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Signature of aliphatic PAHs in photodissociation regions
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Good candidates for the 3.4 um band:
Example of aliphatic C-H stretching modes in methyl-Cor

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

e Superhydrogenated PAHs:
H,-PAH (e.g. H,Coronene)

05/09/2022 Alexandre MARCINIAK - CosmicPAH 2022 - Arhus 2




Signature of aliphatic PAHs in photodissociation regions
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Good candidates for the 3.4 um band:

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

e Superhydrogenated PAHs:
H,-PAH (e.g. H,Coronene)
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Studying the survivability and evolution of aliphatic PAH* in principle

stical or direct

fragmentation, isomerization,
radiative cooling?
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(Piege a lons pour la Recherche et I'Etude de Nouvelles Espéces Astrochimiques)
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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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Mass Spectra as a function of the VUV Irradiation time
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Kinetics results
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How to retrieve the fragmentation map of each species ?
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Fitting procedure to obtain a fragmentation map
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Fitting procedure to obtain a fragmentation map

Fitting results
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Studied PAH* and PAH* derivatives ‘

Bare PAH* Alkylated PAH*

Pyrene (C,H,,*) Isomers

pyrene 1-methylpyrene 4-ethylpyrene hexahydropyrene 9-ethynylphenanthrene fluoranthene

Large PAH*

coronene methylcoronene ethylcoronene hexahydrocoronene CrgHo6"

Alkylated PAH 2 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 =2 A. Marciniak et al. in prep.
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Super-hydrogenated PAH*

Bare PAH* Alkylated PAH* Pyrene (C,,H,,*) Isomers

\hexahydrocoronene )

Super-hydrogenated coronene =2 A. Marciniak et al. in prep.
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What about the VUV stability of H -Pyr* ?
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A. Marciniak, et al. A&A 642, A42 (2021)
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What about the VUV stability of H -Pyr* ?

1,2,3,6,7,8-hexahydropyrene (H,Pyr*) pyrene (Pyr*)
+
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Super-hydrogenation Gatchell et al., PRA, 92:050702 (2015)
increases the Pyrt  <4mmmp < Wolf et al., ApJ, 832:24(2016)
backbone destruction asin Stockett et al., ApJ, 913:46 (2021)

A. Marciniak, et al. A&A 642, A42 (2021)
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What about the VUV stability of H -PAH* ?

week ending

PRL 113, 053002 (2014) PHYSICAL REVIEW LETTERS I AUGUST 2014

Deexcitation Dynamics of Superhydrogenated Polycyclic Aromatic Hydrocarbon Cations
after Soft-x-Ray Absorption

. . 1r 1.2 I . Y 3 2
G. Reitsma, ™ L. Boschman, = M. J. Deuzeman, O. Gonzalez-Magana, S. Hoekstra,” S. Cazaux,
I . o,
R. Hoekstra,” and T. Schlatholter

Low hydrogenation of COr' iy ————j———————1)  High hydrogenation of Cor*
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Despite this weakening, superhydrogenation clearly
acts as a protection mechanism for PAH molecules.
(i1) Superhydrogenation may explain the existence of large
amounts of PAHs in the interstellar medium, as deexcita-
tion by H loss protects the C backbone from fragmentation.
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Despite this weakening, superhydrogenation clearly
acts as a protection mechanism for PAH molecules.
(i1) Superhydrogenation may explain the existence of large
amounts of PAHs in the interstellar medium, as deexcita-
tion by H loss protects the C backbone from fragmentation.

