
Scientific achievement 
Theore&cal	  and	  experimental	  study	  of	  the	  
op&cal	  response	  of	  α-‐(Fe1-‐xCrx)2O3	  solid	  
solu&ons	  for	  visible	  light	  photo-‐catalysis	  
 

Significance and Impact 
First	  detailed	  study	  of	  the	  op&cal	  response	  of	  
this	  material.	  Highlights	  new	  computa&onal	  
approach	  for	  dense	  and	  large	  numbers	  of	  
op&cal	  transi&ons.	   

Research Details 
–  Used	  recently	  developed	  real-‐1me	  (RT)	  TDDFT	  in	  
NWChem	  in	  conjunc1on	  with	  the	  embedded	  
cluster	  method	  to	  shed	  light	  on	  closely	  spaced	  
op1cal	  transi1ons.	  

–  Studied	  the	  op1cal	  spectra	  of	  pure	  α-‐Fe2O3,	  α-‐
Cr2O3	  and	  α-‐(Fe0.5Cr0.5)2O3	  and	  assigned	  the	  
character	  of	  the	  main	  op1cal	  absorp1on	  bands	  
for	  photon	  energies	  up	  to	  5.5	  eV.	  Calcula1ons	  
demonstrated	  that	  Fe-‐Cr	  mixing	  gives	  rise	  to	  new	  
spin-‐allowed	  op1cal	  transi1ons.	  
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Experimental	   and	   calculated	   real-‐1me	   TDDFT	   op1cal	   absorp1on	  
spectra	  and	  schema1cs	  of	  the	  op1cal	  transi1on	  types.	  The	  dark	  arrows	  
are	   transi1ons	   to	   the	   unoccupied	   Fe	   t2g*	   and	   eg*	   states.	   The	   light	  
arrows	   are	   the	   transi1ons	   to	   the	   unoccupied	   Cr	   3d	   states.	   The	   light	  
arrows	  with	  dark	  outlines	  are	  transi1ons	  from	  occupied	  top	  Cr	  t2g	  to	  
unoccupied	  Fe	  t2g*	  and	  eg*	  states.	  The	  occupied	  states	  are	  separated	  
as	  indicated	  by	  black	  dashed	  lines	  into	  three	  regions:	  I,	  II,	  and	  III.	  Note	  
that	  the	  widths	  of	  regions	  I	  and	  II	  are	  not	  to	  scale.	  


