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Previous spectroscopic investigations

• Craven1 recorded a low-resolution far-infrared liquid phase
spectrum

I Splittings in the torsional subbands led to V3 = 318 or 437 cm−1

• Corbelli et al.2 recorded a microwave spectrum in the 8–40 GHz
frequency range

I a-type R lines with unresolved K-structure

I Q branch of b-type bands with unresolved J-structure

I Analysis led to V3 = 410 cm−1

1Craven, Spectrochimica. Acta 29A (1973) 679
2Corbelli et al., J. Chem. Soc., Faraday Trans. 2 83 (1987) 2225
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Important spectroscopic results

The RAM1 Hamiltonian can be used to describe the internal rotation:

HRAM = F (Pα − ρJz)2 +AJz
2 +BJx

2 + CJy
2 +Dxz{Jx, Jz}+ V (α)

where:

Param. Value/cm−1 Param. Value/cm−1

A 20.058 974 Dxz

−0.000 255

B

0.039 316

F 20.114 247

C

0.039 259

ρ

0.997 230

1Hougen et al., J. Molec. Spectrosc. 163 (1994) 559
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CP-FTMW Hamburg 2–12 jet-cooled

75–110 room

Cavity FTMW Lille 2–16 jet-cooled

SMM ISMO 75–110 room
140–220 room
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CP-FTMW spectrum in the 2–12 GHz region

K-structure and asymmetry splitting unresolved
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New assignment

a-type transitions were searched for in the SMM spectrum, recorded
in the 75–110 GHz region, using the LWW software1

Assignment of the 1400 transitions
confirmed by best fit

1Lodyga, Kreglewski, Pracna, and Urban, Advanced graphical software for
assignments of transitions in rovibrational spectra, J. Molec. Spectrosc. 243 (2007) 182
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Preliminary analysis

• Data set

I a-type transitions measured in Hamburg from 2 to 12 GHz

I b-type bands subband centers1

I a-type transitions assigned in the SMM spectra with
60 ≤ J ≤ 95, 1 ≤ Ka ≤ 34, and for both A and E symmetries

• Water dimer formalism for energy level calculation2,3

I Convenient in the high barrier limit

I Accounts for the rotational dependence of the torsional splitting

1Corbelli et al., J. Chem. Soc., Faraday Trans. 2 83 (1987) 2225
2Hougen, J. Molec. Spectrosc. 114 (1985) 395
3Coudert & Hougen, J. Molec. Spectrosc. 130 (1988) 13
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Obs. vs. Calc. spectra in the 27 to 38 GHz region
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Obs.− Calc. table for b-type bands

K′ Γ′ K′′ Γ′′ F 1 O − C

5 A 4 A 8458 −0.11

6 E2 5 E1 10350 1.00

8 A 7 A 14152 −0.02

9 E2 8 E1 16067 0.61

10 E1 9 E1 17991 0.24

11 A 10 A 19926 −0.13

12 E2 11 E1 21873 −0.46

13 E1 12 E1 23833 −0.64

14 A 13 A 25807 −0.49

15 E2 14 E1 27796 0.21

16 E2 15 E1 29798 −1.23

17 A 16 A 31818 −0.41

18 E2 17 E1 33854 0.12

19 E2 18 E1 35906 −0.09

20 A 19 A 37975 −0.42

21 E2 20 E1 40062 −0.16

F and O − C in MHz

A, tunneling splitting, and rotational
dependence from this data set only

1Corbelli et al., J. Chem. Soc., Faraday Trans. 2 83 (1987) 2225
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Parameter values

Param. Value/cm−1 Param. Value/cm−1

h1 −0.034 144(490) Ωz 124.024(20)◦

A 0.074 740(38) HJKK −0.223 2(19)× 10−12

B = C 0.039 227 50(42) HJJK 0.507 6(21)× 10−13

DKJ 0.784 80(35)× 10−8 HJJJ 0.236(23)× 10−15

DJJ 0.831 37(37)× 10−9

1470 data. Unitless standard deviation is 0.9

Ωz is expected to be ρ× 120◦ = 119.668◦ < 120◦

1Hougen, J. Molec. Spectrosc. 114 (1985) 395
2Coudert & Hougen, J. Molec. Spectrosc. 130 (1988) 13
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We need to

1 check the assignment of the b-type transitions

2 assign b-type transitions in the new spectra
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