
WS2 
Property Description/Value 

Bulk Monolayer 
Lattice constant (a) 3.20 Å [1] 3.18 Å [1, 2] 
Molar mass 247.98 g/mol [3, 4] 247.98 g/mol [3, 4] 
Band gap type Indirect [1] Direct [1] 
Band gap energy 0.88 eV (calculation) [1] 1.55 eV (calculation) [1] 

 2.0 eV (experimental) [5] 
Coordination geometry Trigonal prismatic (WIV), 

Pyramidal (S-2) [3, 6] 
Trigonal prismatic (WIV), 
Pyramidal (S-2) [3, 6] 

Crystal structure Molybdenite [3, 6] Molybdenite [3, 6] 
Solubility in water Slightly soluble [3, 7] Slightly soluble [3, 7]  
Group Transition Metal 

Dichalcogenide [7, 8] 
Transition Metal 
Dichalcogenide [7, 8] 

Spin-orbit splitting  ---------------- 0.43 eV [2] 
Poisson’s ratio -------------- 0.22 [2] 
Cohesive energy  ------------------- 17.28 eV [2] 
Charge transfer of W atom 1.24 e [2] 1.24 e [2] 
In-plane stiffness ------------- 139.54 N/m [2] 
Density 7.5 g/cm3  7.5 g/cm3 [4] 
Melting point 1250 °C [4] ------------------- 
Exciton binding energy ---------------- 0.32 eV [9], 0.71 eV [10] 
W-S bond length 2.413 Å [1] 2.401 Å [1] 
Dielectric constant (ε) ---------------- Real part (ε1)= ̴ 10, 

Imaginary part (ε2)= ̴ 22 (at 
3 eV incident photon 
energy)[11] 

Effective masses --------------- me= 0.27 mo, mh= 0.32 mo  [12] 
Effective Bohr radius  --------------- -------------------- 
Thermal expansion coefficient   14.8×10-6 K-1 [13] 
Isometric heat capacity  63.49 J mol-1 K-1 [13] 
Complex Refractive Index  -------------------- Real part (n)=3.09, 

Imaginary part (k)= 0.30 
[14] 

Appearance  Blue-gray powder [4] -------------- 
Carrier mobility in WS2  

Thicknesses BN/SiO2/Si substrate SiO2/Si Substrate 
Monolayer WS2 214 cm2/V.Sec (electron) [15] 50±7 cm2/V.Sec (electron) 

[8] 
Bulk -------------- ---------------------- 
 
 
 



References: 
[1] Humberto Terrones, Florentino Lo´pez-Urıas & Mauricio Terrones “Novel hetero-

layered materials with tunable direct band gaps by sandwiching different metal disulfides 
and diselenides” Scientific Reports, accepted, 2015. DOI: 10.1038/srep01549 

[2] Jun Kang, Sefaattin Tongay, Jian Zhou, Jingbo Li and Junqiao Wu “Band offsets and 
heterostructures of two-dimensional semiconductors”   Appl. Phys. Lett. 102, 012111, 
2013.  http://dx.doi.org/10.1063/1.4774090 

[3] Tenne R., Margulis L., Genut M., Hodes G. "Polyhedral and cylindrical structures of 
tungsten disulphide". Nature 360 (6403): 444–446 (1992). doi:10.1038/360444a0. 

[4] Eagleson, Mary, “Concise encyclopedia chemistry” Walter de Gruyter. p. 1129, 1994. 
ISBN 978-3-11-011451-5 

[5] Elías, A. L.; Perea-López, N.; Castro-Beltrán, A.; Berkdemir, A.; Lv, R.; Feng, S.; Long, 
A. D.; Hayashi, T.; Kim, Y. A.; Endo, M.; et al. “Controlled Synthesis and Transfer of 
Large-Area WS2 Sheets: From Single Layer to Few Layers” ACS Nano 2013, 7, 5235–
5242.  doi: 10.1021/nn400971k. 

[6] Wells, A.F. “Structural Inorganic Chemistry” Oxford: Clarendon Press 1984. ISBN 0-19-
855370-6. 

[7] Haynes, William M., ed. CRC Handbook of Chemistry and Physics (92nd ed.). Boca 
Raton, FL: CRC Press. p. 4.76, (2011). ISBN 1439855110. 

[8] Dmitry Ovchinnikov, Adrien Allain, Ying-Sheng Huang,  Dumitru Dumcenco,and 
Andras Kis, “Electrical Transport Properties of Single-Layer WS2” ACS Nano, VOL. 8 ’ 
NO. 8 ’ 8174–8181 (2014). DOI: 10.1021/nn502362b 

[9] Alexey Chernikov, Timothy C. Berkelbach, Heather M. Hill, Albert Rigosi, Yilei Li, 
Ozgur Burak Aslan,  David R. Reichman, Mark S. Hybertsen, and Tony F. Heinz, 
“Exciton Binding Energy and Nonhydrogenic Rydberg Series in Monolayer WS2” PRL 
113, 076802 (2014).  

[10] Bairen Zhu, Xi Chen & Xiaodong Cui, “Exciton Binding Energy of Monolayer 
WS2” SCIENTIFIC REPORTS, 5: 9218, 2014. DOI: 10.1038/srep09218  

[11]  Yilei Li, Alexey Chernikov, Xian Zhang, Albert Rigosi, Heather M. Hill, Arend 
M. van der Zande,  Daniel A. Chenet,  En-Min Shih, James Hone, and Tony F. Heinz, 
Measurement of the optical dielectric function of monolayer transition-metal 
dichalcogenides: MoS2, MoSe2, WS2, andWSe2” PHYSICAL REVIEW B 90, 205422 
(2014). DOI: 10.1103/PhysRevB.90.205422 

[12] Hongliang Shi, Hui Pan, Yong-Wei Zhang and Boris I. Yakobson,  “Quasiparticle 
band structures and optical properties of strained monolayer MoS2 and WS2” 
PHYSICAL REVIEW B 87, 155304 2013. DOI: 10.1103/PhysRevB.87.155304 

[13] Bo Peng, Hao Zhang, Hezhu Shao, Yuchen Xu, Xiangchao Zhang and Heyuan 
Zhu, “Thermal conductivity of monolayer MoS2, MoSe2, and WS2: interplay of mass 
effect, interatomic bonding and anharmonicity” RSC Adv., 6, 5767 (2016). DOI: 
10.1039/c5ra19747c 



[14]  Hyun-Cheol Kim, Hakseong Kim,  Jae-Ung Lee, Han-Byeol Lee,  Doo-Hua 
Choi, Jun-Ho Lee, Wi Hyoung Lee, Sung Ho Jhang, Bae Ho Park, Hyeonsik Cheong, 
Sang-Wook Lee, and Hyun-Jong Chung, “Engineering Optical and Electronic Properties 
of WS2 by Varying the Number of Layers” ACS Nano, VOL. 9, NO. 7, 6854–6860 
(2015). DOI: 10.1021/acsnano.5b01727 

[15] M Waqas Iqbal, M Zahir Iqbal, M Farooq Khan, M Arslan Shehzad, Yongho 
Seo, Jong Hyun Park, Chanyong Hwang & Jonghwa Eom “High-mobility and air-
stable single-layer WS2 field-effect transistors sandwiched between chemical vapor 
deposition-grown hexagonal BN films” Scientific Reports 5, 10699 (2015). 
doi:10.1038/srep10699 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  


