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[bookmark: _Hlk78286275]
Before optimization:

1. [bookmark: _Hlk78335209][bookmark: _Hlk78286320]Lattice Parameters:

	Cell Parameters (A°)

	[bookmark: _Hlk79446937][bookmark: _Hlk78337936]CsPbI3
	 a= 6.28

	CsPbBr3
	a= 5.85

	CsPbCl3
	a= 5.60

	MAPbI3
	  a= 6.33

	MAPbBr3
	   a= 5.90

	MAPbCl3
	a= 5.68

	FAPbI3
	a= 6.35

	FAPbBr3
	a= 5.99

	FAPbCl3
	a= 5.70




2. [bookmark: _Hlk78338850]Atomic Positions:

1. CsPbI3       
          
	     Atomic Positions (Crystal)

	[bookmark: _Hlk78342521]Atom               a                       b                       c

	  Pb      0.500000000    0.500000000    0.500000000    

	  Cs      0.000000000    0.000000000    0.000000000    

	    I       0.500000000    0.500000000    0.000000000    

	    I       0.000000000    0.500000000    0.500000000    

	    I       0.500000000    0.000000000    0.500000000



2. CsPbBr3        
              
	                   Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.500000000    0.500000000    0.500000000    

	   Cs      0.000000000    0.000000000    0.000000000    

	   Br      0.500000000    0.000000000    0.500000000    

	   Br      0.000000000    0.500000000    0.500000000    

	   Br      0.500000000    0.500000000    0.000000000



3. CsPbCl3            
         
	                   Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb       0.500000000    0.500000000    0.500000000    

	   Cs       0.000000000    0.000000000    0.000000000    

	   Cl       0.500000000    0.500000000    0.000000000    

	   Cl       0.000000000    0.500000000    0.500000000    

	   Cl       0.500000000    0.000000000    0.500000000   



4. MAPbI3            

	                    Atomic Positions (Crystal)

	Atom               a                       b                       c

	Pb   0.000000000    0.000000000    0.000000000

	I      0.500000168    0.000000000    0.000000000

	I      0.000000000    0.000000000    0.500000168

	I      0.000000000    0.500000168    0.000000000

	C     0.617693195    0.500000192    0.499999275

	N     0.382306798    0.500000192    0.500000649

	H     0.682366136    0.500000192    0.337371594

	H     0.682366274    0.640850102    0.581328449

	H     0.682366274    0.359150280    0.581328449

	H     0.317633855    0.500000192    0.662628329

	H     0.317633718    0.640850102    0.418671475

	H     0.317633718    0.359150280    0.418671474



5. MAPbBr3     
  
	     Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.000000000    0.000000000    0.000000000    

	   Br      0.500000179    0.000000000    0.000000000    

	   Br      0.000000000    0.000000000    0.500000179    

	   Br      0.000000000    0.500000179    0.000000000    

	    C      0.625209735    0.500000204    0.499999229    

	    N      0.374790257    0.500000204    0.500000690    

	    H      0.694013049    0.500000204    0.326985242    

	    H      0.694013196    0.649845571    0.586522535    

	    H      0.694013196    0.350154836    0.586522535    

	    H      0.305986942    0.500000204    0.673014676    

	    H      0.305986796    0.649845571    0.413477384    

	    H      0.305986796    0.350154836    0.413477383  



6. MAPbCl3       

	                     Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.000000000    0.000000000    0.000000000    

	   Cl      0.500000188    0.000000000    0.000000000    

	   Cl      0.000000000    0.000000000    0.500000188    

	   Cl      0.000000000    0.500000188    0.000000000    

	    C      0.631625075    0.500000214    0.499999189    

	    N      0.368374917    0.500000214    0.500000725    

	    H      0.703953647    0.500000214    0.318120528    

	    H      0.703953801    0.657523171    0.590955668    

	    H      0.703953801    0.342477257    0.590955668    

	    H      0.296046344    0.500000214    0.681879386    

	    H      0.296046190    0.657523171    0.409044246    

	    H      0.296046190    0.342477257    0.409044245  



7. FAPbI3      

	       Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.000000000    0.000000000    0.000000000    

	    I        0.500000000    0.000000000    0.000000000    

	    I        0.000000000    0.000000000    0.500000000    

	    I        0.000000000    0.500000000    0.000000000    

	    H      0.500000000    0.325041867    0.309875627    

	    N      0.500000000    0.500000650    0.307870727    

	    C      0.500000000    0.608768066    0.499991107    

	    N      0.500000000    0.500015988    0.692128904    

	    H      0.500000000    0.325041199    0.690155111    

	    H      0.500000000    0.787398931    0.500015374    

	    H      0.500000000    0.587132488    0.157910168    

	    H      0.500000000    0.587109190    0.842101103 





8. FAPbBr3       

	   Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.000000000    0.000000000    0.000000000    

