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This formalism lets symmetry be your accountant!
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Predicting the splitting
Look at C2

O ⊃ D4 ⊃ C2(i4)

H - eigenvals εA1
02 εA2

12 εE02 εE12 εT1
E,02

εT1
E,12

εT1
A2,12

εT2
E,02

εT2
E,12

εT2
A1,02

ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0
r12 = r1 = r̃1 = r2 = r̃2 4r12 4r12 −2r12 −2r12 −2r12 2r12 0 2r12 −2r12 0

r34 = r3 = r̃3 = r4 = r̃4 4r34 4r34 −2r34 −2r34 2r34 −2r34 0 −2r34 2r34 0

ρxy = ρx = ρy 2ρxy 2ρxy 2ρxy 2ρxy 0 0 −2ρxy 0 0 −2ρxy
ρz ρz ρz ρz ρz −ρz −ρz ρz −ρz −ρz ρz

Rxy = Rx = R̃x = Ry = R̃y 4Rxy −4Rxy −2Rxy 2Rxy 2Rxy 2Rxy 0 −2Rxy −2Rxy 0

Rz = R̃z 2Rz −2Rz 2Rz −2Rz 0 0 −2Rz 0 0 −2Rz

i1256 = i1

= i2 = i5 = i6
4i1256 −4i1256 −2i1256 2i1256 −2i1256 −2i1256 0 2i1256 2i1256 0

i3 i3 −i3 i3 −i3 −i3 i3 −i3 −i3 i3 i3

i4 i4 −i4 i4 −i4 i4 −i4 −i4 i4 −i4 i4

εαn =
�

cg

Dα∗
nn(gc)

◦cggc



Predicting the splitting
Look at C2

O ⊃ D4 ⊃ C2(i4)

H - eigenvals εA1
02 εA2

12 εE02 εE12 εT1
E,02

εT1
E,12

εT1
A2,12

εT2
E,02

εT2
E,12

εT2
A1,02

ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0
r12 = r1 = r̃1 = r2 = r̃2 4r12 4r12 −2r12 −2r12 −2r12 2r12 0 2r12 −2r12 0

r34 = r3 = r̃3 = r4 = r̃4 4r34 4r34 −2r34 −2r34 2r34 −2r34 0 −2r34 2r34 0

ρxy = ρx = ρy 2ρxy 2ρxy 2ρxy 2ρxy 0 0 −2ρxy 0 0 −2ρxy
ρz ρz ρz ρz ρz −ρz −ρz ρz −ρz −ρz ρz

Rxy = Rx = R̃x = Ry = R̃y 4Rxy −4Rxy −2Rxy 2Rxy 2Rxy 2Rxy 0 −2Rxy −2Rxy 0

Rz = R̃z 2Rz −2Rz 2Rz −2Rz 0 0 −2Rz 0 0 −2Rz

i1256 = i1

= i2 = i5 = i6
4i1256 −4i1256 −2i1256 2i1256 −2i1256 −2i1256 0 2i1256 2i1256 0

i3 i3 −i3 i3 −i3 −i3 i3 −i3 −i3 i3 i3

i4 i4 −i4 i4 −i4 i4 −i4 −i4 i4 −i4 i4

εαn =
�

cg

Dα∗
nn(gc)

◦cggc



Predicting the splitting
Look at C2

O ⊃ D4 ⊃ C2(i4)

H - eigenvals εA1
02 εA2

12 εE02 εE12 εT1
E,02

εT1
E,12

εT1
A2,12

εT2
E,02

εT2
E,12

εT2
A1,02

ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0
r12 = r1 = r̃1 = r2 = r̃2 4r12 4r12 −2r12 −2r12 −2r12 2r12 0 2r12 −2r12 0

r34 = r3 = r̃3 = r4 = r̃4 4r34 4r34 −2r34 −2r34 2r34 −2r34 0 −2r34 2r34 0

ρxy = ρx = ρy 2ρxy 2ρxy 2ρxy 2ρxy 0 0 −2ρxy 0 0 −2ρxy
ρz ρz ρz ρz ρz −ρz −ρz ρz −ρz −ρz ρz

