Crossed-Beam Slice Imaging of Cl Reaction Dynamics
with Butene Isomers
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Crossed-beam and Imaging

Measuring differential cross sections: the case of the Cl+propane reaction
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Crossed-beam and Imaging

Probing the radical product

Number density / arbitrary units

Measuring differential cross sections: the case of the Cl+propane reaction
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DCSs = convolution fits from
laboratory measurements

Probe: hv = 9.5eV
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No disentanglement between
competing abstraction sites

Blank et al., Chem. Phys., 1998



Crossed-beam and Imaging

Measuring differential cross sections: the case of the Cl+propane reaction

vy
TS e
H H H

—_—

Probing the radical product
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Probe: hv = 7.9eV & Unfocused

=> No multiple photon ionization

=> Product selectivity



Cl + propane

differential cross sections for H/D secondary abstractions at 12 kcal/mol
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P(Et) in BW/SWV directions of CD3CH,CD:s:
=> a more effective energy disposal into the propyl product
=> vibrational excitation # impulsive model

Different T(0O) for H and D abstractions:
=> a kinematic effect



Cl + butane isomers
secondary abstraction tertiary abstraction
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n-butane isobutane
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Isobutane in the FWV direction:
- Broad ET distribution
- Sharp angular distribution

c.0.m. angle / deg.

=> HCI(v'=1) or steric hindrance effect?



Cl + butane isomers

Direct abstraction
C4Hs+ Clf — C4H7» + HCI

Addition/Elimination
CsHg + CF —> [C4HsCI]* —— C4H7» + HCI



Cl + butene isomers

energetics

6.7
-20.6

H abstraction
Addition
product IE

gauche- | -butene

CBS-QBS3 level of theory



Cl + butene isomers
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butene
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Cl + butene isomers

isobutene

| -butene cis-2-butene trans-2-butene
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Cl addition vs. H abstraction



Cl + butene isomers

Cl + gauche-1-butene

CH2CHCH2CH...HCI

CH2CHCHCHgs + HCI

CH2CHCHCHes...HCI
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CBS-QB3, Energies in kcal/mol
Prof. Alexander Mebel



Cl + butene isomers
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Cl + butene isomers
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Conclusion/Perspectives

Cl + propane/butane

- Selective measurements of secondary and
tertiary abstractions

- C3/C4 hydrocarbons = the last step
before convergence to large system energy

recoil

- the role of vibrational density-of-state

Food for thought:
Dynamics of OH + Alkene Reactions
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Cl + butene isomers

- Distinct dynamical behaviors reflecting
the competition between direct
abstraction and addition/elimination

- ROAMING in addition/eliminatio
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iWWhat about Kinetic Isotope Effect? {

addition step = an inverse KIE

roaming-abstraction step = normal KIE

7.9 allyl alcohol + H

2.1 1-propenol + H
-5.3 ethene + CH,OH

-6.8 propanal + H
-9.0 vinyl alcohol + CH,4
-11.6 ethyl + CH,O

propenyl + H,O
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