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System 
üDimension 
0: Nano-particle;   
1: polymers;  
2: surfaces/crystals; 
3: Bulk 

Crystal Structure Prediction 

USPEX: Computational Materials Design 

üStoichiometry   
0: fixed;  1: variable 

üBuilding block  
0: atom;  1: molecule 

USPEX workshop, Guilin, China, 2013 August 

Crystal Structure: 

300: Sunday 
310: Sunday 
301: Monday 
311: Monday 

üDensity 
üHardness 
üDielectric constants  

üBand gap 
üMagnetic moment 
üΧΦ 

Target 
Materials Discovery: 

Monday 



System 
üDimension 
Å0: Nano-particle;   
Å1: polymers;  
Å2: surfaces/2D crystals; 
Å3: Bulk 

(Crystal) Structure Prediction 

USPEX: Computational Materials Design 

üStoichiometry   
0: fixed;  1: variable 

üBuilding block  
0: atom;  1: molecule 

USPEX workshop, Guilin, China, 2013 August 
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Cluster: 000 



Cluster: 000 

32 crystallographic point groups  
Some other important non-cryst point groups 
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http://doye.chem.ox.ac.uk/jon/structures/LJ/pictures/LJ.nonicos.gif 

Lennard -Jones Clusters  

http://doye.chem.ox.ac.uk/jon/structures/LJ/pictures/LJ.nonicos.gif
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Prediction using  USPEX 

LJ-38 with antiseeds technique 
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Extended Systems  
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Packing Polymerization 



Packing of Polymers  

Fix bond connectivity 

Zhu & Sharma, In preparation 
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connectivity 

orientation 

Polythiourea 
-[CS-NH-C6H4-CO-C6H4]- 

Sharma & Zhu, In preparation 

Polymers: 110 
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2D crystals: -200 
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1. Layered material (Bulk)  
     van der  waals  /ionic interactions  

graphene  MoS2/WS 2 

3.   Thin layer grown on substrate  

2. Metal Atom Intercalated layered  
     material (Bulk),   
     Exfoliation(monolayer)  

SiH/ GeH from Ca2Si/Ca2Ge + HCl 

TiO2 grow on Ag (100)  



2D crystals: -200 

Pmm 

Cmm 

17 Plane Groups  
üTranslation 
üRotation 
üReflection 
üGlide Reflections  
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Finite thickness 
aƻƴƻκ.ƛ ƭŀȅŜǊΧ 



Atrei , et al, PCCP,  2010 

2D crystals: -200 
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+0.2eV/atom  

Anatase  
+0.032eV/atom  

+0.061eV/atom  +0.2eV/atom  

Lepidocrocite  
0 eV/atom  


