| |
= D 4 8 A = | “ =
\ $® 195:/\\ igl
e : SO TNG A g0

~ Co-evolution of Interstellar

I Polycyclic Aromatic Hydrocarbons

Congcong Zhang

Xiangtan University

4
University of Science and Technology of China . ®

University of Western Ontario, London, CA

<+

*.



A NoteonStellar .

Evolution:

—0o—0—@—~
A Averagel\/laln RedGiant PlanetaryNebula
@ SequenceStar

\

I\/IoTecuIarCIoud
(GasandDust)
4

High-MassMain  RedSupergiant Supernova
SequenceStar

Needdyingstars to releasehea\&elements!
4

Xs 4

A
.’ \.J



JAMES WEBB SPACE TELESCOPE
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E Stellar winds from bright,
hot young stars carve out
cavities in surrounding gas
and dust;

E The bright orange signify
polycyclic aromatic
hydrocarbons (PAHS);
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EmissionFeatures
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EmissionFeatures ¢ :

Ultra-violet
Radiation
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NGC 7027/ Star
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EmissionFeatures ¢ :

Young Ultra-violet

14 NGC 7027 Star Radiation
12 .

. Absorption:

= 10

E Btund & E| ]

E o

§> - Es e —

a.20 .50
Wavelength (um)

Smith,E.C.D.& McLean,|.5.2008,ApJ,676:408-415.

+




EmissionFeatures ¢ :

Young Ultra-violet
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Wavenumber [cm™']
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C—H combination C-C C—H in—plane C-H out—of-plane
stretching  plateaus modes stretching benrlzling bendin

PAHEMIsSSION

Broadfeaturesat:

3.3,6.2,7.7,8.6,
11.3.and12.7>m X

Eachcorresponds
to different
vibrationalmodes!
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VibrationalModes
Stretching Bending

Bondlengthchanges Bondanglechanges

In-Plane Out-of-Plane




Themolecular structures of PAHS

Coronene Dicoronene

(CyyH 1) (CugH20) Hexabenzocor onene
HBC (CyHg)

J
(-CH3) Substituted HBC Dehydrogenated HBC Superhydrogenated HBC
(C42H 21) (C42H 12) (C42H 21)




PAHEmMissionVariesWith.... -
1. GrainSize +

2. MolecularEdgeStructure
3. ChargeState

Relativeintensities of P AHfeaturesgivesinsight
Into the physicalpropertiesofthe P AHpopulation!
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1.GrainSize ° ' i

A Largemolecules havemore
vibrational degreesof freedom

A Averageenergypermodeis lower

A Photonsemitted will havelower

+ energyy longerwavelength!

+

worelargemolecules:Strongerlong-wavelength R
emissionrelative to short-wavelengthemission
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2.EdgeStructure * ‘

Influencestherelative strengthsof OOO
thefeaturesassociatedwith the C-H ’/

out-of-planebendingmode:

11.3>m: Smoother,straighteredges it O“%

12.7>m: Morecorners
* gither smaller orhavemore Irregularedges
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Smooth

Strengthofthe 12.7¢ m featurerelativetothe 11.3em,
featureis areflection of PAHmMolecular edgestructure
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3.ChargeState * *

e WhenaP AHmolecule becomes

charged,anoscillating electric e +
dipoleisinduced o— “‘

e Increasesthe intensity ofthe C-C ‘ PAH-
stretchingmodes

o Asaresult, featuresbetween5-10
>m areweakinthe spectraof PAHT ‘ e- ¢
‘neutral PAHs ,but dominantinthe ‘. — ®

spectraofionizedPAHS

Relativeintensity ofthe featuresbetween5-10e m
+ IS anindication ofthe ionizatio*nfraction
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Thearomatic/aliphatic C-H/C-D stretches

PDR Surface ]
Orion Bar :

Aliphatic Aliphatic 7
CH,D . superD

Aromapc C-H Aromatic C-D
| | I | | I I I | ]

D

Dissociation Front

lux density (Jy)

Surface Brightness (102 MJy/sr)

sr™')

0.08}

4.6
Wavelength (um)

0.06}

0.04 |

(syun -quo)
20UDQJOSqY

“F Go =1000 | D/H 5 "F Go= 1000 24 C atoms
' no = 106 cm-3 tota : no = 106 cm3

| 54 C atoms

0.02 | .
Orion Bar (PDR) .~ .. o A

0.001
3.0 3.5

F, (erg s™ cm™ um™

N ; 96 C atoms
- - 1 calculated D/H ratios are normalized

EPeetel‘SGt al 2004ApJ604 252 F PR - o : ~ tothe total # of H atoms in the species

E.Peeterset al A&A, 685, A74 (202 10° 107 10" 100 10° 10 10" 10°
X. J. Yang, & Aigen Lin, ApJ,2025 Incident UV radiation field strength (Go) / atomic H density (ny)




PAH Coeevolution with UV photon

~psST ms

H, @
¢ + ™ $02H2
. H 9

A Radiative cooling
- Recurrent fluorescence ~ MS
- IR cooling ~S
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