~

Gatchell et al., PRA, 92:050702 (2015)
Wolf et al., ApJ, 832:24(2016) +
>
Stockett et al., ApJ, 913:46 (2021) H“Pyr
A. Marciniak, et al. A&A 642:A42 (2021)‘

H._Cor* Super-hydrogenation of Cor*
n seems to protect its backbone
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VUV photoprocessing of H._; .Cor* s\

v IL

H,Cor on the sample (Cor* = CyuHy,7)
target (m/z = 306)

(Coll. D. Peia)
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VUV photoprocessing of H._; .Cor*
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VUV photoprocessing of H__, .Cor* WORK,
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isomerization
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(Cort =C,,H;,7)
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Fragmentation mechanisms of H.Cor*

SCC-DFTB + MD simulations at low internal energy (Coll. A. Simon)

Udy ~222eV
(4400 K)

Over 180 runs of 1 ns
deMon-Nano
dev. by Rapacioli & co. at LCPQ
http://demon-nano.ups-tise.fr/
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Fragmentation mechanisms of H,Cor* WORE, AN

vy iz

SCC-DFTB + MD simulations at low internal energy (Coll. A. Simon)

H shifted
@ i?’ ,,,,
' -H
—> B —> ¢
.H2

d e T~

H localized on a

0
U = 22.2 eV center-ring C

(4400 K)

Over 180 runs of 1 ns ¢ ;
deMon-Nano o
dev. by Rapacioli & co. at LCPQ 2x H localized
http://demon-nano.ups-tise.fr/  on inner-edge C

2024/10/29 Alexandre MARCINIAK - PCMI 2024 - Bordeaux 13


http://demon-nano.ups-tlse.fr/

) A
F i hanisms of HCor* o
ragmentation mechanisms o sLOr NP0

vy iz

SCC-DFTB + MD simulations at low internal energy (Coll. A. Simon)
Hifted

R
-
PR
-

5. .. —H, H2 loss

/ _Csz’ 02H4 loss

400 600 800 1000
Simulation time [ps]

b
d e T~

H localized on a
center-ring C

Ud, ~22.2eV
(4400 K)

v' C-losses are competing
with H-losses

v" Most of fragments are
correctly simulated

Over 180 runs of 1 ns ¢ ;
deMon-Nano o
dev. by Rapacioli & co. at LCPQ 2x H localized
http://demon-nano.ups-tise.fr/  on inner-edge C

2024/10/29 Alexandre MARCINIAK - PCMI 2024 - Bordeaux 13


http://demon-nano.ups-tlse.fr/

iy

Isomer effect in MD simulation of H,Cor* WORE, AN
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Up, ~222eV
(4400 K)

Lowest energy
isomer
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—_—H, H2 loss

1 |
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12
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(@]

—H, H2 loss

_Csz loss
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The initial H locations of H_-PAH* have an impact on the VUV fragmentation
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Conclusion about H Cor*

r
H,Cor*
100% :
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+ X
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Take home messages
¢ Super-hydrogenation protects Cor* up to n=4
%* Release H, and C,H, by VUV photoprocessing of H PAH*

Phenomena to be investigated
» Extrapolation of the nH-protection to larger PAH ?
» Initial isomer effects ? Role of H migration ?
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3) Role of proton in PAH-water interactions

4) Perspective: IR spectroscopy of PAH_(H,0) * clusters



Example of PAH-water interactions in astrochemistry ‘

« Hot » regions : - Cold regions
Single molecules Icy grains

‘ o
See e.g. D. J. Burke et al., PCCP, 12:5947 (2010), Guélin & Cernicharo, Front. Astron. Space Sci. 9 (2022)
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Example of PAH-water interactions in astrochemistry

« Hot » regions : - Cold regions
Single molecules Icy grains

———————
OO‘ H;O ice at 10 K

etc.

PAH

‘ UV radiation

etc.

M. P. Bernstein et al., Science, 283, 1135 (1999), S. A. Sandford et al., ApJ, 538, 691 (2000)
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Example of PAH-water interactions in astrochemistry

« Hot » regions : - Cold regions
Single molecules Icy grains

Context: molecular complexification in astro-

relevant environment
PAH

‘ UV radiation
———————
g@‘ H;O ice at 10 K

etc. § etc.

