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Hydroxyl Radical
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Criegee Intermediate / X-Factor
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Mass Selected Photoionization Spectroscopy - 2 ms.
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Criegee Intermediate – IR Spectrum

Yu-Te Su, Yu-Hsuan Huang, Henryk A. Witek, Yuan-Pern Lee, Science , 2013, 340, 174.
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Criegee Intermediate

Wen Chao, Jun-Ting Hsieh, Chun-Hung Chang, Jim Jr-Min Lin, Science , 2015, 345, 751.

Typical temporal profiles of the absorbance change near the peak of the CH2OO band.The
smooth lines are single-exponential fits to the experimental data, which were averaged for 60 to
120 laser shots. Because IO absorbs rather weakly in this wavelength window and the depletion
of CH2I2 is constant after the photolysis (causing negative baselines at long times), these
temporal profiles mainly represent changes in [CH2OO].



E. Vöhringer-Martinez, B. Hansmann, H. Hernandez, J. S. Francisco, J. Troe, B. Abel, Science , 2007, 315, 497.

Water Catalysis of a Radical-Molecule Gas-Phase Reaction

(A) Laval nozzle expansion apparatus used here. p0 represents the pressure in front of the Laval nozzle; V1 and V2, valves feeding the nozzle
reservoir; F, fluorescence; L, lens system for the collection of fluorescence; M, mirrors; and PMT, photomultiplier. (B) LIF profiles of OH in the
reaction between acetaldehyde and OH radicals (T = 77 K, ρtot = 8.5 × 1016 molecule cm−3, ρ aldehyde = 1.6 × 1014 molecule cm−3, ρOH ≈ 1.5 ×
1011 molecule cm−3). (C) Pseudo-first-order rate constants k as a function of acetaldehyde concentration (buffer gas N2, T = 77 K, ρtot = 8.5 ×
1016 molecule cm−3). Circles, reaction without water; squares, reaction with water (single experiments).
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Water Catalysis of a Radical-Molecule Gas-Phase Reaction

E. Vöhringer-Martinez, B. Hansmann, H. Hernandez, J. S. Francisco, J. Troe, B. Abel, Science , 2007, 315, 497.

Calculated structures (A to F) of reactant complexes, prereaction compexes, and transition states. Structures (bond lengths in Å)
are at characteristic points along the reaction coordinates using the MP2 level of theory with the aug-cc-pVDZ basis set. (A) and
(B) are the prereaction complex and the transition state without water, respectively. (C) and (D) are prospective water-acetaldehyde
clusters from which (D) was identified to be relevant for the reaction. (E) is the prereaction complex, and (F) is the transition state
for the reaction in the presence of water.
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E. Vöhringer-Martinez, B. Hansmann, H. Hernandez, J. S. Francisco, J. Troe, B. Abel, Science , 2007, 315, 497.

Water Catalysis of a Radical-Molecule Gas-Phase Reaction

Relative energies for the reaction in the absence (A) and the presence (B) of water. The energies are calculated 
at the CCSD(T) level of theory with the correlation consistent polarized triple zeta (cc-VTZ) basis set.
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Simon Lobsiger, Susan Blaser, Rajeev K. Sinha, Hans-Martin Frey and Samuel Leutwyler, Nat. Chem., 2014, 989. 

Switching on the fluorescence of 2-aminopurine by site-selective 
microhydration
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Switching on the fluorescence of 2-aminopurine by site-selective 
microhydration

Simon Lobsiger, Susan Blaser, Rajeev K. Sinha, Hans-Martin Frey and Samuel Leutwyler, Nat. Chem., 2014, 989. 

