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(open  circles)

H2CO C2H4 C2H2N2O

VMP2 21,500 226,600 465,500

VMP2-­‐(3) 78 324 633

VMP2-­‐(4) 240 1,065 2,178

#	
  of	
  configurations	
  in	
  the	
  VMP2	
  summation.

(n	
  =	
  3,	
  M	
  =	
  11)



Vibrational	
  Quasi-­‐degenerate	
  Perturbation	
  Theory

(16)

(17)

(18)

(19)

4

B.	
  Kirtman,	
  J.	
  Chem.	
  Phys.	
  49,	
  3890	
  (1968).	
  
I.	
  Shavitt and	
  L.	
  T.	
  Redmon,	
  J.	
  Chem.	
  Phys.	
  73,	
  5711	
  (1980).	
  
K.	
  Yagi,	
  S.	
  Hirata,	
  and	
  K.	
  Hirao,	
  PCCP	
  10,	
  1781	
  (2008).

P	
  and	
  Q	
  space

𝑃 =%|𝒑⟩⟨𝒑|
�

𝒑

, (14)

𝑄 = 1 − 𝑃 =%|𝒒⟩⟨𝒒|
�

𝒒

, (15)

Similarity	
  transform

𝐻"`aa = 𝑈c4𝐻"𝑈,

𝐻"`aa d ≡ 𝑃𝐻"`aa𝑃 + 𝑄𝐻"`aa𝑄,

𝐻"`aa f ≡ 𝑃𝐻"`aa𝑄 + 𝑃𝐻"`aa𝑄 = 0.

𝑈 = %𝑈 7
i

734

, 𝐻"`aa = %𝐻"`aa
(7)

i

734

Perturbative	
  expansion

Approximate	
  solution	
  in	
  the	
  P	
  space
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𝒑j 𝐻"`aa
(#C4) 𝒑 = 𝒑j 𝐻" 𝒑 ,

1st-­‐order	
  QDPT	
  =	
  truncated	
  VCI

2nd-­‐order	
  QDPT
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If	
  P	
  space	
  component	
  is	
  only	
  one	
  (p),	
  QDPT2	
  reduces	
  to	
  PT2,
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P	
  and	
  Q	
  space	
  construction	
  based	
  on	
  lpq

Target	
  state(s):	
  t

K.	
  Yagi	
  and	
  H.	
  Otaki,	
  JCP	
  140,	
  084113	
  (2014).

P	
  space	
  (degenerate	
  states)

Q	
  space	
  (non-­‐degenerate	
  states)

1.	
  For	
  p’ such	
  that

2.	
  Pruning	
  based	
  on	
  VCI	
  in	
  P	
  space

• Select	
  if

,2pthC <¢pp• if then	
  set
å ¢¢F=Y
J
C VSCFVCI

pppp

0=¢ppC

,3
2
pthC <¢pp• if then	
  discard	
  p’

• Discard	
  if

3.	
  Repeat	
  this	
  procedure	
  for	
  NGen times.

𝜆𝒑𝒑k ≤ 𝑘,
𝒑 𝐻" 𝒑j

𝐸𝒑
(#) − 𝐸𝒑k

(#) > 𝑝𝑡ℎ1,𝐸𝒑
(#) − 𝐸𝒑k

(#) > 𝑝𝑡ℎ0,
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Multiresolution	
  PES

n12 ⇔ n13+n16 ⇔ n2+n13+n18
(CH	
  str.) (CCH	
  bend) (Ring	
  deformation)

QFF	
  (B3LYP/cc-­‐pVDZ)