Aim: better understand the reaction at the
quantum level including proton migration
which seems to have a key role

Target systems: (H)PAH_(H,0).* clusters studied
by systematically adding PAH units or H,O units

M. P. Bernstein et al., Science, 283, 1135 (1999), S. A. Sandford et al., ApJ, 538, 691 (2000)
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A molecular aggregation source to produce PAH-water clusters

T..® 273 K-425K Cyrostat

oven

Poven = 1 mbar 25 - 300 K

P = (H)PAH,,
Helium flow . ) _(H)PAHm(HZO)n
> ™ Cations, anions
. VT’ —— e and neutrals
water (W) circulating E
container N, MWH

Braud, I. et al. Rev. Sci. Instr. 88, 043102 (2017)
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A molecular aggregation source to produce PAH-water clusters

T..® 273 K-425K Cyrostat

oven
Poven = 1 mbar 25 - 300 K

< N i (H)PAHm
. e gun
HelluT flow . ﬂ:?nﬁn;w).)" .1 __(H)PAH_(H,0),
e T=100K [P T Cations, anions
> — PAHl growth of and neutrals
circulating \ sample clusters
water (W) LN \ y
container ’ MEH

0 B 400 300

Braud, I. et al. Rev. Sci. Instr. 88, 043102 (2017)
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A molecular aggregation source to produce PAH-water clusters

o JJLL‘)I

2024/10/29

Ten = 273 K-425K Cyrostat
Poven = 1 mbar 25-300K
< = — (H)PAH,
Helium flow ) gmtwe S I i (H)PAH_(H,0),,
g ¢ I%mm‘]:“;{: 1'(;%:(' P F=gmmmm Cations, anions
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water (W) C|rCLLJII\Iat|ng u \\
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HPy(HZO)n+
HPy," +
Py(HZO)n
HPy(H,0)," APy _2H \‘ isotopes
3 HW._+ -1H (13C, 13¢,)
4 . . . .
00 m/z [amu] 800 m/z [amu]

Braud, I. et al. Rev. Sci. Instr. 88, 043102 (2017)

Alexandre MARCINIAK - PCMI 2024 - Bordeaux

16




Collision induced dissociation at controlled kinetic energy

Toven = 273 K-425K Cyrostat P = 104/10°5 mbar
Poven = 1 mbar 25 -300 K

I/
2
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—[ P =103 mbar

\ J [ l]
Y Y

P =108 mbar

E ﬁm%“”m“mﬁ

. \
Gas aggregation source Mass selection g v

Kinetic energy focusing Reflectron ToF-MS
E.=5eV-200eV

Nair, A. M. et al. PCCP 26, 5947 (2024)
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Collision induced dissociation at controlled kinetic energy
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Ecum (€V) Nair, A. M. et al. PCCP 26, 5947 (2024)
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Proton localization in Pyrene(H,0) H*

HPy(H,0)* HPy(H,0),"
E, =0.3 eV Ep = 0.26 eV

70 ~

60

50

40 -

HPy(H,0),*

20 - HPV(H20)+ ED = 0.83 eV ED = 0-5 eV

Fragmentation yield [arb. unit]

10 - Py(H,0),H*
0 T T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0
Ecm (€V)
Experiment (TCID) Theory (DFTB)
Specific dissociation behaviors for Py(H,0) H*, Structures and dissociation energies show
with a “switch” fromn =3 that proton affinity evolves with n
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Proton localization in Pyrene(H,0) H*

HPy(H,0)* HPy(H,0),"*
E, =0.3 eV Ep = 0.26 eV

70 ~

60

50

40 -

HPy(H,0),*

20 - HPV(H20)+ ED = 0.83 eV ED = 0-5 eV

Fragmentation yield [arb. unit]

10 - Py(H,0),H*
0 T T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5 3.0
Ecm (€V)
Experiment (TCID) Theory (DFTB)
Specific dissociation behaviors for Py(H,0) H*, Structures and dissociation energies show
with a “switch” fromn =3 that proton affinity evolves with n

= More details about theory in the talk of Heloise Leboucher (tomorrow, 2:30 pm) €

Nair, A. M. et al. PCCP 26, 5947 (2024)
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Perspective: measuring the IR spectra of tagged PAH _(H,0),* clusters

