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Fig. 1 TOF mass spectra of positive ions from various ratio C/P samples and pure carbon sample

Pure C sample(A); 2(C) : n(P)=1+: 1(B); n(C) + n(P)=1: 4(C); n(C) : n(P)=1: 8(D).
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Fig. 2 TOF mass spectra of C/P binary clusters
(A) C,P,) [ (sectionally magnified figure of Fig. 1(D)]; (B) C,P,[#(C) : n(P)=1 : 4 in sample].
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Fig. 3 Photodissociation of C,P; by 248 nm laser
Flight time is 0. 1 ps.
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Fig. 4 Energy and bond length of various structures of neutral C,P,
Table 1 Energy and bond length of PC,P by B3LYP/6-31G "~
Negative Neutral Positive Ex/ ry/
Compd. Geometry E/ Bond length/ E/ Bond length/ E/ Bond length/ a. u. a.u.
a. u. nm a. u. nm a. u. nm (kJ/mol)  (kJ/mol)
PC;P Linear —796.970 C—P 0.1629 —796.868 C—P 0.1607 —796.594 C—P 0.1601 —0.103 0.273
C—C 0.1297 C—C 0.129 6 C—C 0.129 6 (—269.62) (742.29)
PC,P Linear —835.054 C—P 0.1612 —834.996 C—P 0.1569 —834.683 C—P 0.1590 —0.058 0.313
C—C 0.1311 C—C 0.134 0 C—C 0.131 3 (—151.55) (822.17)
0.127 2 0.124 0 0.126 2
PCsP Linear —873.144 C—P 0.1619 —873.033 C—P 0.1598 —872.771 C—P 0.1594 —0.111 0.262
C—C 0.1302 C—C 0.1304 C—C 0.130 3 (—290.32) (608.25)
0.128 5 0.127 9 0.127 8
PCsP Linear —911.227 C—P 0.1606 —911.156 C—P 0.156 9 —910.857 C—P 0.1585 —0.070 0.299
C—C 0.1314 C—C 0.1340 C—C 0.131 7 (—183.78) (784.55)
0.126 8 0.123 9 0.1259
0.1307 0.133 3 0.130 5
PC;P Linear —949.314 C—P 0.161 1 —949.197 C—P 0.1592 —948.943 C—P 0.1588 —0.117 0. 254
C—C 0.1307 C—C 0.1311 C—C 0.1309 (—306.93) (666.44)
0.127 8 0.127 1 0.127 0
0.129 0 0.128 7 0.128 5
PCgP Linear —987.396 C—P 0.1601 —987.317 C—P 0.1570 —987.025 C—P 0.1582 —0.079 0. 288
C—C 0.1317 C—C 0.1339 C—C 0.132 0 (—204.26) (756.55)
0.126 5 0.123 9 0.125 6
0.130 8 0.133 3 0.130 7
0.126 6 0.1239 0.1257
PCyP Linear —1025.482 C—P 0.1605 —1025.360 C—P 0.158 8 —1 025.112 C—P 0.1584 —0.122 0. 247
C—C 0.1311 C—C 0.1316 C—C 0.131 4 (—320.27) (649.25)
0.127 3 0.126 5 0.126 5
0.129 5 0.129 5 0.129 2
0.128 3 0.127 9 0.127 8
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Fig. 5 Curve of Pi(A) and EA(B) of PC,P versus number of carbon
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30, x(AUA;%°OEOPDOTA @Ol TA" @0y o A& xOpAAUA: EQpAppAucAe AUCTuex0CxOTAU. “0i 1 ¢E00; 36, PC,
P TuADTA @pApcAéAl P, ©Tugx0CxOTAU E, Ez »n pA+é» 0230 T0A=Ak+a» , 080E£x -ApA+a» TAAAEE. pché
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1-N0pgx0CxoTAUOYD; . £AOEODDO -0x0+43ETa0! pA CAExOTA @O%EYOx. 0a00k=AY+4» 080F £x - AuAkeAli+a
» 1a-0. 001202700» 0 -hAz%AETAET2E2A” C,P, TUADTA” @AExOUAOE£x -8»a30 TOF=C¢ ALEOUATOTO.
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Formation by Laser Ablation, Photodissociation and
Structure Analysis of C/P Binary Clusters

ZENG Rong, LIU Jian-Bo, HAN Chun-Ying., GAO Zhen"*
(Center of Molecular Sciences, State Key Laboratory of Molecular Reaction Dynamics, Institute of Chemistry,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract C/P binary clusters were produced by direct laser ablation of C/P mixed sample on a time
of flight mass spectrometer. These clusters can be divided into two groups, C/P binary clusters and
pure carbon clusters. The intensity of pure carbon clusters became stronger with the increase of P in
mixed sample, which indicates that P has an important influence on the formation of pure carbon
clusters. In C/P binary clusters, the compositions of the positive ions are only C,P; (0<<n<(30), C,
P, (0 <<n<C22), while the negative ions are more abundant than positive ions, which have
compositions of C,P~ (0<<{»n<C20), C, P, (0<n<C30), C,P; (n is even number in 2—30), C,P; (n is
even number in 2—20), but no C,P; was produced. The photodissociation of C,P; indicates that their
main photodissociation channel was the loss of one P atom. Combining photodissociation and DFT
calculations (B3LYP/6-31G" * ), the most stable structure of C4P, positive ions should be the linear
chain structure with P atoms at each end of the molecule.

Keywords Laser ablation; C/P binary clusters; Time of flight mass spectrometry; Density; Function
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