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Beyond	
  DFT	
  

•  What	
  do	
  we	
  mean	
  by	
  a	
  band	
  gap?	
  
•  What	
  is	
  the	
  excita0on?	
  
•  Some0mes	
  want	
  to	
  describe	
  excited	
  states	
  of	
  
electronic	
  systems:	
  
– Op0cal	
  proper0es	
  
– Excitons	
  
– Charge	
  transfer	
  
– Structure	
  
– Dynamics	
  



Going	
  Beyond	
  DFT	
  



Time-­‐dependent	
  DFT	
  

•  One-­‐to-­‐one	
  correspondence	
  between	
  0me-­‐
dependent	
  one-­‐body	
  densi0es	
  and	
  0me-­‐
dependent	
  one-­‐body	
  poten0als	
  

•  Time	
  dependent	
  Kohn-­‐Sham	
  equa0ons	
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Why	
  TD-­‐DFT	
  

•  Formally	
  exact	
  and	
  improvements	
  of	
  the	
  xc-­‐
func0onals	
  is	
  s0ll	
  possible.	
  

•  Improvement	
  of	
  wavefunc0on	
  based	
  methods	
  
can	
  only	
  be	
  done	
  at	
  huge	
  costs	
  in	
  
computa0onal	
  0me.	
  

•  Computa0onally	
  more	
  efficient	
  and	
  scales	
  
bePer	
  than	
  ab-­‐ini0o	
  methods.	
  

•  Can	
  be	
  easily	
  combined	
  with	
  MD	
  –	
  you	
  get	
  
forces	
  



Approaches	
  to	
  TD-­‐DFT	
  

•  Real-­‐0me	
  propaga0on	
  
•  Sternheimer	
  frequency	
  scan	
  
•  Linear	
  Response	
  (Casida)	
  
•  Solu0on	
  of	
  the	
  response	
  equa0on	
  	
  
•  Lanczos	
  chains	
  	
  



Some	
  formali0es	
  



Response	
  func0on	
  



TD-­‐DFT	
  in	
  prac0ce	
  



Simplify	
  nota0on	
  



TD-­‐DFT	
  in	
  Castep	
  



Hartree-­‐Fock	
  Contribu0on	
  



Example	
  



Example:	
  N2	
  



Some	
  itera0ons…	
  





N2.tddZ	
  and	
  .bands	
  files	
  
10	
  electron,	
  5	
  bands	
  



Another	
  example:	
  phosphorous	
  



Excita0on	
  Energies	
  



Forces	
  

•  Contribu0ons	
  from	
  TDDFT	
  response	
  wavefunc0on	
  
•  Also	
  need	
  to	
  take	
  into	
  account	
  how	
  the	
  TDDFT	
  
response	
  wavefunc0on	
  changes	
  as	
  the	
  ground	
  state	
  is	
  
perturbed	
  

•  Requires	
  the	
  solu0on	
  of	
  a	
  self-­‐consistent	
  Sternheimer	
  
equa0on	
  to	
  obtain	
  the	
  Handy-­‐Schaefer	
  Z	
  vector	
  

•  Essen0ally	
  compu0ng	
  a	
  3rd-­‐order	
  energy	
  deriva0ve,	
  so	
  
need	
  3rd	
  deriva0ve	
  of	
  XC	
  func0onal	
  

•  hPp://www.hector.ac.uk/cse/distributedcse/reports/
castep03/	
  	
  	
  

	
  



Castep	
  TD-­‐DFT	
  Features	
  
•  Calcula0on	
  of	
  singlet	
  and	
  triplet	
  states	
  in	
  Tamm-­‐Dancoff	
  

approxima0on	
  for	
  both	
  open	
  and	
  closed-­‐shell	
  systems	
  	
  
•  ‘Pure’	
  and	
  hybrid-­‐DFT	
  adiaba0c	
  XC	
  kernels	
  	
  
•  Solvers:	
  Conjugate	
  gradient	
  and	
  block	
  Davidson	
  (both	
  with	
  

precondi0on-­‐	
  ing)	
  	
  
•  G-­‐vector	
  parallel	
  
•  Op0misa0ons	
  for	
  Γ-­‐point	
  
•  Calcula0on	
  checkpoin0ng	
  and	
  restart	
  
•  Oscillator	
  strengths	
  (for	
  compu0ng	
  spectra)	
  
•  Characterisa0on	
  of	
  eigenvectors	
  by	
  decomposing	
  into	
  KS	
  orbitals	
  
•  Calcula0on	
  of	
  atomic	
  forces	
  using	
  the	
  Handy-­‐Schaefer	
  Z-­‐vector	
  

method	
  
•  Structure	
  op0misa0on	
  of	
  a	
  chosen	
  excited	
  state	
  Born-­‐Oppenheimer	
  

molecular	
  dynamics	
  of	
  a	
  chosen	
  excited	
  state	
  	
  