Cryogenic Quadrupolar ToF-MS

lon Trap

Cluster Source

lon guide

IR OPO
— ] e _ beam

lon ejection

Production of : PAH,?, Cluster thermalization, Mass
(H)W,*, (H)PAH,W,*, any Adsorption of H,0, CO, CO,, etc., spectrometry
(H)PAH,_B,* (with B volatile) Tagging with He, Ne, etc.,

Isolation for IR spectroscopy
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Perspective: measuring the IR spectra of tagged PAH _(H,0),* clusters

Product/on with the molecular cluster source Exp. vs. Theory - Computation with DTFB

(Pyr4H20) Ne

Ne “%""
®..

1.2 i\ | DFTB— Pyr,*
3 i \  |DFTB-Cl — ! .
=10} . Lo ] Spectral signature
= E —_—) o~ i
2 os! B -
=E a theory LT Pyry* Adsorption site
0.6 = exp. - | 1
) L -bulk(298K) : L 4
0 5 10 15 20 25 30 35 40 45 50 2700 2800 2900 3000
f monhomer i Wave number[cm™]
Zamith, S. et al., J. Chem. Phys. 151, 5
1943303 (2019) ) \_ Dontot, L. et al. EPJD. 74, 216 (2020)

Marciniak, A. et al. Eur. Conf. on Lab. Astrophys. 59 (2023)
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Perspective: measuring the IR spectra of tagged PAH_(H,0) * clusters

Product/on with the molecular cluster source Exp. vs. Theory - Computation with DTFB

3 | DFTB-Cl — ] .
S1.0F ; i 1 Spectral signature
() —
o . F ; i » +
5_0.8F F . . .
=E a theory - Pyry* Adsorption site
0.6 = exp. i 1
i il ol o s s sl os s lesasly -bUIk(zggK) : B 7
05101520253035404550 |
: 2700 2800 2900 3000
f monhomer | ' Wave number[cm™]
Zamith, S. et al., J. Chem. Phys. 151, 5
1943303 (2019) ] '\ Dontot, L. et al. EPJD. 74, 216 (2020)

PDRs4all JWST Program
Berné, O. et al., PASP 134, 054301 (2022)

Marciniak, A. et al. Eur. Conf. on Lab. Astrophys. 59 (2023)
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Perspective: measuring the IR spectra of tagged PAH_(H,0) * clusters

Product/on with the molecular cluster source

s theory
m exp.

abulk (298K)_ |

Ok 5 10 15 20 25 30 35 40 45 50§

n monomer

Zamith, S. et al., J. Chem. Phys. 151,
1943303 (2019)

PDRs4all JWST Program
Berné, O. et al., PASP 134, 054301 (2022)

2024/10/29

Exp. vs. Theory - Computation with DTFB

| DFTB — Pyr,* |

| DFTB-Cl — 1 ]

i 1 Spectral signature
I - +

i Pyrs*] Adsorption site

2700 2800 2900 3000
Wave number[cm]

'\ Dontot, L. et al. EPJD. 74, 216 (2020)

s

ANR JCJC CASSOULExp
ChAracterizating the Spectral Signatures of astrO-relevant
carbonaceoUs clLusters Experimentally

Contact me at alexandre.marciniak@irsamc.ups-tlse.fr

\

ANI > PhD position will open in September 2025 €ANK

.
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Annexes




Relaxation of a photoexcited PAH in photodissociation regions ‘

~

lonization (<fs)

hv>IP

any hv . Non-radiative
relaxation (fs to ps)

hv > Barrier | Isomerization (ps to ns)
(= few eV) »He
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(= few eV)
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But... MD simulations for H,Cor*

iy

NP

vy iz

v

Up = 22.2 eV \
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X Carbon fragmentation
channels for H,Cor* not
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v' C-losses are neglectable
with respect to H-losses
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Simplified fragmentation paths : bare Cor* vs. alkylated Cor*
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Simulating photon-gas-nanograin interactions with PIRENEA 2

NAaN0coOsSMOS
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