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Table S-1: Experimental vibrational wavenumbers of C,;H,, compared with the calculated

wavenumbers using the B3PW91 6-311++G(2d,2p) method:

Harmonic® Experimental
Wavenumber (cm™!) Ib Wavenumber (cm™) I (norm)©
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140 1
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2 Obtained from Weber et. al. 2022.
® Normalized intensities with respect to 767.7 cm™!' with line intensity 53.3 km/mol.

¢ Normalized intensities with respect to 3047.8 cm™'.

Table S-2: Experimental vibrational wavenumbers of C,H;,* compared with the calculated
wavenumbers using the B3LYP/NO7D method for the anharmonic and B3PW91 6-311++G(2d,2p)

method for harmonic vibrations:
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Anharmonic Harmonic® Experimental

Wavenumber (cm) I (norm)? Wavenumber (cm!) [(norm)*  Wavenumber (cm") I (norm)*
41.4 2.4 32.5 22
130.2 0.1 127.8 0.1
140.8 1.1 1423 0.9
180.6 3.8 180.0 3.5
211.0 4.1 210.5 34
264.4 05 270.1 0.2
305.7 0.1 306.7 0.1
308.5 02 3115 0.0
318.8 0.2 316.2 0.1
318.9 0.3 328.1 0.6
398.9 0.0 407.0 0.0
403.9 0.2 412.8 12.1
411.4 10.1 428.4 0.1
450.2 0.2 4447 0.2
473.8 2.5 4723 5.2
476.8 6.0 4773 1.1
499.2 6.1 501.9 8.4
518.0 0.0 5223 1.0
522.6 0.2 531.2 0.0
565.7 1.9 567.8 1.8
580.4 42 586.9 119
583.2 3.8 589.4 3.6
617.7 0.1 601.4 0.1
637.8 0.4 617.7 0.6
715.5 12.5 638.4 0.8
724.9 0.8 714.6 21.8 719.7 47.9
727.5 0.0 7242 1.7
728.8 0.2 726.7 0.2
773.3 0.0 730.2 0.2
786.8 3.8 779.0 0.0
789.7 18.2 790.5 15.9 795.4 51.4
801.0 0.1 7917 15.2
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@ Normalized intensities with respect to 1497.7 cm! with line intensity 206.0 km/mol.

b The scaling factors used for the harmonic wavenumbers 0.9807 > 2500 cm'!

¢ Normalized intensities with respect to 1436.4 cm! with line intensity 245.5 km/mol.

4 Normalized intensities with respect to 1393.9 cm™.
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Table S-3: Calculated anharmonic wavenumbers (cm™') and normalized IR intensities (km/mol) of
C,,H,* using the BALYP/NO7D method (Note: due to an exhaustive list of 4095 anharmonic

frequencies, only the ones that have normalized intensities > 0.5 is presented here):

Wavenumber (cm') I (norm) Wavenumber (cm'!) I (norm) Wavenumber (cm'!) I (norm)
566.6 7.4 1432.3 0.6 2164.8 1.8
572.5 0.8 1434.9 59 2181.7 2.3
710.4 22 1435.0 7.2 2183.7 1.0
779.6 1.5 1435.7 454 2184.3 1.1
781.9 2.2 1436.1 4.1 2204.9 0.7
782.4 0.7 1436.3 46.3 2207.9 0.9
786.4 0.6 1439.8 10.8 2209.1 1.6
792.3 1.0 1440.4 15.2 2226.3 1.1
793.8 2.1 1442.3 1.2 2236.2 1.5
795.9 1.5 1443.6 117.3 2241.6 1.8
817.2 0.8 1443.9 14.7 2255.3 1.4
819.0 41.7 1452.5 2.7 2255.9 0.7
830.4 59 1455.9 0.6 2259.7 0.9
895.2 2.5 1458.8 1.0 2268.2 1.1
897.0 2.1 1459.8 34 2272.1 0.7
898.4 0.6 1461.7 1.1 2273.4 1.7
900.6 0.6 1464.4 3.6 2283.7 1.3
922.4 7.4 1466.0 0.8 2287.2 1.5
924.8 1.9 1467.1 0.6 2288.4 0.7
927.3 2.2 1467.1 0.6 2293.6 1.4
957.0 0.8 1467.9 1.1 2304.4 0.9
973.2 0.6 1474.4 1.1 2308.7 0.7
976.8 1.3 1476.0 0.4 2312.3 0.6
998.3 0.7 1477.2 0.8 2312.5 1.2
1002.5 2.6 1479.3 1.4 2317.2 1.4
1021.5 0.9 1483.5 0.4 2325.8 0.9
1030.8 0.9 1487.0 0.4 2333.6 0.6
1032.9 4.7 1492.2 1.8 2335.7 0.9
1035.1 2.0 1499.7 1.8 2339.8 45
1044.3 2.4 1508.6 3.8 2343.7 1.3
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