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> I- The astronomical context

v' Aromatic IR bands (AIBs) / PAH model

v' Emission mechanism / physical conditions

> II- The PIRENEA set-up
v" Photodissociation of PAHSs
v' Reactivity with molecules: H,, H,O, CH;0OH
v’ Perspectives: [PAH, 1", [PAH, Fe, I




Aromatic IR bands / polycyclic aromatic hydrocarbons (PAH)

SO/ SWS spectrum
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Wavelength (pm)

3.3 pm (3050 cm-1); 6.2 um (1610 cm-1);

11.3 um (890 cm-1); 12.7 um (785 cm-1);
CH and CC aromatic modes

7.7 " um (1300 cm-1); 8.6 um (1160 cm-1);

> Stochastic heating
N~50 ; T~1000 K
Sellgren (1984), ApJ 277, 623

> Candidates: PAH molecules
Léger & Puget 1984, ALA 137, LS
Allamandola et al. 1985, ApJ 290,
L25

> 10 a 207 of total carbon
X~5 10-5

S Xou~ 106 (N~50 C)




Photophysics of an isolated PAH / IR emission

-The ISRF at 5 kpc from 6C (mmp5)
60=3.5 (6o = 1 for 108 photons cm-2 s-1)
— few UV photons per year

Reflection nebula:
60=103 = few UV photons per day
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Internal energy / temperature C,,4H;,"*

C,iHp," @ T=300 K < U=0.34 eV




Laboratory approach
Photophysical and chemical evolution of interstellar PAHs

H H,
H H

Long timescales + cold background

H
H 1- Photodissociation in competition
UV with IR cooling (near threshold)
0‘0‘ / fragments: H, H,, C.H,_?

H 0 2- Reactivity - radiative association
with H, H,, O, C, H, H, 0, C, H,,

H

H

H CH,, CH,OH, NH,, .., PAH

=>» Studies in ion traps
H, (ex. ICR cell)




The PIRENEA set-up

C. Joblin, M. Armengaud, P. Frabel, C. Pech, P. Boissel

New performances (March 05)
P~ 10-!! mbar

UV-Visible irradiation

Superconductor magnet (5T) Solid pellet

‘ Internal cold shield

T=30 K

ICR cell
0 :r
]

N
Ablation laser (266 nm) //' l l Gas

External injection
cold shield

Turbo-molecular pump
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Photodissociation of
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Model of photodissociation of C,,H,*in PIRENEA

» Exact stochastic method

Inputs : (a)- UV-vis absorption rate, IR emission rate

UV-vis — IR,v — V, V-1 4 V
k Giy/yisk UV-yis ke Ay P;

p;'= pr(U-vhvy)/ p (U) E>E,.. (IVR)

dec

(b)-fragmentation rate(-H,-H,)

A = A
_, PU-EQ) eu- d_Hduos Ed_Hduos Ad_Hsolos
kg = A p(U)d H(U-E4) Ed rsolor Ad_H2: Ed_n2

(c)-density of states:




Photodissociation kinetics of 12C,,H;,*/ Xe lamp

<U==10.5 eV
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Ed_Heven = 4. 48 eV / CisHio*
Ho et al. 1995, JACS 117, 6504

Ed_,_,odd = 3.2 eV / CZ4H2p+1 *
Joblin et al. 2006




Photodissociation of C,*
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Astrophysical implications

- Effect of UV photons:
C,,Hi," > Chr > C (n < 21)

 Need to study the compeftition with H recombination
Ci¢Hy* + H, no reaction
CosH, + H, (1<p<11)  no reaction (PIRENEA)

Reactivity with H k (cm3/s)

)

CyHy, (1.0)

[\
L

~1.6 X 107"

Ex: model by
» N.< 20 - small PAHs are destroyed

» N.={20,30} - fully dehydrogenated = carbon clusters C *
> larger N, - fully hydrogenated / surhydrogenated :




Reactivity
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Photodissociation : {C,,H;H,O}
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Theory / thermochemistry : C.,H;;*+ H.,O

AH(OK)
(kJ/mol)

_ v (CuH;(H0))
-165.3 Inserted complex
25+1=1




Intensity

Photodissociation : {C,,H;H,O}
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> formation of molecules
by PAH / dust

> hew PAH species
produced by chemistry &
photons



Reactivity of PAHs/ C-clusters with CH;OH (preliminary)

100 150 200 250
M/q

C,, + CH,OH —» {C,,CH,O} + H Cgt + CH;OH — CgH, "+ H,CO 77

c,,H,*+ CH,0OH —» C,,H-CH,O* + H C,f + CH,O0H —» CH,”+ H,CO 77

(CgH,*, C;OH) — {C,,CH,0}"




Structure, formation and stability of (PAH),and PAH-Fe clusters

.{!' " Rapacioli, Calvo, Spiegelman,
ly Joblin, Wales, 2005, J.Phys. .
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