Energies (in cm−1) are shown for 9H-2AP (9H), 9M-2AP (9M) and their mono-, di- and trihydrate clusters (1A to 3B). The labels of the different
species are defined in Fig. 1a–j. The background colour qualitatively indicates the fluorescence lifetime. a, Calculated time dependent DFT
(B3LYP/TZVP) adiabatic energies of the 1ππ* (full red lines) and 1nπ* states (black dashed lines). b, Experimental 1ππ* adiabatic transition
energies of the respective supersonic-jet-cooled molecules and clusters, measured by R2PI spectroscopy.
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12J. Phys. Chem. A, 2005, 15, 6114

The symmetry point group of phenyl peroxy radical is the Cs and ²A´´ is the electronic ground state.

The phenyl peroxy radical potential energy profile calculated at the UB3LYP/6-311++G(2d,2p) level of theory.

∆G = − 46.3 kcal/mol (UB3LYP/6-311++G(2d,2p) )

Phenylperoxy Radical



The Reaction of Phenyl Radical with Molecular Oxygen: A G2M Study 

of the Potential Energy Surface

A graph of possible pathways on the global potential energy surface of the C6H5 + O2 reaction. Relative energies of the reactants,
products, intermediates, and transition states are given in kcal/mol as calculated at the G2M and B3LYP/6-311++G** (in brackets) levels.

Igor V. Tokmakov, Gap-Sue Kim, Vadim V. Kislov, Alexander M. Mebel, Ming C. Lin, JPCA, 2005, 109, 6114. 13



Synthesis of Phenylperoxy Radical

Artur Mardyukov, Wolfram Sander,  Chem. Eur. J. 2009, 15, 1462-1467. 14
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Synthesis of Phenylperoxy Radical



A possible pathways on the potential energy surface of phenylperoxy radical

Phenylperoxy Radical

(1) Igor V. Tokmakov, Gap-Sue Kim, Vadim V. Kislov, Alexander M. Mebel, and Ming C. Lin, J. Phys. Chem. A 2005, 109, 6114-6127. (2) Cynthia Barckholtz, Michael J.

Fadden, and Christopher M. Hadad, J. Phys. Chem. A 1999, 103, 8108-8117. (3) Michael J. Fadden, Cynthia Barckholtz, and Christopher M. Hadad, J. Phys. Chem. A 2000,

104, 3004-3011. (4) Michael J. Fadden and Christopher M. Hadad, J. Phys. Chem. A 2000, 104, 8121-8130. (5) Barry K. Carpenter, J. Am. Chem. Soc. 1993,115. 9806-

9807.
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Phenylperoxy – Water Complexes

M06-2X/6-311++G(2d,2p)
B3LYP/6-311++G(2d,2p)
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1a (-2.95 / -2.36) 1b (-3.00 / -2.31) 1c (-2.43 / -1.74)
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Spin Density
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Phenylperoxy – Water Complexes



Disappearance of the IR bands of both phenylperoxy radical and phenylperoxy radical – water complex at 754
and 751 cm–1 after irradiation with light λ = 525 nm in an argon matrix at 10 K.

Photochemistry 
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Photochemistry

Disappearance of the IR band of phenylperoxy radical – water complex at 754 cm–1 after irradiation with light
λ = 623 nm in an argon matrix at 10 K, whereas the IR band of phenylperoxy radical at 751 cm–1 remains
unchanged upon irradiation.
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Phenylperoxy Radical − Water
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Phenylperoxy Radical − PES
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Phenylperoxy Radical − Water: PES
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Phenylperoxy Radical − Water: PES



Photochemistry of Phenylperoxy Radical and Phenylperoxy Radical −
Water Systems
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• Water as Catalyst

• Energy upconversion

• Overtone-induced process 
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Trifluoromethylhydroxycarbene: Conformer-Specific Hydrogen Atom 
Tunneling

Mardyukov, Quanz, Schreiner, Nat. Chem., 2016, accepted. 
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M06-2X/6-311++G(2d,2p)

Microhydration of Trifluoromethylhydroxycarbene
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Trifluoromethylhydroxycarbene – Water
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Trifluoromethylhydroxycarbene – 2Water
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