	   Br      0.499999165    0.000000000    0.000000000    

	   Br      0.000000000    0.000000000    0.499999165    

	   Br      0.000000000    0.499999165    0.000000000    

	    H      0.500000000    0.314083240    0.297967052    

	    N      0.500000000    0.500000691    0.295836573    

	    C      0.500000000    0.615580831    0.499990550    

	    N      0.500000000    0.500016989    0.704163034    

	    H      0.500000000    0.314082530    0.702065612    

	    H      0.500000000    0.805400367    0.500016337    

	    H      0.500000000    0.592590093    0.136483128    

	    H      0.500000000    0.592565336    0.863528849   




9. FAPbCl3      

	     Atomic Positions (Crystal)

	Atom               a                       b                       c

	   Pb      0.000000000    0.000000000    0.000000000    

	   Cl      0.500000000    0.000000000    0.000000000    

	   Cl      0.000000000    0.000000000    0.500000000    

	   Cl      0.000000000    0.500000000    0.000000000    

	    H      0.500000000    0.301787918    0.284608736    

	    N      0.500000000    0.499998955    0.282337382    

	    C      0.500000000    0.623221706    0.499990816    

	    N      0.500000000    0.500016332    0.717663980    

	    H      0.500000000    0.301787161    0.715427868    

	    H      0.500000000    0.825592850    0.500018308    

	    H      0.500000000    0.598710731    0.112446865    

	    H      0.500000000    0.598684336    0.887567684  










After optimization:
1.  Lattice Parameters:

1. CsPbI3        
	      Cell Parameters (Alat = 11.88637647)

	a                     b                      c

	1.018562838   0.000000000   0.000000000

	0.000000000   1.018562838   0.000000000

	0.000000000   0.000000000   1.018562838



2. CsPbBr3       
	Cell Parameters (Alat = 11.31945867)

	          a                     b                      c

	1.006817330   0.000000000   0.000000000

	0.000000000   1.006817330   0.000000000

	0.000000000   0.000000000   1.006817330



3. CsPbCl3       

	    Cell Parameters (Alat = 10.82807362)

	           a                     b                      c

	1.002165347   0.000000000   0.000000000

	0.000000000   1.002165347   0.000000000

	0.000000000   0.000000000   1.002165347



4. MAPbI3      

	     Cell Parameters (Alat = 11.96196637)

