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EFERE L{EFERS Shock Tube & Chemical Reactions

BERE-SMERICDRTIm=<E (~20tHie+ ()

shock tube - state-of-the-art apparatus for gas-phase reactions (~mid-20th century)

19— B ENNZL - IRENEA (CO, etc.), ZIRF D FDEAEREE
homogeneous prompt translational heating - vibrational relaxation (of CO, etc.),
thermal decomposition of diatomic molecules

- E. F. Greene & J. P. Toennies, Chemical Reactions in Shock Waves, Edward Arnold, 1964
(German ed. Springer, 1959).

- BRI R PRI O L R, U, 1968.
- A. Lifshitz, ed., "Shock Waves in Chemistry," Marcel Dekker, New York, 1981.

@ cf. Bﬁﬁ'ﬁﬁﬁg, IEE RIS

cf. flash photolysis, discharge flow afterglow
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REBERUES (~20HHHEK)

state-to-state chemistry (~late 20th century)

Ci L—HRIR /| 9T - L—5a

laser excitation / molecular beam - laser spectroscopy

FERE-TEENGENENGTAIRE (20t ficR~)

shock tube - ideal apparatus for ignition delay measurement (late 20th century~)
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B W SRV 7 SErES = :
L —IXDE-EHERE Laser Photolysis - Shock Tube

1988~ D.F. Davidson, A. Y. Chang and R. K. Hanson, Proc. Combust. Inst. 22, 1877-1885 (1988).
M. Koshi, M. Yoshimura, K. Fukuda, H. Matsui, K. Saito, M. Watanabe, A. Imamura and
C. Chen, J. Chern. Phys. 93, 8703—-8707 (1990).
J. V. Michael, Prog. Energy Combust. Sci. 18, 327-347 (1992).
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FEEE & LIF Shock Tube with LIF

2005~ T Seta, M. Nakajima and A. Miyoshi, "Development of a technique for high-
temperature chemical kinetics: Shock tube/pulsed laser-induced fluorescence
imaging method," Rev. Sci. Instrum., 76, 064103 (2005).

N 7 Mi i
Gas Microwave Cavity
—

FERDADFARETE  fh

novel detection method for
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JINDLA l/—'U"EEJ'GFEIf% Pulsed Laser Fluorescence Imaging
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" L—YXNR-PIMS Laser Photolysis - PIMS

1980~ T M. Lenhardt, C. E. McDade and K. D. Bayes, J. Chem. Phys. 72, 304-310 (1980).
I. R. Slagle, F. Yamada and D. Gutman, J. Am. Chem. Soc. 103, 149-153 (1981).
A. Miyoshi, H. Matsui and N. Washida, Chem. Phys. Lett., 160 (3), 291-294 (1989).

RITRILF—BEENLTDAAAL-SZH)LOIRE

ionization by low energy monochromatic light - detection of radicals
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A. Miyoshi, N. Yamauchi and H. Matsui, "Site-Specific Branching Fractions for the O(?P)
and OH + C;Hg Reactions," J. Phys. Chem., 100, 4893—4899 (1996).




B MNENKE Ignition Delay Times

1997~ K. Fiweger, R. Blumenthal and G. Adomeit, "Self-ignition of S.I. engine model fuels: a
shock tube investigation at high pressure," Combust. Flame 109, 599-619 (1997).
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first experiment under in-cylinder condition of gasoline engines
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Studies on Combustion Chemistry




® C3H, RiEED&Ei (ST) Detection of C;H, Isomers (ST)
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1996 | A. Miyoshi, N. Yamauchi and H. Matsui, "Site-Specific Branching Fractions for the O(CP)

and OH + C;Hg Reactions," J. Phys. Chem., 100, 4893—4899 (1996).
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only isopropyl produces H shock tube: observation of H-atoms
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" C3H, BUEAHDBA (PIMS) petection of C;H, Isomers (PIMS)
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© PIFINSSHIIDRDE Decomposition of Alkyl Radicals

1999 N. Yamauchi, A. Miyoshi, K. Kosaka, M. Koshi and H. Matsui, "Thermal Decomposition
and Isomerization Processes of Alkyl Radicals," J. Phys. Chem. A, 103 (15), 2723-2733

(1999).
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FPILFILS SO Decomposition of Alkyl Radicals
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unexpected results for C5 and larger radicals




t ) LFILS SHILDREL Isomerization of Alkyl Radicals
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B FRICimODRrE
problem in theory of unimolecular
reactions

IEEBNYRASY—FHIENDYVIL)\— solver for non-steady-state master equations

J. R. Barker, "Multiple-well, multiple-path unimolecular reactions systems. 1. MultiWell
computer program suite," Int. J. Chem. Kinet., 33, 232-245 (2001).

J. R. Barker and N. F. Ortiz, "Multiple-well, multiple-path unimolecular reactions systems.
I1, 2-Methylhexyl free radicals," Int. J. Chem. Kinet., 33, 246-261 (2001).
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2002

Isomerization of 1-Pentyl

A. Miyoshi, J. Widjaja, N. Yamauchi, M. Kosh, and H. Matsui, "Direct Investigations on the
Thermal Unimolecular Isomerization Reaction of 1-Pentyl Radicals," Proc. Combust. Inst.,

29, 1285-1293 (2002).
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" OH+A>E>/BMLIY

OH+Benzene/Toluene

T. Seta, M. Nakajima and A. Miyoshi, "High-temperature reactions of OH radicals with

2006 | '
benzene and toluene," J. Phys. Chem. A 110, 5081-5090 (2006).
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SEFHF Quantum Chemistry

2011 | A- Miyoshi, "Systematic computational study on the unimolecular reactions of alkylperoxy
(RO,), hydroperoxyalkyl (QOOH), and hydroperoxyalkylperoxy (O,QOOH) radicals," J.
Phys. Chem. A., 115, 3301-3325 (2011).
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Theory of Unimolecular Reactions

2012 | A- Miyoshi, "Molecular size dependent falloff rate constants for the recombination reactions

of alkyl radicals with O, and implications for simplified kinetics of alkylperoxy radicals,"
Int. J. Chem. Kinet., 44 (1), 59-74 (2012).
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problem in pressure dependence of unimolecular reactions
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- el )] Summary

BT CAEFEYIIE  shock tube & chemical physics

W—DE—ERDFEERE
only one apparatus that generates homogeneous high-temperatures

{ILFERIGZRIBIZDBEITE  measurement of elementary reaction processes
el UiRE &RIERDRRE

challenges in repetition rate and detection methods

BNENEFRIOAIE (C K DR HEBOIREERE

validation apparatus of combustion kinetic mechanisms via ignition delay measurements

T2 2 ENERAORR (S LRI (20tHfiiR~)

in-cylinder condition experiments started only recently (end of 20th century~)

B R IGem DR EEDIREIE

validation of problems in unimolecular reaction theory

FENKE (N FDH THRILFRE T (IR

pressure dependence is not a problem specific to small molecules
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