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Table S5: The frequencies and intensities of transitions evaluated using non-
degenerate VPT2.

State Description Non-deg. PT Non-deg. PT
Frequency Intensity
(cm−1) (km mol−1)

1 H3O
+ umbrella overtone with OO stretch 1499 4380

2 HOH bend 1504 12
3 HOH bend 1531 20
4 HOH bend 1613 23
5 OOO bend + HOH bend 1639 617
6 out-of-plane H3O

+ rotation 1768 384
+ in-plane H3O

+ rotation
7 H3O

+ umbrella + 1930 3796
out-of-plane H3O

+ rotation
8 H3O

+ umbrella overtone 1986 11438
9 out-of-plane H3O

+ rotation overtone 2016 102
10 out-of-plane HOH rotation 2184 419

+ asymmetric IHB
11 symmetric IHB 2194 930
12 in-plane H3O

+ rotation + HOH bend 2211 1004
13 asymmetric IHB 2256 3615
14 out-of-plane HOH rotation 2353 243

+ asymmetric IHB
15 OO stretch + symmetric IHB 2500 138
16 out-of-plane H3O

+ umbrella 2638 209
+ HOH bend

17 OO stretch and asymmetric IHB 2657 237

S7



Table S6: The frequencies and intensities of transitions evaluated using degen-
erate VPT2.

Frequency (cm−1) Intensity (km mol−1)
1427 6
1576 13
1594 20
1603 23
1616 2
1738 3
1864 1996
1962 290
2076 68
2131 175
2182 570
2268 291
2291 493
2370 285
2511 451
2627 84
2643 156

S8
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