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Expanding E⇢ at ⇢0 to second (or third) order in �uctuation �⇢
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Single-particle on-site spin-orbit interaction
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2-component spinor wavefunctions
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Ĥ =
⇣
Ĥ0
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Density matrix
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Energy : ESO = Tr(⇢HSO)
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No explicit contribution Bi2 Bond Length (Å) Frequency (cm�1)
w SOC 1.98 1366
w/t SOC 2.02 1336

calculated with GFN1-xTB in AMS/DFTB
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Periodic boundary conditions
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Me-Bi Me-Bi (SOC)

Me functionalized Bi(111) topological insulators
QUASINANO2013 Slater-Koster parameters
Visualized in amsbands
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DFTB GFN-xTB

2D WS2 with SOC
Plotted with python
Spinor Visualization in amsbands to be done

15



HSO is transferable among di�erent parameter sets and methods
Successful benchmarked on close-shellmolecules andmaterials such as
III-V 3D semiconductors, TMDC 2D crystals, topological insulators, with
comparison to DFTB+
Regression test on single point calculation, geometry optimization, and
frequency calculation
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TlH chain
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