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II-- The astronomical contextThe astronomical context

Aromatic IR bands (AIBs) / PAH model

Emission mechanism / physical conditions

IIII-- The PIRENEA setThe PIRENEA set--upup

Photodissociation of PAHs

Reactivity with molecules: H2, H2O, CH3OH

Perspectives: [PAHn] + , [PAHnFem]+

Outline



3.3 µm (3050 cm-1); 6.2 µm (1610 cm-1); 

‘’ 7.7 ‘’ µm (1300 cm-1); 8.6 µm (1160 cm-1); 

11.3 µm (890 cm-1); 12.7 µm (785 cm-1); 

CH and CC aromatic modesCH and CC aromatic modes

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

Candidates: PAH molecules Candidates: PAH molecules 
Léger & Puget 1984, A&A 137, L5
Allamandola et al. 1985, ApJ 290, 
L25

10 10 àà 20% of total carbon20% of total carbon

X~5 X~5 1010--55

→→ XXPAHPAH~ 10~ 10--6    6    (N~50 C)(N~50 C)

Aromatic IR bands / polycyclic aromatic hydrocarbons (PAH)Aromatic IR bands / polycyclic aromatic hydrocarbons (PAH)



-The ISRF at 5 kpc from GC (mmp5)
Go=3.5 (Go = 1 for 108 photons cm-2 s-1)
⇒ few UV photons per year

Reflection nebula:
Go=103  ⇒ few UV photons per day

Joblin et al. (2002), Mol. Phys. 100(22),
3595; Mulas et al. (2006), A&A

Léger et al. (1989), A&A 216, 148

10-12 s - 10-8 s IVR
10-12 s - 10-10 s

τIR~ 10 s

Photophysics Photophysics of an isolated PAH / IR emissionof an isolated PAH / IR emission



C24H12
+ @ T=300 K ⇔ U=0.34 eV

Internal energy / temperature C24H12
+



Laboratory approach Laboratory approach 
Photophysical Photophysical and chemical evolution of interstellar and chemical evolution of interstellar PAHsPAHs
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Long timescales + cold backgroundLong timescales + cold background

1- Photodissociation in competition
with IR cooling (near threshold)

fragments: H, H2, CnHm ?

2- Reactivity - radiative association
with H, H2, O, C, H, H2 O, C2 H2, 
CH4, CH3OH, N H3 , … ,  PAH, ….

Studies in ion trapsStudies in ion traps
(ex. ICR cell)(ex. ICR cell)
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The PIRENEA setThe PIRENEA set--upup

UV-Visible irradiation 

Superconductor magnet (5T)

ICR cell

Turbo-molecular pump

Gas
injection

Solid pellet

Ablation laser (266 nm)
External
cold shield

Internal cold shield

z
r

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

New performances (March 05)
P ~ 10-11 mbar
T=30 K



Photodissociation Photodissociation de de 1212CC2424HHpp
+ + / / Xe Xe lamplamp
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Photodissociation of 12C24H2p+1
+

Exp.040514

C24H11
+

C24H5
+

tirr=0.5 s

tirr=0.4 s

τ(300)/τ(M
)



Exact stochastic method
Gillespie 1976, J. Comp. Phys. 22, 403; Barker 1983, Chem. Phys. 77, 301

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

kkUVUV--visvis = = σσUVUV--visvisFFUVUV--visvis kkii
IRIR,v,v = = AAii

vv, v, v--1 1 ppii
vv

ppii
v v == ρρ*(*(UU--vhvhννii) / ) / ρρ (U)(U) E>E>EEdecdec (IVR)

(b)-fragmentation rate(-H,-H2)
Forst 1972, JPC 76, 342

(c)-density of states :
Stein & Rabinovitch 1973, J. Chem. Phys.58, 2438

Model of photodissociation of C24Hn
+ in PIRENEA

kd = Ad
ρ(U- Ed)

ρ(U)
H(U- Ed)

Ad_Hduo, Ed_Hduo, Ad_Hsolo,
Ed_Hsolo, Ad_H2, Ed_H2



Photodissociation Photodissociation kinetics of kinetics of 1212CC2424HH1212
++/ / Xe Xe lamplamp

<E<Edissdiss ((CC2424HH2p 2p 
++ )) > = 10.5 eV> = 10.5 eV

<E<Edissdiss ((CC2424HH2p+1 2p+1 
++ )) > = 5.7 eV> = 5.7 eV

kd = Ad
ρ(U- Ed)

ρ(U)
H(U- Ed)

Ed_Heven = 4.48 eV  / C14H10
+

Ho et al. 1995, JACS 117, 6504

Ed_Hodd = 3.2 eV    / C24H2p+1 
+

Joblin et al. 2006



Photodissociation of CPhotodissociation of Cnn
++

(a) 
C24

+ → C21
+ + C3

C21
+ → C18

+ + C3 
C18

+ → C15
+ + C3

C15
+ → C12

+ + C3

(b) 
C24

+ → C14
+ + C10

C14
+ → C11

+ + C3

(a)

(b)



Astrophysical implicationsAstrophysical implications
•• Effect of UV photons:Effect of UV photons:

C24H12
+ → C24

+ → Cn
+ (n ≤ 21)

•• Need to study the competition with H recombinationNeed to study the competition with H recombination

C16H9
+ + H2 no reaction

Le Page et al. 1999, IJMS 185, 949

C24Hp
+ + H2 (1≤p≤11)   no reaction (PIRENEA)

Reactivity with HReactivity with H

Ex: model by Le Page et al. 2003, ApJ 584, 316
Nc< 20 - small PAHs are destroyed

Nc={20,30} - fully dehydrogenated ⇒ carbon clusters Cn
+

larger Nc - fully hydrogenated / surhydrogenated

k (cm3/s)



m/z

In
te

ns
ity

PH2O=3 10-8 mbar

100*exp(-0.0414*t)

k299= 5.7 ± 0.4 10-11 mol-1cm3 s-1

= 2.1 10-11 mol-1cm3 s-1

Keheyan  et al. 2001, CPL 340, 405
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Reactivity  C24H11
+ + H2O
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⇒ k299=5.7 ± 0.4 10-11 mol-1cm3s-1 independent of T (PAH) ?
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Photodissociation Photodissociation :  {C:  {C2424HH1111HH22O}O}++

{C24H11H2O}+ + hν 

C24H11
+ + H2O

C23H11
+ + H2CO 
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Theory / thermochemistry :  C24H11
++ H2O

{C24H11
+ + H2O}

∆H(0K)
(kJ/mol)

(C24H11(H2O))+

Inserted complex
2S+1=1

0.0
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1.46
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Photodissociation Photodissociation :  {C:  {C2424HH1111HH22O}O}++

formation offormation of moleculesmolecules
by PAH / dustby PAH / dust

new PAH species new PAH species 
produced by chemistryproduced by chemistry & & 
photonsphotons
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Reactivity of Reactivity of PAHs/ PAHs/ CC--clusters with CHclusters with CH33OH (preliminary) OH (preliminary) 

C24
++ CH3OH → {C24CH3O}+ + H                   C8

+ + CH3OH → C8H2
+ + H2CO ??

C24H2
++ CH3OH → C24H-CH3O+ + H         C10

+ + CH3OH → C10H2
+ + H2CO ??

(C8H2
+ , C7OH) → {C14CH3O}+



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

Rapacioli, Calvo, Spiegelman, 
Joblin, Wales, 2005, J.Phys. 
Chem. A, 109, 2487

Rapacioli, Calvo, Joblin et al. 
2006, A&A, soumis

EEPAHPAH--PAHPAHnn--11~ 1~ 1 eVeV
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