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Density functional theory 

• Computational method for solving the many body Schrödinger 
equation. 

• All the information of the system is contained in the electron density 

• With DFT  we can obtain 
• Structure beyond the current capability of experiment. 

• Predict properties at a resolution and length scale currently inaccessible to 
experiments. 

• We are in control of the degree of freedom. 

• We know our model, so we know exactly what we are measuring. 

 

 

 

 



Fundamentals of DFT 



Introduction 

• We generated a graphene island of various 
sizes in the h-BN layout and vice versa. 
Each of pristine and defective GBN hybrids 
involves a diamond shaped island with size 
X and the size of island (X) is 4, 9 or 16.  

• We likewise investigated the size effects of 
diamond shaped island on the electronic 
and magnetic properties of pristine GBN 
in-plane hybrids.  



• By ejecting a single carbon, boron or nitrogen atom in the GBN nanosheet, we created a vacancy defected GBN hybrid.  
• We next calculated the defect formation energy and material properties of defective hybrids such as band gap energy 

and magnetic moment. 
• The Single vacancy created alters the electronic properties of the system.  



• We investigated the effects of mono vacancy 
on the electronic and magnetic properties of 
defective GBN nanosheet.  

• We searched for the energetics of 7 distinct 
C, B and N mono vacancies created at various 
places GBN hybrid.  

• We carried through the self-consistent 
calculations for k-point mesh convergence, 
the energetics and non-self consistent DOS 
calculations using tetrahedron method with 
Bloch corrections. 
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Methodology 

• Geometry optimizations, electronic and density of states (DOS) calculations 
were conducted by using VASP. 

• Static self-consistent calculation were performed to  obtain the charge 
density and total energies of the systems after the geometry optimization. 

• We performed the DFT by adopting the GGA together with the Perdew-
Wang parametrization (PW91) for the exchange correlation potential. 

• We used the projected augmented wave (PAW) method for the treatment 
of electron-core interactions. 

• Sampling of Brillouin zone was done using  point centered Monkhorst-
Pack grids. 
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Methodology 

• We then formed a single vacancy by removing a boron or nitrogen 
atom at the interface of G and h-BN regions, or in the h-BN layout. 
(we did the same for h-BN@G hybrids) 

• The GBN hybrids with a missing carbon atom at the G-BN interface or 
in the middle of graphene island were taken into account. (same for 
h-BN@G hybrids) 

• We investigated 42 defective GBN hybrids in all. As we did in the 
geometrical optimization of pristine samples, the atoms of defective 
hybrids as well as the lattice vectors of supercell were relaxed into 
their ground state. 
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System Name 

C154B7N8 4h-BN(D-VBL)@G -0.1 NM - 0.17 

C154B7N8 4h-BN(D-VBL)@G -231.8 2.2 8.43 Metallic 

C154B7N8 4h-BN (D-VBI)@G -9.9 NM 7.30 Metallic 

C153B8N8 4h-BN (D-VCI2)@G -42.4 NM 6.81 Metallic 

C153B8N8 4h-BN (D-VCI1)@G -3.2 NM 5.67 258.0 

C153B8N7 4h-BN (D-VCi)@G -300.8 1.6 7.71 Metallic 

C154B8N7 4h-BN (D-VNL)@G -29.6 1.0 7.50 Metallic 

C132B15N15 9h-BN(D-VBL)@G -2.9 NM - 0.36 

C132B14N15 9h-BN (D-VBL)@G -545.2 2.0 8.45 Metallic 

C132B14N15 9h-BN (D-VBI)@G -1.4 0.4 7.34 Metallic 

C131B15N15 9h-BN (D-VCI2)@G -29.7 NM 5.61 0.32 

C131B15N15 9h-BN (D-VCI1)@G -5.1 0.1 6.76 Metallic 

C131B15N15 9h-BN (D-VCi)@G -144.8 1.5 7.67 Metallic 

C132B15N14 9h-BN (D-VNL)@G -5.8 1.0 7.47 Metallic 

C144B24N24 16h-BN(D-VBL)@G 2.9 NM - 0.49 

C144B23N24 16h-BN (D-VBL)@G -665.9 2.2 8.96 Metallic 

C144B23N24 16h-BN (D-VBI)@G - 1.0 7.40 Metallic 

C143B24N24 16h-BN (D-VCI2)@G -33.6 -0.3 5.95 Metallic 

C143B24N24 16h-BN (D-VCI1)@G -12.9 0.4 6.83 Metallic 

C144B24N24 16h-BN (D-VCi)@G -14.50 NM 7.34 0.23 

• The higher the magnetization 
energy the more stable the 
defective structure is 

• From all indications systems with 
B vacancy seems to be more stable 
against thermal excitation. 

• Apart from the pristine hybrids, 
the nonmetallic hybrids are those 
with C vacancy 



4h-BN(D)@G 9h-BN(D)@G 16h-BN(D)@G 
4G(D)@h-BN 9G(D)@h-BN 16G(D)@h-BN 

Comparison between  non defective G@h-BN and  h-BN@G hybrids 

Fig. 3 Showing the changes in band gap with change in island size, flat band near fermi level 
for G@h-BN  

These flat bands arise from the dangling bonds of atoms around the vacancy site. 
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