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Shih-yuan liu and his azaborine family
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B2N2-Dibenzo[a,e]pentalenes

Optoelectronic Properties

Antiaromaticity

BN Orientation Pattern 

X. Y. Wang, A. Narita, X. Feng and K. Mullen, J 
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Boron–nitrogen analogues of benzopentalene

• larger HOMO–LUMO gaps

• higher energy absorption 

• higher emission maxima

• Non-aromatic rather than anti-aromatic

non-aromatic

C. Ma, J. Zhang, J. Li and C. Cui, Chem 
Commun, 2015, 51, 5732.
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Motivation 

 Which isomer of BN-pentalene is most stable one?
 Which factor causes the stability? Aromaticity? Or ?

Pentalene BN-Pentalenes

Electrostatic potentials
Dipole moment 
Bond order
Charge distribution 
Ring strain
……

??

Anti-aromatics



Computational details

Gaussian 16 A.03

Optimization M06-2X/def2-TZVP

Single point CCSD(T)/def2-TZVP
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Numbering 
method 

Figure 1. Big picture for the trend of stability of all isomers we investigated. Electronic energies are given in kcal/mol.
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Bond lengths and Wiberg bond order
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BN-doped simplest ring-fused aromatics

M. Stojanović and M. Baranac-Stojanović, New. J. Chem., 2018, 42, 12968.
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Different Catalogs of BN-pentalenes
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Figure. Hirshfeld charges on parent NH-pentalenes and the thermodynamic stabilities of these isomers.
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Charge Distribution 

K. AlKaabi, P. L. Dasari and R. Hoffmann, J Am Chem Soc, 2012, 134, 12252.

Figure. The sum of Mayer bond orders. 
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Aromatic and Stability
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Isomer ELUMO EHOMO

∆ELUMO-

HOMO
c w N m

pentalene -1.88 -6.78 4.9 4.33 1.91 0.52

7,1 -1.42 -7.1 5.68 4.26 1.56 0.63 0.305
2,1 -1.58 -7.11 6.53 4.345 1.45 0.69 2.092
1,2 -1.6 -6.93 5.33 4.265 1.71 0.59 0.938
1,7 -1.43 -6.65 5.22 4.04 1.56 0.64 1.360
7,8 -2.21 -6.1 3.89 4.155 2.22 0.45 3.579
8,1 -1.54 -7.32 5.78 4.430 1.70 0.59 1.892
1,6 -1.43 -6.76 5.33 4.095 1.57 0.64 1.986
1,8 -1.6 -6.64 5.04 4.120 1.68 0.59 2.738
1,3 -2.19 -6.63 4.44 4.410 2.19 0.46 5.388
7,2 -2.52 -6.31 3.78 4.415 2.58 0.39 4.432
2,7 -1.73 -6.15 4.42 3.940 1.76 0.57 3.393
2,4 -1.09 -7.16 6.07 4.125 1.40 0.71 3.166
1,4 -1.37 -6.68 5.31 4.025 1.53 0.66 2.856
1,5 -1.72 -6.28 4.56 4.000 1.75 0.57 3.480
2,5 -2.54 -6.14 3.61 4.34 2.61 0.38 5.622

𝜒 = −
𝐸HOMO + 𝐸LUMO

2 𝜛 =
𝜒2

2𝜂 𝑁 =
1

𝜛

Reactivity 
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BN-Azulenes



19



20



21

1,5-SERIES

1, 6-SERIES
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Current conclusion & Future work
 Conclusion

 Future work
• Gobal electrophilicity/nucleophilicity
• Electrostatic potentials
• Dipole moment 
• Bond order
• Ring strain
• ……

Charge (Hirshfeld) distribution can be used to explain stability of most isomers.
Aromaticity and stability does not have very strong correlation 
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