
Phase Transition under Nonuniform Stress

► Materials under high pressure → generalized as nonuniform stress

► Stress tensor applied to gradients during geometry optimization

► Induces phase transitions e.g. Graphite → Diamond



Phase Transition under Nonuniform Stress

► → 

► Load file Graphite_Dist.xyz

► Task → Geometry Optimization 

► Optimization method → Quasi-Newton

► Optimization space → Cartesian

► Optimize lattice → tick □ Yes

► External stress tensor → Enter 0 0 0.01 0 -0.0003 0

► Return to main panel

► Model → DFTB

► Parameter directory → DFTB.org/matsci-0-3

► Save and run

Tip: Voigt notation for stress 
tensor (xx yy zz zy xz xz)



Graphite → Diamond

► Unit cell squeezed in z-direction, then Graphite layers slide and distort

► Without applied stress, structure now relaxes to normal diamond



Electron Mobility from Effective Mass Tensors

► Effective mass tensors: band structure curvatures



Effective Mass Tensor Calculation in BAND

► In amsinput: import Phosphorene.xyz

► Task → Single Point

► XC functional → GGA → PBE

► Basis Set → TZP

► Calculate band structure → tick □ Yes and 

► Interpolation Delta-K → 0.01

► In panel Properties → Effective mass → Effective mass → tick □ Yes

► Save and run job



Results and Band Structure

► SCM → Output

► ctrl + F and search for
e f f e c t i v e   m a s s

► SCM → Band Structure

► Path → Y-G-X
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Chemical Insight from Band Structures and COOP

► In amsinput: import CsPbBr3_SR.xyz

► XC functional → GGA → PBEsol

► Calculate DOS → tick □ Yes and 

► Calculate → tick □ COOP and return to Main panel

► Calculate band structure → tick □ Yes and 

► Interpolation delta-K → 0.02

► Automatic generate path → deselect □ Yes

► Custom path → paste 

► Save and run
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Fat Bands

► SCM → band structure

► Switch to Atoms panel

► Right-click on (black) Pb atom → Bands → s

► Pb6s involved in two bands which roughly mirror each other… why?



COOP Analysis

► DOS → COOP…

► Left: Select Pb atom in Atoms panel, click        , Orbitals → s

► Left: Select all Br atoms in Atoms panel, click        , Orbitals → p

► Band structure and COOP:

anti-bonding

bonding



Rationalizing Band Structures

► Patterns in bands along the path G-X-M-R-G explained 
positive/negative overlaps between Pb6s and Br4p orbitals
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