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The verdict, in numbers

CH3OH + OH k−−→ CH3O + H2O

Rate coefficients T ≈ 50–100 K
(protostellar envelopes)

Experimental — AAJ2016 (CRESU) ×10 too high
Theoretical — Gao et al. (2018) ✓ agrees

“The model predictions obtained using the theoretical rate coeffi-
cients by Gao et al. (2018) are in agreement with the observations,
whereas those obtained using the value by AAJ2016 fail to repro-
duce the observations by about a factor of 10.”

“The comparison between the astrochemical model predictions and
observations seems to favour the theoretical calculations by Gao et
al. (2018).”

— Balucani et al., MNRAS 528, 6706 (2024)
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The bottom line

We are facing a major problem in the field of low-temperature
chemical kinetics

Laboratory rate coefficients are largely overestimated

Cause : the density drop of the flow induced by gas mixing

⇒ In my view, this field needs to be rethought
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The CRESU principle in one picture

Energy conservation : CpT0 = CpT + 1
2v

2

Lucas et al., J. Chem. Phys.
(2024).

The whole method relies on a simple assumption : a uniform flow.
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How is actually done the measurement ?

CRESUCHIPR Team —
https://cresuchirp.wordpress.com

Pulsed (temporal)
Fixed nozzle–detector distance
Trigger the kinetic with a
photolysis laser

Durif et al., RSI (2021)

Continuous (spatial)
Nozzle–skimmer distance is
varied
Steady-state signal along the
flow axis
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A kinetic trace : the continuous scheme

HCOOH + HCOOH −−→ (HCOOH)2
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My understanding : what the signal really reflects

Durif.s Ph.D. Thesis, 2019. Durif, Physics of Fluids, 2022.

Results are driven by diffusion, not by chemical reactions !
Reagent concentration increase ∝ Temperature increase ⇒

Flow density drop.
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For the comprehensive analysis ⇒ arXiv:2306.12349 (Durif, 2023)

https://arxiv.org/abs/2306.12349


Pulsed systems

Vöhringer-Martinez et al., Science, 2007 (PLP-LIF).
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Pulsed systems

Typical data.

Vöhringer-Martinez et al., Science, 2007, Supplementary Material.
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Pulsed systems

Hassan et al., Science, 2007.
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Pulsed systems

Herbert et al., J. Phys. Chem., 1996.
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Pulsed systems

Gupta et al., J. Phys. Chem. A, 2019.

Olivier Durif CPLT 2026 14 / 20



Early uniform-flow kinetics : Rowe et al., 1989

Rowe et al., J. Chem. Soc., Faraday Trans. 2, 1989.
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Another look : Chirped pulse spectroscopy

Guillaume, Appendix at Ph.D. Thesis (2021)
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Another look : PLP-LIF + OFC

Lucas et al., J. Chem. Phys. (2024)
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Another look : Quadrupole Mass Spectrometry

N+ + C3H4 −−→ P

Mortada et al., ACS Earth Space Chem., 2022.
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Another look : Time of Flight Mass Spectrometry

[H2O] + [H2O]n −−→ [H2O]n+1

Bourgalais et al., PRL, 2016.
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Conclusion & outlook

The apparent strong negative temperature dependence is largely an
experimental artefact

This reappraisal calls for a systematic re-examination of the
low-temperature kinetics literature

In this case, in silico experiments have proved more reliable than
laboratory data

I predict that the products will never be observed in the proportions
expected from the disappearance of the reactants

Be in touch : o.durif@fkf.mpg.de
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