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Layered Compounds: Graphite 

Graphite Graphene 
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Layered Compounds: Transition metal dichalcogenides ( 𝐌𝐗𝟐) 

Wang et al, Nature Nanotech. 7, 699 (2012) 
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   Layered Compounds: Transition metal dichalcogenides ( 𝐌𝐗𝟐) 

Chhowalla et al, Nature Chemistry 5, 263–275 (2013) 

𝐻𝑓𝑆2: Insulator 

𝑀𝑜𝑆2, W𝑆2: Semiconductor 

𝑇𝑖𝑆𝑒2, 𝑊𝑇𝑒2: Semimetal 

𝑁𝑏𝑆2, V𝑆𝑒2: Metal 



Band Structure: DFT 

6 Nature Chemistry 5, 263–275 (2013) 
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Xiao’s  low-energy Hamiltonian 

Di Xiao, et al ,  Phys. Rev. Lett. 108,196802 (2012) 

PK


 model 
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Circular dichroism 

Zeng et al, Nature NanoTech. 7, 409 (2012) 

Di Xiao, et al ,  Phys. Rev. Lett. 108,196802 (2012) 
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𝑀𝑜: 𝐾𝑟 5𝑠14𝑑5 

𝑆: [𝑁𝑒] 3𝑠23𝑝4 

Applied Physics Letters,99,261908(2011) 

Relevant  atomic orbitals 
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Tight binding Hamiltonian  
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Symmetry adopted  basis orbitals 
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Symmetry adopted  basis orbitals 
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Tight binding Hamiltonian 
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a :    Mo 
b,b′ :   S 
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Imposing symmetry constraints 

Results: 

Symmetries + SO coupling: 

Rostami, Moghaddam, Asgari arXiv:1302.5901 

2 𝑆. 𝐿 2 ∝ 𝑠 , 3 𝑆. 𝐿 3 ∝ −𝑠 
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k-space Hamiltonian 



     Empirical Parameters 

eV9.1 meV80

Radisavljevic et al, nat. nanotech, 6, 147 (2011) 
 
Mak, et al, Phys. Rev. Lett. 105, 136805 (2010) 

037.0 mme  044.0 mmh  eVEVBM 73.5

Peeraers, Van de Walle, Phys. Rev. B  86, 241401 (2012) 
 
Yunguo Li, et al, arXiv: 1211.4052 

𝑠𝜇𝜈 = 0.1 𝑡𝜇𝜈/𝑒𝑉 10% p-orbital mixing 
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  Model’s Parameters 

eVA 45.11  eVA 8.52  eVB 53.5

eVtei 82.011

6/  eVte i 121

6/   eVte i 51.022

2/  

In the presence of 𝜎ℎ symmetry, 7-band Hamiltonian will reduce to a  

5-band one as: 

By fitting the eigenvalue of above Hamiltonian with low energy 

Dispersion, one can find:  
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 Energy dispersion relation 
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 Trigonal Warping(beyond Low energy) 
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Two band Hamiltonian 
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 Low-energy Hamiltonian 

1-Löwdin orthogonalization (𝑆−1/2)  

2-From orbital-space to band-space(𝑈0) 

3-Löwdin partitioning(𝑒−𝒪) 

0-Expanding the Hamiltonian around the K-point(k=K+q) 
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 Low-energy Hamiltonian 



𝑚± =
𝑚𝑒𝑚ℎ

𝑚ℎ − 𝑚𝑒
 𝛼 =

𝑚0

𝑚+
 

𝛽 =
𝑚0

𝑚−
−

4 𝑚0𝑎0
2𝑡0

2

∆ − 𝜆 ℏ2
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Zeeman like for Valley 
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 Landau Level 

Valley degeneracy is broken 
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Valley polarization 

Zeeman-like for valleys 
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Valley polarization(Numerical) 

Note: 

Zeeman effect is not added 

Note: 

Due to the  absence of 

the symmetries at the edges 

and the contribution of  

other d-orbitals ,which are  

not Included in our model,  

the edgestates are not reliable. 

  Note: 

zigzag ribbon, 

𝑊 = 149𝑎0,  
𝑙𝐵 = 𝑊/10  
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Conclusion 

1. Tight binding Hamiltonian based on low energy band structure 

 

2. Two-band  Hamiltonian in k- space 

 

3. Quasi-particles are not Dirac Fermions 

 

4. Valley degeneracy breaking in the presence of  B (Zeeman like for valley) 

 

5. The effect of gate voltage  on the band structure 



Thank you! 
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Slater-Koster method  
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