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Hydrogenation reactions on/in icy grains

ABSTRACT: Hydrogenation reactions on ice surfaces have been extensively investigated and are known to proceed
at low temperatures mostly below 20 K. In this work, we investigated diffusive hydrogenation reactions of carbon
monoxide (CO) embedded in amorphous solid water (ASW) as a model case and discovered that the hydrogenation
of CO efficiently proceeds to yield H2CO and CH3OH even above 20 K when CO is buried beneath ASW. The
experimental results suggest that hydrogen atoms diffuse through the cracks of ASW and have a sufficient
residence time to react with embedded CO.
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Apparatus

Results and Discussion

Successive hydrogenation of CO

H-atom penetration and diffusin within ice
Minissale et al. 2019, A&A, 622, A148

H-atom reactions

 Efficient even at 10 K (Quantum mechanical tunneling)
 Efficiency drops significantly around 20 K

Lowering of adsorption probability
Shorter residence time

Hydrogenation reaction on icy grain surface takes place at 
temperatures lower than 20 K

General assumption

ASW
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Conclusion: Surface processes are dominant

Problems：Experimental conditions are limited
１）Ice-thickness from 1 to 10 ML
２）No temperature dependence (experiments only at 10 K)

This work： Ice-thickness and temperature dependences revealed that
hydrogenation reactions efficiently occur when 

・ There is a thick ice (>10 ML)
・ Temperature is relatively high (>20 K)
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H-atom irradiation：10–70 K

Probe：FTIR

LASSIE

CO consumption

20 MLs ASW on 5 MLs CO
(H-atom at 20 K)

Ice-thickness dependence

Temperature dependence

Left：H2CO and CH3OH formation is activated by covering CO layer by ASW
H-atom fluence 1×1018 cm−2 = 106 yr in 10 K molecular cloud

Similar reactions would occur in molecular clouds
Ice-thickness depencence: >10 MLs enhances reactions
Temperature-dependence: Most efficient ~20 K. CO consumption is 
recognized even at 70 K.

Mechanisms

Original article: Tsuge et al. 2020, ApJ, 900, 187

CO → HCO → HCOH → CH2OH/CH3CO → CH3OH
+H +H +H +H
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