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Table S1: Observed rovibrational transitions (¥, in cm™) for the asymmetric SSH bending fundamental
of trans-HSSSH. J, K, and K, are quantum numbers, Vs, = observed wavenumbers and Vg =
wavenumbers using the reported spectroscopic parameters (lower states ", upper states ).

\]I Kal KCI \]" Ka" KC" ﬁobslcm-l (170[)5. - ﬁcam.)/cm_l
12 4 9 13 4 10 858.78056 0.00002

12 4 9 11 4 8 863.06565 -0.00020
13 5 9 14 510 858.60760 0.00000
14 411 15 4 12 858.42814 0.00015
13 5 9 12 5 8 863.23226 -0.00008
14 411 13 410 863.40321 -0.00017
13 5 8 14 5 9 858.60760 0.00002
13 6 8 14 6 9 858.60997 -0.00024
14 510 15 511 858.43121 -0.00006
13 5 8 12 5 7 863.23226 -0.00011
13 6 12 6 7 863.23185 0.00001
14 510 13 5 9 863.40040 0.00019
11 9 3 12 9 4 858.96624 -0.00004
12 7 5 13 7 6 858.78827 0.00020
12 8 5 13 8 6 858.78968 -0.00012
13 7 7 14 7 8 858.61266 0.00028
13 6 7 14 6 8 858.60997 -0.00024
14 6 9 15 6 10 858.43422 0.00021
14 5 9 15 510 858.43121 -0.00002
15 511 16 5 12 858.25484 0.00034
11 9 3 10 9 2 862.89992 -0.00002
12 7 5 11 7 4 863.06514 -0.00003
12 8 5 11 8 4 863.06612 -0.00006
13 6 7 12 6 6 863.23185 0.00001
13 7 7 12 7 6 863.23226 -0.00004
14 6 9 13 6 8 863.39899 -0.00008
14 5 9 13 5 8 863.40040 0.00013
15 511 14 510 863.56848 0.00049
11 9 2 12 9 3 858.96624 -0.00004
12 8 4 13 8 5 858.78968 -0.00012
13 7 6 14 7 7 858.61266 0.00028
14 7 8 15 7 9 858.43657 0.00031
14 6 8 15 6 9 858.43422 0.00021
15 610 16 6 11 858.25719 -0.00019
15 510 16 5 11 858.25437 -0.00007
11 9 2 10 9 1 862.89992 -0.00002
12 8 4 11 8 3 863.06612 -0.00006
13 7 6 12 7 5 863.23226 -0.00004
14 7 8 13 7 7 863.39899 -0.00017
14 6 8 13 6 7 863.39899 -0.00008
15 510 14 5 9 863.56801 -0.00010
15 610 14 6 9 863.56612 0.00001
14 7 7 15 7 8 858.43610 -0.00016
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Table S2: Calculated ground state combination differences (GSCDs) from observed rovibrational
transitions (¥, in cm™) for the asymmetric SSH bending fundamental of trans-HSSSH in Table S1. J,
K, and K. are quantum numbers, 7,5 = observed wavenumbers and ¥, = wavenumbers using the
reported spectroscopic parameters (lower states ", upper states ).

IOKs K 3" KK Viescolem™ (Fsep — eae)lom™
13 410 11 4 8 4.28509 -0.00022
14 510 12 5 8 4.62466 -0.00008
15 412 13 410 4.97507 -0.00032
14 5 12 5 7 4.62466 -0.00013
14 6 9 12 6 7 4.62188 0.00025
15 511 13 5 9 4.96919 0.00024
12 9 4 10 9 2 3.93368 0.00002
13 7 6 11 7 4 4.27687 -0.00022
13 8 6 11 8 4 4.27644 0.00006
14 6 8 12 6 6 4.62188 0.00025
15 610 13 6 8 4.96477 -0.00029
15 510 13 5 8 4.96919 0.00015
16 512 14 510 5.31365 0.00015
12 9 3 10 9 1 3.93368 0.00002
13 8 5 11 8 3 4.27644 0.00006
14 7 7 12 7 5 4.61960 -0.00031
5 7 9 13 7 7 4.96242 -0.00048
15 6 9 13 6 7 4.96477 -0.00029
16 511 14 5 9 5.31365 -0.00003
15 8 7 13 8 5 4.96147 -0.00019
16 8 9 14 8 7 5.30422 -0.00025
18 513 16 511 6.00448 0.00024
18 613 16 611 5.99739 0.00055
14 114 12 112 4.39447 0.00010
11 4 7 9 4 5 3.59658 -0.00044
11 5 7 9 5 5 3.59375 -0.00022
11 4 8 9 4 6 3.59658 -0.00013
9 5 4 7 5 2 2.90777 -0.00033
9 6 4 7 6 2 2.90777 0.00036
8 5 3 6 5 1 2.56549 0.00000
9 4 5 7 4 3 2.90918 -0.00044
9 5 5 7 5 3 2.90824 0.00014
17 710 15 7 8 5.64887 -0.00049
17 810 15 8 8 5.64746 0.00003
20 416 18 414 6.72829 0.00021
14 11 3 1211 1 4.61827 0.00003
15 10 5 1310 3 4.96053 -0.00011
15 11 5 1311 3 4.96053 -0.00003
6 9 7 14 9 5 5.30376 0.00018
16 10 7 1410 5 5.30282 -0.00030
17 8 9 15 8 7 5.64793 0.00051
7 9 9 15 9 7 5.64605 -0.00024
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Table S3: Observed rovibrational transitions (¥, in cm™) for the fundamental asymmetric SSH bending
transition of cis-HSSSH. J, K, and K, are quantum numbers, ¥,s. = observed wavenumbers and Vg =

wavenumbers using the reported spectroscopic parameters (lower states ', upper states ).
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Table S4: Calculated (MP2/cc-pVTZ) anharmonic wavenumbers ¥ and electric dipole transition
moments y in the double harmonic approximation of trans-HSSSH (components according to

principal axes).

fundamental r ¥ /cm-1 u /Debye Type
1 s SH stretch A 2622.498 -0.004 b
2 s SSH bend A 871.64 -0.004 b
3 s SS stretch A 501.975 -0.017 b
4 s torsion A 300.338 0.162 b
5 SSS bend A 206.009 -0.003 b
6 as SH stretch B 2621.73 0.002/-0.001 alc
7 as SSH bend B 860.564 -0.054/-0.032 alc
8 as SS stretch B 496.743 0.130/-0.011 alc
9 as torsion B 324.669 -0.132/0.033 alc

Table S5: Calculated (MP2/cc-pVTZ) anharmonic wavenumbers ¥ and electric dipole transition
moments y in the double harmonic approximation of cis-HSSSH (components according to principal

axes).
fundamental r 7 /cm-1 u /Debye Type
1 s SH stretch A 2616.057 0.007/0.009 bic
2 s SSH bend A 874.056 -0.002/-0.039 b/c
3 s SS stretch A 502.778 0.018/0.002 b/c
4 s torsion A 325.212 0.131/-0.035 b/c
5 SSS bend A 206.899 -0.004/-0.009 b/c
6 as SH stretch AT 2619.507 -0.003 a
7 as SSH bend AT 864.807 -0.052 a
8 as SS stretch AT 497.561 -0.135 a
9 as torsion A" 309.145 0.107 a
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