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1. Introduction------The history of BN aromatic compounds
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1. Introduction------Theoretical study for BN aromatic compounds

M. Stojanovićand and M. Baranac-Stojanović, New. J. Chem. 2018, 42, 12968.

Mono BN-substituted analogues of naphthalene: a theoretical analysis of the 
effect of BN position on stability, aromaticity and frontier orbital energies

 The orientational isomers have similar aromaticity, HOMO-LUMO gaps and stability.  
 Placing the BN pair in one ring results in better stability and larger HOMO-LUMO gaps 

than it in separate rings.   
 The aromaticity of heterocyclic rings is more or less reduced relative to naphthalene.
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A. Tadjer, et. al. J. Mol. Struc THEOCHEM, 2010, 955, 97-108.

Boron–nitrogen- and boron-substituted anthracenes and -phenanthrenes
as models for doped carbon-based materials

1. Introduction------Theoretical study for BN aromatic compounds
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2. Motivation

BN

 Which is the most stable isomer?

 Which is the least stable isomer? 

 Is there a general rule of stability?

 What factors affect the stability?
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3. Computational Details

 Package:  Gaussian 09 D.01

 Optimization and frequency:  M06-2X/6-311G(d,p)

 Single-point energy:  CCSD(T)/6-311G(d,p)
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4. Results and Discussion

Figure 1 Numbering system for phenanthrene in this study.
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For example

nitrogen is placed at position 1 and boron at position 2

boron is placed at position 1 and nitrogen at position 2



4. Results and Discussion

Based on the relative positions of B and N, the 91 isomers are classified into seven series:

1, 2-series (1,2, 1,11, 2,1, 2,3, 3,2, 3,4, 4,3, 4,12, 10,9, 10,11, 11,1, 11,10, 11,12, 12,4, 12,11 and 12,13)

1, 3-series (1,3, 1,10, 1,12, 2,4, 2,11, 3,1, 3,12, 4,2, 4,11, 4,13, 10,1, 10,12, 10,14, 11,2, 11,4, 11,9,

11,13, 12,1, 12,3, 12,5, 12,10 and 12,14 )

1, 4-series (1,4, 1,9, 1,13, 2,10, 2,12, 3,11, 3,13, 4,1, 4,5, 4,10, 4,14, 10,2, 10,4, 10,8, 10,13, 11,3, 11,5,

11,14, 12,2, 12,6, 12,8, and 12,9)

1, 5-series (1,5, 1,14, 2,9, 2,13, 3,5, 3,10, 3,14, 4,6, 4,8, 4,9, 10,3, 10,5, 10,7, 11,6, 11,8, and 12,7)

1, 6-series (1,6, 1,8, 2,5, 2,14, 3,6, 3,8, 3,9, 4,7, 10,6, and 11,7)

1, 7-series (1,7, 2,6, 2,8 and 3,7)

1, 8-series (2,7)
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1, 2-series 1, 3-series 1, 8-series 

No C between B and N At least one C between B and N Six C between B and N



Properties of each series 
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The ΔEa (kcal mol-1) is the relative energy of each series for comparison.
The ΔEb (kcal mol-1) is the energy relative to the most stable isomer.
HOMO/LUMO energies (eV), and NICS(1)zz values (ppm) of BN doped phenanthrene.
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Properties of each series 
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Properties of each series 
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Properties of each series 
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Properties of each series 
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Properties of each series 
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The most/least stable isomers of each series

 The stability trend of the most isomers of each series are : 
1, 2-series > 1, 4-series > 1, 3-series > 1, 6-series > 1, 5-series > 1, 8-series > 1, 7-series. 

 Separating the BN unit into two rings instead of the BN pair in one ring reduces stability. 



Orientational isomers 
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Non-bridge substituted isomers:  both B and N atoms at non-bridge positions

Bridgehead substituted isomers:  one heteroatom at bridgehead position 



Non-bridge substituted isomers 
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The energy differences between the two corresponding non-bridge substituted isomers are very

small (0.0-1.8 kcal mol-1).



Bridgehead substituted isomers 
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The energy differences between the two corresponding bridgehead substituted isomers are much large 

(10.9-16.0 kcal mol-1). 

A feature of the more stable isomer always contains B atom at bridgehead position.



The ADCH charges 
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The atomic dipole moment corrected Hirshfeld population (ADCH) charge of phenanthrene. 

 Negative charges are similar on the non-bridge carbon atom and much more than

the bridgehead carbon atom.

 The difference in stability between the non-bridge substituted isomers is small.

 The bridgehead substituted isomers have a large energy difference due to one

heteroatom at the bridgehead position.

 Placing a highly electronegative nitrogen atom at the non-bridge part and a

weakly electronegative boron atom at the bridgehead part would be more stable.



NBO charges
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NBO charges of phenanthrene. (a) without adding H atomic charges. (b) H atomic added.

 Without adding H atomic charges, the NBO charges are consistent with

ADCH charges.

 H atomic added, the NBO charges of non-bridged carbon atoms are

positive and the bridgehead carbon atoms are negative.

 The carbon atoms at the 1, 4 and 10 positions have similar NBO charges

and are larger than the carbon atoms at positions 2 and 3.
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HOMO-LUMO energy gap of Bridgehead substituted isomers 

Black/Red line represents lower/higher energy isomers of the two orientational isomers.

The one with lower energy has a larger HOMO-LUMO energy gap (except for 11,9/10,14).
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HOMO-LUMO energy gap of Non-bridge substituted isomers 

Black/Red line represents lower/higher energy isomers of the two orientational isomers.

Except for several pairs of isomers(3,1/1,3, 3,7/2,6, 3,2/2,3, 3,9/10,6 do not follow the rule, and the

values of 3,5/4,6 and 3,8/1,6 are almost equal), most non-bridge substituted isomers also follow this rule.



5. Conclusions
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Stability
• BN in one ring   >  BN in two rings 

• The non-bridge isomers have similar stability.

• B at bridgehead position > N at bridgehead position

HOMO/LUMO

Aromaticity

More stable isomers  have larger HOMO-LUMO energy gaps

The orientational isomers have similar stability, HOMO–LUMO gaps and aromaticity

The aromaticity of heterocyclic rings is more or less reduced 

relative to naphthalene



Thanks for your kind attention! 



Question

Determine the valence electron count of the following complexes:


