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NGC 7023 ESA/Hubble – IR spectrum from Spitzer

Stellar UV-VUV photons
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Signature of aliphatic PAHs in photodissociation regions

aromatic aliphatic

Good candidates for the 3.4 µm band:

• Alkylated PAHs : methy-, ethyl-
PAH,… (e.g. methylCoronene)

• Superhydrogenated PAHs:
Hn-PAH (e.g. H6Coronene)

Example of aliphatic C-H stretching modes in methyl-Cor

IR emission
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Signature of aliphatic PAHs in photodissociation regions

aromatic aliphatic

Example of aliphatic C-H stretching modes in methyl-Cor

IR emission

Survivability and evolution of 
these species in PDRs ???

Good candidates for the 3.4 µm band:

• Alkylated PAHs : methy-, ethyl-
PAH,… (e.g. methylCoronene)

• Superhydrogenated PAHs:
Hn-PAH (e.g. H6Coronene)

C. Joblin et al. ApJ 458:610-620 (1996)



2022/10/26 Alexandre MARCINIAK - PCMI 2022 - Paris 3

1er Post-
Doctorat

Simulation of astrophysics 
conditions 

VUV

Statistical or direct 
fragmentation, isomerization, 

radiative cooling? 

MeCor+

(C25H14
+ )

(+)

Principle of the study
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(Piège à Ions pour la Recherche et l'Etude de Nouvelles Espèces Astrochimiques)
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Bare PAH+ Alkylated PAH+ Hn-PAH+

1-methylpyrene 4-ethylpyrene

ethylcoronenemethylcoronenecoronene

pyrene hexahydropyrene

hexahydrocoronene

Pyrene (C16H10
+) Isomers

9-ethynylphenanthrene fluoranthene

Large PAH+

C78H26
+

Alkylated PAH→ A. Marciniak, et al. A&A 642, A42 (2021)
Pyrene isomers → V. Meloottayil, et al., J. Chem. Phys. A, 126, p.5632 (2022)

Super-hydrogenated coronene → A. Marciniak, et al. in prep. 
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Mass Spectra as a function of the VUV Irradiation time
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Mass Spectra as a function of the VUV Irradiation time
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Can we retrieve the dissociation pathway of the species ?
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Master Equation with population and depopulation terms

1𝑠𝑡
𝑑𝐼𝑀parent

𝑑𝑡
= − 

𝑀𝑖<𝑀parent

𝒌
𝒇𝒓𝒂𝒈

𝑴𝒑𝒂𝒓𝒆𝒏𝒕→𝑴𝒊
𝐼𝑀parent

𝑡

⋮ ⋮

𝑖𝑡ℎ
𝑑𝐼𝑀𝑖

𝑑𝑡
= 

𝑀𝑛>𝑀𝑖

𝒌𝒇𝒓𝒂𝒈
𝑴𝒏→𝑴𝒊𝐼𝑀𝑛

𝑡 − 

𝑀𝑗<𝑀𝑖

𝒌
𝒇𝒓𝒂𝒈

𝑴𝒊→𝑴𝒋
𝐼𝑀𝑖

𝑡

⋮ ⋮

equivalent to:

-H

-C2H2

-H

etc…

➔ Only the 𝒌𝒇𝒓𝒂𝒈
𝑴𝒏→𝑴𝒊 are adjusted to fit the data
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Fragmentation Map & Fragmentation Rates

k  are in ×10-3 s-1 (scalable with the VUV flux)

Fitting results



2022/10/26 Alexandre MARCINIAK - PCMI 2022 - Paris 9

1er Post-
Doctorat

k  are in ×10-3 s-1 (scalable with the VUV flux)

[MeCor-H]+

MeCor+

[MeCor-2H]+ C23H11
+

70%22%

k = 2.5

k = 0.2k = 3.4

k = 1

-H

-C2H2

Simplified fragmentation paths : bare Cor+ vs. alkylated Cor+
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+
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Cor+*

isomerization
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𝐄𝐭𝐂𝐨𝐫+ ≈ 𝟑. 𝟏



2022/10/26 Alexandre MARCINIAK - PCMI 2022 - Paris 10

1er Post-
Doctorat

MeCor+

C23H11
+

Cor+*

Cor+

CH2Cor+

[Cor-2H]+

EtCor+

PAH photostability all along the VUV irradiation

𝐤
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𝐚
𝐠

𝐞
𝐱
𝐩
. [
𝐬−

𝟏
]

𝐤𝐚𝐛𝐬
𝐭𝐡𝐞𝐨.[𝐬−𝟏] = 𝛔𝐚𝐛𝐬

𝐓𝐃−𝐃𝐅𝐓 ×𝛟𝐕𝐔𝐕 (coll. G. Mulas)
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Pyrene (C16H10
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9-ethynylphenanthrene fluoranthene

