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>> Gas Phase/Molecular Science

RESEARCH
HIGHLIGHTS

Gas Phase/Molecular Science
Photoabsorption and photoionization techniques with tunable vacuum ultraviolet (VUV) radia-

tion from the U9 undulator have been employed to investigate spectroscopy and chemical reaction 

dynamics of atoms and molecules at NSRRC.  B.-M. Cheng et al. measured the infrared (IR) spectra of 

transient species, such as C
2
H, C

2
H

3
, HONH, and C

5
H from photolysis of precursors C

2
H

2
, C

2
H

4
, NO + H

2
, 

and CH
4
, respectively, using a matrix-isolation/FTIR apparatus and the undulator radiation at a 

resolution ~ 0.4 eV.  The workers employed the undulator radiation of wavelength 130 nm to photo-

lyze methane (CH
4
) in a Ne matrix and observed a series of long carbon-chain molecules up to C

7
.  To 

identify the carriers of IR absorption lines based on isotopic shifts and line splitting, the workers 

undertook experiments with isotopic substitution of methane CD
4
, CH

2
D

2
, and 13CH

4
 under the same 

experimental condition of 12CH
4
.  Among the photoproducts, the IR spectra of CH stretching and CC 

stretching modes of C
5
H radicals were first obtained.  Y.-Y. Lee et al. developed a pulsed field ioniza-

tion (PFI) technique for high resolution VUV-IR two-photon ionization spectroscopy using undulator 

radiation as a pumping source and near infrared radiation of a Ti:Sapphire laser or an optical 

parametric oscillator (OPO) as a probing source.  Employing the PFI technique the desired photoions 

can be effectively separated from prompt background ions.  The workers investigated autoionizing 

Rydberg states of He, Ne, Ar, Kr, Xe, and S atoms with an instrumental resolution of ~ 0.2 cm-1.  The 

intensities of some autoionizing Rydberg series depend significantly on the polarization directions 

of pumping and probing light beams, which facilitate the assignment of Rydberg series.  S.-H. Lee et 
al. demonstrated that the combination of a time-of-flight mass spectrometer and tunable VUV 

ionization can achieve universal detection of reaction products.  Photodissociaiton dynamics of 

1,3-trimethylene oxide (c-C
3
H

6
O), acetaldehyde (CH

3
CHO), and tetrahydrofuran (c-C

4
H

8
O) at 193 nm 

and the dynamics of reactive scattering of crossed-beam reactions C/N/O + SiH
4
/C

2
H

4
/C

2
H

3
F were 

investigated using a crossed molecular-beam apparatus.  Two atomic oxygen reactants with the 

same velocity but different 1D/3P population ratios served to identify and disentangle reaction prod-

ucts.  The workers not only revealed the angular and kinetic-energy distributions of products but 

also demonstrated the merits of selective photoionization in investigations of chemical reaction 

dynamics.


