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Dual carbon battery (DCB) is a promising alternative for 

lithium ion batteries (LIBs) because of the long cycle life, 

high discharge potential and lower cost. Although 

intercalation of various anions into graphitic carbon have 

been reported, their electronic structures have not been 

studied in detail. Recently, our group investigated the fast 

diffusivity of PF6ˉ and reported the graphite gallery height 

expansion and activation energy barrier values as about 7.3 Å 

and 0.26 eV respectively. Placke et al. presented promising 

results using bis(trifluoromethanesulfonyl)imide (TFSIˉ) 

ionic liquid anion for cathode intercalation [1]. In this work, 

we employed ab-initio electronic structure calculations in the 

density functional theory (DFT) formalism for investigating 

the intercalation structures of a series of anions into the 

graphitic carbon cathode and their interlayer filling 

geometries. 

In this work, DFT calculations were carried out in order to 

shed light on the electronic structures of the GICs of a group 

of anions. Separate computational approaches were adopted 

for analysing the anion conformations and the stage-I 

structures of the GICs. As for the first set of computations, 

minimum energy conformations and the corresponding self-

consistent field energy values for the GICs as well as their 

transport properties were calculated by using the localised 

molecular orbital basis sets and the coupled cluster 

approximation as implemented in the TURBOMOLE 

package. The second set of computations, on the other hand, 

consisted of detailed electronic structure analyses for the 

stage-I GIC structures and corresponding theoretical capacity 

estimations by using the DFT methodology as implemented 

in the Vienna Ab initio Simulation (VASP) package. The 

dispersion effect was also included using the Grimme method 

in both approaches. geometries. 

The stability study was performed for the stage-I GICs of 

each anion and the most preferential interlayer filling 

geometries. Figure 1, shows the most stable GIC structure for 

each anion for half-filled supercells with the estimated 

gallery height values of 8.0, 7.4 and 6.9 Å for TFSIˉ, PF6ˉ, 

and BF4ˉ respectively, the models built correspond to the 

theoretical capacity values of 69.8 mAh/g in the case of 

TFSIˉ, and 139.6 mAh/g in the case of PF6ˉ, and BF4ˉ. From 

the molecular orbital analysis, we found that HOMO is 

mainly formed by the most electronegative atoms, N 2p and 

O 2p in the case of TFSIˉ and F 2p in the case of PF6ˉ, and 

BF4ˉ. Therefore, it is expected that charge gets transferred 

from nitrogen or oxygen and fluorine to carbon when the 

anion electrochemically intercalated into the graphitic carbon. 

Binding energy values were also calculated for each anion, 

finding out that the maximum interaction between anions and 

graphite takes place when the interlayer space is half filled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Optimised structure for GIC of TFSIˉ anion with 

the corresponding gallery height. 

 

Activation energies for the diffusion of anions in graphite 

were also estimated as 0.12, 0.24 and 0.13 eV for TFSIˉ, 

PF6ˉ, and BF4ˉ respectively. Although the TFSIˉ anion has 

the largest molecular size, high diffusivity was estimated due 

particularly to charge partitioning. 
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