cluster ions were

studied by ab initio calculation and the Wade’ s rule .

Keywords : Binary atomic clusters,  Laser ablation, Laser photodissociation,

TOF mass spectrometer, Wade’ s rule
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