Large PAH+

C78H26
+

Alkylated PAH→ A. Marciniak, et al. A&A 642, A42 (2021)
Pyrene isomers → V. Meloottayil, et al., J. Chem. Phys. A, 126, p.5632 (2022)

Super-hydrogenated coronene → A. Marciniak, et al. in prep. 
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+
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+
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To reach C15H9
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MeCor+

C23H11
+

Cor+*

Cor+

CH2Cor+

[Cor-2H]+

EtCor+

Fragmentation 
every absorption 

A. E. ~2- 3 eV

Radiative cooling 
A. E. ~4- 5 eV

VUV photostability of alkylated PAHs - Take home messages

✓ Carriers of the 3.4 µm band (alkylated or
H-shifted PAHs) photofragments efficiently

✓ Common species are produced during the
VUV photo-processing of alkylated PAHs

✓ Pentagonal ring formation stabilizes the
structure as much (and even more) than
the bare cationic PAH

A. Marciniak, et al. A&A 642, A42 (2021)
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hν > IP

VUV 
photon 

hν > Ediss.

(≈ few eV)

hν > Barrier
(≈ few eV) 

“Remaining” 
internal energy

any hν

Dissociation (ps to ms)

+
H, H2, C2H2, etc…

+  e-

Ionization (<fs)

Isomerization (ps to ns)

H-migration

Non-radiative 
relaxation (fs to ps)

Wavelength 
[µm]

Radiative cooling (ms to s)

UV to IR

In competition

Species are cold 
when they are 

photoexcited in PDRs

Relaxation of a photoexcited PAH in PDRs
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PIRENEA (details + calibration)
(Piège à Ions pour la Recherche et l'Etude de Nouvelles Espèces Astrochimiques)

Xe:Ar tripling cell MgF2 lens

UV
𝐸

Acetone vapor
(5.10-3 mbar)

Copper electrodes

pAe-VUV

VUV source coupled to PIRENEA

Calibration Procedure

UV parent pulse, 
(355 nm, 10 mJ, 

6 ns @ 10 Hz)

Magnet
(𝐵0 = 5 T)

FT-ICR-MS cell
(5 × 10-11 mbar, 30 K) VUV 

screen

Xe:Ar tripling cell
(250 mbar)

VUV generated beam 
(2.5 .1011 photons.s-1

@ 10.5 eV)

Desorption/ionization 
laser (266 nm)

Cryo-cooler
head

Q

Sample target

Cryogenic 
shields

L2
L1

UV blocker

𝜙~1.5 mm

UV VUV
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Primary 
fragment

Secondary 
fragments

Tertiary 
fragments

➔ Parent-daughter relation between fragments
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(M298)

-H

iso.

Hypothesis n°1

k(1) = 0.12

𝐶24𝐻12

+

(M300)

𝐶24𝐻12

+∗

(M300)

𝑌0
(1)

= 96% 𝑌0
(2)

= 4%

k(2) = 3.8

Hypothesis n°2

k = 0.17

k = 3.9

𝑌0
(1)

= 90%

26%

74%

𝐶24𝐻12

+∗

(M300)

𝐶24𝐻12

+

(M300)

𝑌0
(2)

= 10%

Cor+ Cor+ isomers
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28%

k = 5.8

-H
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95%

k = 3.1

Common fragments to 
MeCor+ and EtCor+

MeCor+ fragments EtCor+ fragments

5%
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TD-DFT calculations of the photoabsorption cross sections (G. Mulas) 

𝒌𝒂𝒃𝒔 = 𝝈𝒂𝒃𝒔 𝟏𝟎. 𝟓 𝐞𝐕 × (𝑽𝑼𝑽 𝑭𝒍𝒖𝒙)

Parents Main photoproducts
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A. Marciniak, et al. A&A 642, A42 (2021)
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C14H11

+

(M179)

C13H9

+

(M165)

C14H10

+

(M178)

11%

20%

35%

C15H9

+

(M189)

C14H8

+

(M176)

C13H8

+

(M164)

27%

C13H7

+

(M163)

61%

39%

73%

k = 6.4

k = 7.6

k = 4.5

k = 9.5 C12H8

+

(M152)

k = 3.2

-H

-C2Hx

-2H/H2

-C3Hx

-CHx

Superhydrogenation seems 
to increase the Pyr+

backbone destruction

C16H10

+

(M202)

C16H9

+

(M201)

C16H8

+

(M200)

C16H7

+

(M199)

85%

C14H6

+

(M174)

C14H7

+

(M175)

k = 1.9

k = 2.2

12%

k = 2.5

2%98%

Gatchell et al., PRA, 92:050702 (2015)
Wolf et al., ApJ, 832:24(2016)
Stockett et al., ApJ, 913:46 (2021)as in

1,2,3,6,7,8-hexahydropyrene (H6Pyr+) pyrene (Pyr+)


