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Abstract.  The linear optical absorption spectra of three isomers of planar boron cluster B13 are calculated using time-

dependent spin-polarized density functional approach. The geometries of these cluster are optimized at the B3LYP/6-

311+G* level of theory. Even though the isomers are almost degenerate, the calculated spectra are quite different, 

indicating a strong structure-property relationship. Therefore, these computed spectra can be used in the photo-

absorption experiments to distinguish between different isomers of a cluster. 

Keywords: Photo-absorption, cluster, TDDFT, boron, optical absorption 

PACS: 36.40.Vz, 36.40.Mr, 78.67.Bf

INTRODUCTION 

Boron clusters exhibit novel properties and have 

wide range of applications, from hydrogen storage to 

chemical ligands.1 The ability to form structures of any 

size makes boron different from other elements. 

Recent reports have shown that the planar boron 

clusters are analogous to hydrocarbons with both � and 

� aromaticity.2,3 For example, wheel shaped B19
-, 

shows chemical bondings similar to 

[10]annulene(C10H10) and coronene(C24H12).
3  ab initio 

study of another planar cluster , B13
+,  reveals that this 

cluster act as a Wankel motor, i.e. the outer ring 

rotates in opposite direction as that of the inner, when 

shined with circularly polarized light.4  

In this report, we present a theoretical calculation 

of optical absorption spectra of the most stable planar 

isomers of B13 cluster. Since, conventional mass 

spectrometry alone cannot distinguish between the 

isomers of a given cluster; our results will be useful in 

identifying the different isomers, with the help of the 

computed absorption spectra. We have used this 

method earlier to study the optical absorption in other 

smaller boron clusters.1 

COMPUTATIONAL DETAILS 

The geometries of different isomers were 

optimized at the B3LYP/6-311+G* level of theory.5 

These geometries were used to calculate the optical 

absorption spectra. Fig. 1 shows the optimized 

structures, the point group symmetries and ground-

state electronic state. 

FIGURE 1. The optimized geometry, point group symmetry 

and electronic state of the three isomers of B13 cluster. 

 

The absorption spectra were calculated using the 

time-dependent spin-polarized density functional 

theory (TDDFT). Calculations are performed at zero 

temperature and fixed geometries. Norm-conserving 

pseudopotentials and the PBE parameterization are 

employed in the adiabatic approximation for the 

exchange-correlation potential. 
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RESULTS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.  The calculated TD DFT optical absorption 

spectra of isomers of B13 cluster. An artificial line width of 

0.1 eV is used throughout. Intensities are in arbitrary units. 

The vertical lines denote the calculated spectra, without the 

Gaussian convolution.  

 

The relative ground state energies of three isomers 

of B13 cluster are 0.0 eV, 0.015 eV and 0.30 eV 

respectively. This difference is quite small, and is 

susceptible to the level of theory used in the 

calculations. However, the optical absorption spectra 

of the isomers – as shown in the Fig. 2 – are 

completely different from each other.  

The excitations involved in first four peaks of first 

two isomers are mainly characterized by ���* type of 

excitation. However, the isomer I shows more 

absorption in the higher energy range characterized by 

���*, as compared to the second isomer, which 

shows excitation ���* and ���*. The spectrum of 

third isomer is quite different than the rest of the two, 

as expected. It has a large optical gap and the bulk of 

the optical absorption is concentrated within a narrow 

energy window. The most intense peak, at 2.2 eV, is 

characterized by ���* transition. 

CONCLUSION 

The optical absorption spectra of three planar 

isomers of the B13 Cluster are calculated using TDDFT 

approach. The nature of the optical excitation is 

investigated. This study may help in distinguishing the 

experimentally produced isomers of B13, which is not 

possible with just conventional mass spectrometry.  
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TABLE 1. Excitation involved in major peaks of the optical 

absorption spectra of isomer I. 

Sr. No  Energy (eV)  Transition  

1 2.24  H – 1 --> L 

H – 2 --> L 

H – 1 --> H 

 

2 2.78  H – 2 --> L 

H --> L + 4  

 

3 3.68  H – 4 --> L + 1  

TABLE 2. Excitation involved in major peaks of the optical 

absorption spectra of isomer II. 

Sr. No  Energy (eV)  Transition  

1 2.27  H – 1 --> L 

H – 1 --> H 

 

2 2.82  H – 1 --> L + 1 

H – 2 --> L 

 

3 3.23  H – 4 --> L  

TABLE 3. Excitation involved in major peaks of the optical 

absorption spectra of isomer III. 

Sr. No  Energy (eV)  Transition  

1 1.95  H – 3 --> H 

H – 2 --> L 

 

2 2.08  H – 2 --> L   

3 2.22  H – 1 --> L  
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