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Fig.1 Rectangular envelope of the 100 fs laser
pulse divided into 37 sinusoidal optical cycles.
Each cycle has a time duration of 2. 7 fs. In

the calculation, each cycle consists of 80
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Fig.2 TOF mass spectrum of methane irradiated by

Ton yield (a.u.)

an intense laser (160 fs pulses at 800 nm )%
the laser intensity: (a)7.6 x10” W+cm™2, (b)8.0 x 10"
Weem™2, (¢)1.0x10" Wecm™!
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Fig.4 TOF mass spectrum of methane irradiated by
a 160 fs, 800 nm laser at the intensity 1. 3 x
10 W+-cm?

The inset shows the mass spectra of CH;CHO and

Ton yield (a.u.)

CH;COCHs, verifying the similarity of the dissociation
threshold and dissociation profile of the CH;" ion into
the secondary fragments CH;', CH*, and C*, among the

CH;-carrying molecules'"’
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Fig.8 (a)the experimental mass spectrum of the
dissociation of acetone at the laser intensity
of 0.72 x10"* W-cm~2(level 1);
(b)simulated mass spectrumof the dissociation
of acetone at the threshold intensity of 2. 2 x
10" W+cm2(level 1). The dissociation

channel refers to channel A in Table 13!
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Fig.9 (a)the experimental mass spectrum of the
dissociation of acetone at the laser intensity of
0.96 x10" W+cm*(level 1I); (b) simulated
mass spectrum of the dissociation of acetone at
the threshold intensity of 2.3 x 10 W+cm~?
(level II). The dissociation channels refer to
channel A, B, B2, B3 or Cs in Table 13!



1060 Acta Phys. -Chim. Sin. ( Wuli Huaxue Xuebao), 2004

Vol. 20

Level Il
.
CHCCH] cpcor
N
1 ,“M hd 1 ]
40 50 60 70

CH,CO|

Ton yield(a.u.)

. <) .
oo 5 e
L | I
10 2 300 30 % 70
Mass number

& 10 (a)RERTERLIRER 1.1 x 10" W-ecm (54
I ) BB X ATRS B R iE; (b)) RERFEMLRE A
2.5 x10" W-em 2 (54 I ) B KU %

Fig. 10 (a) the experimental mass spectrum of the
dissociation of acetone at the laser intensity
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(b)simulated mass spectrum of the dissociation
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Fig.12 Trajectory of the dissociation of the different

bonds of acetone at the intensity of 3. 5 x 10"

W-cm™?

The numbering of the H atoms of the different C — H bonds

is shown in the inset of the figure'"*!,
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Table 1  The possible primary and secondary dissociation channels of the parent ion, CH;COCHj',

shown with the experimental and theoretical levels I ~ IV of laser intensity"*!
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Dissociation of Polyatomic Molecules in the Intense Femtosecond Laser Field

Wang Cao Kong Fan-Ao

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

Abstract

laser field is a current topic of interest. Our results, including the theoretical model of field-assisted dissociation

Chemistry in strong laser fields is a new research field in which dissociation of molecules in the intense

(FAD) and the experimental investigations on the dissociation of CH, and CH;COCH; in the intense femtosecond
laser field are presented. Some assumptions are made in the model. When a laser field applies to a molecule, only
the change of the one bond length, which lies along with the laser field, is taken into account and the rest of the
molecular geometry is fixed. In addition, only molecular ions in the ground electronic state are considered. Ab initio
potential energy surfaces in the external fields indicate that chemical bond tends to dissociate. QCT (quasi-classical
trajectory ) calculations clearly show the processes of bond breaking. It was found that the calculations based on the
theoretical model are in excellent agreement with the experiment data.

TOF-MS, Field-assisted dissociation, = Methane,
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