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Study of H/D exchanges between water and organic compounds in 
ice under thermal heating
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Experiment and method

Heating : 
1K.min-1
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H/D exchange : R-D + H2O  R-H + HOD
The vibrationnal band ν1 of HOD forms and inreases with time

Nbre d’onde (cm-1) Nbre d’onde (cm-1) Nbre d’onde (cm-1)

H2O (or D2O)

Organic
molecule

Sample co-deposition
15K / 10-8 mbar

Constant 
temperature

between 100 et 150K
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Results : H/D exchanges
H2O:CD3ODH2O:CD3ND2

Thermal H/D exchange occurs
• between H2O and CD3ND2  or CD3OD 

but not with HCN.
• only on -ND2 and -OD but not on -CD3

H/D exchange possible with molecules 
capable of “strong enough” hydrogen bond 
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A (s-1) EA (K)

Order 1 108±1 3300 ± 100

Order 2 108±1 3350 ± 100

CD3ND2 + H2O CD3OD + H2O

A (s-1) EA (K)

1011±2 4300 ± 900

1011±2 4100 ± 900

CD3NDH + HDO CD3OH + HDO

Results : H/D exchanges
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CD3ND2 + H2O CD3NDH + HDO
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kinetic
model

A (s-1) EA (K)

H2O
+CD3ND

2

Induction 
Avrami (n=2)

1015±1 

1015±1 

5700 ±100K 5650K ±60K
H2O

+CD3OD Order 2 1012±1 4550K ±
150K 

H2O:CD3OD

H2O:CD3ND2

Results : crystallization
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Exchange vs crystallization

1 yr

100 K 200 K
1 second

H/D exchange between water and amine (-ND2) or hydroxyl (-OD) occurs in ice in less 
than 1 year above 100K.

Thermal fractionation equilibrium between -ND2 and -OD 
functional groups and water

H/D exchange, crystallization and desorption = similar timescales

Necessity to quantify each process relatively to each other 
to define the thermal evolution of ice.
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Conclusion

H/D exchanges with water 
• for CH3NH2 and CH3OH
• not for HCN

D/H ratios in organics may 
represent that of water in 
thermally processed ices  

Activation energy for H/D exchanges around 3500K

ROSETTA



Thank you for your attention



HCN : D2O



kinetic
model

A (s-1) EA (K)

H2O
+CD3ND

2

Induction 
Avrami (n=2)

1015±1 

1015±1 

5700 ±100K 5650K ±60K
H2O

+CD3OD Order 2 1012±1 4550K ±
150K 

H2O Induction 
Avrami (n=2)

1018±1 

1013±1 
6600 ± 100K
5370K ± 30K 

H2O 






