
GAS-SILICATE INTERACTIONS: THE “PRONEXT” EXPERIMENT. Z. Djouadi1, S. Merouane1 and L. 
d’Hendecourt1, 1Institut d’Astrophysique Spatiale, CNRS, UMR-8617, Université Paris Sud, bâtiment 121, F-91405 Orsay 
Cedex, France (zahia.djouadi@ias.u-psud.fr). 
 

Introduction: Silicates are ubiquitous in space 
(see [1] and references therein). Their coexistence 
with gases or ices (depending on the environment), 
lead us naturally to assume that they play a common 
key role in the synthesis and/or transportation of com-
plex molecules into planets and also water and organic 
material necessary for life. During their life-cycle, 
silicates are formed around AGB stars, transformed 
and processed in the interstellar medium (ISM) before 
being injected in dense clouds (which collapse to form 
protoplanetary disks) or leaved as disk debris. During 
these different stages, silicates are subjected to ionic 
irradiations, grain-grain collisions (inducing their 
growth and/or destruction), grain-gas interactions 
when bathed in He, H and O (the three most abundant 
species). 

To study the gas-silicate interactions, we devel-
oped in our laboratory a new experiment called 
PRONEXT (PROcesses in the NEbulae on EXTrater-
restrial samples). This set-up is dedicated to the study 
and investigation of the possibility (or not) to synthe-
size molecules on the surface of silicates. We plan to 
study the hydration and carbonatation of silicates and 
at a longer term, Fischer-Tropsch type reactions for 
the synthesis of organic molecules on the surfaces of 
silicates. 

Experimental: PRONEXT is a commercial cell 
operating at temperatures ranging from 300 to 1000 
K. It offers the possibility to use high pressures till 
~69 bars. The cell is mounted in the sample compart-
ment of a FTIR spectrometer VERTEX 70 from 
Bruker. It is thus possible to monitor in-situ the evolu-
tion of the sample exposed to a given gaseous atmos-
phere at a given temperature, and to study the kinetics 
of the reactions. The samples, amorphous thin films of 
100 nm in thickness (simulating IS grains), are ob-
tained by electron beam evaporation under vacuum of 
olivine San Carlos [2] on ZnSe substrate. The silicate 
film is exposed to 20 mbar pressure of water vapour at 
room temperature (~300 K). A decrease of the pres-
sure in the cell, indicating an adsorption of the vapour 
on the sample as well as on the walls of the set-up, is 
systematically observed. After some hours (or days) of 
exposure, the vapour in the cell is evacuated and IR 
spectra are acquired. A new introduction of 20 mbar 
of water is thus performed, and the cycle is repeated. 
To check the evolution of the silicate we devide the IR 
spectrum after exposure by the IR spectrum before 
exposure and we calculate N(OH), the column density 

of the OH band (around 3 µm). Finally the stability of 
the adsorbed OH on the surface of the silicate is inves-
tigated after continuous evacuation of the cell during 
15 days.  

Preliminary results: After ~48 days of total expo-
sure, we determine a relative hydroxylation 
N(OH)/N(SiO) of about 12%. The final step of a con-
tinuous pumping, led to a gradual decrease of the 
N(OH) during the 7 first days and then a stabilization 
of N(OH)/N(SiO) ~7%. Taking into account the sur-
face of adsorption, we estimated an amount of ad-
sorbed water of 57 molecules/nm2.  

Discussion and conclusion: We have recently 
showed the possibility to form hydroxyl radicals in 
thin amorphous silicate films by proton irradiations at 
energies and fluences compatible with what is ex-
pected in the ISM. We found a value of 
N(OH)/N(SiO) about 3% and estimated that the debate 
of wet or dry accretion is not resolved [3]. In the pre-
sent study of water adsorption the thin silicate film 
reaches a hydroxylation of ~7%. This preliminary 
result indicates that the hydration by adsorption pro-
cess at room temperature is 2 to 3 folds more efficient 
than by low energy proton irradiations. 

Some numerical studies have been devoted to the 
modelisation of water adsorption on the forsterite sur-
face. In 2006, Stimpfl et al. [4] have refined their pre-
liminary calculations [5] and assessed that water ad-
sorption on the surface of silicates could be at the 
origin of water delivery on the surface of rocky plan-
ets. Muralidharan et al. in 2008 [6] used Monte Carlo 
simulation using parameters compatible with those of 
protoplanetary nebulae (P~10-5 mbar T ~700 K). Their 
model led to an adsoption of 15 molecules/nm2. The 
57 molecules/nm2 found in our work are obtained using 
an amorphous interstellar-like silicate exposed at a 
water vapour pression of 20 mbar which is certainly 
unrealistic in an astrophysical context but reasonable 
for laboratory experiments. To obtain the same 
amount of molecules with a pression of 10-5 mbar, the 
sample has to be exposed during ~ 260 000 years in 
the cell. This period is compatible with protoplanetary 
disks lifetimes. 

Finally, our promising preliminary work, must cer-
tainly be extended to other type of silicates (crystalline 
forsterite) and other temperatures. This work is under 
progress.  
References: [1] Henning Th. (2010) Annu. Rev. As-
tron. Astrophys. 48, 21–46. [2] Djouadi Z., et al. 

1990.pdf44th Lunar and Planetary Science Conference (2013)



(2005) A&A, 440, 179. [3] Djouadi Z. et al. (2011) 
A&A 531 A96, 1–9. [4] Stimpfl M. et al. (2006) Jour-
nal of Crystal Growth, 294, 83-95. [5] Stimpfl M. et 
al. (2004) M&PSS 39, abstract n°5218. [6] Mura-
lidhran K. et al. (2008) Icarus 198, 400-407.   

1990.pdf44th Lunar and Planetary Science Conference (2013)