Rxy = Rx = R̃x = Ry = R̃y 4Rxy −4Rxy −2Rxy 2Rxy 2Rxy 2Rxy 0 −2Rxy −2Rxy 0

Rz = R̃z 2Rz −2Rz 2Rz −2Rz 0 0 −2Rz 0 0 −2Rz

i1256 = i1

= i2 = i5 = i6
4i1256 −4i1256 −2i1256 2i1256 −2i1256 −2i1256 0 2i1256 2i1256 0

i3 i3 −i3 i3 −i3 −i3 i3 −i3 −i3 i3 i3

i4 i4 −i4 i4 −i4 i4 −i4 −i4 i4 −i4 i4

Splits into sub-classes

Class splitting is what gives local symmetry

εαn =
�

cg

Dα∗
nn(gc)

◦cggc



Predicting the splitting
Look at C2

O ⊃ D4 ⊃ C2(i4)

H - eigenvals εA1
02 εA2

12 εE02 εE12 εT1
E,02

εT1
E,12

εT1
A2,12

εT2
E,02

εT2
E,12

εT2
A1,02

ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0 ε0
r12 = r1 = r̃1 = r2 = r̃2 4r12 4r12 −2r12 −2r12 −2r12 2r12 0 2r12 −2r12 0

r34 = r3 = r̃3 = r4 = r̃4 4r34 4r34 −2r34 −2r34 2r34 −2r34 0 −2r34 2r34 0

ρxy = ρx = ρy 2ρxy 2ρxy 2ρxy 2ρxy 0 0 −2ρxy 0 0 −2ρxy
ρz ρz ρz ρz ρz −ρz −ρz ρz −ρz −ρz ρz

Rxy = Rx = R̃x = Ry = R̃y 4Rxy −4Rxy −2Rxy 2Rxy 2Rxy 2Rxy 0 −2Rxy −2Rxy 0

Rz = R̃z 2Rz −2Rz 2Rz −2Rz 0 0 −2Rz 0 0 −2Rz

i1256 = i1

= i2 = i5 = i6
4i1256 −4i1256 −2i1256 2i1256 −2i1256 −2i1256 0 2i1256 2i1256 0

i3 i3 −i3 i3 −i3 −i3 i3 −i3 −i3 i3 i3

i4 i4 −i4 i4 −i4 i4 −i4 −i4 i4 −i4 i4

Repetition

Class splitting is what gives local symmetry

εαn =
�

cg

Dα∗
nn(gc)

◦cggc



Predicting the splitting
Look at C2
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Predicting the splitting
Look at C2

Splittings will be combinations of these columns

02 1 r12, i1256 r34, Rxy ρxy, Rz ρz, i3
εA1
02 1 4 4 2 1
εE02 1 −2 −2 2 1
εT1
02 1 −2 2 0 −1

εT2
E,02

1 2 −2 0 −1

εT2
A1,02

1 0 0 −2 1

εαn =
�

cg

Dα∗
nn(gc)
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Finding tunneling 
parameters

Such a transformation will give tunneling parameters given 
energy splittings

02 εA1
02 εE02 εT1

02 εT2
E,02

εT2
A1,02
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1
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1
4

1
4

r12, i1256
1
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12 − 1
8

1
8 0

r34, Rxy
1
12 − 1

12
1
8 − 1

8 0
ρxy, Rz

1
12

1
6 0 0 − 1

4
ρz, i3

1
12

1
6 − 1

4 − 1
4

1
4
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Finding tunneling 
parameters

Such a transformation will give tunneling parameters given 
energy splittings

Now let’s 
watch it work
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Magnify
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Do we see this in polyads?
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Conclusions
• Spectral structure indicates active tunneling by group 

operations

• Even works for complicated C1 regions

• Tunneling parameters make a basis for describing 
tunneling 

• Rapid parameter deconvolution

• Spectra ⇒Phase space ⇒ Tunneling parameters⇒ 

Estimate higher resolution splittings

Makes rotational phase space take on analogous 
role to PES