	            a                     b                      c

	1.001233686   0.000000000   0.002037616

	0.000000000   0.989943442   0.000000000

	0.001630574   0.000000000   0.997351329



5. MAPbBr3       
	     Cell Parameters (Alat = 11.24387044)

	           a                     b                      c

	1.002516833   0.000000000   0.010167924

	0.000000000   0.992189158   0.000000000

	0.010007684   0.000000000   0.995852908



6. MAPbCl3    
	   Cell Parameters (Alat = 10.69584986)

	            a                     b                      c

	1.001777055   0.000000000 -0.006098915

	0.000000000   1.000983562   0.000000000

	-0.006188832   0.000000000   1.010175119



7. FAPbI3       
	   Cell Parameters (Alat = 12.02243760)

	           a                     b                      c

	0.991224323   0.000000000   0.000000000

	0.000000000   0.984089521   0.000058117

	0.000000000   0.000053328   1.006341252




8. FAPbBr3       
	    Cell Parameters (Alat = 11.31379031)

	           a                     b                      c

	0.995777153   0.000000000   0.000000000

	0.000000000   0.983451632 -0.000042612

	0.000000000 -0.000041225   1.015820303




9. FAPbCl3       
	Cell Parameters (Alat= 10.6120783059)

	           a                     b                      c

	1.007484050    0.000000000    0.000000000

	0.000000000    0.995270935   -0.000006469

	0.000000000   -0.000006413    1.035492016




2. Atomic Positions:

1. CsPbI3                 
	       Atomic Positions (Crystal)

	Atom            a                     b                      c

	Pb    0.500000000    0.500000000    0.500000000

	Cs    0.000000000    0.000000000    0.000000000

	I      0.500000000    0.500000000    0.000000000

	I      0.000000000    0.500000000    0.500000000

	I      0.500000000    0.000000000    0.500000000



2. CsPbBr3                      
	                    Atomic Positions (Crystal)

	Atom            a                     b                      c

	   Pb      0.500000000    0.500000000    0.500000000    

	   Cs      0.000000000    0.000000000    0.000000000    

	   Br      0.500000000    0.000000000    0.500000000    

	   Br      0.000000000    0.500000000    0.500000000    

	   Br      0.500000000    0.500000000    0.000000000



3. CsPbCl3                     
	                     Atomic Positions (Crystal)

	Atom            a                     b                      c

	   Pb      0.500000000    0.500000000    0.500000000    

	   Cs      0.000000000    0.000000000    0.000000000    

	   Cl      0.500000000    0.500000000    0.000000000    

	   Cl      0.000000000    0.500000000    0.500000000    

	   Cl      0.500000000    0.000000000    0.500000000   




4. MAPbI3            
	                     Atomic Positions (Crystal)

	Atom            a                     b                      c

	 Pb      0.008456308   0.000000000 -0.025053566

	 I         0.526332894   0.000000000 -0.025094251

	 I         0.070036285   0.000000000   0.473999046

	 I         0.066259695   0.500000168   0.002054951

	 C        0.597927259   0.500000192   0.499723469

	 N        0.364255061   0.500000192   0.517142786

	 H        0.641795636   0.500000192   0.331612520

	 H        0.659300908   0.643131897   0.578140520

	 H        0.659300908   0.356868485   0.578140520

	 H        0.311826171   0.500000192   0.674667267

	 H        0.297254506   0.634635065   0.447333301

	 H        0.297254506   0.365365317   0.447333300  



5. MAPbBr3       
	                   Atomic Positions (Crystal)

	Atom            a                     b                      c

	Pb     -0.014528692   0.000000000 -0.005801671

	Br       0.492824404   0.000000000   0.008358380

	Br       0.043131310   0.000000000   0.491584991

	Br       0.042914160   0.500000179 -0.023374827

	C        0.618637724   0.500000204   0.501724258

	N        0.369863310   0.500000204   0.504070558

	H        0.680800054   0.500000204   0.326407358

	H        0.676826818   0.652044148   0.588847402

	H        0.676826818   0.347956259   0.588847402

	H        0.301745884   0.500000204   0.668432901

	H        0.305479178   0.642570545   0.425451551

	H        0.305479178   0.357429862   0.425451550




6. MAPbCl3       
	                  Atomic Positions (Crystal)

	Atom            a                     b                      c

	 Pb       0.011770077   0.000000000 -0.019799764

	 Cl       0.515134766   0.000000000 -0.058605109

	 Cl       0.071790364   0.000000000   0.469239809

	 Cl       0.065580349   0.500000188   0.005486708

	 C        0.610614433   0.500000214   0.490289305

	 N        0.353685498   0.500000214   0.533667072

	 H        0.639979896   0.500000214   0.300965496

	 H        0.687730849   0.658644368   0.569613366

	 H        0.687730849   0.341356060   0.569613366

	 H        0.313292532   0.500000214   0.711851392

	 H        0.271345270   0.649176383   0.463839101

	 H        0.271345270   0.350824045   0.463839100  



7. FAPbI3       
	     Atomic Positions (Crystal)

	Atom            a                     b                      c

	 Pb       0.000000000   0.003058367   0.000516650

	  I         0.500000000 -0.013807580 -0.000168515

	  I         0.000000000   0.035277053   0.500114318

	  I         0.000000000   0.505035197 -0.000275061

	 H        0.500000000   0.332961629   0.298806987

	 N        0.500000000   0.495204773   0.318116483

	 C        0.500000000   0.590727308   0.499973981

	 N        0.500000000   0.495200229   0.681835914

	 H        0.500000000   0.332945147   0.701185543

	 H        0.500000000   0.765372359   0.499972797

	 H        0.500000000   0.589283484   0.187656907

	 H        0.500000000   0.589250412   0.812312115



8. FAPbBr3       
	                   Atomic Positions (Crystal)

	Atom              a                     b                      c

	Pb       0.000000000   0.002711858 -0.000084251

	Br       0.499999165 -0.008667756   0.000030671

	Br       0.000000000   0.009233713   0.499246327

	Br       0.000000000   0.500543698 -0.000243272

	H        0.500000000   0.325650264   0.287052044

	N        0.500000000   0.497879660   0.308852801

	C        0.500000000   0.599123191   0.500137860

	N        0.500000000   0.497878866   0.691410158

	H        0.500000000   0.325658294   0.713210038

	H        0.500000000   0.784584650   0.500159782

	H        0.500000000   0.599858645   0.173300020

	H        0.500000000   0.599864157   0.826978122



9. FAPbCl3         
	                     Atomic Positions (Crystal)

	Atom            a                     b                      c

	   Pb      0.000000000    0.026746190   -0.000081800    

	   Cl      0.500000000   -0.017726851    0.000061225    

	   Cl      0.000000000    0.040447739    0.500007809    

	   Cl      0.000000000    0.528392456    0.000106982    

	    H      0.500000000    0.306982296    0.277802649    

	    N      0.500000000    0.488432767    0.300415453    

	    C      0.500000000    0.595202729    0.499988759    

	    N      0.500000000    0.488454059    0.699568935    

	    H      0.500000000    0.306980823    0.722162458    

	    H      0.500000000    0.790567329    0.500013313    

	    H      0.500000000    0.597658976    0.160207359    

	    H      0.500000000    0.597661477    0.839808496


 
