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For mation, Reaction and Photodissociation ofLead/Sulfur Clusters
Liu Jianbo Han Chunying Zheng Weijun Gao Zhen Kong Fan'ao

(State Key Laboratory of Molecular Reaction Dynamics,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100080)

Abstract The formation and photodissociation of Pb/S cluster ions,produced by two
different ways of laser ablation, were studied witha tandem time-of-flight mass spectrometer.
By laser direct ablationon a mixed Pb+S sample, the cluster ions with the compositions of
Thash_ 1 O PhaSy were the most abundant speciesand can be identified as the stable

components of Pb/S clusterions. By laser double ablation on separated Pb sample and S
sample,the products were pt, 5 £ (n=1-3, m=0-9) and Fbri>m(n=1-7, m=0-9) formed through

reactions between Phclusters and S clusters. From the distributions of cluster
compositionsand the photodissociation of clusters, we can confirm two differentformation
mechanisms of Pb/S clusters according to the producingways of clusters.

Keywords. Lead/sulfur cluster, Laser ablation, L aserphotodissociation, Time-of-flight
mass spectrum
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Fig.1 TOF mass spectra of Pb/S cluster cations and anions, the moleratio
for Po:Sinthesampleis 1:4, (a) ph,5 %, () PhnSm
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Table 1 The distribution of products produced from reactionsbetween Pb clustersand S
clustersin laser double ablation reactorwith different distances between two sample tablets

|d/mm|| Cationic Products Fb#S# || Anionic products Pb xS |
0 [n=Lm=0 9|[n=2m=0 5|In=1,m=0-8|jn=2,m=0-9||n=3,m=0-7|
In=3m=0 3 [n=4,m=0-4 ||n=5,m=0-2|[n=6,m=0-2|
| | n=7.m=0_| | |
1 |rh=tm=0 7|h=2m=0 4]jn=1,m=0-8|n=2,m=0-5||n=3,m=0-4|
In=3m=0 1| [n=4,m=0-2|In=5,m=0-1|In=6-7,m=0|

2 |n=1m=0 7[n=2m=0 2|In=1,m=0-5|jn=2,m=0-3||n=3 m=0-2|
| | n=4m=0-1|n=5-7.m=0| |
5 |h=1m=0 6] [n=1,m=0-6 ||n=2,m=0-3|[n=3,m=0-2|
| | In=4,m=0-1[n=5-7.m=0| |
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Fig.2 TOF mass spectra of products produced from reactionsbetween Pb clusters
and S clustersin laser double ablationreactor with different distances between
two sample tablets,(a) cationic products Pt =3, (b) anionic products Pb»Sm
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Table2 Photodissociation channels and photodissociation
efficiency of Pb/S binary cluster cations
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Pi?)rr?gt Channel R SR Pi%rr?gt Channel R ISR
R N vt T sty foas
Pb*+(S,) (()(')_1;4) (()03219) PLT + (Ss) 0.12 [0.51
S*+(PbS)  |0.04(0) Pb*+(PbSg)  |(0.24
P53 lppst(s,) (()c')?c?:%) PhSE b, st+(PbS) [0.07
Pb*+(S5) ‘(3(-)_1111) ‘(3(-)_154) Pb*+(Pb,S,) [|0.45|0.52
FBST lpbst(s,) ‘(30 0 PP b, St (PDS,) [l0.27
Pb*+(S,) ‘(3(-)_250) ‘(3(-)_252) PLE + (Pbs,) [0.06 [|0.38
PoSY |pst+Ey) |- (0.09) PaST - IPb*+(Pb,S,)  [j0.06
PbS™+(S,) |- (0.22) (0;12) Pb,S™+(PbS;) (0.40
Pb™+(So) |- (0.11) PLY +(PLs;)  {|0.05|[0.62
PbS3 Dbt +(3,) ‘(3(-)9??5) Pb*+(Pb,S,) [0.17
PbS*+(S;) (()(')_15’4) (()(')_5(?9) TS onast + irusa) [j0.47
Pb*+(S,) ((3633?0) Pb,S*+(PbS,) [0.06 [0.61
Pb28+ Pb§+(S) ((30135) rut o+ (PhSs) (|0.04
S PD) (005 (0.6 POHPhS) Joos
Pb*+(PbS) ((30037) PhaS PhyST + (5,1 [0.21
[ 1l 1l Il 1l 1l 1
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Pb357 [IPb,S*+(S) ||0.07(0) LSt + (P13, |[0.08
PbE+(S,) ‘(3(-)_256) ‘(3(-)_2;30) Pb,S*+(PbS) [0.13||0.58
+ O + .
Pb,S3 Pb,S*+(S,) (0.04(0) Pb*+(Pb,Sg) 0.3
PLST b, S*+
PbS*+(Pbs,) [%-04 2
52 0.08) Ghsy |08
— —10 0.48 + v
[ - - (0.04) (0.58) Fby + (PbaSs) ||0.05 (|0.48
+ 0.4 Chy ST
Pb"+(PbS;) (0.46) Pha 5T + (PLsy) (0,11
+
Pbo 34 Pb,S™+(S3) 26(.)86) PhaST + {P1.8.3](0.23
0.06 Pb,S™+
PLS} + (Phs.) 0.08||0.63
: (0-06) (Pb,S5)
PbSt + (PhSy) 260?0) 264(537) PLd 4+ Mg,y ([0.06
PbS*+ 0.06 +
(PbS,) (0.08) Pb™+(PbsS,) |0.15
M, +
Pb*+(PbS,) 2622 5 ST sy 4 Py ||0.07
+
P2 e sty |05 7% 15T + (P1sS)|0.57
0.18 Pb35++
rbt 4 (5, .02||0.
2+ (8s) (0.04) (Pb,5,) 0.02||0.95
PbsT 4 (PhSy) 20 05) 26520) P + (Phssy) ||0.22
PbS*+(PbS,)(0(0.01) Pbs*+(Pb,S;) ||0.05
Pb™+(PbS,) 26134) Pb*+(Pb,Sy) [0.02
Sn
pbs+m Pb*
PLyST bt Phst Pb,S, Pb,S,
1 PbS
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