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Significance of Exfoliation Energy

Exfoliation energy

Why some 2D materials are easily 
exfoliated?

Which 2D materials can be obtained 
from mechanical exfoliation in the future?



Gap
Traditional calculation method
◦ E(After) – E(Before)

Heavy computation
◦ Many layers to mimic an infinitely 

thick slab

◦ Convergence with respect to the 
number of layers

Cannot account for surface 
reconstructions

AfterBefore



Our Method

Exfoliation energy 
= Energy difference 
between an isolated 
single layer, and a 
layer in a bulk

Very efficient

A layer in a bulk 

(bulk unit cell)

Isolated 

monolayer

Exfoliation 

energy



n-layer Exfoliation Energy

Extension

n-layer exfoliation energy: Energy cost to separate n layers 
simultaneously

The exfoliation energy is obtained as the energy difference between 
separated n layers, and n layers in the bulk.



Two-layer Exfoliation

Here, our method does 
not apply to the one-
layer exfoliation energy, 
but that of two layers.

The left and right 
structures have the 
same exfoliation 
energies.



Demonstration of Our Method

Density-functional theory

Monolayer exfoliation energy 
using the traditional method on an 
N-layer slab converges to the 
value from our method. 

Huge speed-up



n-layer Exfoliation Energy: Our Method



The Exfoliated Layer Expands

For n-layer exfoliation



Summary

Pros Cons

Periodic 
boundary 
condition

 Rigorous

 Significant efficiency

 Generally applicable

 In-plane lattice parameters

 Surface reconstructions


