LCAR £ Attachment of water onto mass-selected pyrene clusters
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Introduction Pyrene clusters production o w _m w w0
Source conditions +20507
Polycyclic Aromatic Hydrocarbons (PAH) clusters can be thought as model Clusters are produced in a gas aggregation source. 10000_' (Py)_r:
nanoparticles in combustion science or astrochemistry. lonization by either : |
For the latter, it is now quite well established that PAHs are present in the - a discharge electrode, | ~ 100uA, V ~ 1 kV s000 | | [
interstellar medium, and clusters of PAHs have been proposed to be present - an electron gun, | =2.5A, V =-100 V
as well [1]. 5000 -
Toven ® 40°C
For the former, PAHs are the main constituent of soot. In both these areas of For ST 4000 -
science, the interaction of these particles with water is of relevance. For
instance, in the terrestrial atmosphere, the coupling of soot with water is of N ] 502! With fiSttazatlon device 2000 -
importance to understand the fate of these pollutants [2]. — .\ 1\_ - JJWWWWWWWWWWWWWWWWUUL
Concerning astrochemistry, it is of interest to understand as well how water | Y 0- UJW oSNNS RN RN
molecules absorb or detach from these model nanograins as a function of Hﬂn 4 = to thermalization device 0 ~ 1000~ 2000 3000 4000 5000 6000 7000 8000 9000
their size, temperature or composition [3]. 5 mbarLs™ T ~-160°C 1 mass (amu)
?q;d N, N jToutpmz-180°C

We present here the study of the attachment of water molecules onto mass- = . PR

selected pyrene (C,,H,,) cationic clusters. Pyrene clusters are produced in a
gas aggregation source and then mass-selected with a well-defined and
controlled kinetic energy in the lab frame [4]. They undergo low energy
collisions with water molecules in a collision cell and the products are Observation of dehydrogenation -
analyzed through time of flight mass spectrometry.

isotopes
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Experimental setup '
mass-selection, energy focusing and products analyzed in TOF mass spectrometer
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thermalization between 25K and COIlISION €Il mmmmmmm = = -
ambient temperature with a heat bath. Water vapor, 300 K

For more details see [5] and[6]
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Expe Il mental resu Its o ' ' ' ' ' "7 T 7 T 7] The attachment rate of water onto pyrene clusters cation increases with size up to n=11. For larger sizes
18 E= l 1 we observe a slight stagnation and even a decrease at low E,.
Principle of measurement: 16 L : ioevv LN 4 The attachment rate increases when the cluster kinetic energy is decreased.
e ; _
Temperature controlled pyrene clusters are mass- 14t = 15eV /. il _
selected and slowed down. They fly through the H-m s 20eV / I Since experiments are performed for a given kinetic energy in the lab frame, the center of mass collision
collision cell where a controlled pressure of water e r + .| energyvaries when the size changes. The collision energy evolves as:
vapor is maintained. T . T/ & - _ m 3 M
Mass-spectra show the appearance of attachment o - [ W 1 Ecot = M + E, + EM kBT
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products as the water vapor pressure is increased. ~ p o ) ) ] i i ] .
e .| - 1 If the collision energy is too high, no attachment is observed: at each kinetic energy there is a size
. + — Y S B - . . .
Example: (Py)g + H,O @ 5 eV _ ? | threshold for attachment. Does it correspond to a collision energy threshold?
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When plotted as a function of the collision energy, there is a size dependent threshold for attachment: @ _ " 10 1
Parent cluster the higher the size, the higher the threshold. £ 10 - 117
Pee = 6 10 mbar Not only the collision energy has to be low enough, but the cluster size has to be large enough so that CH-’O s | —12-
J Lwad\ment the deposited energy can be absorbed among the internal degrees of freedom. E 6 | — 13"
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The attachment rate k& = J 0 (Wrel)Vrerf (Vre)dvre; 005 010 015 020 025 030 035 040
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can be directly deduced from the experimental TOF - 1 ol (EY)
mass spectra: 18 I - E, = i
ol . s 5oV 1 The total internal energy after attachment is given by: E;,,; = E.,; + E¢;, + Dy,
I IO i . = 10eV 1 Where E,, is the initial internal thermal energy, D, the dissociation energy and E_, the collision energy.
’ 14r B = 1oeV 71 The clusters being thermalized at 25 K, the initial internal thermal energy E, is rather low, about
V 12t = " " 20eV 1 2meV/molecule.
= ol . 1 The dissociation energy of water from the pyrene cation monomer is of the order of 0.3 eV (A. Simon,
O . 0 '. . private communication).
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V; 6 | " 4 From the normal modes calculated in DFTB, one can deduce the heat capacity of the clusters and thus
4L m® 1 determine their temperature from their internal energy [7]. Therefore the attachment rate can be plotted
A , o _ 1 as a function of cluster temperature.
A e AP A - Em { On the left figure, one can see that the attachment of H,O is not observed for cluster temperatures above
Time of Flight (us) 0 ' : ' : ' =l om o 1 =l P : : ; _ :
1 20 100 120 140 160 180 200 150 K. This is con5|.stent with thg water desorption .peak observed at 170-180 K in Temperature
o _ VU luster In(-- Cluster temperature (K) Programmed Desc?rptlon (TPD) expe.rl.ments both for H,O ices [8] and for an H,0 sub-monolayer adsorbed
pl I, on small dust particles (carbon and silicates) [9].
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