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UIE Bands in Young PN

Sun Kwok, Astrophys Space Sci, 319:5 (2009)
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Despite their harsh environments, PNs can be the host of complex organic molecules   
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Eigenvalues and Expectation values

Equations of motion  𝑑  𝐹
𝑑𝑡 =  𝑖 ℏ [ 𝐻,  𝐹]

Quantum mechanical observables

Hilbert space
Dirac’s transformation 

theory

Forces define the system and the Hamiltonian  𝐻

𝑖ℏ  𝜕Ψ
𝜕𝑡 =

 𝐻Ψ  𝐻Ψ = 𝐸Ψ

Quantum Mechanics & Quantum Chemistry

Quantum Chemistry

BO

approximation

One 
electron 

approximation

Many 
electrons 

approximations

Guzman and Bader, Coord.Chem.Review, 249:633-662 (2005)
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Applications of Quantum Chemistry

• Direct modeling of the UIE bands carriers.

• Understanding the vibrational origin of the 
UIE bands. 

• Search for the new species



APNVII  Hong Kong  December 4th-8th 2017

Direct Modeling of the UIE Bands
Adding Aliphatic Groups to the PAH Core

Sadjadi, Zhang and Kwok, ApJ, 801:34 (2015) 
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B3LYP/PC1

 Sequential replacement of

 C-H bonds in ovalene by

 aliphatic functional groups

ovalene bands

1- How different IR features are formed by mixing
aliphatic and aromatic functional groups.
2- Weather PAH bands are replaced or shifted.
3- Estimation of the accuracy of the calculations.
4- Developing simulation and vibrational analysis codes.
5- Quantitative interpretation of IR bands.

C55H52
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Direct Modeling of the UIE Bands
Mixed Aliphatic-Aromatic Organic Nanoparticles (MAONs)

We try to understand which fragments inside such a big molecule are responsible for
the observed IR features. Then we can return back to the observations and track the
existences of such fragments.

Sadjadi, Kwok and Zhang, Journal of Physics, Conference Series 728 (2016) 062003 
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C155 H240

Nano size hydrocarbon

17Å

29Å

6.35 µm
aromatic CC stretching mode coupled 

with C-H in-plane bending mode 
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Direct Modeling of the UIE Bands
Amorphous Hydrocarbon
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Part of
QTAIM StructureClassical Structure

Amorphous hydrocarbon shows a very complex bonding pattern, this makes the
interpretation of IR spectrum very difficult. Here the advanced bonding model via 
quantum theory of atoms in molecules (QTAIM) is applied to reveal the nature of bonds.
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The Origin of the UIE Bands
Vibrational analysis within the range of 3.3-3.4 µm
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Sadjadi, Zhang and Kwok, ApJ, 845:123  (2017) 

C53 H42

By analyzing the           matrix, the contribution of different 
fragments within a molecules in a particular normal mode 
vibrational motion. Is determined.

𝐼𝑘,𝑖
𝐶𝐴𝑅𝑇 =  

𝑗

3𝑁
𝐷𝑘,𝑗𝐿𝑗,𝑖

𝑚𝑘

𝐼𝑘,𝑖
𝐶𝐴𝑅𝑇
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The Origin of the UIE Bands
Vibrational analysis within the range of 11-15 µm

Sadjadi, Zhang and Kwok, ApJ, 807:95 (2015) 

C82 H26 , 11.04 µm
B3LYP/PC1

All vibrations

Pure OOP
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The complex picture of OOP vibrations in a PAH 
molecule. Different aromatic C-H types participate 
in a specific normal mode vibrational motion 

Solo site

Trio site
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Search for New Species
Molecules with Olefinic Functional Group
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We provided an alternative new explanation that 6.0 µm feature is not due 

to CO  but due to olefinic containing compounds (-C=C-)
Hsia, Sadjadi, Zhang and Kwok, ApJ,832:213 (2016) 

C31 H18 , 6.00 µm
BHandHLYP/PC1
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Search for New Species
Fulleranes
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Spectra of 20 isomers 

       C60H18

              

       B3LYP/PC1

Zhang, Sadjadi, Hsia and Kwok, ApJ,845:76 (2017) 

C60H18

C60H18   as one of the most kinetically and thermodynamically stable fulleranes shows 
unique IR feature at  15 µm. We use this feature to search for this species in space. 
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