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• starting from atoms or 
small radicals 

• without external energy 

• on surfaces 

• Understand processes, like 
the return in the gas 
phase, or the diffusion

Cergy’s team purpose: H O W  FA R  C A N  M O L E C U L A R  
C O M P L E X I T Y  G R O W  ?

• starting from atoms or 
small radicals/molecules 

• without external energy 

• on surfaces 

• Understand processes, like 
the return in the gas 
phase, or the diffusion

The chemical tree, (c) FD



Vers de Nouvelles 
Synthèses

Thanh Nguyen and Abdellahi Sow in front of VENUS - Juin 2017

5 sources/ beams 
Left, Right Center 
Top and Bottom
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B

Venus set-up

Project started in 2011   
Operative since 2015 

Total cost 400 k€



Let’s read together !



H2 formation first ! 

H abstraction : 
very trendy

See also work by 
Oba, Watanabe and al 

…



Chemistry of HxCO

Minissale et al, MNRAS 2016

From CO to CH3OH with chemical loops 
 inducing chemical desorption, ‘small’ barrier 

see also Hiraoka+ 2004, Watanabe+ 2007, +++, poster 05 G. Fedoseev
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H 2 F O R M AT I O N  O N  G R A I N S ,  S C H E M AT I C  V I E W

(c) Wakelam, Bron … et al, 2017

Density
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«  D I F F U S I O N  C O N T R O L L E D  S U R FA C E  R E A C T I O N S   »

C O M M O N  K N O W L E D G E  ?

R E F E R E N C E S  ?  C O M M O N  K N O W L E D G E  ?



Binding energies (so diffusion) of O N and C are similar 
They are less than CO N2 or O2



D I R E C T  G A S  P H A S E  O  M E A S U R E M E N T  
D U R I N G  O  E X P O S U R E

T E M P E R AT U R E  I S  S L O W LY  R E D U C E D  ( - 1 K / M I N )

Disappearance of O : Residence time on the surface is 
increasing with the T-Decreasing ==> allows reactions to 
proceed ?

Minissale , Congiu & Dulieu, A&A 2016



B : O is staying long enough 
to form O2 which is desorbing

D I R E C T  G A S  P H A S E  O  M E A S U R E M E N T  
D U R I N G  O  E X P O S U R E

T E M P E R AT U R E  I S  S L O W LY  R E D U C E D  ( - 1 K / M I N )

A B C

A : O accommodation and 
desorption compensate each 
other

C : O2 is staying long enough 
to form O3 which is staying on 
the surface

Residence time is increasing with the T-Decreasing 



O  T P - D E D  
M O D E L

• Assuming thermal 
(Arrhenius) regime 

• Desorption and diffusion 
(followed by reactivity) 

• Fast reactivity can 
compensate low binging 
energy 

• ==> Couples of solutions 
(Desorption, Diffusion )



D I F F U S I O N  V S  D E S O R P T I O N
T P  D E D   O F  O  A N D  N  O N  D I F F E R E N T  S U B S T R AT E S

Couples of best  fit

Minissale , Congiu & Dulieu,  A&A 2016

+ Previous calculations or measurements (indicating only 
binding energies)



D I F F U S I O N  V S  D E S O R P T I O N
T P  D E D   O F  O  A N D  N  O N  D I F F E R E N T  S U B S T R AT E S

Unfortunately (?)  Binding energy is better constrained 
than diffusion

Couples of best  fit



D I F F U S I O N  B E L O W  T H E  
D E S O R P T I O N  T E M P E R AT U R E

 Etunn=520 K, Atunn=0.7 A°, Eclass=750 K

Minissale et al, PRL, 2013 
Minissale, Congiu & Dulieu, JCP, 2014 

Congiu et al, FD, 2014

Mass effect

Diffusion rate 
in the ms regime at 10 K



S U M M A R Y

• O and N binding couples of binding and diffusion energies can be 
derived.  

• Ratio Ediff/Ebinding of 0.5-0.9 is possible, even other experiments 
tend to favor 0.5-0.6 (see H. Cuppen for comparison with molecules).  

• Typical values for binding energies for O [1300-1700K] and [600-900K] 
for N 

• This is larger than the binding energy of CO 

• At low T, Quantum tunneling dominates over thermal hopping for O 
atoms



C O M M O N  K N O W L E D G E  ?



And polarisability argument for H/H2 ? 
still valid ?



H O W  FA R  C A N  M O L E C U L A R  
C O M P L E X I T Y  G R O W  ?

• starting from atoms or small 
radicals 

• without external energy 

• on surfaces 

• Understand processes, like 
the return in the gas phase, 
the diffusion, the nuclear 
spin conversion or the 
reactivity

Cergy’s team purpose: 

Diffusion & desorption of O,H  
Chemical desorption 

H2O, H2, O2 CO2 formation… 
Desorption & transformation

Here we focus iCOMs synthesis

S L I D E  M A D E  I N  M A R C H  2 0 1 8



Diffusion & desorption of O,H  
Chemical desorption 

H2O, H2, O2 CO2 formation… 
Desorption & transformation

D U L I E U + 2 0 1 3 , M I N I S S A L E + 2 0 1 6  
C A Z A U X  + 2 0 1 6 ,  O B A + 2 0 1 8



?

What could be the mechanism of chemical desorption ?

Source of energy: Enthalpy of formation (50,000 K)

Key point: how the initial energy is converted in      ? 

Chemical desorption : 4 parameters ? 
	 - Chemical energy available 
	 - Adsorption energy of products 
	 - Degree of freedom 
	 - Energy transfert to the substrate (or neighbor)

Minissale&Dulieu JCP 14
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With hydrogenation, no matter the barrier ?

And the chemical network…



Yes, but barrier Minissale + 2014

No, Noble + 2015 ??



Yes, Oba + 2014

see also the discussion of H2 coverage,  
and read Amiaud + 2006, Amiaud+2007,Amiaud+2015



H2 O2 O3

 Some molecules synthetized in my lab 
10K, no photon…

OH H2O

NH2CHO
N2 NO HNO HNOH

NH2CH3OH
NH2CH3CHO

CO H2CO CH3OH
CH4 NH3

H2O2

N2O NO2

CH3CH2CN

+ salts

H2S HS OCSH2CS

NH2OH

N2O2

HCOCH2OH

CS2

…

I N  T I E L E N S & H A G E N  1 9 8 2  ? ? ?



JWST g

JWST ? 



This was not a talk sponsored by X. T.

Thank you !

2 PHD positions available in Cergy, please contact me !



Tienlens’ formalism (2D)

Reality (1.5 D)


