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INTRODUCTION

Solide state chemistry :
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INTRODUCTION

» Coupled Theoretical and Experimental study :

Reaction between CO, and NH; in the bulk

of a low density amorphous (LDA) ice for T in
[90-150K]
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DIFFUSION IN AMORPHOUS ICES
Theoretical results
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» Classical molecular
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» Arrhenius fit
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» Diffusion following water self-diffusion

» Diffusion barrier of 10 - 20 kJ/mol for H,0, CO, and NH;

» D for H,0, CO, and NH; at 120K of the order of 10-12 cm?s-]
~_Suggestion for interstitial mechanism




DIFFUSION IN AMORPHOUSHEES
Experimenta
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DIFFUSION IN AMORPHOUS ICES

Theoretical and experimental results
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» Good agreement between experiments and theory
» Measured diffusion barrier of 22 kJ/mol for CO, 66 kJ/mol for NH;
» D CO,, NH; at 120K of the order of 10-13 cm?s-!

Validates the use of MD simulations to compute diffusion
* coefficient at T 90K-170K






REACTIVITY IN AMMONIA ICES

Theoretical and Experimental approaches

» OBJECTIVES

- Study the reactivity without any solvation artifacts
like diffusion

- Reaction in ammonia ice

» EXPERIMENTAL METHOD
> Isothermal experiments on CO,:NH; 1:10 ices

» THEORETICAL METHOD

- Calculation within a cluster approach of the reaction
path using DFT (B3LYP/6-311G(d,p)



REACTIVITY IN AMMONIA ICE

Cluster of
NH;:CO, 7:1
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NH; + CO, -> [H,NCOO-][NH,*] -> H,NCOOH

. Total energy barrier of 11 kJ/mol : reaction possible



REACTIVITY IN AMMONIA ICE
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» Formation of ammonium carbamate [H,NCOO-][NH,"]

» Fit of reaction constant with Arrhenius law :
> Measured reaction barrier of 5kJ/mol / 11kJ/mol from calculations




REACTIVITY IN WATER ICE

Cluster of
NH;:CO,:H,0
1:1:6

NH; + CO, -> NH,CO,H : high barrier of 55kJ/mol
=> reaction difficult
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2 NH; + CO, -> [H,NCOO-][NH,*] -> NH,CO,H + NH;
low barrier of 5kJ/mol : reaction possible

2 NH3 +C02 _X> NH2C02H ‘|‘ NH3
high barrier of 39 kJ/mol : reaction difficult




SOLID-STATE REACTIVITY

» Experimentally : in ammonia ice
» 2NH; + CO, -> [H,NCOO-][NH,*] : 5kJ/mol

» Theoretically : in clusters

» In ammonia cluster :
2NH; + CO, -> [H,NCOO-][NH,*] : 11kJ/mol

» In water cluster :
2NH; + CO, -> [H,NCOO-][NH,*] : 5kJ/mol
» Catalytic role of water

NH; + CO, -> NH,CO,H : 55kJ/mol : difficult
» Experimental detection of NH,CO,H at higher temperature







CONCLUSIO

» Diffusion :

> First calculation of D f
LDA ices

- Likely interstitial mec
- High diffusivity of CO,

» Reactivity

> Thermal 2NH; + CO, -> |
> Proton transfer favored by H,
- Indication of concentration-dep

Argue for combined experimental and theoretical
studies for studying solide state chemistry




PERSPEGIhS

» Theory : ab initio
- Reaction in a perio
- Comparison with
- Rate constants cal

» EXperiments
- Dependency with con
- Activation energy in wat

& Towards the construction of a formalism for
diffusion-limited reactivity ...
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