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Role of Pb2+ Adsorbents on the Opto-Electronic Properties of a CsPbBr3 Nanocrystal: A DFT Study
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Methods
Theory:
	To accurately describe the electronic structure of CsPbBr3 NCs spin-orbit coupling (SOC) interaction has to be considered due to Pb2+ having large angular momentum which mixes spin states. Within DFT this requires using the non-collinear spin (NCS) framework 1 2.
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For equations (1)-(2),  is the Kroenecker-delta function, and define spin projections  or ,  is the spin-dependent external potential, and is a spin-dependent KSO. The solution to the set of noncollinear spin DFT equations is represented as a superposition of spin- and spin- states  and  with spatially dependent coefficents  and . These solutions are commonly referred to as spinor KSOs (SKSOs) shown in equation (3).
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The large angular momentum  of the Pb2+ atoms mix the spin components  which giving rise to a large SOC interaction. SOC is treated as a 2nd order correction to the relativistic Hamiltonian and is represented in equation (4) as
     (4)

where  is composed of Pauli spin matrices.  
From the SKSOs observables, such as density of states (DOS) and absorption spectra, can be computed. DOS is computed as
       (5)  
where  is the band energy for each SKSO. 

Absorption spectrum is computed from transition dipoles  between two SKSOs within the independent orbital approximation (IOA) 3 4 which is represented in equation (6) as 
 (6)
From transition dipoles the oscillator strength  (probability) of an optical transition is computed as equation (7)
   (7)
where  is the transition frequency between SKSO  and ,  is the mass of an electron, and the other symbols represent the familiar fundamental constants. Then the absorption spectrum can be computed as
    (8)
where  is the transition energy of the optical excitation. 
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