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TheoreKcal	
  Methods	
  

•  MOLPRO	
  
•  aug-­‐cc-­‐pVTZ	
  
•  MCHF	
  

– FORS	
  or	
  restricted	
  acKve	
  space	
  
– dynamic	
  weights	
  

•  icMRCI	
  
– ACPF	
  for	
  ground	
  state	
  
– projected	
  state	
  method	
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Summary	
  of	
  States	
  
and	
  challenges…	
  

•  Ground	
  state	
  
–  1Σ+g	
  	
  

•  PES	
  curvature	
  
•  First	
  excited	
  states	
  

–  1Πu	
  
•  BO	
  breakdown	
  

•  VUV	
  state(s)	
  
–  1Σ+u	
  

•  avoided	
  crossings	
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VibraKonal	
  Coordinates	
  

•  Orthogonal	
  :	
  simplest	
  KE	
  
–  Jacobi	
  or	
  Radau	
  

•  Nonorthogonal	
  :	
  complicated	
  KE	
  
– Can	
  opKmize	
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1Πu	
  state	
  
•  Coupled	
  to	
  3Σ+uthrough	
  spin-­‐orbit	
  
•  Born-­‐Oppenheimer	
  breakdown	
  terms	
  include	
  

– L2z/sin2θ	
  
•  Renner-­‐Teller	
  Effect	
  

5	
  



Need	
  KE	
  with	
  all	
  bits	
  and	
  pieces	
  

•  In	
  space	
  frame	
  
•  In	
  body	
  frame	
  

– anomalous	
  commutaKon	
  relaKons…	
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Ye Olde Quantum Mechanix	



Modern Quantum Mechanics RmRLmL RLJM( )
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Coupled	
  spin-­‐electronic-­‐ro-­‐vibraKonal	
  
wavefuncKons	
  

8	
  



1Σ+u	
  state	
  
•  Linear:	
  

–  1Σ+u	
  big	
  transiKon	
  moment	
  
–  1Δu	
  zero	
  transiKon	
  moment	
  

•  Bent	
  
– mix	
  

9	
  



-113.6

-113.5

-113.4

-113.3

-113.2

-113.1

-113

-112.9

 60  80  100  120  140  160  180  200  220

C3 Cs bending

Singlets

Triplets

"tb.a"
"tb.ap"

"ta3.a.out"
"ta3.ap.out"

10	
  Bending	
  angle	
  (degrees)	
  

To
ta
l	
  E
ne

rg
y	
  
(a
.u
.)	
  



AdiabaKc	
  vs.	
  DiabaKc	
  

•  Unique	
  
•  Can	
  change	
  rapidly	
  
•  Only	
  KE	
  coupling	
  

•  Non-­‐unique	
  
•  Does	
  not	
  change	
  rapidly	
  
•  Both	
  KE	
  and	
  PE	
  coupling	
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DiabaKzaKon	
  (II)	
  

Central	
  Difference	
  First	
  DerivaKves	
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DiabaKzaKon	
  (III)	
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Conclusions	
  

•  Good	
  ground	
  state	
  PES	
  
•  Have	
  ingredients	
  for	
  coordinate	
  independent	
  
Renner-­‐Teller	
  

•  Good	
  method	
  to	
  determine	
  diabaKc	
  states	
  for	
  
polyatomics	
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