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IONIC FRAGMENTATION FOLLOWING CORE-EXCITATION
OF POLYATOMIC MOLECULES: SiH,; and Sn(CH3),

K. Ueda and Y. Sato

Research Institute for Scientific Measurements, Tohoku University,
Katahira, Sendai 980, Japan

Recent experimental studies on ionic fragmentation following core-excitation of polyatomic
molecules, performed at photon-factory in Tsukuba, are reviewed.

Si: K-core excitation of SiH, is followed by the vacancy cascade (successive Auger and/or
Coster-Kronig transitions) and produces a multiply-charged (mainly +4 or +5) ion. The ion thus
produced is decomposed almost completely into Si* or Si?** and some H* via Coulomb recoil of
valence holes (Coulomb explosion).

Sn: 4d, 4p, 3d or C: 1s excitation of Sn (CH,), leads to ionic fragmentation which is char-
acteristic to the excited core. The Sn: 4d excitation produces a doubly-charged ion which dis-
sociates into two singly-charged ions and some neutral fragments in various ways; the ions thus
produced are CH,*, C,H,;*, C,H,*, SnCH,;,", and Sn*. The Sn:4p or 3d excitation produces a
multiply-charged parent-ion and enhances the production of H* significantly, suggesting suc-
[ cessive decomposition of the methyl fragment ion. The C:1s excitation produces a doubly-
charged parent ion via KVV Auger transition; the main ionic fragments are CH,* and SnCH,,,".
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Fig.2 TOF mass spectra of ionic fragments pro-
duced by the photoionization of SiH, at
the photon energies of valence excitation
(16 eV), L-core excitation (115 eV), and
K-core excitation (1865 eV). The degree
of fragmentation becomes higher with the
increase in the photon energy. These spec-
tra were obtained by the photoelectron-
photoion coincidence (PEPICO) mode.
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Table 1 Ratios of vacancy relaxation processes starting from the Si:1s

(K shell) hole in SiH, estimated from theoretical data on Si atom® ™’

Number of

vacancy cascade processes (%) electrons
ejected

Radiative
K-V 0.4 1
K-Log = LpsVV 4.6 2
Auger
KVvV 0.7 2
KL,aV = LaVV 1.0 3
KL,V - L,vVv 0.3 3

= LL,;sV = LVV 6.8 4
KLpshay = 2(L23VV) 22.1 4
KL L3 - LyVV L, vV 1.5 4

= LyLy3V LyVV = LyyVV 35.4 5
KL,L, - 2(L,VV) 0.0 4

= LiLysVV L, VV = L, VV 1.4 5

= 2LgslesV) = 2LysVV) 16.8 6
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Fig 3(a) TOF mass spectra of ionic fragments produced by the photo-ionization of Sn (CHj)
at several photon energies between 60 and 550 eV. Binding energies of the core elec-
trons concerned are 80, 290, and 500 eV for Sn:4p, C:1s, and Sn:3d, respectively.
The fragment pattern varies when one goes through each threshold. These spectra

were obtained by the PEPICO mode.
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Fig.4 Photaion-photoion coincidence (PIPICO)

spectra produced by the photoionization
of Sn(CH4), at several photon energies
between 60 and 550 eV. The PIPICO pat-
tern varies when one goes through each

of the inner-core thresholds. See also
Fig.3.
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SnCyHp", and Sn(CH3)s™.  The increase
in Sn" above 80 eV is due to Sn:4p ioni-
zation. The broad peak of Sn(CHj)s*
seen at 150 eV reflects the Cooper-mini-
mum of the Sn: 4d subshell ionization
cross section. See text in detail.
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