Symmetry-based tunnelings in
high-resolution rovibrational
- spectra of octahedral molecules
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Symmetry-based
parameters

® Junneling parameters
should be operations

® Old method
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Predicting the splitting

Look at C;
B Z nn(9c) Cgge
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Predicting the splitting
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O D Dy D 02 (24)
. A A E E T T T T T T
H - eigenvals €0, €1, E0y 1, ER.0, ER.1, Eay1, | EE0, €EB1, €A .0,
€0 €0 €0 €0 €0 €0 €0 €0 €0 €0 €0
1o =71 = 7“~1 =T9 = 7“~2 47“12 4T12 —27“12 —2?“12 —27“12 27“12 0 2’[“12 —2T12 0
'3qy — T's = 7“~3 =T4q = 7“~4 47“34 47“34 —27“34 —27“34 27“34 —27"34 O —27“34 27“34 O
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R,=R, 2R, —2R, 2R, —2R, 0 0 —2R, 0 0 —2R,
i1256 = ’il . . . . . . . .
iy = s = i 411256 | —4t1256 | —2%1256 201256 | —2l1256 —211256 0 211256 211256 0
13 13 —13 13 —13 —13 13 —13 —13 13 13
14 14 —14 14 —14 14 —14 —14 14 —14 14
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Predicting the splitting

Look at C>

Splits into sub-classes
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H - eigenvals
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FE T Ty T1 TS T T2
€0, €1, €05 €1, €E.0, €E.1, €A0.1, €E.0, €E.1, € A1,0,

€0 €0 €0 €0 €0 €0 €0 €0 €0 €0 €0
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'3qy — T's — 7"~3 = T4 = 7“~4 47“34 47“34 —27“34 —27“34 27“34 —27"34 O —27“34 27“34 O
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Predicting the splitting
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O>Dy D0 (24)
H - eigenvals 66191 61492 5512 Ei 5?’02 6%1,12 5512712 5%02 5%12 5521702
€0 €0 €0 €0 €0 €0 €0 €0 €0 €0 €0
o =T — 7“~1 =T = 7“~2 47“12 4T12 —27“12 —2?“12 —27“12 27“12 0 2T12 —2T12 0
'sqg = Ty = 7"~3 = T4 = 7“~4 47“34 47“34 —27“34 —27“34 27“34 —27"34 0 —27“34 27“34 0
Pzy = Pz = Py 2Py 2Py 202y 2Py 0 0 —2pgy 0 0 —2pgy
Pz F Pz Pz | Pz Pz — Pz — Pz Pz — Pz — Pz Pz
Ryy=Ry,=R.=R,=R, | 4Ry, | —4Ry, | —2R.y 2R., | 2R.,  2Ra., 0 | —2R,, —2R,, O
R. =R, 2R, | —2R, 2R,  —2R. 0 0 —2R, 0 0 —2R,
t1256 = 11 4 —4 —2i 2 —2i —2i 0 24 2 0
— iy = i5 = ig 11256 11256 11256 11256 11256 11256 11256 11256
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iq iq —ly iq —14 iq —14 —14 iq —1y iq




Predicting the splitting

Look at C,
En = Z Drn(9e)°Cgge
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Build splitting matrix from these parts

O>Dy D0 (24) | |
. A A E E T T T T T T
H - eigenvals £, €1, E0y 1, ER.0, ER.1, Eay1, | EE0, €EE1, | €400 |
€0 €0 €0 €0 €0 €0 €0 €0 €0 €0 €0
1o =71 = 7“~1 =T9 = 7“~2 47“12 4T12 —27“12 —2?“12 —27“12 27“12 0 2’[“12 —2T12 0
'3qy — T's = 7“~3 = T4 = 7“~4 47“34 47“34 —27“34 —27“34 27“34 —27"34 0 —27“34 27“34 0
Pzy = Pz = Py 202y 202y 2P2y 2Py 0 0 —2Pay 0 0 —2Pay
R,=R, 2R, —2R, 2R, —2R, 0 0 —2R, 0 0 —2R,
i1256 = il . . . . . . . .
iy = s = i 411256 | —4t1256 | —2t1256 201256 | —2%1256 —211256 0 201256 211256 0
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Predicting the splitting

Look at C;
X O
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Finding tunneling
parameters
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Finding tunneling
parameters

84

Now let’s Jc = @ Z Z @gn (gc)e,ﬁf
(84 n

watch it work
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Cluster splitting

Mixing T4l and TI®]
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Cluster splitting

H = BJ? + ¢4 J* + ¢ J°
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Cluster splitting

H = BJ? + ¢4 J* + ¢ J°
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Cluster splitting

Look at the lowest cluster

H = BJ? + ¢4 J* + ¢ J°
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Magnified x1000
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Magnified x1000

H o« T cos @ + T1% sin 0
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Magnified x 1000

H o« T cos§ + T1%) sin 6
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Magnified x1000
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Do we see this in polyads!?

v3/2v4 band of C'Fy
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Conclusions

® Spectral structure indicates active tunneling by group
operations

® Even works for complicated C, regions

® TJunneling parameters make a basis for describing
tunneling
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